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ABSTRACT

The motion of a wavy liquid, thin film falling under 
the action of gravity and of a co-current gas flow, was 
Investigated In a 2" diameter channel for a wide range of 
liquid and gas flow rates. The Reynolds number for the 
liquid phase was varied from 200 to 7500 and for the gas 
phase, from 0 to 113000. Since the nature of all processes 
observed In such a system are "random”, It was necessary 
to use statistical means to describe this random wave 
process.

By the use of a number of techniques for time series 
analysis, a broad range of Information on the characteristics 
of the waves was extracted from the film thickness data. 
The existence of three distinct classes of waves was es­
tablished from this analysis, each with their characteristic 
dimensions (amplitude, shape, base length and separation 
distance) and celerity. One type Is the small waves moving 
on the substrate; a second Is the large wave structure and 
a third type are small waves moving on these large waves. 
Detailed statistical data were developed Including probabi­
lity density and moments for the amplitude, location of 
maximum, minimum, separation time, base dimension, shape 
and celerity for each class. The variation of these statis­
tical properties with liquid and gas rates and with location 
down the tube were established. Joint probability densities 



for certain important properties were also obtained. In 
order to develop much of this information, several new tech­
niques of extracting the relevant data from the signals 
had to be developed involving special processing of the time 
series analysis and detailed interpretation of the stochastic 
process, h(t).

A new technique for simultaneous measurement of local 
pressure and film thickness was developed. By measuring 
the spectral density of the wall pressure fluctuations and 
cross density between the pressure and film thickness 
definitive information on the gas-liquid interaction was 
obtained.

These data were used to determine the distribution of 
liquid flow between waves and substrate and, for the first 
time, it is possible to understand the local flows in a 
wavy system such as this. The data also permitted defini­
tive tests of existing theories. All were shown to be 
inadequate for both large and small waves.

New theoretical approaches were developed to explain 
the process of wave motion. These included (1) introducing 
white noise perturbations into the equations of motion and 
(2) extending a theory originally proposed by Telles in which 
a shot noise model is assumed for the wave motion. In parti­
cular, this extension is shown to be the only theoretical 
description of wave motion that describes large wave behavior.
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CHAPTER I

INTRODUCTION

The flow of thin films of liquid, over a solid surface 
with and. without gas flow has been observed in numerous 
engineering processes in the field of petroleum, chemical, 
nuclear and power industries. The significance of film 
flow in the above processes lies in the fact that higher 
heat and mass transport rates are caused by the presence 
of the liquid interface itself.

The influence on the transport processes by this 
free liquid surface is due to the waves which are ge­
nerated on the interface by response to external 
disturbances. Description of the free surface waves 
present as an important, difficult, and challenging 
problem in the field of applied mathematics and prac­
tical engineering. The classical wave theory occupied 
the efforts of many great mathematicians such as G. 
Green, G. Airy, G. Stokes, Lord Rayleigh etc., Their 
works are well presented in many books by Stoker (S-7), 
Lamb (L-l ), and Kinsman (k-^). Usually their approaches 

describe the wave motion on the free surface as periodic. 
But in the real world one often discovers that the classical 
theory is inadequate for many wave phenomenon on the free 
liquid surface such as ocean waves and wavy flow in 
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two-phase flow. Once Lord Rayleigh took a look at ocean 
waves and remarked "the basic law of the seaway is the 
apparent lack of any law".

An adequate theory of stochastic processes is a quite 
recent development carried out by a number of men. Among 
the most important contributors are Khlntchine, Kolmogorov, 
Levy, Tukey, Rice, and Slutsky. This advanced mathematics 
first appeared in the field of turbulence and commu- . 
nication theory. Pierson (P-7) was the first oceanographer 
who applied the results developed for noise in electronic 
circuits to problems in ocean gravity waves. He brought 
together four major concepts which were necessary before 
the modern approach to wave could take form:

(a) The conviction that the problem of bringing law to 
the confusion of the ocean wave, in its essence, was 
a statistical problem.

(b) The realization that even under the new formu­
lation the motion must still obey the classical 
equations (Navier Stokes equations).

(c) The identification of the energy spectrum as the 
ordering and governing principle in the apparent 
confusion.

(d) The conception that the space-time function des­
cribing a given sea state must have a certain 
multivariate probability structure.
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Since Pierson’s four concepts, one discovers a view­
point from which the chaotic appearance of the ocean waves 
reveals a kind of order.

The existence of certain random aspects of the waves 
motion on falling film was discovered by Dukler (D-9)» 
;.'cks (VM-), Telles (T-2), and Webb (W-2) . But the 
nature of this random process is still not well defined. 
Waves on the falling film present a more difficult problem 
than ocean waves for the following reasons:

(a) The waves of the falling film appear strongly 
non-Gaussian in nature which prevents one from 
using certain statistical transformation possible 
for ocean waves.

(b) The external force acting on the waves in the 
direction of propagation is not only due to the
gas phase velocity but also due to the gravitational 
force.

(c) Since the waves appear on the very thin film the 
viscous forces also are important and the potential 
function can not be applied as in the ocean waves 
system.

(d) The velocity field is impossible to measure.
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The purpose of this work is to study certain statis­
tical properties associated with instantaneous film thick­
ness and wave structure, to examine the question of the 
characteristics of this random wave system in search of a 
more fundamental basis on which to build stochastic models 
for the waves and to investigate analytically various approaches 
to obtain a more fundamental understanding of this complex 
wavy velocit; field.



CHAPTER II

PREVIOUS STUDIES

1. INTRODUCTION
A general review of the two-phase flow in conduits was 

published by Dukler and Wicks (D-^f) In 1963, and a detailed 
survey of film flow in particular was presented by Fulford 
(F- 1 ) In 196^. Recently a detailed discussion of modelling 
of the wavy gas-liquid Interface was given by Dukler (D-3 )» 
and a comprehensive survey of annular two-phase flow was 
also given by Hewitt and Hall-Taylor (H-'7 )• A detailed 
review and discussion of Important theoretical progress 
and experimental measurements In vertical wavy falling film 
with and without gas flow will be given in the following 
section, particularly the publications after 1965»
2. THEORETICAL ANALYSIS

All the theoretical analysis for a falling film start 
with the equation of continuity and the equations of motion 
for a two dimensional system as follows:

U X T - o --- -----(E-l)

lAx. U. Hx "T YT m, jq -r )J (.tAxDcvU.^^.') (-AA_ 2.')
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Boundary conditions of this falling film system are : 
no slip condition at wall, normal stress and shear stress 
at interface, and the kinematic boundary condition. These 
boundary conditions are expressed in the following five 
equationst

u. = o »T = O------ (.3-4-")

v= o cxi O - - ------------ ------------ (-11-5)

___________ ____ £_______ J I (J- I hxx | qt ^_= --------(3~6 )

2 (— Ux) fix -I* (. Uk t u^.) (' — f;x) = o ct a=-R----(n-^D

W* — "fiT: U ^z CiT C (U 8 )

A complete solution of this set of nonlinear partial 
differential equations with nonlinear boundary conditions 
is impossible to obtain. Only partial information can be 
developed and this only when suitable simplifications are 
made.
2-1. SMOOTH FILM MODEL

The first two Important theoretical studies of ver­
tical film flow we^e done by Hopf (H-9) in 1910 and Nusselt 
(N-2) in 1928. They considered that the flow is a steady, 
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uniform smooth film and is controlled by gravitational 
and viscous force only. The equations and the boundary 
conditions can be simplified by the above assumption as

v § = 0--------------------- -------------------------W-S)

u = o or - o — — — — ( V\ - I o)

^=o or -------- (SL-n)

The solution is the famous parabolic velocity dis­
tribution

u = ------ --------- ---------------- (FL-12)

Since that work there are many extentions of this 
famous result for different geometry and by adding different 
correction terms. The most important and significant work 
in this smooth film approach was developed by Dukler 
He considered a turbulent liquid film with and without 
interfacial shear due to the action of co-current gas flow. 
The basic equation was obtained by a force balance among 
gravitational force, viscous force, Reynolds stress and 
interface shear stress.

<^^0------- (\l-\3) 
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The numerical solution of this equation was presented, in 
terms of two parameters t the liquid. Reynolds number and a 
dimensionless pressure drop parameter. The approach was 
also extended by Dukler (D-5, D-6 ) in a heat transfer 
design problem.

The main defect of this type of approach arises from 
the fact that the film is not smooth at all except near the 
region of entrance and very small liquid flow rates. Ex­
perimental evidence shows that the transport rate is 
controlled by the rough surface due to the waves. Recently, 
Wicks (W-4) extended Dukler *s turbulent smooth film model 
by introducing a discontinuity in the stress at the gas­
liquid interface to take care of the effect of interactions 
between the gas flow and the surface wave. To accomplish 
that, he assumed that one can neglect the effect of the 
wave disturbance in the continuous liquid phase below the 
waves and the gas phase. The studies by Worley (W-5) 
would tend to indicate that this assumption is valid on 
the gas phase, but on the liquid phase there might 
persist a significant effect all the way to the wall.
2-2. WAVY FLOW BY STABILITY CONSIDERATION

The first series of rigorous formulations of the sta­
bility of a liquid film flowing down an inclined plane1 were 
presented by Yih (Y-l , Y-2 ) and Benjamin (B-3 )• Their
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"basic approach can be stated as below:
(a) The primary flow obeys the Nusselt equations 

(II-9), (II-10) and (11-11)
(b) A sinusoidal disturbance on the velocity field 

and pressure is assumed, and the form of dis­
turbance is expressed by means of a Fourier series

"yr - expjxl A/.V (x-CT)J--------(E-14)

P = Pa ) exp Ix Nw (x-ct)J — — — — (JI-/5)

(c) Assuming the disturbances are small, the equations 
(II-l) through (II-8) can be linearized and sim­
plified. The well-known Orr-Sommerfeld equations 
results.

p, -EN^P. t Nn p, Pe { -17 p.l-- 01-16)

where A/^is a dimensionless wave number
C is a complex wave velocity

Their results can be summarized by the statement that 
the flow is unstable for all Reynolds numbers. The wave 
velocity is obtained as three times the average velocity 
calculated from Nusselts equations. This analytical so­
lution for infinitesimal disturbances has. done much to 
Improve an understanding of the instability of this flow, 
but their results are limited to flows of low Reynolds
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.number or very low Weber number and therefore are not 
of great practical Interest.

The direct numerical Integrations of the Orr-Summerfeld 
-Equation by Whitaker (W-3 ), permitted extension of results 
to higher Reynolds numbers, Anshus and Goren (A-3 ) obtained 
an approximate solutions by replacing the x directions ve­
locity by Its values at the free surface, and their results 
agreed well with that of Whitaker. Recently, Anshus (A-l ) 
solved the Asymptotic Solution of the Orr-Summerfeld Equa­
tion, and Krantz and Goren (K-7) used a polynominal equation 
In y for the velocity profile to Integrate the equation of 
motions and reduced the differential equations to the 
algebraic equation for the wave number Nw. All these three 
results predict that the wave velocity and the wave length 
Is a function of Reynolds number, and the dimensionless wave 
velocity CC/u ) Is always less than or equal to three.

The above linear stability theory can only predict 
the Initial growth of an unstable Infinitesimal disturbance 
breaking down once the disturbance becomes too large. To 
take account of Initially finite disturbance and to predict 
equilibrium amplitude when disturbance grows to finite size, 
a nonlinear stability theory was developed. In 1965. Anshus 
(A-2) applied Stuart’s (S- 8) and Watson’s (W-1 ) non­
linear stability theory of parallel flow to derive a 
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amplitude equation for the case of falling film. The 
usual form of amplitude equation is

-ri = /j?----— — —----- (1I-/7)

where "M-i and /^2 are functions of wave number Nw, 
wave velocity C and Reynolds number Re. The equilibrium 
amplitude of the vrave was obtained directly by letting
-a7™ = O . Recently Lin (L-^ , L-5 , L-6 ) has applied the 

amplitude expansion technique proposed by Reynolds and Potter 
(R- 1 ), who extended and modified the method of Stuart and 
Watson, to study the nonlinear stability of a falling film. 
His results show that the wave velocity of long waves in­
crease with the amplitude. But for the waves with relatively 
short wave length, the wave velocity decreases as the ampli­
tudes Increase. A result particularly important to this 
study, is the discovery that the solution is able to give 
a wave profile and to predict a wave velocity greater than 
three times the average film velocity.

In parallel to the above work which applies Stuart and 
Watson's method, Mei (M-2 ) and Benny (B-4 ) presented 
another approach to treat nonlinear waves on thin films. 
Their approach is a systematic direct expansion of equations 
of motions and boundary conditions by a suitable dimension­
less small parameter. However, the effect of surface ten­
sion is neglected in their nonlinear analysis, and con­
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sequently they were unable to obtain a finite equilibrium 
amplitude. Nakaya and Takakl (N- 1 ) used similar expan­
sions as Mel and retained the surface tension term. A 
equilibrium amplitude was then obtained. This clearly 
Indicated that surface tension does have a stabilizing 
effect on finite-amplitude waves. Recently Gjevlk (G-2 ) 
extended Benney*s method to Include the effect of surface 
tension. Hli results is similar to Lin's predictions 
Krantz and Goren (K-6 ) also used Benney's expansion 
method to show that equilibrium amplitude for most highly 
amplified waves Is a function of a single dimensionless 
group Q = Re iVe^- the asymptotic solution of equili­

brium amplitude for the case of G « 1 and G » 1 was 
solved by Javdanl and Goren (J-l ).
2-3. WAVY FLOW BY INTEGRAL METHODS

Three approaches which have been followed in the 
search for periodic solutions of the Integral momentum 
equations to characterize the wavy interface will be 
briefly discussed In this section.

(1) Kapltza's method
This approach was first suggested by Kapitza (K-2). 
The main idea of his approach can be summarized 
as follows:
(a) The x-dlrectlon equation (II-2) Is integrated 

over the film thickness, and /Rc term Is 
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evaluated from boundary condition (II-6) 
which Introduces the surface tension force 
with equations.

(b) Assuming the profile of the free surface moves 
without changing in form with a constant wave 
velocity, it is possible to integrate the 
kinematic boundary condition (II-8) and to 
relate the instantaneous film thickness and 
instantaneous velocity to the mean film thick­
ness and mean velocity as

"li (C - u ) = "fto ( C - Wo)----- ----- —--------

(c) By assuming the velocity profile to be every­
where parabolic, scaled by the instantaneous 
film thickness (which is related to the mean film 
thickness by — ~^o (i-t-r|) ), the partial
differential equation obtained from (a) can
be reduced to a ordinary differential 
equation in terms of *7 .

The solution is obtained by seeking the condition at 
which a steady periodic solution exists. The linear 
theory of Kapitza which considers only the first harmonic 
in the r( expansion, predicts the wave velocity and the 
wave length. Kapitza*s nonlinear theory retains two 
harmonics but produce an unknow vzave amplitude which is 
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dependent on mean film thickness . A minimization 
principle which has yet to be validated, was used to mi­
nimize ~1io . This nonlinear theory gives not only the wave 
velocity and the wave length but also the wave amplitude.

There have been numerous studies based on the modi­
fication of Kapitza’s method. Among those the most signi­
ficant extension on no gas flow are Shkadov (S-2 ), Lee 
(L-2), Byatt-Smlth (B-?), Rushton and Davies (R-3 ), 
Gollan and Sideman (G- 3)» Massot, Irari, and Lightfoot 
(M- 1 ), and Levlch (L-3 ). The extension for the case 
where the free surface was exposed to the shear due to a 
gas flow was also done by Semenov (S- 1 ) and Wicks (W-4 ). 
The solution obtained from this integral method agree 
reasonably well with that of stability method. However 
this method is simpler.

(ii) Ruckenstein's method
In 1968, an interesting work was done by Berbente and 

Ruckenstein (B-9 )• They used the Kapitza’s type equations. 
As in the procedure of Kapitza, a velocity distribution 
is assumed, but in their case the velocity is described 
by a power series in up to the 6th degree, the co­
efficient of each term depending on a single variable
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V.. 4 if bn - -------------------(U-20)
where Qn - Qn (.x^ 

bn = bn (X) 
D:'=- 4C - Ct

The velocity is no longer parabolic and local accelerations 
in the waves can be accommodated. Substituting^^these relation 

for velocity into the equations of motion and the continuity 
equation,a set of nonlinear differential equations in terms 
of , on and bn are obtained. By making the Fourier 
series expansion and linearization, the equations are re­
duced to a set of algebraic equations. The absence of one 
relationship makes a closed form solution impossible.
A correlation between amplitude and a dimensionless group 
was made on Kapitza's data to make up one more relationship. 
The solution are close to Shkadov’s results.

(lli) Dressier*s method
A dlscontinous type solution for roll waves which is 

widely used in open channel flow, was first proposed by 
Dressier (D-2 ) in nearly horizontal channels and was 
modified by Brock (B-7) to include small channel angles. 
The approach is to apply the integral momentum equation to 
give the shape of the back of the single wave and a shock 
condition to the front. Recently Miya, wood.mansee, and
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Hanratty (M- 3) extended this roll waves model to the case 
where waves driven by the interfacial shear caused by gas 
flow in horizontal channel. The applicability of this 

. roll wave model to vertical falling films have been ex­
plored in this laboratory.
2 U. STATISTICAL MODELS OF WAVY FLOW

Statistical models have been developed for gravity 
waves on the ocean under the condition of inviscid flow 
by Kampe * de Ferriet (K- 1 ), Tick (T-^ ), Phillips (P-6 ) 
and Hasselmann (H-2 ). But the only random wave model for 
a falling film was done by Telles (T-2 , T-3 ). Telles 
assumed that the separation distance of waves is a shot 
noise processes and a single wave can be represented by the 
Gram-Charlier series. The theory of shot noise processes 
which was developed by Rice (R-2), enables him to extract the 
Gram-Charlier coefficients from statistical data of film 
thickness such as moments. The equation of motion for 
an Isolated wave represented by Gram-Charlier series was 
solved by quasi-linearization. The results give the liquid 
velocity profile and wave velocity for this isolated - 
wave.

Telles’s method is not a rigorous statistical approach. 
However it gives us a promising method to handle such a 
difficult phenomenon.
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3. EXPERIMENTAL MEASUREMENTS
In the early stage of falling film study the experi­

mental work was concentrated on measuring the mean film 
-thickness. The experimental determination of parameters 
charactering the interfacial wavy structure Is extremely 
difficult especially In the region far from the entrance 
or at high liquid flow rates. This is clearly indicated 
by the fact that the number of systematic experimental 
studies published in last ten years is much less than that 
of theoretical investigations. Some of the experimental 
Investigations published are either qualitative or unre­
liable. Since the waves are moving at least In the two 
dimensions, "X and x , it is ideal to have a measuring 
system which can slmutaneously record the Instantaneous 
film thickness at multiple position along the test tube. 
In order to reach the above goal, only the method of light 
absorption and conductivity probe are suitable at present 
time.

The following discussion will be based only on the 
Important recent experimental investigation by Green­
berg (G-4), Charvonla (0-1 ), Stainthorp, Allen and 
Batt (S-3 , S-4 , S-5"), Portalski and Clegg (P-/o , P-//)t 
Tailby and Portalski (T-1 ), Hewitt et al (H-l , G-1 , 
H-2 , H-7 ), Webb (W-2 ), Wicks (W-^-), and Telles and
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Dukler (T- 3 )• Table II-l gives the outline of the ex­
perimental techniques used, in these studies.

TABLE II-l
PREVIOUS EXPERIMEI\TTAL TECHNIQUES

Investigator Measuring 
Probe

Test 
Section

no. of 
Probes

Gas 
Effect
ReQ

Liquid 
1Effect 
ReL

Length 
Effect

Greenberg 
and
Charvonla

light 
absorption

2.5e,i*o* 
tube

2.38' 
length

1 5x10^- 
3x10 + 17- 

1780

Stainthorp 
Allen and 
Batt

light 
absorption

1.36"I.D. 
tube

2.49’ 
length

1 
and
2

5xlO3-.
4.6xl04 20-

200
2"-12"

Portalski
Allen and 
Clegg

light 
absorption

21"wide 
7‘length

1 — — *• 10-
700

4"-10"

Wicks, 
Telles and 
Dukler

conduc­
tivity- 
probe

6"wide 
18‘length 2

2.7x10^-
5.7xl04

1000- 
5000

———

Hewitt 
and 
Webb

conduc­
tivity 
probe

1.5"I.D. 
tube

50‘length
2 3.5x10^

8.2xl04 400-
4200

6‘-50'
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3-1. FILM PROPERTIES
Measurements considering the film as a random process ?■- 

Is a relatively recent development. Mean film thickness 
was measured In all of the studies described In Table II-l. 
The first Important statistical measurement of film thick­
ness was done by Charvonla. He used analog methods to 
construct a type of wave frequency - amplitude spectrum 
( In terms of standard statistical terminology this was ’ 
a form of probability density function of the film thick­
ness). Useful Information was not obtained, however 
because of lack of other wave structure measurement and 
the difficulty In assigning the statistical meaning to 
such curves. Wicks used a similar technique to obtain the 
probability distribution function of film thickness. The 
probability distribution function Is an Integral function 
of the probability density function. It naturally contains 
less information. The spectral density and cross spectral 
density of film thickness were first measured by Telles 
using a wave form analyzer. Unfortunately the recording 
voltage which was used to obtain the spectral function Is a 
nonlinear function of film thickness. Hence only part of 
the useful Information can be extracted. Webb (W-2) recently 
repeated Wicks and Telles's measurement In a circular tube.



3-2. WAVE PROPERTIES
The characteristic of a fluctuation disturbance, or wave 

is described by Stainthorp et al (S-3» S-5 ) and Portalski 
et al (P-10, T-l ) in terms of wave amplitude, wave velocity, 
wave length and wave frequency. Only the mean value of those 
quantities based on the arithmetic average of observation of 
less than 100 waves was presented. The statistical error 
In those mean value measurement is large. The first accurate 
measurement on wave velocity was from the phase spectrum by 
Telles. The same principle was applied by Webb using cross 
correlation. The only statistical function describing the 
variation in wave velocity was obtained by Webb. A method 
was used to obtain the probability density function of the 
wave velocity by measuring the time displacement of corres­
ponding waves on a wave trace. It is doubtless that the 
result suffers a large error due to the difficulty of 
identifying the wave at two positions along the time. Lack 
of statistical description of the wave is obvious. Since 
the wave on the falling film is an unsymmetrical non sinu­
soidal type, using only the above four quantities to 
describe the wave is unsuitable and incomplete.



CHALTER III

DESCRIPTION OF THE EXPERIMENTAL

EQUIPI4ENTS AND TECHNIQUES

1. INTRODUCTION
The equipment used in this study was designed pri­

marily to measure the interfacial structure of water-air 
film flow under the following considerations:

. (a) The flow channel should be sufficiently long to 
permit fully developed, wavy flow to occur over an 
appreciable length of test section.

(b) The cross section of the flow channel should be 
symmetrical in order to avoid corner effect which 
occurred in Wicks’ (W-4) and Telles’ (T-3 ) 
study due to their use of a rectangular channel.

(c) The inside wall of the test section should be 
sufficiently smooth and uniform to prevent dis­
turbing the wave structure.

(d) Multiple measuring stations along the length andt 
multiple probes along the periphery must be 
available to allow for a study of wave structure 
along the length and the periphery.

(e) The entire test section should be substantially 
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free from external vibration.
In an attempt to satisfy these conditions, the following 

flow system was constructed.
'2. GENERAL FLOW SYSTEM

The flow system consisted of a 1^ ft long test section, 
a s ft long air-water injection section, a 2 ft long air- 
water separation section and four measuring stations. The 
whole system was mounted between two 3/^ inch plywood sheets 
on a 25 ft by 5 ft by 2 ft unistrut structure. A complete 
schematic flow diagram of the apparatus is given in Fig. 
III-l. The detailed structure of each section is descri­
bed as follow: 
2t1. LIQUID-GAS INLET SYSTEM

The liquid-gas inlet system consisted of a 12 inch 
long by 8 inch I. D. cylindrical tank to hold a constant 
level of water. Water flows down into a vertical 2 inch
I. D. l/^ inch wall pipe which is set Inside the cylinder. 
Air is Injected from the top of the cylinder into the 2 
inch water outlet pipe by a 2.00 inch I. D. 1/4 inch wall 
pipe with a smooth knife outside edge, which can be adjusted 
to maintain a suitable gap to allow the water smoothly 
flowing down the pipe without forming a jet. A small 
tubing is also connected from the air inlet to the cylinder 
to equalize the pressure. A detailed sketch of the system



Fig. III-l. GENERAL FLOW SYSTEM
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ls shown in Fig. III-2. All the connections from this inlet 
system to the main air line and water line are flexible 
tygon tubing so that it can be adjusted to be perfectly 
horizontal and also Insulate the test section from ex­
ternal vibration. This system was constructed of Plexi­
glass.
2-2. LIQUID-GAS SEPARATION SYSTEM

The liquid-gas separation system consisted of two 
units . First is an annular slot removal unit to separate 
water in the film flow from the central air flow. Second 
is a commercial Peerless Vane type line separation to 
remove the water entrainment in the air. A detailed 
description of the annular slot removal device is given in 
Fig. III-3. This device consisted of 1 ft x 1 ft x 1 1/2 
ft Plexiglass box which maintained a constant level of 
water by a valve. Connection pipe from the test section 
was expanded from 2" I. D. to 5" !• D* inside the box to 
allow the film flow spread to the box. The gas core was 
removed by a 1.75 inch I. D. Plexiglass inside the box 
with a 2 inch I. D. circular knife edge section on the 
top which can be traversed into the expansion section. 
All connections from this device were also tygon tubing. 
The Peerless Vane type line separation have extremely 
low pressure drop from 2” - 6" of vrater and 100/ removal 
of all entrained droplets 8-10 microns and larger.
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 VÂOi

Fig. III-2. LIQUID-GAS INLET DEVICE



Fig. III-3. LIQUID-GAS SEPARATION DEVICE
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2-3. TEST SECTION
The test section consisted of lengths of 2" I. D. 

Plexiglass pipe with lengths of 1 ft, 2 ft, 4 ft, and 
6 ft. A typical 2* section is shown In Fig. Each
section was constructed from a number of 1 ft long pipes 
which were Individually machined to have exactly 2" I. D. 
and 2.^5** 0. D. with error less than 0.001” and two 
flanges with an Interlocking "0” ring. Sepclal care was 
taken on the flanges to match the measuring block housing 
to the adjacent test section. A special supporting ring 
for the test section was also designed to support the 
weight of the test section and to keep a perfect alignment 
of the test section with the vertical. Fig. III-5 shows 
one of the supporting ring.. 
2-U-. FILM THICKNESS MEASUREMENT STATION

There are four measuring stations, each housed be­
tween two adjacent test sections. Therefore the separation 
distance between the measuring stations were 13*936 Inch, 
25*936 inch and ^9*936 inch. Each individual measurement 
station consisted of four pairs of conductivity probes 
for film thickness and four pressure channels to the 
pressure transducer adapter. A detailed sketch of this
system is given in Fig. III-6. The design of the probe 
housing was such that four film thickness probe pairs
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were arranged perpendicularly to each other around the 
periphery of the flow tube. The associated pressure 
tapping was situated between the components of the probe 
pairs.

The film thickness conductivity probes were of a 
similar geometry to that used extensively in this laboratory 
by Wicks (W-4), Telles (T-2) and in England by Webb (W-2) 
for the study of film thickness. The electrodes were made 
of silver foil, 0.002" in thickness, and were cast into 
an Aralite housing. The silver foil electrode pairs were 
0.2 inch apart and parallel and their width being 3/^ inch. 
The main feature of the design of the probe housing was 
the pressure and film thickness were measured at a single 
point.
3. EXPERIMENTAL TECHNIQUE

The purpose of the following paragraph is to discuss 
all the electronic equipment used in this study, various 
calibration methods applied for different measurements and 

the form of data stored for the statistical analysis.
3-1.  INSTANTANEOUS FILM THICKNESS

The method of measuring instantaneous film thickness 
is based on the fact that the conductance of a liquid 
film depends on the liquid film thickness and the specific 
conductivity of the liquid. This method has been discussed 
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and analyzed in detail by Wicks (W~4 ) and Webb (W-2. ). 
The system used in this study has similar probe as Wicks (W- 
4 )» Telles (T-2 ), and Webb (W-2.)» but includes a different 
•calibration system and a new design of four channel simul­
taneous conductivity monitoring circuits. For convenience 
the method used here is described under the following sub­
headings t

(1) Conductivity Probe
The silver electrodes used as a conductivity probe 

in this study showed a unstable reading of conductivity 
for a constant liquid film thickness. This phenomenon 
also happened in Webb's (W-2) study. This difficulty 
was overcome by platinizing a thin layer of platinum 
black onto the silver probe surface. Platinizing solution 
was obtained from Leeds and Northrup Co. ( L£N part Std. 
1192-3). An auxiliary chemically pure platinum is also 
needed for platinizatlon. The platinizatlon procedure 
is briefly described as follow:

(a) Immerse the silver conductivity probe and the 
auxiliary platinum electrode in the platinizing 
solution.

(b) Connect the negative terminal of a 3 V. battery 
to both leadwire of the conductivity cell, and 
then connect the positive terminal of the battery 
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to the auxiliary electrode for approximate 3° 
second.

(c) During the platinizing operation, stir the solution 
gently.

A detailed procedure of platinization is given in Leeds & 
Northrup’s Directions for used in their electrolytic 
conductivity cell.

(11) Calibration of the Conductivity Probe
As mentioned above, the thickness of liquid film is 

related to the conductance of the liquid film. The 
conductance of the liquid film will vary with the specific 
conductivity of the liquid which is a function of tem­
perature and salinity. Therefore in order to avoid 
making a calibration curve for various temperatures and 
salinity, calibrations were carried out for liquid film 
thickness vs. cell constant which is independent of tem­
perature and salinity. The definition of cell constant 
for a conductivity probe at given film thickness is 

where Kcc = value of cell constant in cm- .
Lmg = mean length of the conducting path between 

the cell electrodes
Amea = mean effective cross-sectional area of 

the conducting path between the electrodes 
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The factors and take into consideration not only 
physical dimensions but also the shape of vessel in vzhich 
the electrodes are mounted and the nature of electrode 
surface. Therefore the values of Lm^ and Amea can not be 
easily measured by machanical means, but the value of 
Kc0 can be readily determined by an auxiliary standard 
conductivity cell with a known Kcc value as reference 
cell. Since the measured conductance of electrolyte 
from a conductivity cell can be described as the following 
equation: K = _|S-------------------------------------

where Gs = specific conductance of electrolyte
in mhos/cm at solution temperature

Gm = measured conductance of electrolyte 
in mhos

Applied equation (IH-2) to a standard reference cell, we 
can determine the specific conductance of the liquid Gs. 
Then applied the same equation on the unknown cell we can 
determine the cell constant by equation (III-3)

--------— — —------ Vs\ vn u

■where Kccu = unknown cell constant
Kccs = cell constant of a standard

conductivity cell
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Gmu = measured, conductance of electrolyte 
from unknown cell

Gms = measured, conductance of electrolyte 
from standard conductivity cell

The main features of this calibration system is given 
in Fig. III-7. A series of plugs of various diameters 
used to set up film of different thickness is given in 
Table III-l. Water was continuously pumped through the 
calibration block in order to eliminate air bubbles during 
the measurement of the conductance. Special care was also 
taken in housing the plug and the conductivity probe to 
reduce the error.

TABLE III-l
Probe Calibration Plugs

Plug 
No.

Diameter 
(inch)

Film 
Thickness 
(inch)

Plug 
No.

Diameter 
(inch)

Film 
Thickness 
(inch)

1 1.990 0.005 10 1.701 0.1495
2 1.980 0.010 ' 11 1.651 0.1745

3 1.969^ 0.0153 12 1.600 ; 0.20001
2|. 1.951 0.0245 13 1.5504 0.2248

5 1.93 0.035 14 1.4504 1 0.27^8
i

6 1.901 0.0495 15 1.400 0.300

7 1.8504 0.0748 16 1.301 0.3495
8 1.8014 0.0993 17 1.201 0.3995
9 1.751 0.1245 18 1.00 0.500



Fig. III-?. CALIBRATION SYSTEM
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The procedure of the calibration method can be des­
cribed as the following steps:

(a) Set up a known film thickness by the plug at the 
conductivity probe to be calibrated.

(b) Record the conductance from the conductivity probe 
by a Leeds & Northrup's Conductivity Bridge.

(c) Measure the conductance from a standard Leeds & 
Northrup's Conductivity Cell with cell constant 
Kcc = 0.1 in the same liquid.'.

(d) Calculate the cell constant for the given film 
thickness by equation (III-3).

(e) Rotate the plug and repeat the above processes.
After several rotation, the average cell constant 
were used for the given film thickness.

(f) Set up another film thickness by changing another 
plug and repeat the above procedures.

The final calibration curve Kcc vs. film thickness for 
conductivity probe is given in Fig. III-8.

(ill) Conductivity Monitoring Circuit
In the design of the conductivity monitoring circuit, 

an A. C. voltage with 1 KC frequency and constant amplitude 
was applied to the electrodes. Then the signal from the 
conductivity probe will also be an A. C. signal with 1 KC 
frequency and amplitude varying with the liquid film thick-



38

o.o5 o.i o.i5"

T;!m Thickness C inches) -------- *-
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ness. The above 1 KC signal becomes a D. C. signal after 
passing through a linear full wave rectifier and. two 1 KC 
low pass filters. The detailed circuit diagram is shown in 

Fig. and the function of this circuit will be illus­
trated in Fig. III-10. The above 1 KC oslcillator can be 
set at any amplitude < 12.00 A. C. voltage and a offset 
was also used to set D. C. output. The main characteristics 
of this circuit system are output D. C. voltage from 
-1.2v corresponding with the variation of the resistance 
Zjz k -fl- ^SooVjO. (conductance 3«7xlO”^ mhos 2.50xl0~^mhos) 

and a frequency response around 100 K Hz.
(iv) Calibration of the Conductivity Monitoring Circuit 
The calibration of the conductivity monitoring circuit

was done by a standard decade resistor box. Fig. III-ll 
shows several calibration curves for different A. C. 
amplitudes from oscillator.

(v) Data Recording and Storage
The final four channel D.C. voltage signals which 

proportion to the liquid film thickness were recorded on a 
7 track Ampex tape recorder with speed of 3 3/^ inch per 
second. Then the D. C. voltage signals were reproduced 
on IBM 360-44 Analog - to - Digital converter and went 
through the above two calibration curves with the aid of 
the specific conductivity of the water. The D. C. voltage
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signal was transferee! into the actual film thickness in 
digital form and was stored in magnetic tape. The detailed 
procedure is shown in Flg.III-12. The Hybrid Computer 
program to perform the above task is given in Appendix A.
3-2.  INSTANTANEOUS PRESSURE FLUCTUATION AND PRESSURES DROP 

The purpose of measuring the Instantaneous pressure 
is to detect the pressure fluctuations that occurs as a 
result of local variations of film thickness. Only the 
studies by Telles (T-2) and Webb (W-2) have tried to 
make such measurements. Both fall to produce useful in­
formation concerning the pressure fluctuation actually 
due to the local wave motion.

There are two main difficulties in making such a 
measurement. First is the pressure of large sound wave type 
of fluctuations generated from outside of the flow system 
especially at the outlet. These fluctuations interfere 
with the observed pressure. Second, the pressure trans­
ducer used for such measurement needs to satisfy two 
requirements; high resolution at low absolute pressure 
and high frequency response. Low-pressure transducers 
usually have very low frequency response.

The sound wave type of pressure fluctuation was 
reduced to the minimum by using special tubing to insulate



Fig. III-12. PROCEDURE OF THE DATA RECORDING AND STORAGE
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the external system from the main flow channel. Outlet 
pulsations were eliminated, by keeping a constant level of 
water in the liquid-gas separation tank as mentioned in

- Section 2. The pressure transducer found to be suitable 
was a DISA pu2a low pressure transducer of the capacitive 
type. The pressure to be measured acts on a diaphragm 
which forms one plate of a capacitor. As a result the 
capacitance varies with the pressure. The main characte­
ristics of this pressure transducer for different thick­
ness of diaphragms used in this study are given in Table 
III-2.

TABLE III-2

CHARACTERISTICS OF PRESSURE TRANSDUCER

Diaphragm
Thickness, mm

0.12 0.14 0.16 0.20

Pressure 
Range, psi

0.85 1.42 2.13 4.2?

Diaphragm 
Resonance 
Water 20 0 c KHz

1.4 1.7 2.1 2.9

Channel 
Resonance 
Water 20°c KHz

0.083 0.11 0.13 0.18

Damping Ratio 
Water 20"c

0.01 .
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Several auxiliary units; tuning plug, Oscillator and. 
Reactance converter, from DISA were also used in order to 
transfer the response from the pressure transducer to a 
D. C. voltage variation. The functions of all these units 
and. of the Resonant circuit for pressure transducer are 
shown in Fig. III-13* The pressure transducer was cali- 

'brated with each diaphragm with a manometer under static 
pressure conditions in the flow channel.

Recording and storage system for the instantaneous 
pressure data were the same as that for the instantaneous 
film thickness except in the case of pressure measurement 
the calibration curve is simply a single linear curve.

The data of pressure drop was obtained by taking the 
difference of the mean value of time average pressure at 
two different positions.
3-3. ENTRAINMENT MEASUREMENT

The liquid phase and the air phase were separated by 
the annular slot removal unit which was described in 
section 2-2. Then the liquid content in the air phase 
was extracted from the air by a Peerless Vane type 
separator. The water was timed as it flowed into a 
graduated cylinder. 
3-4. FLOW METER

Two Safequard Rotameters were used to measure the 
liquid flow rates. The Rotameters were calibrated by a
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weighting tank and a stop watch. The air flow rate was 
measured by using an orifice runs and manometer. The above 
orifice plates were carefully calibrated by a Rockwell low 
pressure flow prover.

Errors due to the measuring technique for each measured 
quantity described in this chapter will be discussed carefully 
in Appendex B.



CHAPTER IV

EXPERIMENTAL DATA: ENTRAINMENT, PRESSURE, 
PRESSURE DROP AND FILM THICKNESS

1. INTRODUCTION
In this chapter the experimental data is presented in 

a summarized form. The original data are filed in data 
books at Chemical Engineering Department of the University 
of Houston. Methods of data processing associated with 
statistical data are also described in this chapter.

The experimental data which describe some overall 
features of the system are the following:

(a) Entrainment rate
(b) Pressure drop
(c) Central moments of film thickness
(d) Probability density functions of film thickness
(e) Spectral density and cross-spectral density functions 

of film thickness
(f) Phase spectra of film thickness
(g) Auto covariance and cross-covariance functions of 

film thickness
(h) Spectra of wall pressure fluctuation and cross­

spectra between pressure and film thickness

The matrix of operating conditions consisted of five 



50

air flow rates and ten water flow rates. Data were 

collected at four film thickness measuring stations and two 
pressure measuring stations. These conditions are tabulated 
in Table IV-1. Table IV-2, Table IV-3, and Table IV-4.

TABLE IV-1
AIR FLOW RATE. AND AIR REYNOLDS NO.

W^db/sec) 0.0 0.04-5 0.0976 0.14-36 0.1742
' Bee 0.0 4,21-4 62,650 92,860 113,550

TABLE IV-2
WATER FLOW RATE AND WATER'REYNOLDS NO.

(Re£ including entrainment rate)

W^db/sec) 0.016 0.028 0.044 0.08 0.126
211 367 572 1,016 1.605

W^db/sec) 0.18 0.24 0.35 0.47 0.585
ReL 2,299 3,151 4,572 6,109 7,560

TABLE IV-3
FILM THICKNESS MEASURING STATIONS AND LOCATIONS

CELL NO. C4 A3 Bl D2
DISTANCE 

FROM INLET 
(ft )

6.2 10.4 12.5 13.7
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TABLE IV-U
PRESSURE MEASURING STATIONS AND POSITIONS

PRESSURE TRANSDUCER NO. P2 P1
DISTANCE FROM INLET 

(ft)
12.5 13.7

2. ENTRAINMENT
The method of entrainment measurements described in 

the last chapter offered some difficulties in the low flow 
rate region because it was difficult to adjust slot gap 
for the low flow rate. Moeck (M-4), Hewitt (H- 2) and Webb 
(W-2) have discussed the relative advantage of different 
methods. There is ’ no very satisfactory measuring method 
available at present due to large fluctuations in the 
amplitude of the waves. In this study the width of slot 
gap was adjusted by the maximum film thickness as measured 

from probability density function. Because of the uncer­
tainty, liquid entrainment rates should be considered as 
approximate values. The mass rate of entrainment is shown 
in Fig. IV-1. The result shows an increase of entrainment 
rate with both gas and liquid flow rates.
3. PRESSURE DROP

Pressure gradient measurements are shown in Fig. IV-2, 
plotted versus air flow rate at various value of water flow



Fig. IV-1. ENTRAINMENT
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Fig. IV-2. PRESSURE DROP



rate. The results show a trend typical of all two- 
phase pressure drop measurements. As either the liquid 
or gas rate Increases, they cause increased pressure gra­
dient. The results also are in a good agreement with data 
of Chien and Ibele (C-3 ) who studied the flow in a 2" 
diameter tube.
U. MOMENT AND PROBABILITY DENSITY ANALYSIS OF FILM THICKNESS 

In this section the method of computing moments and 
probability density by digital means is described briefly. 
Moments and probability density of film thickness are 
shown in graphical form.
4-1.  MOMENT AND PROBABILITY FUNCTION ANALYSIS

The definition of the first four central moments and
A probability functions of film thickness h(t) are given in 

the following equations:

ZXX A
"T~ (, ") — Y3 — — — — — — — - —i ■)

-----------------------

-t-CO 
--------— — — —----
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Cs = <

“ ) { ^(T3 - < /7(t)> p -p(Ti'i dfi — — (lj^-5)

— oo

- CI?-6)

where p Is the probability distribution function
f is the probability density function

<h(t)>ls the mean of film thickness h(t)
Cg» C^, Cji^ are second, third, fourth central moments

A is a random variable
*C > is an expected value 

represents statistical quantities

P Is the probability of the event
The digital computer algorithm for calculating the mean

and the second, third, and fourth central moments is as 
follows:

<««)> = 7T 1 --------- -----------------------------(S-7)

cl = ------------- -------------------------------------------<e-8>
rx_ n , 3

--------------------—-------------<K-S>



5^

r' 1 v" ~f> ' ;C^. - — nt _ — _ — — — — _ (^J2-(O) 

where h: - ( To -r (i-n ^z:) L = / j . - - , n

to iS Q r b t Trar<^_ 'T>n'ie.

Soq-1 1 * ntnT’^’rvo /

- 'TTc — <( "(T(t) > l ' = I, - - ■ - j n

An estimate of probability function can be obtained, 
from the following procedure:

(a) Select a probability interval
ZX - ^P-.T'Jxh— - — — — — — — — IJSl-ii) 

n k
-where and *^b are such that ^a<

K is the number of probability intervals,
(b) Scan the data ----,n through the K

class of probability intervals to find
NJ. = / Mo- °-F Such -rzior =/;.,< X s< c/^ j-=L-vR --(JZ-12) 

where = - k'

(c) Then the probability density and distribution 
will be obtained by the following equations:

= (-^J j--1'" 'K------------- (Ie-,3>
j- . ,

Hj. = A/l • ,k-----—---------- (.0.-14)

The actual calculation variables were selected as follows: 
sampling frequency = 500 samples per sec 
record length = 10 sec (5000 samples) per 

computer run
no. of runs per calculation = 20 
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probability interval
0.001 in. for h(t) 0.05 in.
0.005 in. for 0.05 in.<h(±.)4 0.1 in.
0.025 in. for 0.1 in.<h(t)^ 0.2 in.
0.05 in, for 0.2 in.< h(t) >< 0.4 in.

The computer programs to calculate the above quantities 
are given in Appendix A, and the statistical errors of es­
timation are given in Appendix B.
4-2.  MOMENTS OF FILM THICKNESS

The mean film thickness measured at the Dg and 
cells in this work are compared with results given by 
Telles (T- 2 ) and Webb (W-2 ) in Fig. IV-3. The results 
show good agreement.

The mean film thickness <h(t)>, the second, third 
and fourth central moments Cgt C-^, at Dg cell are 
plotted in Fig. IV-4, Fig. IV-5, Fig. IV-6 and Fig. IV-?.

The data shows the mean film thickness and the central 
moments are monotonically increasing functions of liquid 
rate and decreasing functions of gas rate except at low 
gas rate. The unusual type of data at low gas rate are 
also shown in Telles* and Webb's work. The data also 
shows a value of which is significant compared with Cg 
and C/^. This Implies a strong non normal probability 
distribution for film thickness. The numerical values of
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of <h(±)>,Cof Co, Ci, including the measurements made at ' c j

B]_, and C^, cells are tabulated in Appendix C. 
^-3. PROBABILITY FUNCTION OF FILM THICKNESS

The probability density of film thickness h(t) are 
presented in Fig. IV-8 through Fig. IV-12, and the numerical 
values are tabulated in Appendix C. Direct measurement of 
this quantity has never before been reported. The pro­
bability distribution functions of h(t), which contain 
less Information on the wave structure are filed in the 
data books. In these figures the following phenomema are 
observed:

(a) A very large maximum is always present which has 
a value below the expected value of film thickness, <h( t)).

(b) In the neighborhoodo-f this maximum the distribution 
is very narrow.

(c) The probability density in the region ■£><"£(*)> is 
spread over a wide range and its slope is small.

(d) The maximum peak values Increase with gas flow rate 
and decrease with liquid flow rate. The spread of the curve 
shows a reverse effect.

These observations are of extreme importance in the 
interpretation of the results, which follow in subsequent 
section
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5. SPECTBAL AND CORRELATION ANALYSTS OF FILM THICKNESS 
Spectral and correlation analyses are widely used to 

study time series. Geophysicists, in particular, have 
extracted much useful information about ocean waves with 
this powerful tool. There are only two previous studies of 
ti.is nature for vertical vjavy flow; those by Telles (T-2 ) 
and Webb (W-2). Both investigators analyzed the voltage 
signal which is a nonlinear function of the actual film 
thickness. This shortcoming is corrected in this study.
5-1.  SPECTRAL AND CORRELATION ANALYSIS

Assuming the film thickness h]_(t) and h^Ct) are 
stationary processes, the definition of spectral density 
and correlation functions are given as follows:

rxv A A
Pu <7)= < (tr3) -------------------------------(IZ-/5)

R. a (T) = < (t-i-T) ^(t)>----- -- ---- -- (JJZ-fG)
S'' X e ----- ------ (K-/7)

S, 2 C-T^) = y e Ril (3) d J — — --- --- ---

where h^(t) is the film thickness time series at
position 1 
h2(t) is the film thickness time series at 
position 2
^11^7) is autocorrelation function of ^(t)
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^12^^ cross correlation function of
^(t) and. "^2^^
Sjj/f) Is power spectrum function of-^(t)
S-^f) is cross Power spectrum function of 
■^iCt) and'ftg^)

Since h^(t) and hgCt) contain a D.C. level, the power 
spectrum density function will show a strong Delta function 
type of peak at zero frequency, therefore it is desirable 
to operate on the mean free quantities hi(t) and h^Ct)

CT, (11 - < '?7,,(r)> - - — —------ (JF-/9J

fT) - < (r-r S) ------------ ----------------- — (15-20)

S„ c-f) = e ' c„(i)c/T — —  ------- (js-2/)

S/5 (-p) - 3 ^ e —--------------------- (15-22)

where hi(t) = hx(t) - 4hi(t)>
hgCt) = h2(t) - <h2(t)>
Cud) is called auto-covariance function 
CigC^) is called cross-covariance function

The important properties which^fere used in the actual 
computation are given as follows 1

<a ) C(3) - Si S (f) e”f7df -- -------------------- <.K-Z3)

r00 ^x.
-S,/ (p's dp = C„ (o) = Cd CZ/ ci)-------- (JV-2'])
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(c) if h(t) Is real, then is real and
even, therefore sn(f) is also real and even

(d) S^gCf) is complex, hence Is not
necessary a symmetrical function

The detailed derivation of those properties are given in

Papoulis (P-l , P-2).
Since Sjgff) is complex, we can further define

where

S,a - -(f) t L Q (f) - --------

S'a c-h = (J
— C-f) -h Q (f) ) — — — — — US-26)

e Tbi<- —&f> _ _ _ _ ______
— CIK-27)

VUf) is called co-spectrum
0(f) is called quadrature spectrum
S^(f) is amplitude spectrum
@^r) is phase spectrum

It is very reasonable to assume the processes of film
thickness is ergodic (time averages equal to ensemble 
averages).

This assumption allows us to evaluate the correlation
and spectral function by the following time average equations:

fT
Cu (J) = C ) "77/ct) c/r---- -------- (JF-Sg)

I -e- oo cl

Cia (T)= -7s f + ----------------- (JP-j?)
/ -#-OD C * J_T

---------- dP-30)
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= to-so

-where * is the complex conjugate
The proof of those four equations equivalent to 

equations (IV-19) , (IV-20), (IV-21), and (IV-22) is given 
in Papoulis (P-1 ).

Since the powerful tool of Fast Fourier Transform is 
available, the calculation of the above quantities can be 
rapidly executed on the digital computer, an^
C12(J) are calculated by equation (IV-23) using the Fourier 
Transform of the spectrum. The digital calculation 
parameters for this work were chosen as follows;

sampling frequency = 250 samples per sec 
sample length = 20^-8 samples per run 
no. of repeated runs per condition = 20 
no. of points averaged in the frequency domain = 4

The computer program for estimating power spectrum and 
correlation is given.in Appendix A. Statistical errors are 
analyzed in Appendix B.
5-2, SPECTRA AND CROSS-SPECTRA OF FILM THICKNESS

All the spectral data presented in this study are
~(D 

normalized value which is S11(f)/C9 , for auto spectrum/-(I) -(2)./1 2 (1)
and Sjgtf)/1 C2 C2 J-2- for cross spectrum.

(2) and C^ are the second central moments of h^(t) and h^t),
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which are given in Appendix C. The spectral densities of 
film thickness measured at and at Dg and the amplitude 
spectral densities between them are plotted in Fig. IV-13 
through Fig. IV-20. The phase spectra between and Dg 
are shown in Fig. IV-21 through Fig. IV-23. The tables of 
these numerical values are In Appendix C. A few typical 
examples of the spectral density of film thickness at A-^ 
and at are plotted In Fig. VI-24 through Fig. IV-25- 
The complete data sets are in the data books.

One can observe the following facts from those spectral 
data.

(a) In most of the conditions the spectra shows a 
maximum value at a frequency which Is called modal frequency 

fm-
(b) The modal frequency Increases with the gas rate and 

liquid rate except at the low liquid rates.
(c) For the liquid rate below 0.044 Ib/sec there Is 

suggestion of a double peak structure especially In cross 
amplitude spectrum. The low frequency peak increases
with the liquid rate while the high frequency peak Indicates 
the reverse effect.

(d) The Increase of gas rate tends to Increase the 
spread of the spectral curves in the neighborhood of the 
modal peak, and the increase of liquid rate gives the reverse
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effect.
(e) On the low frequency side, the cross amplitude 

spectrum is almost identical with the auto spectral density 
from each of the two cells. As the frequency increases 
the cross amplitude spectrum will increase the departure 
from the auto spectra.

(d) The phase spectra shows a straight line in the 
low frequence range. Tn the higher range the slope of 
the phase spectra gives a higher value than that of low 
frequency range.
5-3. CORRELATION FUNCTION OF FILM THICKNESS

The correlation contains the same Information as the 
spectral function in another form. But some of the in­
formation is easier to extract in this time domain than 
from an analysis in the frequency domain. The auto­
covariance and cross-covariance functions of film thick­
ness at Dg and at , which are normalized by second central 
moment as the spectra, are plotted in Fig. IV-27 through 
Fig. IV-3^» Since the auto-covariance function is symme­
trical about "3 = 0, and the main lobe of the cross- 
covariance function is located at 3l> 0 and unsymmetrical 
about "J, as given in Fig. IV-26 (a), it is convenient to 
oresent the auto-covariance function C(T) for 3^0 and the 
cross-covariance function C|g(7) by shifting time coordinate 
as then folding ) for Jq- J, .<£> to
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I' tT, >/0 as shown in Fig. IV-26(b). Those values are also 
tabulated in Appendix C. Those functions of film thickness 
at and at C^are filed in the data books.

(b)

Fig. IV-26. REPRESENTATION OF COVARIANCE FUNCTION



0.75

0.49

0.24

-0.02

-0.27

1.00 Fig. IV-27. COVARIANCE FUNCTIONS
1: Auto covariance at cell
2: Auto covariance at D2 cell
3: Cross covariance 7 J, 

Cross covariance J J

7 <JOQC) --------------- ►

0.0 0.0267 0.0533 0.0800 0.1067 0.1333 0.1600 0.1867 0.2133 0.2400 0.2667



1:
Auto covariance at2:0.52

0.27

2J ( P-2-C )

3 3

-O./

o-CI,

71 = o- '4o

667

0)N

B 
o

3 =
4s

' Fig. IV-28. COVARIANCE FUNCTIONS 
cell

Dg cell 
Cross covariance J >z Jt 
Cross covariance J< J,

Auto covariance at

0.0 0.0267 0.0533 0.0800 0.1067 C.1333 0.160') 0.1S67 0.2133 0.2600 0.2667



A

1 cellAuto covariance at
2 cellAuto covariance at
3: Cross covariance J J.

Cross covariance j 3,0.75

0.50

■S'
2^-7=^C.C3

0.24

T, =. o.n-7 G

0.2400 0.26670.21330.16000. 1067 0.13330.08000.0267 0.0533

-0.01
2

C2,O ( 6

C.rr4-4 pec

-0.26

0.52

0.27

VJl= 0.0 ! 6

0) N

s

B1
d2

1__ L

/Va—

Fig. IV-29. COVARIANCE FUNCTIONS

4-3 . 3 3
%•'+ - 4'

0.1867
-0.21

0

1.00

0.0 0.0267 0.0533 0.0800 0.1067 °‘1333 0.1867 0.2133 0.2400 0.2667



Fig. IV-30. COVARIANCE FUNCTIONS
ii Auto covariance at cell
2: Auto covariance at Dg cell
3: Cross covariance J J|
4: Cross covariance J J

'<6a
o

J (" PU2C ) -----------------------------P-

L.CO .......... +.......

<VN

0.0 0.0267 0.0533 0.0800 0.1067 0.1333 0.1600 0.1867 0.2133 0.2400 0.2667



cell1 Auto covariance at B1
cell2 Auto covariance at

3 Cross covariance J Ji
Lt0.51 Cross covariance j Ji0.77

U

0.27
0.54

T

0.32

C.09 0.2400 0.26670.0267 0.0800 0.1067 0.1333 0.1600 0.1867 0.2133

0.0267 0.0533 0.0800 0.1067 0.1333 0.1600 0.1867 0.2133 0.2400

0.02

-0.22

<D N

0$ 
s 
Jh o

D2

0.2667
-0.14

0.0

Fig. IV-31. COVARIANCE FUNCTIONS
1.00



1.00

30.55

0.32

T (Sec)

o.io
0.33 +

-7

-0.13
0.11 + 0.0267 0.0533 0.0800 0.1067 0.1333 0.1600 0 0.2667,

0.0 0.0267 0.0533 0.1333 0.1600 0.18670.0800 0.1067 C.2133 0.2400 0.2667

0.78

0.56
0) N

<6
o 2;

Auto covariance at cell 
Auto covariance at D2 cell 
Cross covariance J J, 
Cross covariance J < J,

2133 0.2400

Fig. IV-32. COVARIANCE FUNCTIONS

0. 1867

1.00

1:



JOVARIANCE FUNCTIONS
1: cell
2 cell
3 Cross covariance 3.
4-: Cross covariance0.50

0.77

0.25
0.54

T C se

' 3

-0.00
0.32

IV/. =

0.1867 0.2133 0.2400 0.26670.09 G. 1067 0.1333 0.16000.0533 0.08000.0267

0.0533 0.0800 0. 1067 0.1333 0.21330.0267 0.2400 0.2

- T/

<D N

-0.25 +
0.0

Auto covariance at
Auto covariance at D2

0.14 
o.

Fig. IV-33

c6 a
o

0.1600 • 0.1867

1.00



1 cellAuto covariance at
cell2: Auto covariance at

Cross covariance J r.0.55 4 Cross covariance j0.77 7-

0.320.54

0.100.32

0.09 0.0 0.0267 0.0533 0.0300 0.1067 0.1333 0.1600 0.1867 0.2133 0.2400 0.2667_

-0.14

CC S 
Jh

B1
D2

Fig. IV-34. COVARIANCE FUNCTIONS
1.00

0.0 0.0267 0.0533 0.0800 0. 1067 . 0. 1333 p. 1600. 0.1867 0.2133 0.2400 0.2667,



97

Observing; from those function, one can see the 
following facts:

(a) Time lag from origin to secondary peak of the 
auto-covariance.which is related to the period of the 
periodical process, first increases with liquid rate than 
decreases with the liquid rate. There is a transition 
region around W^=0.0^^- which.shows a very small secondary 
peak.

(b) The amplitude of the main peak of cross-covariance 
^12^ '■>* increases with liquid flow rate. Its shape is 
almost identical with that of auto-covariance except in 
the neighborhood of zero time lag and small liquid rates. 
This suggests that the shape of the individual large wave 
is almost unchanged from to Dg station except in the 
region of small liquid rates, and the shape of small wave 
changes from to Dg station.

(c) Cross-covariance C^ (T ) shows some unsymmetrical 
properties around J = I, at which Ti ) is maximum as 
shown in previous Fig. IV- 2G (a). This might suggest 
'that a1 secondary wave moving with different wave velocity 
exists.

(d) The time lag value T, which is the travel time 
between two stations for a large wave Increases with 
liquid rate and decreases with gas rate.
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(e) The location of the minimum value of auto-covariance, 
which is related to the width of the large wave, increases 
and then decreases with the liquid rate.

The detailed discussion of the physical meaning of the 
above covariance functionswill be given later.
6. SPECTRA OF WALL PRESSURE FLUCTUATION AND CROSS - SPECTRA

OF WALL PRESSURE AND FILM THICKNESS.
The auto spectral and cross spectral density of wall 

pressure fluctuations around the mean are calculated in the 
same way as for film thickness. These results, all normalized 
by the total power or cross power, are plotted in Fig. IV- 
35 through Fig. IV-4o along with the film amplitude 
spectrum. The numerical value and the correlation functions 
are filed in data book, A vertical line appears on some 
pairs of data points of the pressure and cross spectrum. 
This indicates that a strong narrow spectral peak appears 
at a frequency between these two data points. These 
spectral spikes are attributed to the low frequency vi­
bration of the system. With the spikes removed the pressure 
spectral density is similar to that of Telles* measurement 
and shows a multiple peak structure. A weak correspondence 
between pressure and film thickness can be observed but 
a strong correspondence of certain feature of the cross 
spectrum and film thickness does exist. The most important
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Fig. IV-35. SPECTRA OF PRESSURE FLUCTUATIONS



100

Fig. IV-36. SPECTRA OF PRESSURE FLUCTUATIONS
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,Fig. IV-37. SPECTRA OF PRESSURE FLUCTUATIONS
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F1r. TV-39, spectra of pressure fluctuations
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Fig. IV-40. SPECTRA OF*PRESSURE FLUCTUATIONS
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fact is that there exists a two peak structures in the cross- 
spectral density function and the main lobe of the cross­
spectra corresponds very well to the spectra of film thick­
ness.



CHAPTER V

EXPERIMENTAL DATA: WAVE STRUCTURE

1. INTRODUCTION
This chapter discusses the methods used to process the 

time series analysis of film thickness to obtain the statis­
tics of the wave motion and. presents the basic data to 
illustrate trends. Full data was filed in the data book. 
The numerical values of the data used in this chapter appear 
in Appendix D. An interpretation of these data is undertaken in 
Chapter VI. All previous measurements which have been reported on 

wave properties treat waves on falling films as sinusoidal, 
and such a wave can be completely specified by three para­
meters: wave amplitude A, and two of the three parameters 
wave length»5\» wave period, T, and wave velocity, C. But it 
is now clear that sinusoidal waves never occur on a falling 
film. The technique used in all previous measurements to 
obtain sinusoidal wave parameters involved measurements from 
either photographs or instantaneous trace of film thickness. 
The results involve large uncertainties. Some typical 
wave traces obtained in this study are shown in Fig. V-l and 
Fig V-2. One can observe the following phenomena:

(a) There are approximately three type of waves: large 
waves, small wave trains which sit on the substrate,
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Flp. V-l. TIME TRACES OF WAVE PROFILES
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Fig. V-2. TIME TRACES OF WAVE PROFILES
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small waves which ride on the large waves.
(b) The wave front is steeper than the wave back.
(c) There is a random nature associated with the 

wave amplitude and the wave separation between 
two waves.

In the following section the waves are considered as non- 
symmetrical and measured in terms of two groups of parameters: 
one set measured in the time scale to characterize the base 
dimensiones of the wave and one set measured in length scale to 
characterize amplitude. A length scale for the base can be 
obtained as soon as the wave velocity, C, is known and this 
will be discussed in the next chapter. Since the waves on 
a falling film are both non sinusoidal and non-periodic, the 
statistical properties of the wave parameters must be ob­
tained to adequately describe the waves. These data and 
their development from the time series analysis of film 
thickness are discusses here.
2. METHOD OF ANALYSIS OF WAVE STRUCTURE

It is the objective of the data processing scheme to 
extract the statistics of seven parameters describing the 
random waves: wave amplitude, A, time for passage of base 
of the vjave, Tbg, time between successive waves, Tsep, time 
for passage of wave front, Tfn, time for passage of back of 
the wave, T^, the film thickness at the minimum of the wave, 
hmln’ an<^ the film thickness at the maximum of the wave, h^^^. 
These terms are defined in the sketch in Fig. V-3. Noting
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that because the minimum film thickness in front and in back
of a waves are not necessary the same, the definition of vrave

A - -rxw — (tTm.n-V'rA vimcxy -------—---------- __---- ilf-I )

The relation among the time scale parameters can be described 
"by

Tbs = Tfn * Tbk---------------  <v-2)

T sep Tfn + Tfn (V-3)
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In the subsequent section, It Is convenient to call 
the above seven parameters as, A the wave amplitude, hmax 
the wave maximum, hm^n the wave minimum, Tgep the wave 
-separation, the wave base, T^n the wave front, and 
the wave back.

The existence of a small and a separate large wave Is 
discussed above. Because the physics controlling each of 
these types are likely to be quite"different, It is Important 
to calculate the statistics of each type separately so that 
models can be built for each class of wave. In order to 
reach this goal using the digital computer, it Is necessary 
to establish the creterla for Identifying small and large 
waves. The word, "large waves", Implies that one see a 
large fluctuation a,bout the undisturbed level or mean values. 
Hence It is natural to use a change across the mean film 
thickness to Identify the presence of a large wave. These 
types of waves are Identified with the following creterla 
(see Fig. V-M

Fig. V-4 IDENTIFICATION OF WAVES
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(a) A large wave exists if an excursion in film 
thickness is found, such that hTr,ax> <h> and. 
^min’ ^min^

(b) A small wave exists on the substrate if for that
I 

excursion, hmln, hmln< <h>
(c) A small wave exists on large wave if h > <h>max

and. (i) hmln><h>, h^ln< <h>
(11) hmln< <h>, h^ln> <h> 

or (ill) hm^n><h> , hpiin "k 
where h„. is wave minimum at front mm I

hmin is wave minumum at back
The calculation of the statistical properties of the 

above seven parameters are illustrated, by the following 
steps:

(a) Given a time series of film thickness
h(t) = h^ i=if-- , n with time intervala t

(b) Search for relative maximum and. minimum
of film thickness by

hmln = hj, » if h^< h^^

bmax hk ' lf hk-l< hk'> hk+l
^min — hjt ’
where 1 < k < JL 
and. calculate the time interval between
successive h^, and. h_  by min max
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Tfn = (k-i) At
Tbk = ^~k)At

(c) Repeat the above process to form a sequence
'.fr’l (.p ivlhmin» Tfn» hmax, Tbk’ ,rQ

(d) Separate the above sequence into three 
subsequences by the above criteria given in 
Fig. V-4 as:

hmin» Tfn' hmax’ Tbk* h= 1’--  ml for sma11 wave
bmin’* Tfn’> hmax? Tbk* m2 for sma11 wave

on large wave
viV) hmin’ Tfn’ hmax» Tbk’ J 3=1*-—,”13 for large wave

(e) Calculate Tbs^\ Tsep'> for Ji=1»-- »mi

and i=l,2,3 by equation (V-l), (V-2) and (V-3)• 
for i-3t if there are small waves on substrate 
between two sucessive large waves then equation
(V-3) will be modified as

'■VO '-yi") ty-vl-)T = T •*- T sep ■Lfn fn 1
bs

(f) Calculate mean, variance and histogram of the
’•>!'> ij-aabove seven paramters A , hmax , hmln Tbg , 

Tseph'1 * Tfn° and Tbkl> for 1=1 »2’3 by the method

given in the previous Chapter IV
The computer program to do the above calculation 1S 

given in Appendix A.
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3. STATISTICS OF THE LARGE VJAVES
The statistics of the large waves measured at Dg cell 

will be presented in graphical form. These statistics are 
discussed in the following three categories: 
3-1 AMPLITUDE DOMAIN

In the amplitude domain, the mean and standard deviation 
of wave amplitude, wave maximum, and wave minimum of the large 
waves are given in Fig. V-5. Fig. V-6 and Fig. V-?. The trend, 
of these data indicated that the value of these parameters 
related to amplitude (A, hmax, hm^n) Increase with liquid 
flow rate and decrease with gas flow rate except the condi­
tion at Wq= 0.045 Ib/sec. The standard deviation of wave 
amplitude Qamp is roughly equal to the standard deviation of 
wave maximum■ d^iax and the standard deviation of vzave minimum 

is much smaller than either of these. This suggests 
that the substrate height is quite constant. So. 
variation in amplitude must be directly equivalent to vari­
ation in wave maximum hTnax.

The histogram of the above three wave parameters have 
been calculated. The histogram of wave minimum of the large 
waves has a narrow band distribution which can be well des­
cribed by its mean and standard deviation. The histogram 
of vrave maximum of the large waves corresponds well to ■ 
that of wave amplitude. Hence only the histogram of wave
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amplitude of the lar/re wave is shown in Fig. V-8 through 
Fig. V-12. In these graphs, is the total number of the 
large waves used in the histogram. The general features of 
these curves for the large vrave are as follows: At low 
liquid rates the amplitude histogram shows a single peak : 
At intermedate rates there are two very well .def ined peaks and at 
still higher rate three characteristic wave size are in­
dicated by three peaks at the histogram. Thus there appears 
to be three characteristics type of large waves at higher 
flow rates.
3-2 Time Domain

In the time domain, the mean and standard deviation of 
wave base and vzave separation of the large waves are given 
in Fig. V-13 and Fig. V-l^. The wave front and the wave 
back are related to the wave base by equation (,V-2\ The 
ratio of < T^ and the wave frequency which is
related to the time scale by equation (V-4), are shown in 
Fig. V-15.

Where .is the wave frequency of the large waves.

The trend of the wave base and the vrave separation of 
the large waves show that the values Increase with liquid 
flow rate up to 0.08 Ib/sec then decrease with liquid 
flow rate. At all liquid rates increasing the gas rate causes these
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parameters to decrease. This suggests an important transi­
tion at Wjl^O.OS lb/sec and the observation is substan­
tiated by other measurements. The effect of the liquid flow

2Tp^ is similar and also shows
a transition at a-0.08 lb/sec, but the effect of the gas 
iu-ow rate is different. The value of^T^/<Tpn> first 
increases then decreases with gas flow rate. The most 
important feature of the ratio of<T^ that the
large wave rapidly become non-symmetrlcal as the liquid 
flow rate Increase above very small values.

The histogram of the wave base for the large waves are 
plotted in Fig. V-16 through Fig V-lg. These curves appear 
to have a single peak unsymmetrical distribution. Considering 
the fact that we observe several characteristic wave amplitudes, 
the fact that all these waves have the only one characteristic 
base time seems remarkable. The histogram of the wave se­
paration of the large waves are shown in Fig. V-19, Fig. V-20 
and Fig. V-21. They appear to be of a multiple peak structure 
with the modal value of the largest peak being independent 
of liquid rate for each gas rate. 
3-3. JOINT HISTOGRAM

In the previous two sections, the detailed structure 
of the wave parameters of the large waves were explored. 
Naturally, the next equation Is, "what Is the statistical .

rate on the ratio of 41^/
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relation between them for the large waves?" In the time 
domain, a large wave separation is usually associated with 
large wave base, wave front, and wave back, since they are 
related by equation V-2 and V-3- In the amplitude domain, 
the minimum, h , of a large wave possesses a very narrow 
aj.stribution. Hence the wave maximum and the wave amplitude 
are approximately related by equation V-l with a constant 
wave minimum. Therefore the only unknown relationship 
is the joint statistical properties between the wave para­
meter in the time and amplitude domains. The wave separation 
and the wave maximum of large wave are used to study their 
joint histogram. The definition of joint histogram is given 
as:

\ "A C = UL- P !. 0") A , n) A Y
------- V3Z--5D

where ^max “ hmax A hmax
2

h =nmax h max * A. hmax
2

Tsep ^sep — ±T^P2
T =sep T sep * T.qep

2
A hmax is the probability Interval for wave maximum
A Tsep is the probability interval for wave separation

Nj, is the total number of the large waves
The full result is tabulated in Appendix D. The

numbers appearing in the table in Appendix D are the number of 
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waves in that corresponding probability Interval, In this 
section, the typical joint histogram of the wave maximum 
and the wave separation are presented in the form of the 
probability of the wave separation at various wave maxi­
mum as in Fig. V-22. The data show that the modal of 
the wave separation given a wave maximum, hmax, is appro­
ximately proportional to that given wave maximum. The 
above Implies that the smaller wave maximum is associated 
with the smaller wave separation and the large wave maxi­
mum is associated with the large wave separation. They 
also show multiple modal values in these two dimensional 
domains.

STATISTICS OF SMALL WAVES ON SUBSTRATE
In this section, the statistics of the small waves on 

the substrate are presented in a similar way as the large 
waves.
4-1.  AMPLITUDE DOMAIN

The mean value and standard deviation of wave amplitude, 
wave maximum, and wave minimum of the small waves are given 
in Fig. V-23 through Fig. V-25* The general trend of these 
data is similar to the large waves. But the order of <A > 
and (hinax> of the small waves is smaller. Aside from differ­
ence in order of<A> and-<hmax), small and large waves differ
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FIG. V-22. JOINT PROBABILITY OF WAVE SEPARATION AND WAVE KAXIKUM OF THE LARGE WAVES
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in an Important way as Indicated "by the values of . For 
the small waves, the standard deviation of wave maximum,
(Tfnaxi is about equal to the standard deviation of wave 
minimum, and the standard deviation of vrave amplitudes
is much smaller than 0" andmax min This suggests that the
small waves are very uniform in size and that any variations 
in hjpin is reflected immediately in a variation of hmax.

The histogram of wave amplitude of the small waves are 
given in Fig. V-26 and Fig. V-27- The general features of 
these data show that a single narrow peak characterizes 
the distribution for small waves on the substrate for all 
liquid and gas rates.
4-2.  TIME DOMAIN

The mean value and standard deviation of wave base for 
the small waves are plotted in Fig.V-28. The wave frequency 
of the small waves is given as:

s __ 1
<Tbs'>

fsr - €>)

The data of the wave frequency fg and the ratio of ^Tbky(Tbs>
is shown in Fig. V-29- The trend of these data is similar to 
that of the large wave except the peak value of the ratio

occurs at W£=0.35 Ib/sec. The histogram of wave base of 
the small waves is also shown in Fig. V-30 and Fig. V-31« They show



No
.

A Qivx.cUMa')

FIG. V-26. HISTOGRAM OF WAVE AMPLITUDE OF THE SMALL WAVES

2t
fT

 1



M
o.

<4-

W^(lb/sec)
1 : 0.08
2 : 0.126

C.OO25 0.0055 ,0.0105

NS 
3531 
2363 
2^65

1620.0

1080.0

540.0

0.0

2160.0

0.0005 0.0055 0.0105 0.0155 0.0055 0.0105 0.015

(. xvx cVuud

FIG. V-2.7. HISTOGRAM OF WAVE AMPLITUDE OF THE SMALL WAVE



FIG. V-28. THE I-'.EAIf AND STANDARD DE’ZIATION OF WAVE BASS OF THE SMALL WAVES



OO 0.2 ©4- 0.6
^C-e^secD ------------►

FTG. V-29. THE WAVE FRBQUE?:CY AND <Tbk> /<Tfn> OF THE SHALL WAVES



m
o

- o-t *
i«

M
es

< (Ute ")

FIG. V-30. HISTOGRAM OF WAVE BASE OF THE SMALL WAVES



(.exx-ct

FIG. V-31. HISTOGRAM OF WAVE BASE OF THE SMALL WAVES



148

a usual single narrow peak distribution for all liquid and 
gas rates.
5. STATISTICS OF SMALL WAVES ON LARGE WAVES

Based on the above mentioned criteria In Section 2 
small waves on large waves will Include not only the 
small waves riding on the large waves but also some of the 

f 
large waves travelling very close to each other. Only the 
data on the wave amplitude and the wave base will be used 
in this section to Illustrate the general features of this 
type of waves.
5-1.  AMPLITUDE DOMAIN

The mean value and standard deviation of wave amplitude 
of the small waves on large waves is given in Fig. V-32• 
The trend of these data shows a similar effect of gas and.liquid 
flow rates as the large waves and the small waves. The 
order of magnitude of these data is between that of the 
large waves and the small waves. The histogram of wave 
amplitude of the small waves on large wave Is shown In 
Fig. V-33 through Fig. V-35» These curves shows a single 
or a double peak on the main lobe and with a smaller side 
lobe.
5-2.  TIME DOMAIN

The mean value and standard deviation of wave base of 
the small waves on large wave Is shown in Fig. V-3Z7» The
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trend of these data Is similar to that of the large waves 
and the small waves, and their order of magnitude Is be­
tween the two of them. The histogram of wave base of the 
small wave on large wave is a usual single narrow peak 
distribution and will not be shown here.
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CHAPTER VI

INTERPRETATION OF EXPERIMENTAL DATA 
AND 

SPECULATIONS ON THE PROCESS OF WAVE MOTION

1. INTRODUCTION
The statistical data presented in the last two chapters 

give only part of the useful information available. The 
structure of the processes can not be completely described 
from the time series data without special processing. In 
this chapter, further information is extracted from the data 
by various techniques using assumptions and speculations 
about the processes. Hopefully a more complete description 
of the structure of the processes can thus be defined.
2. WAVE VELOCITY AND WAVE LENGTH

One of the most important wave parameter which is not 
directly obtainable from the time series analysis is the 
wave velocity. In this section, this parameter will be 
obtained for both the large and small waves by various 
methods. Webb (W-2.) measured a probability density function 
for the wave velocity. Telles (T-2_) obtained a linear 
phase spectrum which implies a constant wave velocity. There 
is an obvious conflict in the results between these two 
reports. This paradox is examined here.
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2-1. WAVE VELOCITY AND WAVE LENGTH OF LARGE WAVES 
Telles assumed that film thickness time series measured 

at two position are two stationary stochastic processes 
such that

li! C x - " ") ext dc -- o — — — (IL — f)

'■^1' Ct') = Ct. - OT X =JL - -- -------------------(21-2)

where is separation distance between two positions,.
Then from equations (lv-20) and (IV-21), one can obtain

C,2 ( T) =

S'/j —

< ^'(-c. + T) ^'(t - ^-) >

C,, ( 7 )------------- —
T00 r*

J e T c„ c/T

p> i c Q _  __ __
u v T

-------(La-3)

— - (SL-^f)

Comparing the above equation (VI-4) with equation (IV-25), 

it is clear that
_A_ (-P) = cos S„ k-f)  ------------ (Il-5-)

Q (-p) = S. n ^.H-p sn (p'j —----------(S- 6)

The phase spectrum from equation (IV-2?) becomes

6 (7?J - 2 "H'-P — —-------- ------------(SL-T)

The equation implies that the slope of phase spectrum
is equal to the ratio of separation distance and wave velo­
city. The wave velocity, C, can also be obtained from cross 
covariance as Webb showed. One important property of auto­
covariance is shown in equation (IV-24)

C„ (o) 4* Q I / D'
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From equation (IV-22!-) and equation (VI-3), one obtains
-x.

0,2 C- c" ) $ c,2 ( 3" 5 -Per- oJL6 J - (n--rO
The meaning of equation (VI-?) is that the maximum of 

cross-covariance is at the time Therefore the
wave velocity can be directly obtained from the location of 
the maximum of the cross-covariance.

The wave velocity was obtained from both the phase 
spectrum and the cross-covariance for a gas flow rate, 
Wq=0.0 Ib/sec. These are compared with Telles* and Webb’s 
data in Fig. VI-1 and show good agreement. Although both 
methods are equivalent, the method of cross-covariance 
depends on locating a single maximum point. Hence if 
the time lag Interval is large or the separation distance 
between two measuring stations is large the method is subject 
to large error. The wave velocity for all gas flow rates and 
liquid flow rates is given In Fig. VI-2. These.data show the 
usual trend of increasing velocity with both gas and liquid 
rates. The wave length of large wave which is defined by

X>= C<Tsep> was calculated and plotted in Fig. VI-3*

2-2. NONLINEARITY OF PHASE SPECTRA
In the present study, the data of phase spectra as 

given in Chapter IV show a departure from the constant slope 
above a frequency of about 10 cps. This did not appear
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In Telles* data. But If his data is carefully reexamined, 
one would find that he only presented the data possessing 
a constant slope and neglected the data above that region.
In this section, we will discuss the possible reason for
this phenomena. One reasonable assumption Is that the

A A A
process hit) contains two components, h^(t) and hg(t). 
A AhA(t) Is moving at constant velocity C, l.e. hA(t) = 
A — X AhA(t) (—~ + t) while hg(t) Is a unknown process. We 

Afurther assume hA can be approximated by a fourier sine
series. Then at two measuring locations, 1 and 2, the observed 
signals would be

h^(t) = hA(t - —f ) -t hB(t) at x = 0- (VI-8)

h2(t) = hA(t-- f ) + hB(t) at x = JI- (VI-9)

hA(t- --) =Za Sin -2- (t- -f) -----(VI-10)A c J Tj c
while Tj = JT^

Now assume hA(t) and hg(t) are uncorrelated, and hA(t) and 
hg(t) have zero mean.

Then the cross spectrum Is
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-where Is angular frequency
S is Delta function

Suppose the real and Imaginary part of SBB(^).are also 
represented by the delta function as

See,'-1'31 ” - to")-t- l Zi c^. S —^3') (.’51— \2.)

then
/?' J2_ ( ___ c . ? i ,
o m (uj — z_ y j a — m3 )

-t- L 2~1 I -2^ "W s.n x_Mjx -A- -V \ 4 (.vvti t— --- (SL-\2>")
\ x ’ C. o ) 0

Hence the phase spectrum is

o' . -io')y-x^= "Vo^ x^_L.l ----------------------------- L-----f---------L------- l$L-K)
^- + c^

Equation (VI-1M Indicates that the phase spectrum vrill
be affected by the energy contained In the unknown processes
bj and 2

Cj

Suppose
(a) vx) — O v-i.vjOj

-^- u » to J- xv » c

Oun d
J.U3.-A- + m J- m = b£

then

G ig> (.m)) — A 
c to='> - ' --------- tSI -iS)
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(b) uj — (.^,-^V) CO1 ^2. Y\1< rx
Q/ _ । a O -/t- /-^ r-> 2
~r " -

then ©l£ will not be on the same slope .
( c) LO — (,ina-r \") uJ » Tiu)'

U << << C*
then

6 t j.tOi'j — Tov^ y.= v^t 5 — ) v-i----- (-S1-' C>)

This implies that the phase is controlled by the unknown 
process. The above result is illustrated in Fig. VI-4. 
This is precisely the appearance of all the phase angle 

data.

u) -----------*-

FIG. VI-4 PHASE SPECTRUM
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2-3. SECONDARY LARGE WAVE VELOCITY
From the above analysis, it is clear that the non­

linearity of the phase spectrum is due to the processes 
containing a component which is not moving at the primary 
wave velocity C. The next step is to find the component 
which is moving at a velocity C‘, different from C and determine 
its value. Numerous techniques to obtain the wave velocity 
for different components have been pointed out by Serlff 
(S-^ ). One of the most powerful methods is the two di­
mensional spectrum which is used by geophysicists and 
oceanographers. In the present study, only four unequal 
spacing probe were employed. This is too few measurement^ 
to apply two dimensional Fourier Transform techniques. 
The method used in this section Involves the subtraction 
of two signals measured- at the two stations.

Consider that the process hg in equations (VI-8) and 
(VI-9) Is moving at velocity C*, then 

A A A
DC =0---------

*^1. =• -TO -r ca.1 x -- JL —--- -1
where <xa\cA = A-

The above two relations are shown schematically in
Fig. VI-5.
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FIG. VI-5, subtraction; of two signals

Shift h2(t) "by time 3|f then subtract two signals, we 
obtain a new signal h^(t) as:

h3(t) = ^(t) - h2(t + Jt)

= hB(t) - hB(t +'1, - )---- (VI-19)
The covariance of h^(t) becomes

( "J ) = <L(t +1) hq(t)>
-5J 5 5

— CgE "" CgB ( — \ "t" "l-i )
- C^B( 55-t'St-^ ) -(VI-20)

Equation (VI-20) shows that Cy^ ("3 ) has one positive 
peak at T = 0 and two negative peaks one at 3 = 3,-\and one 
at3=3z-'5t . Since T, is a known quantity, from the location of 
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negative peaks of 3" ) one can obtain

c- = -- ------ --------- (VI-21)

where "J' = 3q. - J, = location of negative peak
The above discussion neglects the change in amplitude 

A Abetween h]_(t) and hg(t). Actual data show this is not neglig 
ible. In order to compe.nsate for this amplification factor, Af,

one considers A A A= -V- (.t. - 3 -t—Vz ------- <"XL - 22)
nT

The amplification factor can be obtained from the covari­
ance function C^-^( 7 ), C22^ and
by the following three equations:

cll(7 ) = 0^(3" ) + Cbb(7 ) -----------(VI-23)
C22^T )
C^2(3-t-3, )

From equation (VI-20)

1__
A,2Af 
= 

A.

cAA<^ ) + CBB(7 }

( CM (3 ) + CBB(Tv 3,-3^ ))

= —— (CA.( 3 ) + 6X( 3 ) ) —(VI-25)
A AA DDAf A I X, the spectral density of hg(t) can

also be obtained
\

i - coovo n^-3a
S33 1^3-----------(SL-2G)

Since the subtraction process is not perfect, the
A

C^^( 3) contains not only the information on hB(t), but also 
the ■ residues of h^(t) and the component which is not moving 
at either C or C. This effect can be found from the quantity 
Fn»0.

Tn - C33to'> -2C3i - — —------
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In order to extract the power spectral density-
one modifies equation (VI-26) into
1 cm -BB

CVL-D.^)

frequency of

containing only hg.

where fc is folding
Equation (VI-29) implies that the~noise component FN

is uniformly distributed in S^^(w) (white noise assumption).
The calculated values of C* obtained from the above procedures
are compared with the primary wave velocity in Table VI-1.

Wj^db/sec) c c‘ m
f<B) 
in ^11 -^m^ sbb(O

0.016 1.50 1.41 0.671 4.578 0.043 0.019
0.044 4.09 ’ 3.41 1.648 4.089 0.0546 0.0076

0.126 5.01 4.21 3.601 6.042 0.1013 0.0062
0.24 5-58 4.76 4.089 6.531 0.0619 0.01012

0.35 6.91 5.69 3.6OI 7.507 0.0649 0.00721

0.585 8.30 6.75 5 • 066 6.531 0.0642 0.00352

TABLE VI-1. PROPERTIES OF SECONDARY WAVES 
W« = 0.0 Ib/sec Lr

In Table VI-1, f , f^are the modal frequency of Sd.(f) mm ^11
and Sgg(f) respectively. The corresponding slope of phase 
spectra for C* is also plotted in Fig. VI-6 with the actual 
data. From the frequency band of the corresponding slope 
of phase spectra for C1, it is obvious that the wave velocity
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which has thus been obtained Is for a secondary large wave.
2-14-. WAVE VELOCITY AND WAVE LENGTH OF SMALL WAVES

One very important result of the previous section is
-that the local slope of the phase spectrum evaluated at 
certain frequency is related to the vrave velocity of the 
wave having that frequency. This can also be derived analy- 

Atlcally. Assuming hg(t) in equation (VI-8) and (VI-9) to be 
represented b-”- a Fourier sine series with a wave velocity C*.

A YYl
-c6 It - = X. J- lx-—-----------------------(.31-30)

y=« )-
where » < < n < m
'then the equation (VI-1^) becomes

Gia ('*)') = Tcvn ---* -------------- --------------------------------------- (VT-^I
(-5- ql 0 n 1 < - x 01
< Z1 -T4" “ Ca><1 i-wi -K“ + 2-1 t* n Coo p/ { )1 >a‘ C J

similarly the result will be
Gu kvi') = --- j 'S-i--------------

6 12. — y'A)\ -^or ^.= - ---- jWx (JU —33)

Based on the above result, one would ask whether a 
constant slope of phase spectrum can be found in the fre­
quency range for small waves. If so, the wave velocity of 
small wave, Cg, can be extracted. The data of phase spectrum 
in the range of small wave frequencies shows another slope. 
But the data are inconsistent and fluctuate widely in this 
region. This is probably due to the fact that the primary
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velocity of the small and. large waves are very different 
and the digitizing Interval used for the small phase angle 
of the large waves is not suitable for the large phase angle 
associated, with the small waves. A technique is available
to eliminate the effect of the primary waves on the signals
for the small waves at the two positions.

A
Ct') = £ Q: S.V3 -25- -tn 

T>- b; S' n -55- t. ext x = o 
'i-

£ 0;
i=> y V - c > V 5 <XT x =X

Now shift "I, = -~

(.t.') — ~V\X (.T t^i) - 

The phase spectrum will

G 13

i yn । *
( Za i-"'< c - (.i-W

= -tOn-x-L->y— ------------------------------------- /---ft----------------- ------------2-----------------
( *** Otu . Q YVj 1 *• Q
15?"^ 11 COS _'T,) u cos^.^-I,) \

* ' j- G '

--(.xi-35

Since c - 1 = ° equation (VI-35) becomes

elt) IvoV- ( O 4or- ^\,------- ^-1

JO i-£. >> -^br ^.-"8., • -

^«-0i (,"£;" -*I|) (-£- Q^<< -^or y= •J n

' $ — —^or- y= Yi-ri■ ■ - • , rv>

---------------(3L-3G)

A typical phase spectrum obtained by the above method is
shown in Fig. VI-?. The wave velocity, Cs, is thus extracted
from the above curve and the wave lengthXcalculated from Cg^T^g^.
Results for the small waves are tabulated in Table VI-2.
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Fig. VI-7. PHASE SPECTRA
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TABLE VI-2. WAVE VELOCITY Alto WAVE LENGTH
OF SMALL WAVES

SV^db/sec)
WP = 0.0

It

C (ft/sec

. .....Ib/sec
) X(ft)

W^ = 0.1436 Ib/sec
Cg(ft/sec) > (ft)

0.016 0.7^ 0.0209 0.903 0.0107
.0.028 1.19 0.0438 1.17 O.OI75
0,0^ 1.39 O.O585 1.25 0.0408
0.08 1.^05 O.O63O 1.41 0.0455
0.126 1.410 0.0585 1.412 0.0470
0.18 1.46 0.0545 2.15 0.0680
0.2^ 1.63 0.0575 2.18 O.O667

0.35 2.02 0.0608 2.29 0.0610
0.4? 2.10 0.0585 2.38 0.0567
0.585 2.39 0.0580 3.00 0.0655
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3. SPECTRA AND CORRELATION OF FILM THICKNESS
In this section, the important properties of spectral 

density and correlation function of film thickness and its 
physical meaning will be explored. Telles considered a 
periodic sine wave process with random phase OSIN (2 if

Afmt *6) to study the power spectrum of film thickness.
Since the spectral density of the above process is a Delta 
function, he concluded that the modal frequency is the 
most commonly found frequency of the waves. From this the 
average wave separation distance and time was calculated.

In this work the wave separation and the wave amplitude 
of large waves are shown to have a wide distribution. Thus, 
Telles* argument is not valid. One would expect a more 
general analysis could be done.

Consider h(t) a stochastic process as follow:
a A A

(-tx) = ex Stri + © 3------ ---- -------- —--------- (51-31)
A a A

where f, © are two independent random variables, f has a 
even probability density function, while & is a uniform 
distribution function.

The auto-correlation function and the spectral density 
function of this process will be

"t" 00 rx,R = "Sr C --------- (51-38)
J — QO

S ----------- '(SL-3^)
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Hence If the amplitude of the waves is the same, the 
modal frequency f Is related to the modal value of the 
probability density function of wave frequency ( or wave 
separation). The wave amplitude .posesses a widely spread 
density function so it is necessary to consider this effect 
too. Consider 

A where (X; is an V 
frequency fj. 

The result of this process is

CoS2^)-3----------- C3L-^\)

S < ap ----- (31-42)

This result shows clearly that the maximum peak of 
S(f) will be located at fm such that(,0^ > (Ckj )> for 
j = 1,  -- , n and the secondary peak of R ()) is at

position such that fm'J m =

There are two special cases in the above equations 
(VI-38), (VI-39), (VI-^l) and (VI-^2).

(a) if (.-f) = S -fg} and <a^'> » 
w a-

-S-OX- 
then 

'r m = o’-

= q1 -V > °

h(t) as another stochastics process.,,
A J2. A A

= - —---------- (.31-40)

independent random variable associated a
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This is the case corresponding to Telles' consideration
( b) if C | or- < CH ■$ > = -lyov-

then (.-3) = a1 £ (.3)

S

This result is a so called "white noise" process.
The actual data for film thickness show that the result is 
somewhat between the above two special cases. Comparing 
with other wave data such as wind waves, the spectral density 
of film thickness shows a much wider spread with frequency, 
while the periodicity of the correlation is much weaker.
In order to have more specific understanding of these sta­
tistical functionsand their relation to the wave paramter, 
one would study the following quantities: fm, 3W, "3^.^ ,
C CIX(.3O, and Seq as shown in Fig. VI-8.
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FIG. VI-8. PARAMETERS OF SPECTRUM AND COVARIANCE 
3-1. MODAL FREQUENCY, MEAN PERIOD, AND MEAN BASE LENGTH

The modal frequency, fm, defined above at condition 
WG = 0.0 Ib/sec is compared . with the data of Telles and 
Webb in Fig. VI-9- The trend shows fair agreement. The 
modal frequency of spectrum and cross spectrum are usually 
the same. A double peak structure in cross spectrum and 
sometime also in auto spectrum appears in the range of small 
liquid flow rates. In the above figure, if the data suggest a



A

fc».O

2.000.

'Reu

Fig. VI-9. MODAL FREQUENCY
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double peak structure, the secondary peak will be represented 
by As mentioned above, if the processes contain a 
periodic component strong enough to show a peak, then the 
correlation function C(J ) will show a secondary peak at 
the mean period such that -£va~3w • Therefore the
cio.ta of -v and f„ should correspond. In Fig. VI-10, the 
data of and fm vs. Wp, are plotted for the gas flow rate 
Wq = 0.0 Ib/sec and Wq = 0.1436 Ib/sec, The relationship of 

- 1. is confirmed.
Since the modal frequency fm or the mean period 3w>- 

is related to not only the wave frequency but also the wave 
amplitude, it is necessary to find out what wave amplitude 
or wave maximum is associated with this modal frequency. 
The mean value of wave frequency, f^ , for the large wave 
(defined in the previous chapter by hma^> <H>) is much larger 
than the modal frequency, f , except at small flow rates. 
It is also impossible to find a wave separation, Tsep, to 
correspond to fm in the joint histogram of Tgep vs. hmax. 
This is probably due to the fact that some of the large 
wave maximum, hmax, are not large enough to produce a 
positive component in the correlation at3= T Hence 
we need to discriminate some of the large waves having a 
smaller h^^^. Redefine a new large wave separation T* max sep
based on hmax> 2 <h> as the following Fig. VI-11.
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Fig. VI-10. MODAL FREQUENCY AND MEAN PERIOD
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FIG. VI-11. NEW LARGE WAVE SEPARATION T' sep
A typical joint probability of hmax> 2 <h>and T^ep 

is given in Fig. VI-12. The distributions show a single 
modal value with wide spread in the two dimensional domains. 
This indicate that the correlation function will have a
weak periodical component at the modal value roughly equal

to<Tse5> • The mean value of this new wave frequency
fo = —-— and f0 vs. f is plotted in Fig. VI-13.<Tsep> , m
The results of f^ show a fair agreement with f except the
small, liquid rates at which transition occurs. The value 

/
of f^ is a little higher than that of f in general. This
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Fig. VI-13. MODAL FREQUENCY AND WAVE FREQUENCY

0.0 
00

-ft
 <v

nc
/ -£

t Cc
pS

)

12D

8x>

Wu=<
' Q Hfm

A 4m

7.0 *5^»c i

VS.
vs. -f/

2Z7, C»
. ... ;
' ' 4 '1 7;.'
1

//

.■L7.:7
""

! ...i

1 .....
■;

1 
T 

. i_.
i 
7

•i-i
-1

1L L L-

7 h L
1 ' !

1 Tri" .T.r7__

; 1
H --j - j— 
7ri" 
r * ।

—

1
- T—

"" 1

T"

7

- i -

! 1
74- 
U- 

ri~

1

t f—

-H-h-

i" i' T " 
"f ;-T'

. L . L 
j__ ।

i 1
‘"l 1" I

-

7- 
_i_

i
-1 - r

r-

- -i
d

- -1-
i

—C

■ b
. -r

— —t ■■ 7

J . . .1., 
1 * 1 --r--- :-1

-j. .L .4..-,..

7| _ i— 
i

.. ___
""■■

-

i-- J .

.7

i

"i 7
__

V 
X

"T 
"T

0

"i -': :
1 ■ 1 - •

i o .. .. .
00 : :

; y-j--

777

*

■ r
■ t-

'7"

- 

■

d

~r ......

", V"

• :
......

:

: ■ : ■ 
■
0 : ■ 7 V

r"

i.
■!

7
r- 1

' q Q • r 1 • r /. i- .7 1
" i"

- -1 •

. A >
• 1 • A y< : * f ■ |

J. . _ 7
I - -

: ■

- -t—
-

1..

T 1 -
'7

A

.! ; 7 :

J" "y 

r:r:
- 1— r. "T 

"J.

“i"4-
■! 7
-1”

1

1 H

' 7: '7: 
.. ■ 'i i 

। < ।

:7l: I. ?L .L-

7 -

- i

182



183

is reasonable because the coupling of two large waves is 
treated as a large single wave in the actual calculating 
process of correlation function.

Another important quantity which can be extracted from 
the correlation function is the mean base time, "J min* 
This mean base is well correlated with large wave base 
as shwon in Fig. VI-14. The reason is clear from the meaning
of a correlaJ ion function. Some of the data have a large
deviation. This is due to the difficulty in locating the
minimum value of C(I ), when C(T ) had value near C(

The intensity of periodical component can be represented 
by C( Tm ). The value of C( *3^ ) is usually in the range of 
0.01 /~^0.08 which is very weak periodicity.
3-2. CROSS CORRELATION AND COHERENCY FUNCTION.

The cross covariance function of film thickness )
which is presented as Chapter IV, is approximately
the same as C^^( "5 ) and 0^2^ ) except for the maximum value 
C^( 'T, ) • This implies that the Important features of the 

wave processes, h(t,x), between measuring stations, 1 and 2, 
are approximately unchanged. These features include, for 
example, the number of large waves, the relative wave maximum, the 
relative position of large waves etc. The cross covariance funct­
ion shows an unsymmetrical shape about its maximum value, C^gCJi) 
as given in Chapter IV. This unsymmetrical properties can be
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explained from the idea developed earlier that two distinct 
waves move with two different velocities given in equation
VI-8), (VI-9), (VI-10), and (VI-30). Then the cross 

A Acovariance of h^(t) and hg(t) will be

CaC'S') = £x — — —------(31-^4)

vn 1 -2 0
C6cn = CoS — — ----- — CS.-45)

The above 0^(5 ) a^d Cg( "J ) are symmetrical about 3 = 
and 1=-A respectively. But the summation of these two is 

C 
obvious not symmetrical about 3 = . In studying the wave

2 velocity, one knows that C* is smaller than C and bj is 
also smaller than aj2« Then the typical shape for )

will be given as shown in Fig. VI-15-
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The reasons for the normalized, maximum values of C12( 3 ) 
at T, being less than 1, might be the loss of identity of 
some of the small waves, small change in shape of some of 
the large waves, and different amplifications of different 
waves as they pass between the two measuring stations. 

aSuppose h^(-v-'3i ) and h2(t) are normal processes if
Ci2( ) = 0.0, then given a value of h2(t^), the value of 

) will be normally distributed as in Fig. VI-16.
The value C^2( ) = 0.5 and ci2( ) = 0.9 are also given
in the same figure. Hence given a larger value of h2(t) 
at t = t^, the probability of having a larger value of 
hi(ti -'J, ) is higher, if C^2( Xx ) is larger., Therefore the 
quantity ^12^ represents a measurement of the relative 
magnitude of ^(t -3,) and h2(t).

(o') (3.) = 0 0
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Fig. VI-16. SCATTER DIAGRAMS OF SAMPLES OF BIVARIATE
NORMAL RANDOM VARIABLE



188

The experimental data of \ ) f°r conditions of 
various flow rates are given in Fig. VI-l?. The data show an 
increasing value with liquid rates in general. The value 
of C^2(TJ is around 0.5 - 0.? for the high liquid rates. 
This suggests that the large waves move down stream with­
out loss of identity and energy.

Another important paramter which can be obtained from 
the cross-spectral density function ca^-^e(^ the
coherency spectrum ^-^2^ defined as follow 1

w"l2. <.•£-> = 1 ----- ----------------- ----  - -

The physical meaning of this quantity as suggested by 
Jenkins (J- 2) and Box and. Jenkins (B-^\ ), is like a 
correlation coefficient at each frequency f. Some of the 
coherency spectral density function are presented in Fig. 
VI-18. It is clearly indicated that the modal frequency of 
the spectrum does not correspond to the modal frequency 
of the coherency spectrum for the low liquid rates. This 
suggests that only the very low frequency wave components 
move down stream without losing their identity and energy for 
the low liquid rates.
3-3. THE EQUILIBRIUM RANGE OF SPECTRUM

An argument- similar to Kolmogorov’s analysis in 
turbulence was proposed by Phillips (P-d , P-5 ) for the
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shape of a spectrum of ocean waves. However, the physical 
mechanism that maintains the equilibrium range lYk the 
wave spectrum Is completely different from the mechanism 
found In turbulence. A well developed sea Is covered by 
waves of all possible lengths shorter than some largest 
v. we length, each one of which Is In the state of breaking. 
Breaking occurs because local accelerations at the sharp 
crest of the wave exceed the acceleration of gravity and 
this process that controls the wave shape and thus the 
spectrum at high frequency. Consequently, the basic hypo­
thesis of Phillips* work Is that there exists an equllibrlm 
range of large wave frequencies In the spectrum, determined 
entirely by the physical parameters ( gravity ) that govern 
the continuity of wave surface. Dimensional analysis 
shows that the equilibrium spectrum has the form

S l-f't = °^c 4-~S - — - — — — ------------ (

where c^c. Is a constant
There have been numerous efforts trying to verify 

the above equation by Burling (B-% ), Kinsman (K-3 ), 
Hess, Hidy and Plate (H-^-), Hldy and Plate (H-5 , h-g ) 
and Plate (P-9 , P- ). Burling's data show a -5-5 power 
law. Kinsman’s data give a -M-.5 power law. While Hess, 
Hldy and Plate’s measurements show a very good -5»0 power 
dependence at high frequencies. On the whole the validity 
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of the equation (VI-^7) appears to be well confirmed.
Hovzever, some wave spectral data have been obtained showing the 
—5.0 rule at high frequencies without the appearance of 
white caps which represent the occurrance of breaking 
waves. Thus, the breaking process is probably not the only 
mechanism contributing to a limiting spectral shape.
Equilibrium in the high frequency range may also be associated 
with the appearance of capillary waves. Hicks (H-i3) has 
suggested that the spectrum for "pure" capillary waves, 
which should depend only on the Kinematic surface tension 
and frequency, can be described as:

sift = ----------------------- <si-4%>
where is a constant

(T' is surface tension
is density

However, no wind wave data have given direct veri- 
7 fication for the above - —— power law. But the highest 

frequency of ocean wave spectrum is only about 13 cps, and 
the frequency range of capillary wave is usually around 
10 cps - 100 cps.

In the present studies, the validity of the above two 
equations for the waves on the falling film will be examined. 
The data of spectrum slope was obtained from the log-log 
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plots of spectra given in Chapter IV. Results are tabulated.
in Table VI-3.

TAELE VI-3. SLOPE OF FILM THICKNESS 
SPECTRA IN THE HIGH FREQUENCY RANGE.

W^db/sec) kJ
W^(lb/sec)

0.0 0.045 0.0976 0.1436 0.1742

0.016 -2.94 -3-89 -4.28 -3-89 -----

0.028 -2.99 -3.60 -3.90 -4.00 -3.67
0.044 -2.77 -3.42 -3.30 -3.67 -3.74
0.08 -2.846 -3.36 -3.86 -3.73 -3.63
0.126 -2.855 -3.48 -3.62 -3.63 -3.67
0.18 -2.846 -3.69 ‘-3.62 -3.89 -3.62
0.24 -2.840 -3.60 -3.80 -3-89 -3.77
0.35 -2.846 -3-69 -3.72 -3.65 -3.64
0.4? -2.846 -3.69 -3.52 -3*79 -3.64
0.585 -2.846 -3.69 -3.42 -3.72 -3.64

The above data for S show approximately a -3.0 eq
power law for no gas flow and a power law for gas
flow for all liquid flow rates. This result is between
the rules described by the above two equations (VI-^7) #nd

(VI-48). The reasons for S Of' falling films not following eq
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Phillips* law or Hicks* law can be summarized as;
(a) The range of frequencies from which Seq was obtained 

are about 15 ops - 80 cps in the present study. 
This is the range in which surface tension forces 
become Important.

(b) The gravitational force acts along the direction of 
wave propagation. Therefore all sizes of waves are 
under the Influence of gravity. Hence the gravi­
tational force is also Important for the capillary 
waves on the falling film.

One would therefore expect that the result would be some 
what between -5»0 power law and - - •J—, power law. This is 

actually what is observed. Since both gravity and surface 
tension are important for the equilibrium subrange of spectrum, 
one would obtain the following equations by dimensional 
analysis

S A" = o(c "V -for- vxo -yxo -------

S (-f ■) = eZc. YXO ------- <^L-5-O)

where c^c ando(£' are constants.

4. PERIPHERY EFFECT.
The waves on the falling film are considered as a two 

dimensional motion in most of the theoretical analyses. The 
velocity of this two dimensional assumption will be tested 
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in this section by the use of the correlation function.
Consider two stationary processes h^ ( ) and
h2( , "Z-Lj t. ) at same location , but different peripheral
positions21 and . The auto-covariance and cross-covariance 
of h| and hg are

<^; <xy2.,Ti+-s')T1l/------ C3I-5-D

C?i (.7')^ ^Ez,t'))--------- --  <31-52)

C1X (3) = <•£; (x,Zl,^))T'(.x,Zc.vt')>------------<SL-53)

A A
Suppose h^ and hg are two-dimensional, i.e. independent of 
2. direction, then

-6/ ------- C3IL-54)

The relation of auto-covariance and cross-cova,riance 
becomes

CH 13) = <3> = C,x<3) — — — — — C3L-555

Hence the two-dimensionality of the waves structure 
can be tested by equation (VI-55^

Four conductivity probes were inserted 90 degree apart 
around the periphery at each of two locations, B and D.B and 
D are separated by 1.161 ft. The sketch in Fig. VI-19 
identifies particular probe.at these two locations.

63

~C>'

Fig. VI-19. CONFIGURATION OF THE CONDUCTIVITY FROBE



196

Dg and cells are on the same vertical line. The data 
°f 0^(1), and Ci2(7) are given in Figs. VI-20 and
VI-21. The results can be summarized as :

(a) Cross-covariance is approximately same as
auto-covariance and except in the neighborhood
Ox' "3 := 0. This implies that the relative wave structure 
are two-dimensional, i. e. The waves are approximately a 
ring wave.

(b) The difference between cross-covariance and auto­
covariance is probably due to the fact that the small waves 
are loosing their identity and the shape of the large waves 
are not identical around the periphery. Hence the large 
waves are approximately two dimensional and the small waves 
are probably three dimensional.

(c) A small time shift exists at the peak of C^gCy^ 
and C^tO) of D2, pair is smaller than that of Dg, 
pair. The above fact shows that a very weak three- 
dimensionality also exists for the large waves.

On the whole, the two dimensional assumption for the 
large waves is a good approximation. The wave around the 
periphery can be clearly demonstrated in Fig. VI-22.
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FIG. VI-22. WAVE AROUND THE PERIPHERY

5. LENGTH EFFECT
In this section, the effect of length on properties 

of film thickness and wave structure will be examined.
5-1. FILM PROPERTIES

The mean film thickness <h> measured at various positions 
along the test section are given In Fig. VI-23* Although 
the variation of the mean thickness along the length Is small, 
the data show a definite trend which Indicates a decrease In
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the mean film thickness with increasing distance from the 
inlet except low liquid rates. The second central moments 
of film thickness Cg are also plotted in Fig. VT-2^. There 
is an increase in the values of the second moment with 
length up to 12* and then a decrease in that with length 
i^om 12* for no gas flow. This suggests that the waves 
amplify and then decay. At low liquid rates the data with 
gas flow show the same trends as without gas flow. At high 
liquid rates it shows a decrease in the value of moment 
with length. This indicates that the waves decay along the 
length. The probability density functions for film thick­
ness at various positions which are given in Chapter IV, show 
a difficult structure at cell C^.

The modal frequency given in Chapter IV decreases with 
Increasing distance from the inlet. The normalized spectral 
densities of film thickness given in Chapter IV, are appro­
ximately the same for Dg, and A^ cells. But the spectral 
density of the film thickness measured at C^ contains less 
energy in the low frequency range than that measured at 
Dg, and A^ cells. This implies that the large waves 
coalesce as they move down the length of the tube. 
5-2. WAVE PROPERTIES

The effect of length on the wave velocity, amplitude, 
frequency and the ratio of the length of the wave back to
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the viave front is presented in this section.
(1) The wave velocity
The wave velocity calculated from equation (VI-7) at 

various positions along the tube are plotted in Fig. VI-25- 
The solid vertical lines represent the position of the probe. 
The data indicate that the wave velocity increases with the 
distance from inlet. If the velocity is not a constant 
value, then equations (VI-3)» (VI-4) and (VI-7) need to be 
modified. Let the wave velocity at position x0^and position 
x^be and respectively
then equations (VI-1) and (VI-2) become

Ct - Q<_n - - ----------------(S-5G)

cui = -f,' Ct. - c Cu') cb x = ------------------<21-S'!)

hence equations (VI-3) and (VI-4) become

C'n nt c
a) x 0)

co>3 - _ _ _ _ csv-SS-)

8" , r- r < -T V c '
Xo)

- -- --------------(^-55:)

The phase spectrum will be
r- v<z) -Y O'*

—  - - - (51-^05

Let the conductivity cells, C^, A^, and D2 be 
located at positions X ? % l>) X(3> and X • an<i

? (1) (2) (3)
the wave velocity at those positions are C , C , C

(4)and C respectively.
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Similarly, the phase spectrum equations will be

6^ <-£>= ITV-f (.-^4> - -^tn)--- -- ------ (SC-S2)
The above equations (VI-60), (VI-61) and (VI-62) contain 

four unknowns. If the position Is set to be zero, then 
the wave velocity can be solved except The values of

and 0^^ are also plotted as the short solid hori­

zontal lines in the above Fig. VI-25- On the whole, the 
assumption of the constant velocity is not a bad approximation 
except in the neighborhood of the wave inception.

(li) The wave amplitude
The length effect on the wave amplitude for the large 

and small waves are given in Fig. VI-26, and Fig. VI-2?. 
The wave amplitude for the small waves is independent of 
length except at high liquid rates. This might suggest that 
the small waves are at an equilibrium state. At high liquid 
rates the data for wave amplitude of the small wave show 
considerable scatter. The wave amplitude of the large waves 
for the case of no gas flow, first grows with the length 
and then decays. For the case of gas flow, the mean wave 
amplitude of the large wave decreases with length except at 
low liquid rates. This Indicates that the large waves .
grows over the distance from the inlet less than 6 ft for
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gas flow.
Assuming 8- linear relation between the four positions, 

the amplification factor ( or growth rate ) Ap can be 
calculated as follows:

A - ,dA/dx _ — —--— ----
v A

The values of Ap are given in Table VI—

TABLE VI-^. AMPLIFICATION FACTOR Ap

u")
•X(ft)

WG =
8.3*

0.0 Ib/sec
11.45' 13.1'

Wq= 0.1436 "Ib/sec
8.3' 11.45' 13.1'

Wp(lb/sec) — — — — — — Ap( 1 / inch) x l03 ------- — —

0.016 t4.7 -4.28 +II.65 +1.?4 -3.36 +6.25
0,(M ^■5.63 +1.04 - 8.8 +2.13 +1.14 -27.0
0.126 +11.1 -0.25 -2.65 -3.91 +2.22 -26.9
0.24 +12.65 -4.48 -7.85 -0.06 -3.28 -18.4

0.35 +2.4? -3.81 -0.52 -2.53 -5.02 r'17.6
0.585 +3.7 -7.2 -4.62 -4.76 -6.0 -13.1

(iii) The wave frequency, wave base and. wave separation
The wave frequency for both the large waves and small 

waves: obtained at various positions are given in Fig. VI-28 
and Fig. VI-29. The small wave frequency for the case of
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no gas flow suggests a small decreasing value with the 
length. While for the case of gas flow, they are quite 
constant except at the lowest liquid rates.

The large waves at the condition of no gas flow show a 
rapidly decreasing frequency with distance from inlet. This 
suggests wave coalescence. On the other hand, the wave 
frequency for large waves with gas flow does not show such a 
trend. This might suggest that the shear due to the gas flow 
trends to "break the large waves and to generate enough new 
waves on the Interface to compensate for those lost by 
coalescence. The wave base for the small waves and the wave 
separation for the large waves show the reverse effect of the 
wave frequency. These are plotted in Fig. VI-30 and Fig. VI-31.

(iv) The ratio of the wave back to the wave front
The ratio of the wave back to the wave front < Tt)}C>/<Tf>n> 

for both small waves and large waves are given in Figs. VI- 
32 and VI-33* For the case of no gas flow, there is no 
definite trend appearing in the data. For the case of gas 
flow, the data for the small waves show a decreasing value 
with the length except at the low liquid rates, while the data 
of the large waves suggest a constant value at each liquid 
rate.
6. WAVE STRUCTURE

The experimental data for the wave parameters as presented in 
Chapter V and the discussions in the previous section allows
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one to summarize the v?ave structure. Furthermore the 
relation between the wave structure and. the probability 
density of film thickness will also be explored.
6-1.  SUBSTRATE STRUCTURE

In all previous studies the substrate thickness, hg*, 
was defined such that v ° and
The relation of this hs* to the probability density 
function f(h) and the probability distribution are shown 
as follows:

FIG. VI-3^. DEFINITION OF SUBSTRATE IN THE 
PREVIOUS STUDIES .

The value of hg* calculated this way is strongly depending 
on the probability intervals chosen in the measurement 
technique. The physical meaning of this assumption 
is that there is a smooth continuous sublayer of liquid 
film between two consecutive wave crests. But the data 
in this study show that there are small waves sitting 
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on the substrate, and. the number of small waves are not 
small as seen from the data in Table VI-5- Hence the above 
definitions are not suitable.

TABLE VI-5. NUKBER OF WAVES

VI =0.0 lb/sec(in 171 sec) Lr WG=0.14361b/£;ec(in 180 sec)

*’L
(Ib/sec)

small 
wave

small wave 
large wave

on large 
wave

small 
wave

small
large

wave
wave

on large
wave

0.0^'4- 125^ Z|86 1423 2940 178, 1402
0.126 1502 782 1071 2363 397 1634
0.35 2228 931 1503 2434 647 1903

The substrate in the present study will be defined as the 
portion of film thickness, hg, which is occupied by small 
waves under the mean film thickness ( h>. Since the amplitude 
of small waves fluctuates within a narrow range, the contri­
bution due to hg(t) on the probability density function of 
h(t) will show a modal peak around the mean value of<h^>. 
This relation can be easily demonstrated by Fig. VI-35- 
It is clear that the probability density function f(hg) can be 
obtained by conditional sampling only the data of hs. In order 
to avoid the above tedious conditional sampling calculation, 
one can roughly estimate the probability density f(hg) from
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Fig. VI-35. WAVE STRUCTURE AND IROBABILITY DENSITY
OF FILM THICKNESS
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the probability density of filn thickness f(h). Since the 
wave amplitude of the small wa^res is quite small, its wave 
slope in the time domain should be quite linear over most 
of the ranpe. Then the probability density function of hg 
should, be approximately symmetrical around <.h^> which is 
roughly equal to the modal value of f(h). Based on the 
above assumption, the probability density function of 
substrate f(hg) can be approximately extracted from f(h) 
by the following procedures.

(a) The probability density function f(h) can be 
represented as the curve abedefghijkin 
Fig. VI-36.

Fig. VI-36. ESTIMATION OF THE PROBABILITY 
DENSITY FUNCTION OF SUBSTRATE
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(b) Since f(hs) is symmetrical about <hs‘> in the 
neighborhood of <hgs> and the <hs"> is approximately 
equal the modal value e of f(h), then one vrould

z / /obtain the point f, h, for the substrate by 
setting them equal to d, c, b.

(c) Taking the difference between pairs of (f, f'), 
(g, g1) and (h, h‘), one would obtain the curve f", 
g", h" for large waves.

(d) Interpolating the curve f”, g", h" to point a, one 
would obtain the curve b", c", d" and e” for the 
large waves, and subtracting the above value from 
b, c, d, e, one obtains the curve b*, c*, d’ and 
e* for the substrate.

(e) Hence we decompose the probability density f(h) 
into two curves. One curve a, b’, c', d’, e*, f‘, 
g*, h* represent the substrate and another curve a,
b", c", d", e", f", g", h", i, j, krepresents the density
for large waves. Call the above two curves CVg and 
CVW respectively.

From the above separation processes, one would obtain:

Vs -- 5 — -------- ---------- CSL-^)

bw — S '— — — — (5l _ kg)

QVS /y2s — — — — — ----- Cbl-bG)
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Ct:..,') = cvw/------- ---------------------------Cia-LH)

where Fg= the time fraction occupied by substrate
Fw= the time fraction occupied by large waves 
f(hV/)- the probability density function of the 

film thickness during passage of large 
vraves and the small waves on the large 
waves.

Put the time fraction Fs can also obtained from 
measurement of the wave base of the small waves and the 
wave separation of the large waves as follows:

__ hs
vs - —------------- (311-^%)
-r _Ml

^_-x Ts^l=: Ml - - —--------- IHL-W

~ s = —Y----  — — — — _ (3L-r(o)

\-\N = \ — Vs — — — — — ----

where Tg= total time occupied by substrate
T, . = the wave base of small vjaves bs i
N = total number of small waves
Tsepi~ the wave separation of largo waves
Nl= total number of large waves

This provides a check for the probability density function
of substrate f(hs) obtained from equation (VI-66). The data
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of F'q obtained from both equations (VI-6^) and (VI-70) are 
given in Fig. VI-3?. They agree reasonably vrell except at 
very Iovt liquid rates. At very low liquid rates the esti­
mation of the normalized fChg) should not have a large error 
bcca.uso the density has a very narrow distribution. The 
mean values of the substrate^hgX,, are plotted with the expected 
values of^hmax>and^hmin>for the small waves in Fig. VI-3R.
The data of <hc> are bounded by 4hmax> and(hminy , but they are 
close to the values of ^hmin> than that

The small waves on the substrate have a very narrow’ 
distributions for the probability density of the wave 
parameters such as amplitude, base, wave front and vjave 
back. Its wave velocity,Cs,is much lower than that of the 
large waves. This might suggest that there exist only a 
single mode of waves on the substrate. The probability 
density function of the wave maximum and the wave minimum 
for the small waves have much wider spread, than that of 
wave amplitude. This indicates that although only a single 
mode of small wave is on the substrate, its relative 
position from the wall is affected by the large waves which 
exist in its neighborhood.
6-2.  LARGE WAVE STRUCTURE

The relative relation between the large wave parameters 
<hmn„)>, ^h^.G? and the mean film thickness < h>are given in mci-A miY]
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Fig. VI-37. FRACTION OF SUBSTRATE



Fig. VI-38. SUBSTRATE STRUCTURE 1/
22
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Fif;> VI-39. The mean film thickness <h> is well bounded 
by the mean maximum and the mean minimum of the large waves? 
and the ratio of ^hma^ - <h>^to^<h> - ^hmj_^\ are 

approximately three to four except at very low liquid, rates. 
The wave amplitude of the large v.'aves < A> , two times standard 
cu.viation of the film thickness 2 <T^ , and 2 QVi vrhich is 
obtained from f(h\s.) are plotted in Fig. VI-40. The trend 
of 2 and 2- Vvj correspond well to that of < A'). Although 
the values 2 (14. are smaller than the actual wave amplitude
4 A'? > it is not a bad first approximation for the wave 
amplitude. Twice the standard deviation has been used in 
previous studies when the actual data of wave amplitude was 
not measured.

The histogram function of the large waves presented 
in Chapter V shows certain trends of the data which will 
now be examined.

Since the histogram of wave maximum corresponds well 
to that of wave amplitude, the discussion below will base on 
the histogram of wave amplitude.

(a) Single mode region
A single modal peak on the wave amplitude histogram 

shows around A=0.0’' - 0.01" for low liquid rates WL = 0.0161 
0.044 Ib/sec. The position of the modal peak decreases

with the gas flow. A transition to the condition of a second



Fig. VI-39. LARGE WAVE STRUCTURE
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rodal peak above 0.01" begins to occur at Wp, ~ 0.0^ Ib/sec
(b) Double mode region
As the liquid, rate Increases, a clearly observable 

double modal peak appears on the histogram. The first modal 
peak is located in the same range as the single mode peak 
discussed above. The second modal peak shows in the region 
A = 0.02" <-^0.0^". The range of liquid rate are 0.08 Ib/sec 
z'x-.0.18 Ib/sec for = 0.0 and 0.08 Ib/sec ^0.24 Ib/sec. 
for Wq = 0.1436. Another transition appears to exist near 

the highest liquid rate.*1 At this condition, a relatively small 
peak starts to appear for A=0.04”.

(c) Triple mode region
As the liquid rate further increases, another strong 

modal peak appears at the position about A = 0.05" ~0.06", 
while the other two peaks remain approximately at the same 
positions. The range of liquid flow rate is 0.24 Ib/sec 
0.35 Ib/sec for VJG = 0.0 Ib/sec and O.35 Ib/sec /x,0.47 Ib/sec. 
for WG = 0.1436 Ib/sec.

(d) Another double modal region
As the liquid rate increases above O.35 Ib/sec for no gas 

flow and above 0.4? Ib/sec for gas flow the modal peak, 
located about A = 0.02" /~0.04" disappears, and the structure 
becomes a double modal peak again.

In the time domain, the wave base histogram exhibits 
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a unique type of distribution. A clearly defined single 
structure exists. Hence the properties of the base can be 
well described by the mean value and the variance which are 
given in Chapter V. On the other hand, the histogram of the 
wave separation shows quite a different character which will 
be discussed as follows:

(a) For the case of no gas flow, a modal value appears 
around the value T  = 0.075 sec, and a narrovr band dis-sep v
tribution exists in the neighborhood of this peak value. 
There also appears two side lobes around this modal peak. 
The side lobe located below the modal peak suggests a very 
weak peak exists around Tgep = O.O35 sec. The side lobe 
above the modal peak first increases in width and magnitude 
with liquid rate until a peak value of Tgep = 0.15 sec. 
Then the spread of this side lobe decreases with liquid 
rate and. the peak disappears.

(b) For the case of gas flow Wq = 0.1^36 Ib/sec, a 
single modal peak exists at very low liquid rates. The 
suggestion of a multiple peak structure emerges for the 
liquid rates 0.0^4 Ib/sec ^0.08 Ib/sec. As the liquid 
rate increases, the spread of the curve decreases and a 
clearly double modal peak structure is formed for the 
liquid rates above 0.126 Ib/sec. •
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A very cor.wori stochastic processes Is the ioisson 
I’rocesses ( Randoir point in time ) which occurs in many 
phys ical situations, The number of random points K between 
time t| and t? are given as Poisson distribution.

P = e~3T"— ------ i'gi-ru3
And the separation time Tsep between the random points are 
described by the following equation:

f TJ ^T^-) ---------151-^53
where  is the number of Random point per sec.

XJ^is the unit step function.
The detailed description of the Poisson Processes and the 
proof of the equation (VI-72) and (VI-73) is given ini 
Papoulis (P-1). The comparison between equation (VI-73) 
and. the large wave separation distribution are given in 
Fig. VI-41 and Fig. VI-42. The difference in these figures 
are expected, because the wave processes possess a finite 
wave base which is not negligible compared to the wave 
separation.

In the last chapter, a weak proportionality between 
the wave maximum and the wave separation was found from 
the joint histogram of them, and in this chapter, T * sep 
which the wave separation between two consecutive large 
waves with hmax> 24h> is much larger than the value of 
TgGp was also found. In the wave velocity analysis, the



Fig. VI-41. POISSON’S ARRIVAL TIME



Fig. VI-^-2. POISSON’S ARRIVAL TIME
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fact that the wave velocity depends on the wave frequency 
is also established. On the whole the following conclusions 
are obtained for large waves.

(a) There exists three characteristic wave sizes for 
the large waves on falling films. In the most range of 
liquid flow rates, there are only approximately two 
characteristic wave sizes for the large waves.

(b) The wave with larger amplitude is associated with 
the larger wave separation. This implies that if a very 
large wave passes by, the chance to have another very large 
wave in a short time is very small.

(c) The above suggests that the large waves actually 
carry most of the mass. Therefore whenever a very large 
wave occurs, there is not enough mass left to generate 
another very large wave.

(d) Since the wave frequency is Inversely proportional 
to the wave separation; the larger waves generally move 
with larger velocity. From the location of a <h> on the 
wave maximum histogram, it seems that the large waves with 
the larger characteristics wave size move with the primary 
velocity C and control the statistical of film thickness 
such as f , 7 .m’ J rc
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The above qualitative picture confirms the Krantz and 
Goren’s recent report (k-5) in which a bimodal waves with distinct 
wave velocities was found by artlflcal generation of waves.
-7. INTERFACIAL SHEAJR STRESS DUE TO WAVES

The first study of the interactions between gas and 
liquid on the falling film was done by Wicks (W-4-) In this 
laboratory. He found that there must exist a form drag on 
the wave In order to predict the air flow rate based on 
the smooth film model. He obtained an indirect estimate of 
the drag coefflcent. The direct measurement of this form 
drag presents a very difficult problem even for ocean waves 

and ^laboratory wind waves. In this section, the form drag 
is extracted from the simultaneous measurement of pressure 
fluctuation and film thickess on falling film.
7-1.  WAVE STRESS ANALYSIS

The X direction component of the force per unit area 
exerted on an instantaneous wave Is

J- <Lptx/f;/O ------
/\L it- J \ 2 5 X.

where ■ is projected wave area onx- coordinate
2^ Is wave length
P( ) is surface pressure on wave.

From the equation, one can evaluate the time average form 
drag around the waves.
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"T _ / .V x \x Au '

3T 5t TC S v ^^)dxdr - - (.XT-rl5)

•Interchange the Integration and equation becomes

"3 vs

Assuming the waves are moving without changing shape 
at constant velocity C, then the independent variable so 
and. t will reduce only to t, and. the equation becomes

V -^-5-c>s V J

If the simultaneous time series p(h,t) and are
available, the above equation provides the information on 
the form drag around the waves. Since the available time
series is h(t) instead of , the differentiation of
time series will usually introduce a large error. Let

, then the equation (VI-77) is actuall^a cross­
correlation between h(t) and pXh.t) at time lag zero.

but
V s ~c" y-V --------- -------------------(.31-'1^1

The proof of equation (71-7^) is given in Papoulls 
(P-1). Substitute equations (VI-79), (IV-23) and (IV-25)into
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equation (VT-?8)

•where
h(t)

to obtain
"oL - ---------C^L-So)

is quadrature spectrum of p(h,t) and

Since the liquid film is so thin, it is very plausible 
to assume that the wall pressure p(0, t) is identical to 
the pressure on the wave surface. But in order to make sure of 
the above assumption the following calculation is made.

Consider y-direction momentum equation (II-3) and assume 
waves are moving at constant velocity C, then integrate 
the equation from y = 0 to y = h

v T Se,vrS^ol'a-
^(-1 ---------C5i-%O-

Jo v C* > d—
A preliminary test by given a wave shape h(t) and 

various velocity profile shows that the viscous terms 
f-JL \ are one order

magnitude smaller than the inertia term along the wave 
length. Hence the equation can be simplified

v ^,-6-) = p (,x,o^ t -s 57 -----

Make a Taylor series expansion oft! andi/t about y = h
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and retain only the first term

p (t /(:■) = P <-t, O"^ T ' 'i up ^x., f,) t; - __

From the kinematic condition and. assuming u.
Is small the equation becomes

P = P «?o,-?p-

.Now let assume u(t,h) Is a very weak function.of t 
and h such that u(t,h)c^ const.

Hence

Fa. -

where (
tT

Pa = 3? ? P at-

n I-z- UL. —. r* ji-r- .^-f-
B -T-^o. =>V "Xr-

'Pc “ “— C f dTx U -3-f-
-T^. cx> dx ) <4t.

-"X
A. direct calculation of terms P^, Pg and Pq from 

time series p(t,0) and h(t) shows that terms Is much 
greater than terms Pg and Pq. Typical values of P^, Pg 
and P^ are given in Table VI-6.
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TAFLE VI-6. CCyiAPISOV OF VARIOUS TERI’. IN
FORE DRAG AT '.VG = O.1^36

//^(Ib/sec) PA pp PC
0.126 -0.246x10-1 -0.25X10"2 +0.734x10-3

0.24 -0.347X10"1 -0,68xl0"2 +0.163xl0“2

0.35 -O.6O3xlO~1 -O.llxlO-1 +0.22xl0“2

o 2Furthermore the value ( 1 - is much less than
1. Therefore one can say

■’^oo S C -- <31-^8)

— -T- K~--> oo < V Cl T-.
' -I

Hence the quardrature spectrum can be approximated
from the wall pressure p(t,O) and film thickness h(t).

7-2.  WAVE STRESS DATA AND DRAG COEFFICIENT
The drag coefficient of the wave is defined as:

c^= ------------------------------------------------------------
v cwhere " Aw is projected area of wave on the y-plane

RTjd <»

Ap is projected area of wave on the x-plane

"TV Id <A>
Up is the relative velocity of gas phase to
wave at interface U„ - C.Lr
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Is the density of the gas
In the above equation, the values of <X> and <A> 

are obtained from the characteristic wave length and the
-characteristic wave amplitude of the large waves. Since 
the gas phase Reynolds number is very high, it is reasonable 
to use the average gas velocity for Uq. The equation 
(VI-90) becomes

The values of wall stress from pressure drop, form 
drag from equation (VI-80) and drag coefficient
Gj) from equation (VI-90) are given in Table VI-7.

The data show that the form drag is only 2«0~h-.0% of the 
wall stress. It is obvious that the form drag will not affect 
the mean velocity profile in the gas phase too much. The present 
data of the drag coefficient is about the same order magni­
tude. As that of Wicks* work. But lack of data for:
<A>and <X7 in Wicks* work lead him to assume 4A>/<>.’>= 1, 
the measurement in this study shows the value of <A>Z» = 
0.002 - 0,00^-. Hence the drag coefficient obtained by 
this study will be two order magnitude smaller than that of 
Wicks* study provided the same value of <A>A» was used.

There are two possible reasons for the above 
Inconsistence between Wicks* estimations and the experimental
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TAPLJi} vi-7. WALL STRESS, FORK DRAG AND DRAG 
COEFFICIENT

Wr.
(Ib/sec)

WL 
(Ib/sec)

3v! = 
(lbf/ft2)

3> vs 
(lbf/ft2) (X) CD

0.2^ O.O752 0.0018 2.4 O.I76

0.0976 0.35 0.0985 0.00254 2.58 0.26

0.535 0.142 0.00217 1.53 0.20

0.126 0.111 0.00259 2.33 O.I56

0.2/1 0.152 0.00436 2.87 0.232

O.lii-36 0.35 0.176 0.0068 3.86 0.332

0.585 0.249 0.00798 3-21 0.356

0.126 0.182 0.00372 2.05 0.197

0.24 0.249 0.00548 2.20 0.232

0.17^2 0.35 0.273 0.00714 2.61 0.252

0.585 O.38O O.OO934 2.46 0.310
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data in this study.
(a) The validity of the velocity profile in Wick's 

work
Wicks integrated Dukler’s turbulent velocity profile

‘from the wall to the liquid Interface to obtain the in­
terface velocity and the interface shear • 
Assuming various at interface, he integrated the 
velocity profile for the gas phase to match the known 
gas flow rate by using as gas velocity at interface. 
Then the form drag will be

-------- ---------
Since the velocity profile on the falling film has 
never been measured, the argument is that if the liquid 
mean velocity profile away from the wall is much flatter
than Dukler’s turbulent velocity profile. Then 

this will give a smaller value and 'J<L. a"t interface.
A smaller Uj_ will required a larger 3^ to match the gas 
flow rate. Hence the form drag will become much smaller 
than that from the Dukler turbulent velocity profile.
The evident to suggest a flatter mean velocity profile 
will be discussed in the next chapter.
(b) The content of information from the wall pressure 

fluctuation

A similar technique used in this study was recently used 
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By Dobson (D-l) to measure the drag of wind waves.
The other measurements of wave drag of the ocean wave 
and the laboratory wind wave were obtained from the 
velocity profile of'the wind above the wave such as 
Plate, Chang, and Hidy (P-8), Chang, Plate and Hldy 
(C-2), Wu (W-8) and stewart (S-6). The value of the 
drag coefficient from their reports is close to the 
value obtained from this study, but none of their 
data showed the high drag coefficient as Wicks* work. 
There is much spectulation about wind-wave inter­
actions. One of the most interesting works was done 
by Wu (W-6, W-7, W-9)« He proposed that there exists 
a region such that the air separation from waves is 
developed due to the form drag provided by small ca­
pillary waves rather than large gravity waves. In 
this region, the small capillary waves move much 
slower than the large waves. Hence the slope of the 
small waves is much steeper than that of the large waves. 
Therefore many of small air separations will occur on 
the lee of small waves. This is also the case of 
falling film in which the value of <A>ZA>for small 
waves is around 0.03 - 0.0? and for large waves is 
around 0.003 - 0.00^. Furthermore the number of small 
waves is 1.5 - 2 times the number of large waves from 
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the vrave traces. Ent the small waves are strongly 
three dimensional, and the large wavesiare strongly two 
dimensional. Therefore the ratio of the number of the 
small waves to that of the large waves per unit area 
will be around 5 - Unfortunately the pressure 
sensor used in this study was unable to pick up all the 
pressure fluctuation due to the small waves . This can 
be easily seen from the energy contain of the Cf) 

in the frequency range of the small waves. The complete 
picture of gas-liquid interaction can only be obtained 
if the simultaneous measurement of the gas velocity 
field is available.



CHAPTER VII

THEORETICAL CONSIDERATIONS

1. INTRODUCTION
In the preceeding three chapters, data describing the 

the characteristic on the falling film with and without gas 
flow show that the process is Indeed a stochastic one. 
But earlier theoretical work described in Chapter HI 
assumed a deterministic analysis except for Telles’ model.

• Any attempt to predict complete characteristics of 
the falling film is doomed to failure from this evidence. 
The stochastics approach recommended In this chapter is only 
one possible way to practically predict ibehavlor' of such 
a complicated system. The goal of these approaches is to 
give a more fundamental understanding and to provide an 
extension of the stochastic approach to this complex 
wavy flow.
2. RANDOM WAVE NODEL

In general the linear and non-linear theories of the 
wavy liquid film discussed In Chapter III, considered the 
wave motion as:

---- - _ _ ------ c$l 
under the above consideration, the spectral density function 
and the auto-correlation function will be:



s (-f - fa----- -------- — — - — (Ti -2)

R CT) = A2 cos^wfa — - — — — — -----CNE.-3)

The delta function for the spectrum and the cosine function 
for the correlation as shown above are not observed from the 
experimental data.

In 1959» Tick (T-^) proposed a random model for gravity 
waves on the ocean. The main concept of this model is that 
a stochastic input is given to the velocity field and this 
is used to find the spectral density function of the free 
surface. A summary of Tick’s method is given in Appendix 
E. A similar principle will be used here for falling films 
to obtain a non-delta function spectrum for the wave 
surface h(t).
2-1. FORMULATION OF THE PROBLEM

For two dimensional flow of an incompressible fluid, 
the Nusselt equation is assumed to describe the primary flow. 
Refer to Fig. VII-1.

-r = 0---------------------------------------

The boundary conditions are
TJ, = O OT ----------- ----- --------C.5BL-5')

a’cr' rx—r- = o OT ------- ----- ---------------OSK - G )
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• This undisturbed primary

Fig. VII-1. CONFIGURATION OF
FLOW FIELD

flow will give the parabolic
velocity profile and the mean velocity as:

"VTl ------ (ah-v-q

XJo = -— — — — -
•where -^o Is the mean film thickness

"Vo is the mean velocity
Furthermore

Froude number as
R>e
Vr = ' / — — —     —- — - kmi-voj'Go')

The primary flow will give

IS brX = - — - — — - — — C4L-M)

Now consider the disturbed flow field as described by 

If one defines the Reynolds number and 
follow:
- -fLxJ.cfLt, _ _ _ — _ _ -----

the following set of equations and boundary conditions.
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-t u, ^X-t '5'^-l Y ->-x-t '

The no-slip boundary condition at solid wall gives
Ui = o \ ~

V «t - --- --------------- ------- ------------- C$L-\3)
Vi = O J

The stress and Kinematic boundary conditions at free 
surface are

-t- - o
2>Xi

- <r^=° ot --------------------(.SB-14')

The following three manipulations will be done on the 
above equations and boundary conditions.

(a) Introduce dimensionless groups

(.u , V, -xj) = v.

CX-'J V-Ko

p = P. /^-cr?

-t =

>--------- ---------- (,SI-\5^

(b) Define the perturbation quantities for the primary 

-\2)

flow field
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LU - TJ -t U.' \
V --- C5L-\G)

P -=- P' )
(c) Introduce the stream function

V - - (aa-p)
• vz - - x )

By substituting equations (VII-4), (VII-5)» (VII-6), 
(VII-11), (VII-15), (VII-16) and (VII-l?) Into equations 
(VII-12), (VII-13) and (VII-14)^ one obtains

v-- vsa-\B)
- - w-t ipv) ~Vv" "tc

Boundary conditions
A<y'\_=- o \

y a ^.=.\ — —------— ^-x^)
XPx- = 0 J

"U-g,"* 'Yx.x = O

- " "fe O V oT --------------------IS1-2O)

-i- <TJ t qx = o J

where We = 3-s a surface tension parameter called
Weber number.

The above equations present two difficulties; one is 
that the motion Is unsteady, the other one Is that 
the free surface boundary condition Is evaluated at the 
unknown surface . In order to avoid the above difficulties, 
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the following steps are taken!
(a) Assuming the motion is the form of a progressing 

wave.
Y ex. , I

^,11) =
Y CX^T. It. - -|•) )

A time scale is used, instead of the usual length 
scale so that the final form of the spectrum of is deduced 
in frequency space rather than in wave number space.

(b) Make the Taylor expansion about y = 0 on the following 
variables:

Y (.v, o') v pY ----- [ ISA-22.)

"V - TJ (.o') -x — ---- 7

Substitute equation (VII-21) into equations (VII-18), 
(VII-19) and (VII-20), and also substitute equation (VII-22) 
into equation (VII-20). Furthermore the assumption that the 
surface velocity dominates the motion, first suggested by 
Anshus (A-2, A-3) is also applied to the basic equation 
(VII-18). This enables one to use V(0) and Vy(0) instead 
ofV(y) andT7y(y). Hence the above set of equations and 
boundary conditions become
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V P- ■*' fc U* (Is--'! Yu

And. the boundary conditions are

- - (35.-23)

— - —----- (.SL-e-v

T Yv>- - 4s. .

The above equations and. boundary conditions are written 
in such form that the linear terms are on the left hand, 
side and the nonlinear terms are on the right hand side. 
2-2. SOLUTION OF THE LINEAR EQUATION

Separate the solution in the manner similar to Tick

y- (.x, -+

(,vv p ------------------
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where the quantities x-V'y"'lJ and are solutions of 

the linear part of the above equations (VII-23), (VII-24) । 
and (VII-25)« The quantities anc^ are the
small correction on the linear part of solutions due to 
the nonlinear terms.

Consider only the linear part of the equations (VII--23) • 
(VII-2^) and (VII-25)• The equations become

— V-> I''' ' «r(" ur1’1 Pe , 3 ' . x r-0"1 —,c V-v. - ci -r (t-c -n o---

„ Pc Q P*-0 . J_ yr <'■> + \y- t-') Se ( "L _L — \ X Ay- __ _ ( qU-29 ')

The boundary conditions are:

Vx°= o \ ~   — — -
r V 1Vi \
j ------ ----- — — <5S-3oi

- ^’1 -r ^r.y>= O — — - - -

-p"V^e'c V »t>=0- -- 133-32)

I'-IH”- T/>= o J---------------------- «!L-33)

Eliminating the variables pU) an^ ln tlle a^°ve

equations (VII-27) through (VII-33), one obtains
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o> 1

- -

The boundary conditions are:

(.36-35)= o
v>

--------C31-3G)
and

<«) U)
- *

3

Re

By substituting equation (VII-39) into equation (VII-34), 
■ the basic equation becomes a fourth order ordinary differential
equation In y at given co as:

5 J_
2 c

Now let * be a stochastic process, thus the
A (1) generalized Fourier Transform of exists and the form

A ( 1 )■ur* can be expressed as:

— nrW

O'* ftr — O

where Is a dimensionless angular frequency.

3 Ke v\r-w
4 C 11

+ Re (A J_-cttr. ~ \a c
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(^Di -t K, ^D,1' T kj') d Q, 'y.') = o

where
= s ^_

kx = c (-f C* “o ~

kz = - C (^ -L -I \ T c 3

The form of the solution dG1 (w,y) can be written

cig^ ax -t- e^’^dAiivo-)

CX4 K A
“t S’ d AO) — — — — — —

where

rx x /■ —K X + J vi\‘—'4vi X
Q, ---------------------)

r—L----------

Qs

CL( -----y

(.STI -4o)

as:

- (3EL-41)
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By substituting equations (VII-39) and (VII-41) Into
the boundary conditions (VII-35), (VII-36), and
(VII-37), one can solve the quantities dA^(w) , dAgC'-^) and
dA-^(w) In terms dA2|(w) as:

d G;. (m3 , ‘J.’) = "V 0) (.fie, C, VO; -y') d (iCO — - —-------- CKl-v^a)

/. A
where d

v = vv5 eQ'V VL1 VLi

bLt = - Kb
TL. {-ve -Rx- VB

/ FB (a^u3^)

tv5 Cq„ cuyaiy a^io') = {-vLt eQ-vueai- e^e^'

*VB (ct^,M3')= Qci, — Gy) e*

VC — vA e vA (.a^x-o) y=2,K^

V2b - Yc GQz^vo) - Ye yc

Y=^A
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Hence the linear part of stream function will be
•v oo

A U"> P •VV.V^Tl. y) A
\^r- Xj V --------^-<3)

— co

Substituting the above equation (VII-^3) Into the last 
boundary condition (VII-38), one obtains the closure for
the wave velocity C.

(< ^e>c, -f-jx

= o -- ---------- — — — — —----------------

The linear solution for the surface can be obtained
from equation (VII-31) as:

A T °O,A <»"> C -^-vvOT. (.!-) A
YX e H CQe, C, lO^> qSIQ^ ------------------ <33-4S)

— oo

where
CPe CJ ") = V CJudJO^ -v v'Aftc.Cj WjC.')

fl)2-3. SPECTRAL DENSITY FUNCTION OF >X' ?(t)

In the above section, the random process dG(w) Is 
the differential of one dimensional random process of 
uncorrelated Increments which have.the properties.
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A A*-
< d. Gj d- Q 2TV S^~) duj ^=^x = ^2

---------- CSSL-'tB')
C> i \ =Ar u2> x

A( 1 )By the definition, the auto-correlation of (t)
•will be

R ------ --------
and, it is also related to the spectrum of ^^^(t) by

-X-OO
~ o') \ C "* O’i

S - — —------
— Oo

Substituting equations (VII-45) and (VII-46) into
equation (VTI-^-7) » one obtains the auto-correlatlon as

O') o) <r'^
R H VI (£e,C,uj^ JliO-------------(53.-4^)

By comparing equation (VII-49) with equation (VII-48), 
the spectrum of r^^^(t) is seen to be

S = <?V') \-\ VA —------ISl-So}

There is no restriction of the above process S(u)) .
In the present case, the white noise process which is 
the most common random process occurlng In many physical 
phenomena, is used. The spectrum S(<a)) of the white noise
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process Is.
- — — — —-------  Qa-so

The value of C in the above equation can be introduced 
in two different ways. One is to use the experimental value 
0. The experimental dimensionless C is very close to the 
value of the most rapidly amplified wave from the stability 
theory if the primary flow is assumed to satisfy the Nusselt 
equation. In this case, equation (VII-^) is discarded. 
Another way is to solve C from the equation (VTI-44). The 
spectrum of ^^^(t) is almost identical from the

above two dlfferect Inputs of C. This confirms . the prediction 
from the stability theory that the most rapidly amplified waves 
control the surface.

The spectrum of ^^(t) calculated at two

different flow rates is shown in Fig. VII-2. The shape of 
the spectrum is qualitatively similar to that of the 
experimental one. But the modal frequency is much higher 
than the experimental value and the slope of the equilbrium 
range - 2 is a little lower than the experimental value. 
The trend of the modal frequency which increases with 
flow rate is the same as that of the experimental data. 
2-^-. FORMULATION OF NONLINEAR PART OF THE EQUATION

A(l) C A (i)Since the linear part of the solutions V ' Jand P 
statisfies the equations (VII-2?) through (VII-33)the 
nonlinear part of equation can be obtained by substituting
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kOO lOOO '.O,u»o

<.cps^) ------------ *-

FIG. VII-2. THEORETICAL SPECTRUM S^^f)
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equation (VII-26) into the equations (VII-23) through (VII- 

25) as follows:

The boundary conditions are

The solution can be assumed in the similar manner as
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/V2-) r r < -TM> 1 t. A AY >"> - 5 ) vo,^^) o6.ex(.vO^ cJl ^^--(E-.y,-

The above unknown F' ' (Re» ) can be solved,
numerically. But in order to evaluate the higher moments 

a a /s.*- a a<dG(vO, ) dG( )d.G( )dG( )> and <dG( ^v )dG(^z ) 
A-fc 

dG( vo3 ) > whJ ch are related to the nonlinear part of spectrum, 
one would assume that the process is such that it is 
possible to decompose the higher moments to the lower
moments such as for a Gaussians in Tick's work. Then it is 
very obvious that the nonlinear part of spectrum will 
generate a small secondary peak on the higher frequency 
side of the linear part of spectrum as shown in Tick's 
result. Since the modal frequency of the linear part of 
spectrum is already much higher than the experimental one. 
It is apparent that the nonlinear part of spectrum deduced 

from the above method does not cause better agreement with 
data. Therefore the numerical solution of nonlinear spectrum 
was not attemped in this study. But the formulation of the 
nonlinear part of the spectrum is given in Appendix E., 6nd the 
detailed derivation on the linear part of spectrum is given in 
Appendix E. The computer program used to evaluate the linear 
solution is given in Appendix A.
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3. EXTENSION OF TELLlS* MODEL
The fundamental theory of the shot noise process has 

been well developed by Rice (R-2) in early 19^. Assuming 
the stochastic time series of the shot noise processes 
represented by a Gram-Charlier series, Horton (H-10, H-ll, 
H-12)was able to extract the shape of individual single 
events from the experimental auto correlation function by 
using the Rice’s theory. As mentioned in Chapter II, 
Telles (T-2, T-3) used Horton's method to obtain the co­
efficients of the Gram-Charlier series for a single large 
waves. Then the equations of motion for an isolated large 
waves were solved to give the velocity profile and the wave 
velocity by a quasi-llnerizatlon procedure. But the predic­
tion of the wave velocity by Telles is far from the experi­
mental value. This is probably due to the following reasons:

(a) Telles used the second and third central moments to 
solve the coefficients of the Gram-Charlier series for the 
isolated wave instead of using the auto-correlation which 
was not available from his measurements. But the second 
central moment contains all of the fluctuations due to 
small waves, large waves and noise. Thus it contains less 
information about the wave shape. Furthermore the reliabi­
lity of the measurement of the third central moment is 
small.
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(b) Telles applied quasi-llnearization to the 
equation of motion, but not to the nonlinear Kinematic 
conditions. The principle which enable him to solve the 
nonlinear boundary condition, is not clearly pointed out 
in Telles’ work. The Gram-Charlier series is a set of 
orthogonal functions as follows:

----------- (SL-5G^ 
■ where Hj(X) is a Hermite polynominal.

The properties of the Hermite polynominal given as:

l-l Zx V ) H^(xxAz) H. (x2A2.)-----(.SL-57)
o

and the properties between Zj and H^ 
-too
Z^x)H^(x)dx= J-'. _

— OO
where , c  -c, ci4

make it possible to decompose the differential equations 
into a set of algebraic equations which is solvable. This 
is very similar to the principle which is used to solve the 
nonlinear equation in tubulence by the Wiener-Hermite ex­
pansion. Although there exists a distinct difference 
between the two techniques. It is obvious that the same 
procedure can be applied not only on the nonlinear Kinematic 
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boundary condition but also to the equations of motion.
(c) Furthermore, the quasi-linearization is an iteration 

process. Only the first iteration, for which the quasi­
linearization gives a linear equation in Zj, was solved by 
Telles. If one proceeds into the higher iteration* the 
equation will again contain the nonlinear term ZjZK. Hence 
the advantage in using the quasi-.inearization is lost in 
the second iteration.

Based on the above considerations, the modification of 
the Horton’s method to use the more reliable experimental 
data on the auto covariance function from this work, and the 
extension of Telles* idea to higher order approximation without 
quasi-linearizatlon are presented in the following section. 
The Horton’s method and the Telles’ model is given in detail 
in Appendix F.
3-1. COEFFICIENTS OF THE GRAM-CHARLIER SERIES FOR AN ISOLATED

WAVE
Assuming the wave processes is a shot noise process as

+0o A
(r'l = vnu 1- ZL vr> (t - ") - _ - ------------- —

— oo

and each Individual identical wave m(t) above the 
substrate mu can be represented by the Gram-Charlier series 
as
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w ------------------- — - Cm -Go')
>-b

Where mj is the coefficient of the Gram-Charlier series.

T is the unspecified, duration time of the vrave. The mean 
and auto covariance function of h(t) will be

\ ct)') — -v -{-"T \*n „ — — — — — Cu.~ GO

C (3) = <-^

= --------- (5-L-G2-)

where -f is the average number of wave which arrive per sec.

< -f-r
3' = X

T
The auto-covariance function can also be expressed, by

the Gram-Charlier series as
00

C ("3 ) — ZL.

Given an experimental C(3 ),
------- ------------------ (S1-G3)

one could, evaluate the
coefficient d£p 'by

-bOo

! c(Vt) - C (oo^ \ H2p - O-G4)' -oo X 3 V

j C ('s't') - C (oo) j |s usecj instead, ofIn the above equation,
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because only part of C(5T) data is used to calcu­
late the above integral. A periodicity exists due to 
the large waves which have hmax> 2 4h ), One would ask what 
is auto covariance function if the wave process is a shot 
noise one? Since it depends on the wave shape, the auto 
covariance estimated from the average wave shape measured, 
will probably have the shape as shown in Fig. VII-3 (a). 
It will have a small negative peak at the average wave 
base (T^g), and it will approach zero at the average wave 
separation 4 Tsep> • But the actual auto covariance 
function always looks as shown in Fig. VII-3 (b). It 
always shows a large negative peak and a small secondary 
positive lobe. Since the secondary positive lobe represents 
a non-shot noise process, it is desirable to subtract the 
periodic component Cp(J ). The subtraction procedure is 
shown in Figs. VII-3 (c) and (d). Hence the coefficient is 
actually calculated by

4- Oo
^c("$T)-Cp(7T)J (3^2) d3?--------(SIE-65)

- co
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FIG. VII-3. SUBSTRACTION OF PERIODIC COMPONENT
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A similar principle as Telles and Horton employed is 
used here to determine the unspecified time constant T. 
The criterion is that the constant T is obtained when the 
right hand side of equation (VII-63) gives the best fit of 
the experimental value C( 'S ) f or 3" > 0. A typical curve of 
auto covariance function calculated from the above equations 
(VII-65) and (VII-63) is shown in Fig. VII-4. The fit is 
fairly good except at '3>o where the noise and small waves 
also contribute a large amount of energy. Comparing 
equations (VII-63) and (VII-62), one is able to obtain the 
coefficient mp, m^, m2 --  from the dp, d2» d^ --  as

----- --------- (3L-(

For practical reason, consider only two terms in auto 
covariance, then 

do — V>3 o

<d e = - m
- - - — —-------------- (VQl-G'I)

In the above equation (VII-67), one assume that and m^ are
much smaller than m0 and m^. The values of mL, mQ, and m^ for a 
single isolated wave at various flow rates calculated from 
equations (VII-67) and (VII-61) are tabulated in Table VII-1.
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FIG. VII-ip. COMPARISON OF c'(3) - C^(T) AND S,d2pZ2p (3)
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TABLE VII-1

COEFFICIENT OF THE GRAM-CHARLIER SERIES FOR AN 
ISOLATED WAVE AT WG = 0.0 lb/sec

Wi/lb/sec । T(sec) mL(in) m0(in) in)

^.016 0.019 0.0042 0.0028 O.OO63
0.0^ 0.026 0.0058 O.OI33 0.0181
0.08 0.04^ 0.0081 0.0112 0.0218
0.18 0.02? 0.0130 0.0192 0.0624
0.^7 0.028 0.0238 0.0278 0.0771

Increasing the number of terms In m^ for an isolated, wave 
will introduce additional difficulty, because a given 
set of d^ from the experimental C('l ) will not always give a 
set of as the solution of equation (VII-66). 
3-2. SOLUTION FOR AN ISOLATED WAVE

A single wave event in the above shot noise process 
will be

u t Yn tt-l

= t 2L. — - — — —-------

One try to answer the following question ** if this 
single wave event obeys the equation of motion, what will be 
the wave velocity and the velocity profile of this wave?"
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The basic equations and boundary conditions which used in 
this study are the same as that in Telles* work; the y- 
direction motion and the pressure terms are neglected, the 
normal stress condition and the term S3L— in shear stress 

ax
condition at surface are also neglected. By using the stream 
i^notion and the dimensionless group given in equation (VII- 
69),

the set of equations (VII-12), (VII-13) and (VII-1^) in which
the coordinate y^ is in the reverse direction, become

Qs- O-----------

The boundary conditions are
= o 'i

> ^=0 — — —-------------(.31-11)

= (. S - ^r>'l yxx

°'T > = 7 - - - - (.33-11)
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where

and.

S = c x,,
V

nc.x') = >1 l. i- 21
V C=o

csa-^s)

Is a known given wave surface of isolated, wave. Let assume 
the stream function 'Y" can also be expressed, in terms of 
Gram-Charlier series as:

\|r = -ft■+ -ft “-----------------------

Substituting equations (VII-73) and. (VII-?4) into the 
equations (VII-70), (VII-71) and (VII-71)» and also using 
the basic properties of the Gram-Charlier series

Z<TX — - — —----OIL-r(5)

the set of equations become

{K -v j t {-£/ | ?o-t x {-fL
v-i f n ( v-t vt_

- X: fc ?L zl -fc zti-i 2 --- csa-nG)
v-o v=e> C=i>

The boundary conditions are
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V - o

~-t- 2_ 'Z>_ =- O
£4Z.=^

V- t7

Since as "X -» ico f the function --- v*

the above set of equations reduces

-pv -* = o

-f l = o -^ = c y — — 

Therefore one obtains

The function Zj, ( X) is a function of x , Hence 
boundary condition at y = 0 will lead to

-fv = O

-fi = o
(=0,--------- j n

Then the form of the function f^ can be assumed as

- (.51-Tl)

r^_ -(33_-rn)

- m-si) 
the

C-SL-'Gd)
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Multiply the Hermite function Hk on equation (VII-76) and. 
integrated, over X, » this will produce n+1 equations

By substituting equation (VII-82) into equation (VII- 
83) and collecting terms in y, the solution for the unknown 
coefficient will be

i y-— c y- > r(■L"-, °^<>o > ' " j

y = 'j ■ - • <xAAolc = oJ---J’r' — - — (311

where G and are known value known value
The similar processes ( multiplying and integrating 

over "X- ) are applied on equation (VII-78),
*0o

"fuZc dX
— 00 v

= O) • ■ - , n - — — — — — — - (^3SI - ^51 

-S-3)
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this will generate another n+1 equations and
= --------------- l = o,..?3-------------------CXIL-^6)

the kinematic condition (VII-79) is also treated in the same 
way, the equation will be

S - c-o'6, ‘H"&ncix

= o , - . - , n -1 - -   (m -S; 1) 
This will eliminate another n unknowns and give

S - S \ Q,', qu,>ie,,rll
^1:=^ {<^,>1= ri.\ ) - - - ($11-7^)

In the practical calculation, equations (VII-73) a^d (VII- 
74) are truncated as:

y ---------

(I) if the f^(y) are truncated up to y^ terms as

4~ L = ol <Q *yX L = OJ l - - - - - - - (.3Q, -

the solution will be

S = + ------------
(Ii) if the f^(y) are truncated up to y^ terms as

_f v = o/eo^-ro/u Jvi C = oJ । - -------------- ISL-^a)

the result will be given as

"t:o = o/oc, 12 + >

AATf J
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= -o! i
T 2XXA5 i 5u,I3

aio { -r - y \ TSol.^ |
k Uixtis '^5 2. A »■ \ cxyi SAVX^-

inilb Jli_ I 
looVC^g- J

^-- ° detailed derivation of the above equations are given in 
Appendix F.

The solution obtained from equations(VII-91) and (VII- 
93) are compared with Telles’ prediction and experimental 
data in Fig. VII-5- Since Telles only used one term in the 

2 Gram-Charlier series and velocity profile up to y term, the 
present prediction from equation (VII-91) which used two 
terms in the Gram-Charlier series, seems to improve the result a 

little but not enough to be close to the experimental data. 
The result from equation (VII-93) which used two terms in the 
Gram-Charliers series and velocity up to y^ terms, bring 

the prediction value much close to the experimental value, 
but the curve seem to oscilate around the experimental 
value.

SUBSTRATE FLOW AND CLOSURE OF THE LIQUID FLOW RATE 
In the previous chapters, the probability density 

function of film thickness f ^(h), substrate f^s(h), and 
large waves fO (h) are presented. Suppose the velocity 
profiles at each h value are known, then the flow rate or



FIG. VII-5. CCMPAFISON OF EXPERIMENTAL DATA AND THEORETIC/XL
PPEDICTTON FOR WAVE VELOCITY
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the Reynolds number of this flow can be calculated from the 
above probability density functions. Since the total flow 
rate and the Reynolds number are known for any one condition, 
this permits one to check the validity of velocity profiles 
which have been assumed to exist in films but never been 
measured.
4-1.  VELOCITY PROFILES FOR THE FILM THICKNESS h(t)

Only two velocity profiles have been used on falling 
liquid films. These are the Nusselt’s laminar velocity 
profile and the Dukler’s turbulent velocity profile as 
shown in the following two equations:

U L"2r') - _ - _ _

where n1 and n2 are numerical constants
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Nov? let’s assume the velocity profile of the whole wavy 
surface h can be described by the above two equations and 
scaled by the instantaneous film thickness h(t), the 
definition of the Reynolds number is given in the following 
equation:

= - — — — — -- ---- Cm-8
The average Reynolds number can be calculated from

<.o C ( \ -prJ \ > j------
The average Reynold number obtained from the above 

equations(VII-9^), (VII-95) and (VII-97) for various liquid 
rates with and without gas flow are compared with the experi­
mental value in Table VII-2 and Table VII-3. In those tables, 
<fRe^> referred the average Reynolds number calculated from 
equations (VII-9^) and (VII-97), and < Re-^ ref erred the 
average Reynolds number calculated from equations (VII-95) 
and (VII-97)« In Table VII-3, the Reynolds number ReL* is
defined as A (Wl-VNT')

where tiK'V — e voCVe- .

From these tables, the average Reynolds number calculated from 
the laminar parabolic velocity profile failed to match the 
experimental value. On the other hand, the average Reynolds 
number calculated from the Dukler’s turbulent velocity gives
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TABLE VII-2

COMPARISON OF AVERAGE REYNOLDS NU14BER AT
W<,=0.0 Ib/sec

WL 0.016 0.028 0.044 0.08 0.126

ReL 211.0 367 572 1016 1605
, u><Rej> 44.7 146.6 426.6 1050.8 2249.5
<Re§' 44.5 139.4 383.5 944.5 1844.3

WL 0.18 0.24 0.35 0.47 0.585

ReL 2299.0 3151 4572 6109 7560
<Ref 3865•6 5100.3 11402.0 23389 24417.0

<Ref 2485.5 3098.0 4410.0 6146.3 6970.5

TABLE VII-3

COMPARISON OF AVERAGE REYNOLDS NUMBER AT 
WG=0.114-36 Ib/sec

WL 0.016 0.044 0.126 0.24 0.35 0.585

ReL 230.0 589.0 1568.0 2898 4134 6759
(R<Ref> 99.8 474.2 936.3 1908 2789.6 4219.4

Rcr 230.0 589.0 1520.0 2730 3760 1000
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fair agreement with the experimental Reynolds number on the 
large liquid rates with gas flow, but fail to show good 
agreement with gas flow. On the whole, both laminar and 
Dukler's velocity profiles are not suitable for all ranges 
of flow rate. The disagreement is due to the fact that the 
velocity distribution used in the above parallel flow ignores 
vccelleration term.
^-2. SUBSTRATE FLOW

Two velocity prof lies based on the smooth film model are 
not able to be applied to the whole wavy surface. Since the wave 
amplitude on the substrate is very small, the substrate be­
tween two large waves can be considered to be in a parallel 
flow. Hence the above two velocity profiles should be 
valid on the substrate. The average Reynold number on the 
substrate can be obtained 

0O r <X_.
^e-u<5= A S ----
— DO X 

and the fraction of mass flow rate on the substrate can be 
calculated from

V~nt-s — * V~S / ’fie 8 q )

where Fs is the time fraction of the substrate from equation 
(VI-70)

The values of ReLs and Fmg with and without gas flow are 
given in Table VII-4 and Table VII-5. The values of Re£S for 
no gas flow calculated from the Nusselt's laminar velocity 
profile and Dukler’s turbulent velocity profiles are very 
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close. Only the values of Re^s obtained, from parabolic 
velocity profile for no gas flow are given in the Table. 
Although the time fraction of the substrate is 3° to 50 X 
as given in the previous chapter, the mass fraction of input 
liquid flowing in the substrate is only 2 % to 8 X for no 
gas flow and 5 to 20 % for gas flow.
U--3. CLOSURE OF THE LIQUID FLOW RATE

In the entrance region, the wave amplitude issmalleras 

compared with the mean film thickness. Only very small dis­
turbances due to the wave motion exist on the velocity field 
in the liquid. Hence the wave and the mass of liquid are 
moving with distinct velocities. As both travelling downward, 
they eventually arrive at a nearly equilibrium state such 
that the wave amplitude is very large, the wave contains 
most of the liquid mass, and both the wave and the liquid 
mass under the wave are moving at almost same speed. 
Therefore the whole lump of liquid woves at the wave ve­
locity. This is very similar to slug flow phenomena in a 
horizontal pipe. If the above speculation is true, one 
could evaluate the average mass of liquid carried by the 
wave as:

la = C |

-r 00 , 1
VLw> = "^V. \ J C -Ca y------

— QO ( ) * Vvj I
< = Vvn ■ > )
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TABLE VII-4
CLOSURE OF LIQUID FLOW RATE AT WG = 0.0 Lb/sec

TABLE VII-5
CLOSURE OF LIQUID FLOW RATE AT WG = 0.1^36 lb/sec

W^db/sec) 0.016 0.028 0.044 0.08 0.126

Rbl 211.0 36? 572 1016 1605

R*Ls 12.7 52.9 55-1 67.3 86.8

Rms 0.01? 0.048 0.039 0.028 0.019

r®Lw 292.5 726.1 1502.4 2172.0 2969.4
JO t^L^ 215-5 501.0 909.7 1296.2 1930.8

WL 0.18 0.24 0.35 0.47 0-585
Rsl 2299 3151 4572 6109 7560

ReLs 108.0 168.9 472.0 1017.6 1292.0

Fins 0.016 0.016 0.041 0.072 0.079

r£Lw 3586.4- ^378.5 7^63.7 10384 12580
/Ref/0 2388.8

l
3114.2 4665.2 6316.3 7373.3

..... J

W,(lb/sec) J-l 0.016 0.044 0.126 0.24 0.35 0.585
ReL* 230 589.0 1520.0 2730 3700 6000.0
ReLs 76.7 325.8 412.2 849.2 1409.0 158O.O
F rms O.O56 0.275 0.107 0.134 0.157 0.106
ReLw 177.1 1284.6 2489.1 4027-0 5493.6 8832.5

153.^ 761.7 1462.0 2565.0 3766.4 5683.0
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Then the closure of the flow rate and the Reynolds
numbert

Xiu-.b Vs-'"

suets') Vs"t \ Reu;,/ Vw
- — cm-vox-)

. / to \ —where <Veui> —  Alx_
ICI

The values of <ReLw) <Cr«l> and<R»L^ are given in Tables
VII-^  and VII~5« The result shows reasonable agreement with
the experimental Reynolds number. Some of data in which a 
higher value c/\jD > 2. exists at flow rate 0.04^ Ib/sec 
will' give a higher Reynolds: number. This Indicates that the 
wave and the liquid mass under the wave are still not quite 
moving at same speed at those flow rates and measuring 
positions. Therefore the assumption givesa large
error on the closure of liquid flow rate at this condition. 
On the whole, this suggests that the actual velocity might be 
flatter than the turbulent velocity profile.
5. COMPARISON OF EXISTING THEORIES AND DATA

The average substrate Reynolds number obtained in the 
previous section from the probability density function 
now makes it possible to compare small wave data with the 
available theory. In the past, comparison between theore­
tical prediction and experimental data was very difficult 
due to the following two reasons.

(a) All theories except Telles’, involve quantities 
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which are normalized by the average velocity. The 
average velocity in the film is defined as follows 
and thus depends on the velocity profile, a distribution 
which can not be measured.

LX - X U k^.-) d 'y. >
\ -- ------------ ------------------(53-KO2)

<u') - -^7 ^'~T' j

(b) The theories derived from stability consideration 
and from integral methods, except that of Ruckenstein*s, 
assume the average velocity =uo , while vi^is the 
mean velocity as given by the Nusselt’s equation. If this 
is the case, then the following relationship between the 
mean film thickness and the Reynolds number follows:

u-y = (.— V V?eu-----  — _ — — _ CE-ioS)
y

where V is called Nusselt number
Unfortunately, the above assumption does not hold especially 
while large waves are present as shown in Fig. VII-6. In 
this figure, experimental data are compared with the 
prediction of the Nusselt equation and also with Dukler's 
turbulent velocity destribution in which .37.1". ^-.1...

•r> - -d p - l~
and V - , are dimensionless pressure drop para-

<c meters. Hence the dimensionless quantities involing <u> 
calculated from the Nusselt or Dukler's theory is inadequate 
for comparison with theory.
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5-1.  SELECTION OF PARAMETERS FOR COMPARISON
In order to compare with the theory, one define a new 

average velocity such that the following equation holds
— __ — — — — ------

then the parameter can be comparied with theory are

Weber number

dimensionless wave length
dimensionless wave velocity

dimensionless amplitude

<=< = Re Vie Goren’s dimensionless group 
dimensional wave frequency 

The above parameters apply both small and large waves.
In the case of the small waves, the substrate Reynolds number 
ReLs Is used in equation (VII-10^). A subscript S will 
designate small waves since the small wave data is quite 
close to the Nusselts equation (parabolic velocity profile). 
Then the deviation of from can be estimated by

<Us>/

.since << <-^s> » the approximation for the small
waves is reasonable. In the case of the large waves, the 
velocity profile is unknown. The validity of the equation 
(VTI-10^) can not be justified. But the input liquid
Reynolds number, Re^, based on the total Input flow rate 
Is used for correlating the large waves.
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5-2.  COMPARISON OF THEORIES WITH DATA
Comparison of theories with data for no gas flow is 

shown in Fig. VII-7 through Fig. VII-10. The theory of 
extension of Telles* model is inadequate to compare with 
data and other theories.

(a) In Fig. VII-7, the frequency data are plotted 
against the Reynolds number. Four typical theories and 
the present theory on the random wave model all fail to 
give reasonable modal frequency for the large waves. The 
reason might be due to the fact that the governing 
equations for primary flow is assumed to be the Nusselt 
equation. Many other theories, which have been presented 
but not plotted on the graph, present values falling 
between the Kapitza’s theory and Rushton's theory. All 
the theoretical predictions agree much closer with the 
small wave data than the large wave especially Ruckensten's 
theory. The velocity profile of the Ruckensten's theory
is assumed a 6th degree polynomial of y with unknown 
coefficients. He used Kapitza’s experimental data on 
amplitude to determine one coefficient. Hence we expect a 
good agreement of his theory with Kapitza’s theory.

(b) In Fig. VII-8 and Fig. VII-9 the dimensionless wave 
velocity ok and the dimensionless wave length vs. Weber 
number are plotted. The large wave data do not agree with 
existing theories at all. The small wave data for wave length
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is in the range of Kapltza's data but also in poor agreement 
with theory. The wave velocity data of the small wave is 
much higher than the value 4 = 3 from all the theory for the 
small Weber number. But as mentioned in Chapter II, Lin 
(L-^, L-5» L-6) recently predicted the wave velocity ci. > 3 
based on the nonlinear stability theory.

(c) In Fig. VII-10, the half dimensionless wave ampli­
tude Aon is plotted vs. the Reynolds number. The data for the 
small wave shows a constant value 0.14 which is smaller than 
all "the theories. While the data for the large waves show 
much higher values than most of the theory except Anshus’ 
theory. In Fig. VII-11, the data of Aec, is plotted vs. 
the correlation parameter G+ proposed by Goren. The 

correlation is obviously not suitable for either the small and 
large waves.
5-3. SHALLOW WATER THEORY AND THE FALLING FILM

From the above comparison, it seems that all the theories 
except that of Telles’ are not valid for describing the large 
waves on the falling film. In this section, the relative 
importance of the various terms in the equation of motion will 
be examined by the shallow water theory. The result should 
give a clear picture of the equation which should be used 
for the primary flow. The basic assumption of shallow water 
theory is that the depth of water is small compared with some
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other significant length, such as wave length. In this 
theory it is not necessary to assume that the displacement 
and slope of the water surface are small.

Start with the basic equation (VII-12) and the boundary
condition equations (VII-13) and (VII-1^), and introduce the
following dimensionless variables.

u. =

------(.Nll-IOGI
P = V) / T <u>

X = X, / -Xi
<-e>

-t = { <M-> y

where . is the mean film thickness
is the mean wave length

<Cci> is the mean velocity
■The equations become

VA x "T — 0

£ \ UttUUxtVu^x]

E1 Vtt u vK+.vv^ = - E ^e^xx-rvr^^

----- (.’SI - VO^ )
ci') co ) 

V

The boundary conditions are
vi = o

E vr = o
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where E=—Is shallow water■^xy
From equation (VII-IO?) (b), it Is

that the primary flow can be described by the Nusselt’s 
equation, only if the following condition holds

8 << — — — — — — — Csa —\\c>2)

In Table VII- 6, the value of-^-is compared with the 
value of £ for both large and small waves at Wq = 0.0 Ib/sec. 
In most of the condition, the above equation (VII-110) does 
not hold except for the small waves at low Reynolds number.
Hence it is obvious*that the theory is unable to predict 
what one observes on the falling film and it is only good 

l Gt — — — - (id-1

oVy ic.)

parameter
clearly indicated

for the very small Reynolds number flow or the entrance
region where -=».oo Since the ratio of to E of the 
small waves is large than that of the large waves, and the 
variation of hg Is much smaller than h, the data for the 
small waves is naturally much closer to the theoretical 
prediction compared to the data of the large wave. From the 
above expansion, one can also validate the approximation of 
pv = 0 from the equation (VII-IO?) (e). If g. , thenJ SSL

the basic equation will be

uux-r Vvj^_-v \dx= v3
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TABLE VII-6
SHALLOW WATER PARAMETER

Reu
-4- D 

t^CL-
E -4. 0

E

211 0.019 0.00262 12.7 0.315 0.014

?6? 0.0109 0.00294 52.9 0.0757 0.0105

572 0.0070 0.00144 55.1 0.0728 0.00796

1016 0.0039^ 0.00115 67.3 0.0595 O.OO792

1605 0.002^9 O.OOI36 86.8 0.0462 0.00925

2299 0.00174 O.OOI73 108.0 O.O37I 0.0105

3151 0.00127 0.00226 168.9 0.0238 0.0113

^572 0.00088 0.00238 h-72.0 0.0085 0.015

6109 0.000655 0.00246 1017.6 O.OO393 0.02

7560 0.00053 0.00267 1292.0 0.00310 0.0224
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This Is the same equation used, by Telles and. Ruckensteln.
In the case of Telles’ model, p^. = 0 is assumed. The limi­
tation of their model is due to the assumption of the 
stochastic processes for the Telles’ case and the lineari­
zation procedures for the Ruckensten’s case.



CHAPTER VIII

CONCLUSIONS AND RECOMMENDATIONS

1. WAVE STRUCTURE CHARACTERIZATION

In this study an attempt was made to describe the 
surface waves occuring on a falling film by statistical 
means. The Reynolds number for the liquid phase varied' 
from 200 to 7»500 and for the co-current gas phase from 0 to 
113,000. The statistical method is one which considers the 
instantaneous film thickness, h(t), measured at several 
stations to be represented by a time series which is 
stationary. This time series was processed by different 
techniques to extract a variety of Information to characterize 
the wave structure as shown in the schematic diagram of 
Fig. VIII-1.

As shown in Fig. VIII-1, the processes applied to the 
time series to extract the Information are described as follows:

(a) Process A is a standard time series analysis for 
film thickness.

(b) Process B uses the mean film thickness <h> as a 
criterion to classify the waves into three groups; 
large waves, small waves moving on the substrate, 
and small waves travelling on the large waves.
The statistics of a series of parameters characterizing
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Fig. VIII-1 Summary of Time Series Analysis
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the waves are then calculated, from the film thick­
ness data.

(c) Process C calculates the phase spectrum using a 
special technique of.time shifting to extract the 
celerity of the small waves.

(d) Process D calculate the auto covariance function 
using a technique of time shifting and subtraction, 
of two simultaneous time series. This makes the 
the calculation of a secondary wave possible.

(e) Process E integrates the quadrature spectrum between 
film thickness and wall pressure fluctuation and 
provides information about the drag coefficient 
around the waves.

These analyses resulted in the following conclusions: 
(a) Three distinct types of waves were clearly iden­

tified; large waves, small waves moving on the 
substrate and small waves travelling on the large 
waves. The large waves and the small waves on the 
substrate move at distinctly different velocities 
and the wave properties are each characterized by 
their own probability densities. The small waves 

on large waves include two types of wave motion: 
the large waves couple closely together, and the 
small waves riding on top of the large waves.



301

Therefore the statistics of this type of wave appear 
to "be a mixture of the statistics of both large 
waves and the small waves.

(b) At low liquid rates, the large waves display an 
amplitude distribution with a single mode located at 
0.01"- 0.02". But as the liquid rate is ■ increased, a 
blmodal wave amplitude structure appears with one 
mode located as before at 0.010" - 0.020" and a second 
group of waves with amplitude at 0.04" - 0.05" or 
0.05" - 0.06". But it is of interest that over this 
entire range of liquid rate the wave base exhibits a 
single modal distribution. A weak relation between 
the wave amplitude and the wave separation distance 
was also established. Under conditions where a 
blmodal distribution of amplitude exists, the large 
amplitude waves appear to be weakly periodic while 
the waves of smaller amplitude are more random nature. 
This suggests that the waves of smaller amplitude 
might be a shot noise type process.

(c) In the case of small waves, a single mode of narrow 
distribution exists for all wave parameters at all 
flow conditions.

(d) The large waves show a strong two dimensionality 
and slowly changing properties along the length. 
This is caused by the change in the wave amplitude.
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the v?ave separation and the wave velocity. Growth 
rate constants were also determined for the large 
waves. The small waves show a strong three 
dimensionality and an equilibrium state for all the 
wave parameters along the length of the test section.

(e) The relationship between the large wave parameters; 
T*sep» ^bs» 0“Amp and' statistical parameters of 
film thickness; fm, J rn, Cgt "J min were established.

(f) The existence of a single constant slope in the high 
frequency range of the power spectrum was clearly 
established at all gas and liquid rates. This 
suggests that an equilibrium subrange of the spectrum 
exists in the wave process. The detailed physical 
meaning is not clear at this moment.

(g) Cross correlation between pressure and the amplitude 
of wave permits the shear to be calculated. It is 
clear that the contribution of large waves to the 
measured pressure drop and added shear in two phase 
flow is less than 10$. One then concludes that the 
small wave structure is the cause for the observed 
high rate of momentum transfer when waves are present.

To expand this study, the following areas of Investigation 
are recommended:
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(a) Using a large number measuring stations with short 
spacing along the length,obtain simultaneous film 
thickness time series in a multiple channel system. 
This measurement permits one to perform a two di­
mensional Fourier analysis and to extract the 
precise wave velocity for each different wave 
component.

(b) Determine the small wave spectrum by conditional 
sampling on the substrate.

(c) Calculate the drag force from the experimental 
measurement of the gas velocity field over the wave.

2• WAVE STRUCTURE ANALYSIS
Two detailed random wave models have been developed for 

the primary wavy flow on falling films. The first model uses 
a white-noise input on the'velocity field. Its purpose is to 
generate a non delta function.type of the spectrum which is 
observed experimentally. The second model is based on the 
extension of Telles’ shot noise process, and its purpose is 
to predict the wave velocity the wave shapes and the velocity 
profile. The probability density of film thickness was 
separated into two parts; one for large waves and one for 
substrate. This enable one to calculate substrate flow rate 
and large wave flow rate. These analyses resulted in the 
following conclusions;
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(a) The white noise model is successful in producing a 
non-delta function type of spectrum, although the 
solution Is only good for very small Reynolds number 
or in the entrance region. The technique should be 
useful In the future studies.

(b) The present extension on Telles* model gives much more 
successful result than the Telles* original model.

(c) It was possible for the first time to determine the 
fraction of liquid flowing in the substrate and that 
in waves. Although at any point the substrate exists 
for above 50$ of the time; less than 10$ of the liquid 
flow there. The velocity and Reynolds number of 
substrate flow was evaluated along with the characters 
of waves on the substrate.

(d) The Reynolds number of flows on the large waves was 
determined by wave velocity and it suggests that 
extremely high liquid rates exist there. For example 
at a liquid Input Reynolds number of 2300, the expected 
value of the Reynolds number of the large waves can be 
as high as 36OO. Individual wave Reynolds number can 
be substantially higher.

(e) The substrate moves at low Reynolds number. So It Is 
possible for the first time to test many theories for 
wave motion of low Reynolds number. All existing 
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theories are inadequate.
(f) No existing theories describe the large wave 

properties with any degree of accuracy.
(g) Extension of the Telles method has some good possi­

bilities for the large waves.
The recommended areas for expanding the present analytical 

study are as follows:
(a) Extend the random wave model to the turbulent velocity 

profile which is more suitable for the higher Reynolds 
number flows.

(b) Modify the Rice shot-noise process for the case of - 
random wave amplitude such that

A A A
■"K -- Yn

— <70

and also to the case where the duration of wave pulses 
are not much smaller than the wave separation.

(c) Investigate the available velocity profiles for the 
large waves to give reasonable closure on the liquid 
flow rate.

(d) Extend the flow rate closure analysis to the gas 
phase.

(e) Extend Telles* model for the case of gas flow.
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NOMENCLATURE

A = Wave amplitude (ft),
Ae^.= Dimensionless wave amplitude.

Ap = Amplification factor ( 1/in ).

Dn = Coefficient of Ruckensten's velocity profile.

Av^e^ Mean effective cross-sectional area ( cm ).

AP = TT D < A> ( ft2 ).

Av; = "W d < \> ( ft2 ).

bn= Coefficient of Ruckensten’s velocity profile.

C. = wave velocity ( ft/sec ).

C = Secondary wave velocity ( ft/sec ).

Cs = Small wave velocity ( ft/sec ).

Drag coefficient.

Q= Second central moment.

^5= Third central moment.

C^.= Fourth central moment.

Covariance function.

= Diameter of test section (ft).

= Coefficient of the Gram-Charlier series on correlation function.

^3 = entrainments rate ( Ib/sec ).
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b = Probability distribution function.
_ pVx = Force per unit area due to pressure fluctuations (Ibf/ft ).

bms= Mass fraction of substrate

Vs = Time fraction of the small waves on substrate.

Tw= Time fraction of the large waves.

"Vr = Froude number.

4* = Frequency ( cps ).

4" - Probability density function.

= Coefficient of the Gram-Charlier series on stream function.

Large wave frequency ( cps1).

Large wave frequency of hmax> 2<h> (cps).

4-m=  Modal frequency (cps).

4"= Secondary modal frequency (cps).

-fs = Small wave frequency (cps).

Gi = Rewe
= Goren dimensionless group.

/
= Dimensionless gravity field intensity.

= Specific conductance ( mhos/cm ).

= Conductance (mhos).

Conductance of electrolyte from standard cemm (mohs).
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Conductance of electrolyte from unknown cell (mhos).

= Gravitational force (ft/sec^).

Vil = Hermite polynomials.

H = histogram.

= Film thickness (in).

= Kean film thickness (in).

Wave maximum (in).

~tTv«;n= Wave minimum (in).

= Substrate film thickness (in).

Coherency spectrum.

^cc = Cell constant (1/cm).

k’ccu= Unknown cell constant (1/cm).

kccs= Cell constant of standard cell (1/cm).

L-v>ie= Mean length between conductivity cell electrode (cm).

L-1 = Distance (ft).

= Coefficient of the Gram-Charlier series on wave shape.

Ml = Total number of large waves.

Msi.= Total number of small waves on large waves.

Ns= Total number of small waves on substrate.
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Hvj = Dimensionless wave number.

= Dimensionless wave length.

= Nusselt number.

P = Pressure (lbf/ft^).

p = Probability of event.

Quadrature spectrum.

Correlation function.

V' = Radius of test section (ft).

&?i_= Liquid Reynold number.

Gas Reynold number.

S = Telles* dimensionless wave velocity.

S <-■{■>= Spectrum.

S^= Cross amplitude spectrum.

Se^= Slope of spectrum in equilibrium range.

T" = Time scale (sec).

"Tbs = Wave base (sec).

= Wave front (sec).

Tbi< = Wave back (sec).

Tsep = Wave separation (sec).
___ /
Rc-p = Wave separation of hmax > 2 <h> (sec).
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= Time coordinate (sec).

u, uv = x directional velocity (ft/sec).

= Mean velocity (ft/sec).

U = Local average velocity (ft/sec).

"U" = Velocity of primary flow (ft/sec).

Hr = Relative wave velocity (ft/sec).

= Average gas velocity (ft/sec).

= Friction velocity (ft/sec).

, . V? = y - directional velocity (ft/sec).

= Weber number.

= Liquid flow rate (Ib/sec).

= Gas flow rate (Ib/sec).

3C,Xx = coordinate direction (ft).

= Length scale.

= Coordinate direction (ft).

= Dimensionless distance.

Z'l. = Functions of the Gram-Charlier series.

? = Coordinate direction.

= Dimensionless wave velocity.

= Constant of velocity coefficient.
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k3 = Pressure drop parameter.

Cl = Mass flow rate (Ib/ft-sec).

= Kinematic surface tension (ft^/sec).

= Delta function.

E. = Shallow wave parameter.

= Eddy viscosity (ft^/sec).

R = Dimensionless film thickness.

© = Phase spectrum.

= Co-spectrum.

= VJave length (ft).

= Viscosity (Ib/ft sec).

= Kinematic viscosity (ft^/sec).

= Density (Ib/ft^).

= Surface tension (dyne/cm^).

'J” = Standard deviation.

= Time lag (sec).

= Dimensionless time lag.

~Sv = Interface shear (lbf/ft^).

'5ti>= Form drag (Ibf/ft^).

ivj = Wall shear stress (Ibf/ft^).
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= Time lag of maximum value of cross covariance (sec).

Mean base time (sec).

'Jm = Mean period (sec).

dependent function of stream function.

='y dependent function of stream function.

= Stream function.

03 = Angular frequency (rad./sec).

SUBSCRIPT AND SUPERSCRIPT

S ~ Small wave on substrate.

- Large waves.

- Small waves on large waves.

- Large waves Including small waves riding on It.

- Statistical quantity.

- Random variables.

- Expected value.
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APPENDIX A
COMPUTER PROGRAM



rropra.Fi no. 1

Hybrid program for convertirn? continuous analog voltage 
signal into digital time series of film thickness. 323

c 
c

ThO ChAMJFL DIGITIZING PROGRAM

REM>9 CCWAD(2), P.Ci;.MK4), FSAVCI4)
INTLGER»2 LOCADI0d0441
DI .'■‘INS I ON X(C?5.?2) ,Y (02522 ) , RTS AVE (61 ), CtLL ( 2 ), ZX( 2, 2C), ZY( 2,20) ,

c
c 
c

10IR(2),TM(2),AP(2) , ICOCt2) ,IX(72),IY(72) . .

NP=C5C'4O

LC)CAD(1) = 1
KCGN=O
KKK = 2

1
200

WRITE (15,200)
fORMAT (’TYPE NO. OF SAMPLES-15 05040 ')
KCCN = KCO:! + 1
READ (15,ICC) NP

100 FGRF.AT (15)
READ (5,401) WL,WG,TEPL,TEPG,VCPL,VCPG.COFA,COFB,TN

' 401 FORMAT (6F1C.5,3A4)
READ (5,402) M,1-., ISS, I T.XKU.YMU

402 FORMAT (213, I6,FlC.l,F10.1)
READ (5,406) V A X , V P X , V A D X , V P. DX
READ (5.4C6) VAY,VDY,VADY,VBDY

406 FORMAT (4F10.5 ) .
WRITE (6,494) VAX,VBX,VADX,VFDX
W'RITF ( 6,494) VA Y , VC, Y , VADY , VBDY

494 FORMAT (/, 10X,'REFERENCE VOLTAGE ',/,10X,' VA = ',F10.5,5X,' VB = 
1' ,Fl 0.5,5X,'V AD = ’,F10.5,5X, 'VBD = ’,F10.5)
REL=(4.0*WL*6.01/(3.14159*0.CG0672*VC PL)

- REG=(4.0*wG*6.0)/(3.14159*0.0C0672*VCPG) 
IREL=INT(REL)
IREG=LNT( REG)
N=NP/2
WRITE (6,321) N,WL,WG

321 FORMAT (TOX.'NO. OF POINTS PER SAMPLE = 1,15,//,10X,1kAT ER FLOW RA 
1TE = ',F1C.5, ' L5/SEC 1 ,5X,* A IR FLOW RATE = •,F10.5,’LB/SFC' , / / )
WRITE (6,404) TN.CGFA.COFB

404 FORMAT (ICX.'TAPE NO = •,A4,5X,'CONF IGURAT I CM = ',2A4,//) 
WRITE (6,405) «EL,REG

405 FORMAT dOX,' WATER REYNOLD NO. = ', E11.4,10X,’ AIR REYNOLD NO. =
1 ’,011.4,//)
WRITE (6,414) TEPL.TEPG,VCPL,VCPG

414 FORMAT (ICX.'TEI’L = • , F 10.5, 5X, ' T EPG = ', F 10.5,5X, ' VCPL = ’,F10.5
1,5X,'VCPG = ' , F10.5,//)
FIT = FL()AT( IT) ______
FN=FLCAT(N)
T=FN/FIT

403' WRITE (6,403) ISS.IT.T
FORMAT (10X,'\0. OF POINTS FOR AVERAGING = ' ,I 3,5X,•SAMPLI NG FREOU 
1ENCY = ',16,' CPS',//, 10X,'SAMPLING LENGTH = ',F10.5, ' SEC',//)
WR1TE(6,LO7) X,,U,YMU

107 FORMATdOX,' X"U =• , F10. 1 , 10X, 1 YMU = '.F10.1,/)
CALL READAD (CCwAD.NP, 3.L0CAD)
CALL FRCBSU (RCBAD,28,CCWAD)
DO 911 1=1,2
READ (5,912) CELL!I),CIR(I),TM(I),AP(I)
WRITE (6,915) CELLI I ) ,C IR(I ) , API I ),TM(I)
IF (API I).LT.0.0) GO TO 301
ICOC(I)=1
GO TO 302

301 ICGC(I)=0
WRITE (6,117)

117 FORMAT (10X, ' 4$$$$$$t$$$$$$$$')
DO 303 J=l,20
ZXd ,J)=G.O

303 ZY(I,J)=0.0
GO TO 119 _ ______ _

302 CCNTINUF
DO 913 J=l,20,5
KK=J+4

913
912
914
119
118
911

READ (5,914) (ZX( 1,K) ,ZY(I,K),K = J,KK ) 
FORMAT (A2,A2,A4,F10.5) 
FORMAT (10F8.3)
WRITE (6,118) ICDCI I )
FORMAT (1CX,' ICOC = ',12)

CONTINUE



WRITE (6,306) ( I COC( I ), 1= 1,2>
306 FOR-MT ( 5X, ' ICr:C( 1 ) =' , I 1 , 5X , ' I COO ( 2 ) = ',11,/) 

WRITE (6,')1^) ( CELL ( I ) , C 1 R ( I ) , 60 ( 1 ) , Tl'( I ) , I - 1 > 2 )
915 FORMAT (' CELL "IO. =• ', A2,5X , ' C I u CUI T 00. = 1

1RR1F.R - ' ,riO.5,‘.X,' TAPE MO. = ',A6,/Z)
DO 916 1=1,20916 WRITE (6,917) ( ZX(J, I ) , ZY(J, I ) ,J=1,2)

917 FORMAT (5X,'ZX =',F10.5,2X,1ZY =1,F10.5,2X, ' IX -

,A2,5X,1 AMP OF CA

•.F10.5,2X,•ZY = • ,
1F1C.5)
VVXY = <J.O
VVYY=n.o
VVXX=C.0
VVXXX=0.0
VVYYY=O.0
VVXXXY=O.0 . ----
VVYYYY=O.C
YMM=C.O
XMM=C.O 
NN = C

CC INPUT CONDITION ON DIGITAL TAPc
C WRITE (1,501) kCCN,N,MM,XMU,YMU,KL,HG,IREL,IREG.TEPL,TEPG,TN,IT,

ICELL(I) ,CFLL(2) ,,501 FORMAT ( I 2,I 5, 12,2F10.1,2F8.6,217,2F10.3,A4,I 6,A2,A2)
IF (KKK.EQ.2 ) GO TO 21
VADX = VVA()X
VADY = VVADY . - ---
VBCX = VVP,DX
VBDY=VV9DY
GO TO 22

21 • CONTINUE 
DO 151 1J=1,2 
VVA=C.O 
VVB=0.0 
DO 152 IK=1,5 
CALL FRTIO ( P-CB AD, I RET ) 
CALL FCHECK (RGBAD,I RET,1) 
DO 153 1=1,N 
J=N-I+1
Y(J)=LOCAD(2*J+1)/61.91
X(J ) = L0CAD(2*J)/81.91
Y(J)=Y(J)/100.0 
X(J)=X(J)Z100.0 

y(j)=-y(j;
X(J)=-X(J)

V8=Vi5 + Y(J)
153 VA=VA+X(J)

VA=VA/FN 
VB=Vri/FN 
VVA=VVA+VA

152 VVB=VVB+VB 
VVA=VVA/5.C
VVP=VVB/5.0
IF (IJ.EQ.l) GO TO 156
VBCX=VVA 
VBCY=VVB 
VVBDX=VBDX 
VVBDY=VBDY 
GO TO 155 

154 VADX=VVA
VADY=VVB 
VVADX=VADX
VVACY=VAUY

155 PAUSE 'MOUNT ANALOG TAPE REF*
151 CCNT1NUE
22 WRITE (6,494) VA X,VBX,VADX,VBDX 

WRITE (6,494) V AY,VBY,VADY,VBDY
20 CONTINUE 

CALL FRTIO (RCBAD.IRET) . .
' CALL FCHECK (RCB'D,IRET,1) 

DO 10 1=1,N 
J=N-1+1
Y(J)=LOCAD(2*J + 1)ZB 1.91
X(J)=L0CAD(2*J)/B1.91

Y(J) = (-Y(J) 1/100.0 
X(J) = (-X(J) 1/100.0
Y(J)=VBYt(Y(J)-VBDY)*(VAY-VBY)/(VADY-VBDY)

10 X(J)=VBX+(X(Jl-VBDX)*(VAX-VBX)/(VADX-VBDX) 
XM=0.0 
YM=0.0 
DO 30 LL=1,2DO 999 L = 1 ,N  ...  

32^



IF (LL.EO.?) GfJ TO 913
S=X(L)
If (1C0C(LL).fcC.O) GO TO 305
GO TO 91)

305 c=s - 325
GO TO 920

918 S-Y(L)
IF (ICOC(LL).Cy.C) GO TO 306
GO TO 919

306 C = S
GO TO 920

919 IF (S.lE.7XILL,1 ) ) GO TO 901
GO TC 9C2

901 C--ZY(Ll., 1) 
WRITE (6,401)

407 FORMAT ( IX, •L* 1 )
GO TO 920

90? IF (S.GF.ZX(LL,?O)) GO TO 903
GO TO 904

903 C=ZY(LL,?9) 
WRITE (6,408)

408 FORMAT (1X,'H*')
GO TC 920

904 IF (S.GF.ZX(LL,18)) GO TO 931
IF (5 .GE.ZX(LL,16) ) GO TO 905
IF (S.GC.ZX(LL,13)) GO TO 907
IF I S.GE. ZXdL.lO) ) GO TC 908
IF (S.GE.ZX(LL,7 ) ) GO TO 909
IF (S.GE.ZX(LL,4) ) GO TO 910
IZ = 1
IZZ = 4
GO TC 906

910 IZ=4
IZZ=7
GO TO 906

909 IZ=7
IZZ=10 ._ .
GO TO 906

908 IZ = 1C 
IZZ=13
GO TO 906

907 I Z = 1 3
IZZ=16
GO TO 906

905 IZ = 16
IZZ= 18
GO TO 906

931 I Z = 18
IZZ=20

906 0=0.0
DO 40 I=IZ,IZZ
ZXI=ZX(LL,I)
P=1.0
DO 50 J=IZ,IZZ
IF (I.EC.J) GO TO 50
ZXJ=ZX(LL,J)
A=(S-ZXJ)/(ZXI-ZXJ)
P=P*A

50 CONTINUE
B=P*ZY(LL, I )
C=C+B_____________________________________________________________________________

40
920

CONTINUE 
IFILL.EC.Z) GO TO 921 
X(L)=C 
XM=XM4X(L) 
GO TO 999

921 Y(L)=C 
YM=Y«+Y(L)

999
30

CONTINUE
CONTINUE

XM=XM/FN
YM=YM/FN
VXY=G.O
VYY=C.O
VXX=0.0
VXXX=0.0
VYYY=0.C
VXXXX=0.0
VYYYY=0.0
DO 666 1=1,N 
VX = X( I )-X.M 
VY=Y(I)-YM



VX2=VX»VX
VYP^VYtVY
VXX=VX Kt v X2
VYY=VYY<VY2
VXY=VXYtVX*VY 32i
VX3=VX2»VX 
VY3=VY2»VY 
VXXX=VXXXtVX3 
VYYY=WYY-iVY3 
VXXXX-VXXXX ♦ VX.3<'VX 

666 VYYYY=VYYYYtVY3*VY
VXX= VXX/f '4
VYY=VYY/FN
VXY=VXY/r,'l 
VXXX=VXXX/FN 
VYYY=VYYY/FN 
VXXXX=VXXXX/FN 
VYYY Y-VYY YY/F'l
WRITE ( 6,665) Xfi, YM, VXX , VY Y , V XY 

665 FORMAT (2X,*XM = 1,E 1 1.4,2X, •YM = •,E 11.A,2X,•VXX = 1 ,E11.4,2X,'VY 
" 1Y = 1 ,E11.4,2X,1VXY = ',E11.4)

WRITE (6,667) VXXX,VYYY,VXXXX,VYYYY
■ 667 FORMAT(2X,*VXXX =',E 11.4,2X, 1VYYY = 1,E11.4,2X,1VXXXX = •,E11.4,2X

1,'VYYYY = ' , El 1.4 ) 
VVXY=VVXY+VXY 
VVXX=VVXX+VXX 
VVYY=VVYY+VYY 
VVXXX=VVXXX+VXXX 
VVYYY=VVYYY+VYYY 
vvxxxx=vvx;.xx + vxxxx 
VVYYYY = WYYYY4VYYYY 
XMM = X!<M+X.M 
YMF'=YYM + YM
WRITE (6, 300) (X(I ) ,Y( I),1 = 1,5)
WRITE (6,300) (X( I ) ,Y( I ), 1=2516,2520)

300 FORMAT(2X,1C(F8.5,2X))
C
C STORE DATA INTO DIGITAL TAPE
C

NN=NN+1
WRITE(l,502) XM,YM,VXX,VYY.VXY,VXXX,VYYY,VXXXX,VYYYY

502 FGRMAT(2F8.5,7E11.4)
DO 503 1=1,35
KK=(1-1)*72 ' •
DO 504 J=l,72 
II=KK+J
X(I I )=X(1 I)»XYU

’ Y( I I )=Y( I I)*YMU
IX(J) = INT(X( I I ) )

504 I Y ( J ) = I NT ( Y ( I I ) )
WRITE! 1,505) ( IX(J ),J=l,72 )
WRITE(l,505) (IY(J),J=1,72)  

505 FCRMAT172I5) .......... ” ’J’
503 CONTINUE

IF (NN .LT.MM) GO TO 20
FMM=FLOAT(MM )
WRITE(6,201) MM 

201 FORMAT (20X,’N0.0F SAMPLE =',I5,//>
VVXY=VVXY/FMM 
VVXX = VVXX/FMk'
VVYY=VVYY/FMM
VVXXX=VVXXX/FMM
VVYYY=VVYYY/FMM
VVXXXX=VVXXXX/FMM
VVYYYY=VVYYYY/FMM
XMM=XMM/FMM 
YMM=YMM/FUM

WRITE (6,665) XMM,YMM,VVXX,VVYY,VVXY
WRITE(6,667) VVXXX,VVYYY,VVXXXX,VVYYYY
VVXY2=VVXX»VVYY 
SVXY = SC)RT (VVXY2 )      
WRITE (6,868) VVXY2.SVXY ’ ........

868 FORMAT (5X,• VVXX.VVYY = ’,E11.4,5X,’ SVXY = ',E11.4)
WRITE (6,656) CELL(1),CIR(1),CcLL(2),C IR(2) 

656 FORMAT (lOX.'X CHANNEL = ' ,A2 , A2,//,1 OX,•Y CHANNEL = 1,A2,A2,//)
WRITE! 1,506) XMM,YMM,VVXX,VVYY,VVXY,VVXXX,VVYYY,VVXXXX,VVYYYY , 
1VVXY2,SVXY 

506 F0RMAT(2F8.5,9C11.4)
pause 'MuufiT analog tape*
WRITE (15,507)



!>0f FORMAT (’TYPL KKK-11 O=CONTIKUc OR 1 = STUP OR ?=CHA.\GE T/iPF1)
P.cAO (15, 50 8) KKK 

503 FOR"AT(I I )
IF (KKF . ITQ.O) GO TO 1 
IF (KF'K.EQ.2) CO TO 1 32/
ENCFILF 1 
RcCIXI) 1 
READ (1,501) KC'j‘I, Ml , PM, XPO, YPU , W L , hC,, I P. E L , I R EG , T F P L , T F PC , T N , I T , 
1CELL(1),CELL(Z)
kRI Tr (6,101) KCCM,M,MM,XHU,YMU,WL ,Kc, IREL , 1 P.EG, T EPL , TEPG, TN , IT , 

]OFLL( 1 ) ,CFIL(2)
101 FURMAK 1U1, loX,'KCO'i = ,,I2,5X,’NF = ,,I5,5X,*MM = ‘.IZ,/, 

110X,'X"0 = 1,r10.1,5X,•YMO = ',F10.1,/,
210X,'V.l - • ,Ffi.A ,5X, • RG = ,,F8.4,/, 
310X,'IRFL =',I 7,5X,'IRE3 = ',17,/, 
410X,'TFPL = ',F 10.3,5X, 'TEPG = ',F10.3,/, 
510X,'TN = • , A/,,5X, ' I T = ',16,/, 
610X,'X CELL = '.AZ.bX.'Y CELL = ' , A2, //) .. .
DO 219 L=1,HM 
READ (1,502) XF,YM,VXX,VYY,VXY,VXXX,VYYY,VXXXX,VYYYY 
WRITE (6,665) XM,YM,VXX,VYY,VXY 
WRITE (6,667) VXXX,VYYY,VXXXX,VYYYY 
DO 1C2 1=1,35 
KK=( 1-1 ) <-72 
READ (1,505) (1X(J ) ,J = l,72 ) 
READ ( 1,505) (IY(J),J= 1,72) 
DO 1C3 J=l,72 
II=KK+J 
X(I I >=fLUATtIX(J))/XMU

103 Y( I I ) = FLCb- I ( I Y( J ) )/YMU
102 CONTINUE

WRITE (o, 300) (X(I),Y(1), 1 = 1,5 ) 
WRITE(6,300) (X(I),Y(I),1=2516,2520) 

219 CONTINUE
READ (1,506) XFM,YMF,VVXX,VVYY,VVXY,VVXXX,VVYYY, VVXXXX,VVYYYY, 
1VVXY2,SVXY
WRITE (6,665) X"F,YMM,VVXX,VVYY,VVXY 
WRITE(6,667) VVXXX,VVYYY,VVXXXX,VVYYYY 
WRITE (6,868) VVXY2.SVXY 
STOP 
END

Program no. 2

Hybrid program for calculating moments, histogram, pro­
bability density function, and probability distribution 
function of film thickness. '
C 
0 ■ PROBABILITY FUNCTION OF WAVE
C

REALES CCWAD12), RCBAD(4), FSAVE(4)
INTEGERS LOCAD(lCOOu)DIMENSION X(G5000),RTSAVE(61),H(71),B(71),FF(71),PF(71),PFF(71), 

1PH171),XI(6),ZX(2u),ZY( 23)
E0UIVALENC6 (X(l), LCCAD(2)) 
LOCADl1)=G 
WRITE (15,200)

200 FORMAT ('TYPE NO. OF SAMPLES-15 050'jO •) 
C
C N=05CC0 
C

READ (15,100) N
100 FORMAT (15)

REAL (5,4j1) WL,WG,TEPL,TEPG,VCPL,VCPG,COFA,COFB,TN
401 FORMAT (6F10.5,3A4)

REL=(4.0*hL»6.0)/(3.14159»G.CCC572*VCPL) 
REG=(4.C*W3*6.0)/(3.14159*0.003672*VCPG) 
WRITE (6,231) N,WL,Wo231 FORMAT (10X,'NU. OF POINTS PER SAMPLE = ',I 5,//,1 OX,'WA TER FLOW RA 

1TE = ' ,F1O.5,'LP/SEC',5X,'AlR FLOW RATE = 1,F10.5,1LB/SEC1,//) 
WR IT E (6,405) REL,REG405 FORMAT (I'JX,' WATER REYNOLD NO. = •, E11.4,10X,« AIR REYNOLD NO. -

1 ',E11.4,/Z) 
WRITE (6,414) TEPL,TEPG,VCPL,VC PG414 FORMAT (10X,'TEPL - ',F13.5,5X,•T£PG = •,F10.5,5X,•VCPL = '.FIO.S 
1,5X,'VCPG = ',F10.5,//)
WRITE (6,404) TN.COFA.COFB404 FORMAT (ICX.'TAPE NO = •,A4,5X,•CONF IGURATI ON = ',2A4,//)



CALL HEAD4D (CCkAQ,N,Lu,LOCAO)
CALL I RC'JSU (KCF.AD, Zd.CCWAU) 
PC ZD (5,40?) M,.I T

4 0/

4(>6>

494

FOR'-AT (213,16)
READ (5,405) VA,V8,VAD,VBD
FO'MAT (4F10.5)

WRITE (6,494) VA, V.4, VAD, VBD
FORMAT l/aOX.'RLTERLMCF VOLTAGE •,/,10X,' VA = ',F10.5,5X,• VB =

1 1 , FLC.5.5X,'VAD = • , H D • 5», 5X , • V-I.") = •,F10.&) 
Vu<I Ft (6,4j3) M, I T

403 FGR’-AT (LOX.'OO. CF PROBABILITY INTERVALS = • , I 3,5X , • S AMPL I NG FREO 
lUEuCY = ',16,' CPS',//)
READ (5,912) CELL,CIR,TN,AP

912 FORMAT (A2,A2,A4,F10.5)
L.'RITE (6,915) CLLL,CIR,AP,TN

915 FORMAT (• CELL NO. = ', A?,5X,'CIRCUIT MO. = ,,A2,5X,' AMP OF CA
1RRIER = 1,F1C.5,5X,'TAPE KO. = ',A4,//)
DO 913 1=1,20,5 
KK=1+4

913 READ (5,914) (ZX(J ) ,ZY(J),J=I,KK)
914 FORMAT (luf3.3) 

DO 916 1=1,20
916 V.RITE (5,14) ZX(I),ZY(I)
4 FORMAT (2X,'ZX = '.FIG.S.ZX,' ZY = ',F10.5) 

XI( 1 ) = (j.G5-0.01/50.0 
XI (2 ) = (0.1-0.05 )/10.0 
XI(3)=(C.2-0.11/4.0 
XI(4 )=(0.4-0.2)/4.0 
XI(5)=(0.5-J.41/1.0 
XI(6) = (1.0-u.51/1.0 " ’
DO F.00 1 = 1,50 
FI=FLCAT(I)

800 B(I)=(FI-0.5)*XI(1)
DO 803 1=1,13 
FI = FLOAT(I 1 
11=1+50 

803 B(I I) = 0.C5+(FI-0.5)*Xl(21 
DO 8C1 1=1,4 
FI=FLCAT(I) 
11=1+60

801 31 1 I ) = 0.l + (FI-0.5)»XI(3) 
DO £02 1=1,4
FI=FLOAT (I) 
11=1+64

802 B( I I ) = 0.2 + (FI-0.5)*XI(4) 
B(69)=0.45

B(70)=3.75 
DO 30 I=1,M 
PH(I)=0.0 

30 PFF(I)=6.0
NN=0 

20 CONTINUE 
CALL FRTIO (RCBAD.IRET) 
CALL FCUECK (RCBAD,I RET,1) 
DO 10 I=1,N 
J=.M-I + 1 
X(J) = LGCAO (J+ll/81.91 
X(J) -X(J)/19C.O 

10 X(J)=VD+(X(J)-V ED)*(VA-VB1/(VAD-VBO1 
DO 999 L=1,.N 
S= X(L1 
IF (S.LE.ZXt11) GO TO 901 
GO TO 902

901 C=ZY(1)
WRITE (6,4G7)

407 FORMAT (IX.'L*1) 
GO TO 31

902 IF (S.GE.ZX120)) GO TO 903 
GO TO 904

903 C=ZY(20)
WRI1E (6,4C8)

408 FORMAT ( IX, 'll* ' ) 
GO TO 31

904 IF (S.GE.ZXl18)1 GC TO 911

IZ = 1
IZZ = 4

IF (S.GE.ZXl16)) GO TO 905
IF (S,.GF.ZX( 13) ) DO TO 907
IF (S.GE.ZXl10)) GO TO 908
IF (S.GE.ZXl7) ) GO TO 90 9
IF (S.GE.ZX14) ) GO TO 910

c

328



GO TO 906 
9 11 I Z = 1 ii

IZZ=2u 
906 C=O.'J 

DO AC I=IZ,IZ Z 
ZX I = ZX(I) 
P= 1 . V 
DO 50 J=1Z. I ZZ 
IF ( I .cO.J) GO TO 50 
ZXJ = Z.X(J) 
A=(S-ZXJ)/(ZXI-ZXJ) 
P = P»A 

5J CONTINUE 
BB=P»ZY( I ) 
C = C + *1B

40 C0J1I0UE 
31 X(L)=C 
999 CC.’IT I -ill E

CALL P.r<03 (N,X,H,FF,M,XI ) 
DO 41 I=1,M
PH( I ) = PH( I )+ll( I )

41 PF F ( J ) - P F F ( I )-t F F ( I )
N\=NNt1

IF (ON.LT.fi’'1) GO TO 20 
FHM=FLGAT(MM) 
DO 5 1 1=1,!’ 
PH(I) = PH( I ) /FPM 

51 PFF( I ) = PFF( I )/FMM 
WRITE(6,2 DI) FM 

201 FORMAT (2 OX,'NO.OF SAMPLE =• , I 5,//,20X,•PROBAB ILITY DENSITY AND DI 
1STRIBUTI0N',//)
DO 70 I = 1,5 J

70 PF(I)=PH(I)ZXI(1) 
DO 73 1 = 1,lu 
II=I45C

73 PF(I I ) = PH(II )/XI(2) 
DO 71 1=1,4 
11=1+60

71 PF(II)=PH(II)/XI(3)
DO 72 1=1,4

I 1=1+64
72 PF (1 I) = PH(1 I)/XI(4 ) 

PF(69)=PH(69)/XI(5) 
PF(70)=PH(70)/XI(6) 
XM=O.C
DO 81 I=1,M 

81 XM=XF.+ PH( I ) *R( I )
Cl=0.0 
C2=0.0 
C3=G.U 
C4=G.C 
00 80 1=1, M 
C1=C1+PH(I)*(B(I)-XM) 
C2=C2+PH(I)*(B(I)-XM)**2 
C3=C3+PH( I ) * ( B( I )-Xf-!)**3 

80 C4=C4 + PH( I )4(B( I )-X,v>)»*4
WRITE (6,123) XM ,C1,C2,C3,C4 

123 FORMAT ( 1 OX, 'MF 4 N= ' , F9. 5,2X, ' 1 ST CENTRAL H0KEi4T= ' , F9.5 ,//, 
IIGX.'ZHD CENTRAL MOMENT = • , E9.3,2 X , ' 3RD CENTRAL F,0MctlT= ',E9.3,//, 
210X,’4TH CLURAL M0M£NT= ',L9.3,/) 
WRITE (6,222)

222 FORMAT ( 20X , • PROBAB I L I T Y DENSITY ' , / / , 1 OX , ' F I L M TH I CKNE S S • , 8X , ' *<■» 
l + HISTOGRAM*#**' ,5X,,#»*DISTRIBUTI0\***',5X,'****»DENSITY<”i=***')
DO 333 I=1,M 

333 WRITE (6,444) B(I ) ,PH(1),PFF(I) ,PF( I) 
.444 FORMAT(1 OX,1B( I) = ' , F 10 . □,5X, •H( I) = ',F10.5,5X,•FF( I) = ',F10.5,ISX,'Ft I) = ' ,F10.5)

WRITE (6,101) 
101 FORMAT (1H1,1CX,'HISTOGRAM') 

CALL PLOT (B,PH,M)
WRITE- (6,102) 

. 102 FORMAT ( 1H1, 1CX, 'PROBABILITY DENSITY ') 
CALL PLOT (B,PF,M) 
WRITE (6,103) 

103 FORMAT ( 1HI, 10X, ' PROBAB IL1TY DISTRI BUT I ON ’) 
CALL PLOT (3,PFF,M) 
IREL=1NT(RCL) 
IRCG=INT(REG) 
DO 601 1=1,2 

I 1=1+(I-1)»35 
I2=35+(1-1)435



WK lit 1 t> t f>L'Z J
602 FflKMAr (1111,//////////)

WKITC (6,6:3) WL,kL,l.L,V<G,hO,WG
60 3 FORMAT (1X,'|-L (LB/SLC)',3( ' I ' ,F7.4), ' | >,/, IX,' |WG 

i •, r 7.4),' । •)
wRITc (6,6u3) I KEL, I REL, I REL , I REG, IP-FG, 1REG

(LB/SEC) ' ,3C I

330
■608 FORMAT (IX,'| PEL. NO. ',3( ' I ' ,I 7) , •| ' , / , 1 X , • [ RtG. 

117 ) , ' 1 1 )
WRITE (6,604) TFPL , TEPL,TEPL,TEPG,TEPG,TEPG

NO . 1 , 3(«|-,

604 r-UKM.AT (1X,'|TL ( ■ ) • ,3( • I ' ,F7. 3) , ' I ’ ,/, IX, ' I TG ( ) ',3(»I
1 • , 1- 7.3 ) , 1 I 1 )
WP.nt- (5,605) T-mT’J,TN,CELL,CLLL,CELL

605 FORMAT (lX,'|P.U;i NC. = ' »3( • 1 ' , A4,2X ) , ' I ' , / , 1 X , • | C E LL NU. = *,3(
1*1
2 A2.3X),• I ■ ,/, IX, *| FILM I ’ , 23X,•I • ,/, IX,’I THICKNESS I HI 
3ST. | OIST. I DENS. I',/,1X,'| ( INCHES) l,,23X,«1*)
CO 606 J= 1 1, I 2

606 WRITE (6,607) 0(J),PH(J),PFF(J),PF(J)
607 FORMAT (1X,* I ■,F10.5,1 I• , F7.4,* I • , F7.4,•| 1 , F7.2, ' I ' )
601 CONTINUE

STOP
END
SUBROUTINE PROB(N,X,H,FF,M,X I)
DIMENSION X(N ) ,HIM),FF(M),XI(5) 
DO 4G 1=1,M

40 H(I)=0.0
XMA> = X( 1 ) 
XMIN=X(1) 
DO 50 1=1,N 
IF (X(I ) .GT.XMAX) XMAX=X(I) 
IF (X(IJ.lT.XMIH) XMIN=X(I)
IF ( X(I).LT.C.C5) GO TO 51

IF (X(I ) .LT.C.1) GO TO 71
IF (X(I>.LT.0.2) GO TO 52
IF (X(I).LT.0.4) GO TO 53
IF (X(lJ.LT.0.5) GO TO 54
J=7 j 
GO TO 57

51 A=(X(I)/0.05)*50.0 
J=INT(A)+1
GO TO 57 

71 A=( (X(I)-0.05)/(0.1-0.05))*10.0'
J=5G+1NT(A)+l 
GO TO 57

52 A=((X(I)-0.1)/(0.2-0.1))*4.0 
J=6u+IUT(A)+1
GO TO 57

53 A=( (X( I.)-C.2)/(C.4-3.2) )*4.0 
J=64+IHT(A)+1
GO TO 57

54 . .J = 69    ■
57 H( J)=H( JH 1.0

50 CONTINUE 
FN=FLOAT(N) 
DO 60 1=1,M 

60 H(I)=H(I)/FN 
DO 70 I=1,M 

FF( I )=0.0 
DO 8G J=1,I 

80 FF( I ) = FF(I )+H(J)
70 CONTINUE

WRITE (6,555) FF(M),XMAX,XMIN 
555 FORMAT (10X,1 SUMMATION OF PH = ',F12.5, 5X,'XMAX = •,F10.5,5X,'XM 

UN = ',F10.5) 
RETURN 
END 
SUBROUTINE PLOT (X, Y, M) 
DATA CLANK, ANG, BNG /1H ,1H*, 1H./ 
DIMENSION X(M), Y(M), OUT(lul), YPR( 11) 
YMIN=Y(1) 
YMAX=Y(1) 
DO 11 1=2,M 
IF (YHAX .GE. Y( I ) ) GO TO 21 
YMAX =Y(I) 

21 IF ( YM.IN .GE. Y(I)) YMlN = Y( I) 
11 CONTINUE 

YSCAL = (YMAX - YMIN )/ 100. 
YPR(1)= YMIN 
DO 70 KN=1,9 

70 YPR(KN+1)= YPR(KN) + YSCAL* 10.0 
YPR( 11)= YMAX 
WRITE (6,200) ( YPR(I),1=1,11) 
XPR = X(l)



00 20 IX=1,101,10
20 OUT (IX)

JP= L-a(((Y(l)- YMli. I/YSCAL ) + 1.0)
OUT A’JG
VJKITL (o.ljj) XPT , (OUT ( 12 ) , IZ=1, 101 )

100 rOKMAl (F12.5,5X,1O1A1)
nrj=M-2
00 3C 1=1,NN
XPR= X(H1)
00 AL IX=2,li.'O

AO OUT(I X)= BLANK
OUT(1)= BnG
OUT (101)= BNG
JP= INT ( ( < Y ( I -i 1 )-YMiri I/YSCAL )♦ 1.0)
GUT(JP)= ANU
hP.lTE (6,r.3) XPR, (OUT( I Z) , 12 = 1 , 101 )

30 CONTINUE
XPP.= X(v)
DO 50 IX=1,101

50 OUT(IX)= HLAiK
• DO 09 IX=1,1O1,1O

60 OUT(IX)= 6,-k;
JP= ( ((Y(MJ-YNINl/YSCAL) + 1.0)
OUT(JP)= ANU
WRITE (6,109) XPR, (OUT(I 2), 12= 1,10 1 )
WRITE (6,2U>) ( YPK(I),1=1,11)

200 FORPAT (/,BX, 11(E9.3,'/'))
RETURN
END

331

Program no. 3

Digital program for calculating auto spectrum, cross 
amplitude spectrum, phase spectrum, auto covariance 
and cross covariance of two simultaneous time series. 
C •
C CROSS AND AUTO POWER DIGITAL PROGRAM 
C

DI PENSION X (. 2529 ) , Y ( C252C )., I X ( 72 ) , I Y ( 72 ) , CELL ( 2 ) , DATX( 2,1260 ) , 
1DATY(2,1260),NX(1),NY(1),PR(1j25),PI(1025),PX(1025),PY(1025), 
2FR(2 56), TR( 5lC) , AM2 5U) ,PS(256) ,PPX(256) ,PPY(256)
ECU I VALE ./CE (X(1),CATX(1,1)) 
ECUI VALENCE (Y(1),9ATY(1,1))

' READ (5,100) N.I SS,ICS,ICE ")
100 FORMA! (15,13,12,12) V
1 READ (1,-)C1) KCn;,NT,MM,XMU, YMU,WL,h'G, IREL, IREG,TEPL,TEPG,TN,IT, 

1CELLI1),CELL(2) 
501 FORMAT ( I 2,I 5,I 2,2F1C.1,2F3.A,217.2F1C.3,AA,16,A2,A2 )

WRITE (6,101) KCON,NT,MM,Xf'U,YMU,WL,WG,IREL,1 REG,TcPL,TEPG,TN,IT, 
1CELL(1) ,CELL(2)

101 FORMAT (1U1, Il'X, 'KCOM = l,I2,5X,'NT = ’.IS.SX.’MM = 
110X,«XMU = •,F10.1,5X,•YMU = '.FlO.l,/, 
210X,»WL - •,F8.A,5X,'hG = ',F8.A,/,
310X,'IREL =',I7,5X,•IREG = ',17,/, 
AIOX.'TlPL = ',F1?.3,dX,'TEPG = •,F1C.3,/, 
510X,'TN = •.AA.SX,*!! = ',16,/, 
610X,'X CELL = ',A2,5X,'Y CELL = *,A2,//) 
M = N/2 
NX(1)=N 
NY(1)=N 
FIT=FLOAT(IT) 
FN=FLDAT(N) 
T=FN/F1T 
WRITEU, ISA) N, ICS, ICE

10A FORMAT (10X,'NG. OF POINTS PER SAMPLE = *,I5,5X,«ICS = •t^.SX.'IC 
IE = • , I 2, /)
WRITE (6,105) ISS.IT.T 

105 FORMAT (lOX.'I.O. OF POINTS FOR AVERAGING = •,I 3,5X, •SAMPL1 NG FREQU 
1ENCY = ',16,' CPS',//,10X,'SAMPLING LENGTH = ',F10.5, ' SEC',//) 
MA=M+1 
DO 31 1=1,112. 
PR(I)=.).U 
PHI ) = a.-) 
PX(I)=9.0 

31 PY(I)=C.G 
IF ( ICS.LO.KCON) GO TO 106 
ICON=0 
GO TO 107



]07 COlTINUr
b() ?19 L^l,f .*■.
RnAD (1,502) XH,YM,V<X,VYY,VXY,VXXX,VYYY,VXXXX,VYYYY 

50? F0RSAT<2Ft'.5,7Cll.A) 
IF ( I Ci).>1. EG. 1 ) 3'J IU 801 
00 BC2 1=1,70 

tiO2 RdW (1,303) 
tiv3 FORMAT (IX) 

GO TO 21') 
8C1 kRITE (b,-65) X^.YM,VXX.VYY,VXY 

WRITE (6,667) VXXX.VYYY,VXXXX.VYYYY 
665 FtlR-'Al (iX.'XY = • ,L1 1.6,2X, ' Y,-l = • , E 11.6 , ?X , • VXX = ' , E1 1. A , z X, • V Y 

IV = ',r 11.4,2X,'VXY = ',E11.4) 
667 FORMAT(zX,'VXXX = ' , c 1 1 .4,2X, 1VYYY = ',c11.4,2X,•VXXXX = ',E11.4,2X 

1,'VYYYY = 1,E 11.4> 
DU 102 1=1,35 
KK = ( 1-11*72 
READ (1,6C5) ( IX(J) ,J=l,72) 
READ ( 1,505) ( IY(J),J=1,72 J

505 FORMAT (Z2I5) 
DO 1C3 J=l,72 
I 1=KK+J
X( I I ) = FLOAT( IX(J ) l/XMU 

103 Y( II )=FLGAT( 1Y(J) l/YM'J 
102 CONTI XUE

WRITE (6,300) <X( I ),Y(I),1 = 1,5)
WRITE(6, 300) (X( I ),Y(I ), 1 = 25 16, 2520) 

300 FORXAT(2X,1C(F6.5.2X)) 
DO IOS 1 = 1,:‘J 
X( 1 ) = X(I )-XM 
Y(I)=Y(I)-YM 

108 COfJTIf.UL 
CALL FPUR2 (X,UX,l,-l,O) 
CALL F0UR2 (Y,NY, 11,C) 
DO 41 1=1,MA 
DATXt1,I)=DATX(1,Il/FIT 
DATX12, I) = 0ATX(2, I l/FIT 
DATY(1,1)=DATY(1,I)/FIT 
CATY(2,I)=DATY(2,Il/FIT 
SAVEA=(DATXt1,1)»UATY(1,I)+DATX(2,I)*0ATY(2,I))/T 
SAVEB=(DATY(1,1)*DATX(2, I)-DATXt1, I )*DATY(2, I) )/T 
SAVtC=(DATX(1,I)*DATX(I,I)+DATX(2,I)*DATX(2,I))/T 
SAVEC=( OATY( 1 , I ) *lj AT Y ( 1, I )+DATY(2, I) *DATY( 2, I ) )/T 
PX(I)=PX(I)+SAVlC 
PY(I ) = PY( I l + SAVED 
PR( I ) = PR( I l+SAVEA 
PI( I ) = PI(Il+SAVEB 

41 CONTINUE 
219 CONTINUE

READ (1,506) XMM,YMM,VVXX,VVYY,VVXY,VVXXX,VVYYY,VVXXXX,VVYYYY, 
1VVXY2.SVXY

506 F0RMAT(2F8.5,9E11.4)
WRITE (6,665) XM»,YMM,VVXX,VVYY,VVXY 
WRITE(6,o67) VVXXX,VVYYY,VVXXXX,VVYYYY 
WRITE (6,86b) VvXY2,SVXY 

868 FORMAT (5X,' VVXX.VVYY = •,E11.4,5X,' SVXY = ',E11.4) 
FMM=FLOAT(MM) 
WRITE(6,201) MM 

201 FORMAT (2CX,'.no.uF SAMPLE =,,I5,//> 
IF ( ICCN.EO.O) GO TO 1 
DO 51 I=1,MA 
PR(I) = PR( I )/FMM 
PI(1)=Pl(I)/FMM 
PX(I )=PX( I )/FPM 
PY(I )=PY( D/FMM .

51 CONTINUE 
M2=M-1 
SUM=(PR(1 )+PR(M) )/2.J 
SUMX=(PX(1)+PX(M)J/2.0 
SUMY=(PY( 1 ) + PY(M))/2.0 
DU 45 1=2,M2 
SUMX = SUMX + PX( I ) 
SUMY=SUMY+PY(I) 

45 SUM=SUM+PR(I) 
SUM=2.0*SUM/T 
SUMX=2.G*SUMX/T 
SUMY = 2.0*SUMY/I 
WRITE (6,55)SUM,SUMX,SUMY 
AMO=SORT(PR(l)*P-l(l)*Pl(l)*PI(l)) 
PS0=ATAMPI(1)/PR(1))



PYO=PY(1) 
PK=3. Hil‘..9?65 
I SSS = !VI ss 
hKITL (o,lU) I SSS 

in foprar ticx,' isss = ',13,/) 
FI SS = FL ClAT ( I S3) 
UO 63 J=l,ISSS 
I A=ISS*(J-l) + l 3<
IIA=ISS*J 
ai’a=.. 
AMD=C.'J 
P50=0.0 
PSX=C.O 
PSY=j.j 
DO 66 1 = 1 A, 1 I A 
AMA = AF‘AtSGRT ( PP( I I *PR( I) + PI ( 1 )*PI ( I ) ) 
AMD=APO»PR(I) 
P5D=PSC + D KI) 
PSX=PSX+PX(I) 
P5Y=PSY+PY(I) 

66 CO'-iT IOUE 
$AVEA=AMD/FISS 
SAVEE = PS!?/FISS 
Av,( J I =AMA/F I 5S 
PPX(J)=PSX/FISS 
PPY(J ) = PSY/F15$ 
IF(SAVS») 810,520,830

810 IF (SAVbA) sAC.RSO.KSD 
820 IF (5AVEA) 370,$80,3oC 
830 IF (SAVE A) .) VC, 8 11,368 
840 PrlZ = A T AN ( S A Vc B/S AVl A )-PK

GU TO d22 
850 PHZ=-PK/2.0

GO TO 322
860 PHZ=ATAN(SAVEB/SAVEA) 

GO TU 822
870 PHZ = -PK . .. 

CO TO 822 
880 PHZ=J.O 

GO TO f.22
890 PF!Z = AT Ar. ( S AV E1V 5 AVE A )+PK 

GO TO 822
811 PHZ=PK/2.0 
822 PS(.I) = PHZ 
63 COOT Kill E

PXC=PXCVVVXX 
PYO=PYl)/VVYY 
AM0=AMO/SVXY 
AM(1 ) = A,v( 1 l/SVXY 
PPX(1)=PPX(1l/VVXX 
PPY( 1) = PPY( 1J/VVYY 
FR(1)=((FLOAT(IS5)-1.0)/2.0)/T 
DO 65 1=2,ISSS 
AM(I ) = AM( I )/SVXY 
PPX( I ) = PPX( I I/VVXX 
PPY(I)=P?Y(I)/VVYY 

65 FR( I )=FR( 1-1 1 + ( ( FLLiAT ( ISS) )/T) 
55 FORMAT (/,1VX,' SUM OF PO'nER (SVXY) = • , E12.5, /, 10*, • SUM OF POWE 

1R (VVXX) = ',012.5,/,10X,• SUM OF POWER (VVYY) = •,E12.5,/I 
DO 415 1=2,ISSS 
U=ISSS-I + 1 
12=11+1 
FR(I2)=FR(I 1) 
PPXl I2)=PPX( I 1) 
PPY(12)=PPY(II) 
AMI 12)=4M(I 1 ) 

415 PSI I 2) = PS(I 1 )
FR(1 )=0.0 
AM(1)=AMO 
PSI 1)=PSO 
PPX(1)=PXO 
PPY(1)=PYO 
WRITE (6,2n3) 

203 FORMAT!/,2( IX, 'FREQ.(CPS) PHASE AMPLITUDE X POWER Y POWE 
1R ’) ,/)
WRITE (6,202) (FR(I) , PS(I),AM(I),PPX(I),PPY( I ) , I = 1, I SSS ) 

202 FORMAT (2(1X,F 10.4,4( 1X,£ 10.3)))
CALL PLOT ( Fix, AM, PPX, PPY, 55 ) 
CALL PLOT (FR,PS,PS,PS,55) 
00 52 1=1,HA 
DATX(1, I ) = PR( I )*FIT



DAI Y( 1, I )=l’MX( 1,1) 
UATY(2, I h-LATX| ?, I )

52 COMI’.ljf-
CALL Ft,'Ui;2 ( X, MX, 1 ,1 ,-l )
CAIL F(;ui'? ( Y,\Y , 1 , 1 ,-l ) 
TT = 1 .')/F 1 T 
T R ( 1 ) -■= 0. C
PR ( 1) = X ( I >/F:« 33^
pi (1 ) =y (i )/f
PR(1 ) = PP( 1 1/2VXY
PI (1 )=PI (1 l/SVXY
CO 53 1=2,P
FF 1= F L I’fl, T ( I )
PR(I ) = (X( I)/I<J)*(T/(T-FF I*TT) ) 
PI ( I ) = ( Y( 1 I /F;,I <= (T/ 11-FI 1*TT ) I 
PPJ I ) = PR( I l/SVXY
P I ( I ) = PI( I ) /SVXY

53 CONTI JUC
DO 57 1=2,5CC
TRI I)=TRI 1-1 l + TT

57 CONTiriUc
DO 56 1=1,NA
DATX(1,1) = PX( I )*FIT
DATX(2,I)=C.C-FIT
DATYI 1,I)=PY( I )*FIT

56 D/.TY12, I )=C'.L*t IT
CALL FOUR 2 I X,NX,1,1,-1)
CALL FL'U'<2 ( Y,\Y , 1 ,1 ,-l I
PXI1)=X(1)/FO
PYI1 ) = Y( 1 l/F.M
PPPX=PX(1)
PPPY=PY(1)

• PXI 1 ) = PX( 1 l/PPFX
PYI1)=PY(1)ZPPPY
DO 58 1=2,M
FFI=FLOAT(1)
PX ( I ) = (X( I )/rN)=>(T/(T-FF I*TT 1 )
PYII ) = (Y( I ) /r\)*(T/(T-FFl*TT))
PXII)=PX( I )/PPPX

53 PYI I) = PY( IJ/PPPY
kRITt I 6, IC'D K CON ,N T , X'X , XMU , YMU, WL , h G, I REL , I REG, TEPL , TLPG, TN , 1T , 

1CELLI 1 ),CELLI 2)
WRITE (6,55) SVXY,PPPX,PPPY
hRIT^ (6,204)

204 FORMAT I/,2 I 1X,1TI ME (SEC) X LAG Y X LEAD Y X AUTO. Y AY 
ITU. '),/)
WRITE (6,202) ITRI I),PR(I),PI 11),PX I I),PYI I), 1=1,500)
CALL PLOT!TR,PR,PX,PY,ISSS)
CALL PLOT (TR,Pl ,PX.PY, ISSS ) 
ITTT=ISSS/45 
DO 610 K= 1,2
DO 601 I=1,ITTT
11=1+11-1)*45 
12=45+11-1)*45 
WRITE (6,602)

602 FORMAT (1H1,///)
WRITE (6,603) V. L , WL , WG , WG

603 FORMAT (lX,2('|kL (Lb/SEC) I',2X,F11.4,3X) , 1X , • | •,/,IX,2( • IWG (LB/S
1 EC)I •,EX,Fl 1.4,3X ) ,IX, •| ' )
WRITE (6,60S) IREL.IREL,IREG,IREG

603 FORMAT (1X,2('| REL. NO. I•,2X,111,3X),IX,•I',/,IX,2(•I REG. NO.
1 I 1,2X,I 1 I,3X),lx, '| ' )
WRITE (6,694) TEPL,TtPL,TEPG,TEPG

604 FORMAT (LX,2('|TL ( ) | •,2X,F11.3,3X),IX,• |',/,1X , 2(• I TG (
1 ) | • ,2X,FU.3,3X) ,1X,« | ' )
WRITE (6,6C5) TN,TN,CELL(1),CELL(1),CELL(2),CELL(2)

605 FORMAT (IX^J’lRU.J hU. = | * , 6X , A4,6X ) , 1X , * I 1 , / , 1X, 2 ( • I X CELL NO.
1 I *,7X,A2,7X ) , IX, ' | IX,2('|Y CELL NO. | •,7X,A2,7X), IX, ' | • ) 
IF (K.EQ.l) GO TO 611 
WRITE (6,612) VVXX,VVXX,VVYY,VVYY

612 FORMAT (1X,2(’I VVXX = |•,2X,E11.4,3X),IX,*|1,/,1X,2(•| VVYY =
1 I•,2X,L11.4,3X1,1X,'1•,/,lX,'|TIME (StC) |X AUTO.lY AUTO. |«,,F 
2REC. (CPS)|X POWER |Y POWER ID
DO 613 J=I1,I2

613 WRITE (6,614) TR(J),PX(J),PY(J),FR(J),PPX(J),PPY(J)
614 FORMAT (IX,' | ' ,F10.5,• | ',F7.4,•|' ,F7.4,■ |',F10.3,1 I',Fb.5 , • I ’ , F

18.5,•|D
GO TO 601

611 WRITE (6,609) SVXY,SVXY



bru-) FORMAT (1X,2('| SvXY = I•,2X,E1 1.4,3X),1X,' | ',/,1X , ' | TI ME (SEC)
1 |X LAO Y|X LEAD Y|', ’FREQ. (CPS)I PlIASn I AMPLI IUOE | • )
DO 6 J=I ! , 1 2

bcb kRIT: (6,63n Fl'( J ) , PF: ( J ) , P I ( J ) , F R ( J ) , P S ( J ) , AM ( J )
6U ( FORMAT (IX,' I • ,f 10.?,' 1 ',F7.4,'I ',F7.4, ' |',F1U.3,' 1 ' , F7.4 , « I ' , F

19.6 ,' I •) 335
t-Jl CiillT 11'.Ut
61C ccMinuE

IF (1CC.lO.KCCN) GO TO 109
ICS=1CS*1
GO TO 1

109 REV, 1 MO 1
STOP
ERL
SU'3'< JUT I ME FOUR? ( 0 A T A , N , RDI M , I S I G, J, I FOP. v ) FF2 i

0 COCLlY-TUKEY FAST FuURIER TRANSFORM IN USAS! BASIC FORTRAN. FF2 2
C KULTI-JIMFUS1CNAL IRA.iSFORM, EACH DIMENSION A POWER OF TWO, FF2 3
C CO'-'PLLX OR REAL DATA. FF2 4
C I RAN STURM(M,K2,...) = SUM(0 ATA(J1,J2,...)*FXP(ISI GN*2*PI*SORT(-1)FF2 5
C *( (Jl-1 )■> (Kl-1 )/'!( 1 ) t (J2-1 )*(n2-1 )/N( 2H ...))) , SUMMED FOR ALL FF2 6
C JI AND KI FROM 1 TO Nd), J2 AND K2 FROM I TC N(2), FF2 7
C ETC. FOR ALL ND1M SUBSCRIPTS. NDIM MUST PE POSITIVE AND FF2 8
c EACH N(IDII') MUST dE A POWER OF TV.O. ISIUN IS +1 DR -1. FF2 9
c LET NTCIT = N ( 1 ) *N ( 2 ) * . .. *N (ND I M ) . THEN A -1 TRANSFORM FF2 10
c FOLLOWED BY A +1 OnE (UR VICE VERSA) RETURNS NTOT FF2 1 1
c TIEFS THE ORIGINAL DATA. IFORM = 1, 0 'JR -1, AS DATA IS FF2 12
c COMPLEX, REAL LK THE FIRST HALF OF A COMPLEX ARRAY. TRANSFORM FF2 13
c VALUES ARE RETURNED TO ARRAY DATA. THEY ARC COMPLEX, REAL OR FF2 14
c THE FIRST HALF OF A COMPLEX ARRAY, AS IFORM = 1, -1 OR C. FF2 15
c THE TPANSF-RM CF A R=AL ARRAY (IFORM = 0) DIMENSIONED N(l) BY N(2)FF2 16
c BY ... WILL HE RFTURJED IN THE SAME ARRAY, NEW CONSIDERED TO FF2 17
c BE COMPLEX OF UIMEnSIUnS N(l)/2+l BY N(2) BY .... NOTE THAT IF FF2 18
c IFORM = 0 OR -1, Nd) MUST BE cVEN, AND ENOUGH RCOM M.UST tit FF2 19
.c RESERVED. THE MISSING VALUES MAY BE OBTAINED BY COMPLEX CONJUGA­ FF2 20
c TION. THE REVEOSE TRANSFORMATION, OF A HALF COMPLEX ARRAY DIMEN­ FF2 21
c SIONED N(l)/2+l BY N(2) BY ..., IS ACCOMPLISHED BY SETTINu IFORM FF2 22
c TO -1. IN THE N ARRAY, Nd) MUST BE THE TRUE N(l), NCT N(l)/2+l. FF2 23
0 THE TRANSFORM WILL BE REAL ANt) RETURNED TO THE INPUT ARRAY. FF2 24
c RUNNING TIME IS PROPORTIONAL TO .NTCT*L0t,2( NTOT ) , RATHER THAN FF2 25
c THE NAIVE \‘TGT**2. FURTHERMORE, LESS ERROR IS BUILT UP. FF2 26
c V.RITTCN BY NURI-AN BRENNER CF MIT LINCOLN LABORATORY, JANUARY 1969..FF2 27
c SEE— IEEE AUDIO TRANSACTIONS (JUNE 1967), SPECIAL ISSUE ON FFT. FF2 28

DIMENSION DATA(l) , Ml) FF2 29
NTOT=1 FF2 30
DO IS IDIM=l,iNOIM FF2 31

10 NTOT = NTCT<=N ( I DIM ) FF2 32
IF (IFORM) 7C,20,2D FF2 33

20 ,NREM = NTUT FF2 34
DO 60 IDIM=1,NDIM FF2 35
NRCM = NRtM/N'( ID IN) FF2 36
NPREV=M1UT/(h(IDIM)*NREM) FF2 37
NCURR=N(ICI") FF2 38
IF (IDIM-l+IFOKM) 30,30,40 FF2 39

30 NCURR=\CUR3/2 FF2 40
40 CALL BITRV (rATA,NPRcV,NCURR,NREM) FF2 41

CALL C0CL2 (DAT A,NPRlV,NCURR,NREM,IS I GN) FF2 42
IF ( IDIM-l + IFCP.' ) 5C,dU,60 FF2 43

50 CALL FIXRL ( D AI A , ;4 ( 1 ) , NREM , I S I GN, I FORM ) FF2 44
HTCT=(NTOT/N(1))*(N(1)/2+1) FF2 45

60 CONTINUE FF2 46
RETURN FF2 47

70 NTCT=(NTOT/Nl1))*(N(1)/2+l) FF2 48
NREM=1 FF2 49
DO ICC JDIM=1,NDIM FF2 50

' IDIM = NDIM. + 1-JD1.-I FF2 51
NCURR = N(I DIM) FF2 52
IF (IDIM.-l) 80, CO, 90 FF2 53

80 NCURR = .NCURR/2 . FF2 54
CALL FIXRL (DAT A,N(1),NREM,ISI GN,I FORM) FF2 55
NTCT = NTOT/(N(1)/2+l)*N( 1) FF2 56

90 UPREV = :iTCT/(N( 1UIM)*NREM ) FF2 57
CALL BITRV (DATA.NPREV.NCURR.NREM) FF2 58
CALL CUUL2 (DATA,NPREV,NCURR,NREM,I SIGN) FF2 59

100 NREM=NRtM*N(ICIM) FF2 60
RETURN FF2 61
END ■ ' . . FF2 62-



SUB^CUr Pit BITP.V (DATArNPrti V.M.MREM) BIT 1
c SHliFf-Lr- THE DATA C> Y i.IT :Xl"VERSAL. BIT 2
c Ul.MF.XS I UH L'ATA (lO’Rrv, N.NREf!) BIT 3
c CGPPLl X DAI A BIT 4
c L XCHAYul DATAC JI , J4,"<2V,J5) WITH D A I A ( J I , J4 , J‘>) FUR ALL JI FROM 1 BIT 5 336
c 1U KPRCVf ALL J4 FRLM 1 10 N MUST BE A POKER OF ThO), A.MD BIT 6
c ALL J5 FROM 1 TO J4RFV-1 IS THE BIT REVERSAL OF J4-1. E.G..BIT 7
c SUPPOSE \ = 32. THEN FOR J4-1 = 10011, J4REV-1 = JlGOl, LTC. BI T 8

PIME.-lSlUj DAI All) BIT 9
1PC = Z BIT 1 0
1P1 = IPx’*IPRcV BIT 1 1
IP4=I?!* I BIT 12
IP5= IP4*,>|REM BIT 13
14REV=1 BIT 14

c 14REV = 1+(J4REV-l)*I Pl BIT 15
UU 60 14=1, IP4,IP1 BIT 16

c 14 = l+(J4-1HIP! BIT 17
IF (lA-KREV) l?,3j,30 BIT 18

lx) I1MAX=I4+IP1-IPC BIT 19
DO 2C 11=14,1 If'AX, IPO BIT 20

c Il = l+( Jl-1 ) FI P0+( JA-1 Jx-IPl BI T 21
DO 2u 15=1 1, IPS, IP4 BIT 22

c 15 = 1+(Jl-1)*IPO+(J4-1)FIPl+IJ5-1)*IP4 BIT 23
I 5RCV = I4'<EV+ 15-14 BIT 24

c I5REV = l-t(Jl-l)*TPl)+(J4REV-l)*IPl*(J5-l)*IP4 BIT 25
TEPPR=L.AT A( I j ) BIT 26
TEMPI=041A(15+1) BIT 27
DATA!15)=DATA(I5REV) BIT 28
DATA(I5+1)=DATA(I5<EV+1) BIT 29
LATA ( I 5REV'=TE,vpP BIT 30

20 DATA! IdRl-V+I )=TePPI BIT 31 ■
c ADC ur.E »ITH CUVUihARD CARRY TU THE HIGH ORDER BIT OF J4REV-1. BIT 32
30 1P2=IP4/Z BIT 33
40 IF (I4RcV-IP2) 60,6),50 BIT 34
50 I4REV=I4RFV-IP2 BIT 35

IP2=IP2/2 BI T 36
IF (IP2-IP1) 60,40,40 BIT 37

60 14REV=I4aEV+IP2 BIT 38
return BIT 39
END BIT 4 0-
SUBROUTINE" C00L2 (DATA,NPREV,N,nP.EM, 1 SIGN). C02 1

C DISCRETE FOURIcR TRANSFORM OF LENGTH N. IM-PLACE COCLEY-TUKFY C02 2
C ALGORITHM, BIT-REVERSED TO NORMAL ORDER, SANCE-TUKcY PHASE SHIFTS .C02 3
C DIMENSION DATAIMPREV.N.NREM) C02 4
C COMPLEX DATA C02 5
C DATA! JI ,K4, J5 ) = SUP (DATA! J1 , J4 , J 5 )*EXP( IS I G\*2 *P I <= I * (J 4-1 ) * C02 6
C (K4-D/N)), SUMMED CVFR J4 = 1 TO N FOR ALL JI FROM 1 TO NPREV, CU2 7
c K4 FROM 1 TU ixi AND J5 FROM 1 TO NREM. N MUST BE A POkcR OF TWO. C02 8
c METHOD—LET IPREV TAKE ThE VALUES 1, 2 OR 4, 4 OR 8, .... N/16, C02 9
c N/4, M. THE CHOICE BETWEEN 2 UR 4, FTC., DEPENDS UN WHETHER N IS C02 10
c A POWER GF FOUR. DEFINE IFACT = 2 OR 4, THE NEXT FACTOR THAT C02 11
c IPREV MUST TAKE, AND IREM = N/I IFACT * IPREV). THEN — C02 12
c DIME mSION DATAINP.REV, IPREV,IFACT, IREM,\REM.) CU2 13
c COMPLEX DATA C02 14
c DATA! JI , J2,K3, J4, J 5 ) = SUM. (D AT A (J 1, J2 , J3, J4, J5) »EXP ( I SI GN* 2*P I * I * C02 15
c (K3-1)*((J3-1)/IFACT+IJ2-1)/(IFACT*IPREV)))), SUMMED CVFR J3 = 1 C02 16
c TO IFACT FUR ALL JI FROM 1 TO hPREV, J2 FROM 1 TO IPREV, K3 FROM C02 17
c 1 TO IFACT, J4 FROM 1 TO IREM AND J5 FROM 1 TO NREH. THIS IS C02 18
c A PHASE-SHIFTED DISCRETE FOURIER TRANSFORM OF LENGTH IFACT. C02 19
c FACTORING N CY FOURS SAVES ABOUT TvxE.NTY FIVE PERCENT OVER FACTOR­ C02 20
c ING BY TnOS. DATA MUST BE BIT-REVERSED INITIALLY. C02 21
c IT IS NOT NECESSARY TO RcWRITE THIS SUBROUTINE INTO COMPLEX C02 22
c NOTATION SO LENG AS THE FORTRAN COMPILER USED STORES REAL AND CU2 23
c IMAGINARY PARTS IN ADJACENT STORAGE LOCATIONS. IT MUST ALSO C02 24
c STORE ARRAYS WITH THE FIRST SUBSCRIPT INCREASING FASTEST. C02 25

DIMENSION DATA!1) C02 26
TWCP I = 6.28 3 1 ?. 530 7 2*FL0 AT ( I SIGN) C02 27
IPC=2 C02 28
IP1=IPO*NPREV C02 29
IP4=IP1*N C02 30
IP5=1P4*HREM C02 31
IP2=IP1 C02 32

c IP2=IP1*IPROD C02 33
NPART=N C02 34

10 IF (NPART-2) 60,30,20 C02 35
20 NPART=NPART/4 C02 36

GO TO 10 C02 37c DO A FOURIER TRANSFORM OF LENGTH TWO C02 38
30 IF ( IP2-IP4) 4C,160,160 CD2 39
40 IP3=IP2*2 C02 40

c IP3=IP2*IFACT C02 41
DU 50 11-1,IP1,IPO C02 42



c J1 = n(Jl-1)VIPO
DC) 50 15=11,1 i-5, IP3

cuz
CO 2 44

c 15 = IHJl-l)*!? jHJ4-l)»IP3t(J5-l )*1P4 C02 45
I3A=I5 C02 46
138=13A+IP2 C02 337c 13 = H ( Jl-1 )*1PO*( J?-J )# I P1 + ( J3-1 )* 1 P2+ ( J4-1 )* IP3< (J 5-1 )->IP4 C02 48
tf:p.p:;=1)ai a(i abj CD2 49
1 EPP I = OAT AtI3P+1) C02 5C
DATAt I 3'i)=D.'.r At I 3A)-TEPPR C02 51
DAT A t 138+11 = I?A T A ( I 3A + 1 ) - TE PP I C02 52
DATA!i3A)=DATA([OAl+TtXP^ C02 53

bO DATA(I3A+ 1 1=DAI At I3A + 1l + TEPPI C02 54
IP?=IP3 C02 55

C DO A FOU..IER THAMSFO<M OF LENGTH FOLK (FROM PIT REVERSED ORDER) C02 56
60 IF (1P2-1P4) 71,160,160 C02 57
Zu IP3= IP2»4 C02 58

C 1P3= IP.’* I FACT C02 59
C CCFPLTE TV.OPl THRU hR AND kI IN DOUBLE PRECISION, IF AVAILABLE. CU2 60

THET A = TWCP I /FECI ATI IP3/IP1) C02 61
sintf=sk;(theta/2. ) C02 62
WSTPR=-2.*S1NTH*SI NTH C02 63
hSTP l = SI..( THFTA) CU2 64
hR=l. C02 65
WI=O. C02 66
DO 15C I2=1,IP2,IP1 C02 67

C I?=l+tJ2-l)*IPl C02 68
IF (12-1) 90,90,80 C02 69

80 R2R=,aR*V‘R— k I * iri I C02 70
k2I=2.»hR*hI C02 71
W3R = k20*i<R-»'2 I *W I C02 72
W3I=V.2R*kI + k2I*WR C02 73

90 I1PAX=12+IPl-IPC C02 74
DU 140 11 = 12, I IMAX,IPO C02 75

c Il = 1+1 J1-1)*1PP+(J2-1)*IP1 C02 76
DO 1A0 15=11,IP5.IP3 C02 77

c 15 = l+(Jl-l)*IP0+tJ2-l)*IPl+(J4-l)*IP3+(J5-l)*IP4 C02 78
13A=I5 C02 79
I 38=I3A+IP2 C02 8C
I3C=I3B+IP2 C02 81
I3D=I3C+IP2 C02 82

c 13 = 1+(J1-1)*1PO+(J2-1)*IP1+(J3-1)*IP2+(J4-1)*IP3+(J5-1)*IP4 C02 83
IF (12-1) 110,110,109 C02 84

c APPLY THE PHASE SHIFT FACTORS C02 85
100 TePPR = DATA(I 38) C02 86

DATA! I 3B) = ,<2R*UATA( I 3U )-U2 I *D ATA ( I 3C+1 ) C02 87
DATA I I3B+1 )=k2R*DATA( I 3 8+1 ) + h 2 I» T EP.PR C02 83
TEPPR=DATA(I3C) C02 89
DATA( I 3C ) =kR*OATA( I3C)-KI*DATA(I3C+1) C02 90
DAT At I3C + 1 ) = «R*DATA(I3C+1)+WI*TEHPR C02 91
TEMPR=DATA(I 3D) C02 92
DATAl I3D)=h3R*DATAt I 3D )-k3 I*DAT At I3D+-1) CO 2 93
DAT AtI3C+1 ) = k3R*DATAt 130+1)+k3I*TEhPR C02 94

110 TO R= D AT A ( I 3 A ) + 1; A T A ( I 3 8 ) C02 95
TOI=DATA( I3A+ I )+DATAII 39+1) C02 96
T 18 = CAT At I 3A)-DAT At I3B) C02 97
T1I = CATAtI3A+1)-CATA(138 + 1 ) C02 98
T2R=DATA(I3C)+CATAl130) C02 99
T2I = CA1At I3C + 1)+DATA(I 30 + 1) C02 100
T3R=CATA(I3C)-CATA(I3D) C02 101
T3I = 0ATA(I3C + i)-OATA(I 30+1) C02 102
DATAtI3A)=TCR+T2R C02 103
DATA(13A+l)=TCI+T2I C02 104
DATA(I3C)=TuR-T2R C02 105
DATAtI3C+1)=TCI-T21 C02 106
IF tISIGN) 120,120,130 C02 107

120 T3R=-T3R C02 108
T3I=-T3l C02 109

130 DATAt I3r3)=TlR-T3I C02 110
DATAt138+1)=T1I+T3R C02 111
DATAt I3D) = T1P. + T3I CD2 112

140 DATAt13O+1)=T1I-T3R C02 113
TEMPR = k'R C02 114
WR=kSTPR«TENPR-kSTPI*Wl+TEMPR CU2 115

150 W I =WSTPR*k'I+kSTPI*TEMPR+WI C02 116
1P2=IP3 C02 117
GO TU 60 C02 118

■ 160 RETURN C02 119
END C02 120-



c foo iF'hir. = e, cu.iVC;tT the t-xfj-.r' of a rouBLED-UP real array, FIX 2
c CONS II ‘ RED LUf'.n EX, I mTJ ITS Ti'UE TRANSFORM. SUPPLY TOLY THS F I X 3
c FIRST HALF UF IK CC'-'PLtX T R A\S FOR", AS THE SECORD HALF HAS FIX
c C3N.IUf.ATL SYF'Mf TRY. FUR IFORM = -1 , CCWFRT THE FIRST HALF FIX 5
c UF THE TRUE TRANSFORM I'.Tu THE TRA.^SFORP UF A L'UUfLED-UP REAL FIX 6
c ARC-AY. N MUST BE EV^.’J. F I X 7
c USING COriPLcX i.OTATKKj ARD SUBSCRIPTS STARTIRG AT ZERC, THE FIX 8
c TRANSFORM Al 10.', IS — FIX 9
c DI "c ;.S ION CAT AIN, :;Rlm ) F I X 10
c ZSTP =- EXP( I S I G'i<=2»P I * I/N) FIX 1 1
c DU l u I 2 = C , ivREM-1 FIX 12
c DATAIC.IZ) = CCINJIDATAIO, 12) >*( 1+1 ) FIX 13
c DO 1C Il^l.NVA FIX 14
c Z = I 1 + 1 2*1 FilRMt 1 ) »I *ZSTP** I 1 )/2 FIX 15
c I1CNJ = tj/2-Il FIX 16
c DIF = DATA( I 1,12)-CUNJ(DAT At I 1CNJ, 12) ) FIX 17
c TEMP = Z*DIF FIX 18
c DATA(I1,I2) = (DATA! I 1,I 2 l-TEMP)*( 1-IFORM) FIX 19
C li) DATA ( I 1CHJ, 12 ) - ( D A T A ( I 1CN J , I 2 ) <■ CON J ( T L'MP ) ) * ( 1 - 1 FORM ) FIX 20
c IF I 1 = 11CUJ, TK CALLULATICN FOR THAT VALUE COLLAPSES INTO FIX 2 1
c A SIMPLE COUJUCATIUN UF DATAt 11,12). FIX 22

DI PERS lU'-l DAI Al 1 ) FIX 23 .
ThCPI=6.2t;313 530 7*FL0AT( I SIGN) FIX 24
IPC = 2 FIX 25
IPl=IP3*(N/2) FIX 26
IP2=1P1<:.1RlM FIX 27
IF (IFURM) 10,7?,70 FIX 28

c PACK THE REAL INPUT VALUES (TWO PER COLUMN) FI X 29
10 J1 = I P1 + 1 FIX 30

DATA!2) = DATA(JI) FIX 31
IF (GREM-l) 7C,7C,2C FIX 32

20 J1=J1+IPO FIX 33
I2MlN=IPi+l FIX 34
DO 6C I2=I2MIN,IP2,IP1 FIX 35
DATAtI2)=DAIAtJl) FIX 36
J1=J1+IPO FIX 37
IF (N-2) 50,5C,30 FIX 38

30 IIP IN=12+IPO FIX 39
I)MAX=I 2+I Pl-IPO FIX 40
DO 40 I 1=1 1M.IN, I IMAX, IPO FIX 41
DAI At I 1) = CATAt JI) FIX 42
DATAtI 1 + 1)=CATA(Jl + 1) FIX 43

40 J1=J1+IPO FIX 44
50 DATAt 12+1 ) = UATAtJI) FIX 45
60 Jl = JltIP.„ FIX 46
70 DO 3 0 12=1,IP2,IP! FIX 47

TEMPR=DATA(12) FIX 48
DATAtI?)=DATA(I?)+DATA(12+1) FIX 49

80 DATAt 12 + 1 )=TEMP.-,.-DAT At 12+1 > FIX 50
IF (n-2) 20j,2C0,9J FIX 51

90 THETA=TWCPI/FLCAT(N) FIX 52
SINTH=SIN(THETA/2.) FIX 53
Z S TPR=-2. * SI fl Th* S I NTH FIX 54
ZSTP I = S IN(THETA) FIX 55
ZR=(1,-ZSTPI)/2. FIX 56
Zl = t l. + ZSTPR)/2. FIX 57
IF (IFURf ) IOC,110,110 FIX 53

100 ZR.= 1 .-ZR FIX 59
ZI=-ZI FIX 60

110 I 1MI>I= IPv + 1 FIX 61
IlMAX=IP0*(N/4)+l FIX 62
DO 190 11 = 1 IM.IN, UMAX, IPO FIX 63
DO 18C 12=1 I,IP2,IP1 FIX 64
I2CNJ= IP'. ’tr./2+l )-2*I 1 + 1 2 FIX 65
IF (I2-I2CNJ) 150,12.',120 FIX 66

120 IF I I SIG T*( 2* IFGRf' + l ) ) 130,140,140 FIX 67
133 DATAt I? + l ) = -CATA( 12+1) FIX 68
140 IF (I FORM) 170,136,130 FIX 69

. 150 DIFR = DATA( I 2)-D.ATA( I2CNJ) FIX 70
DIFI = UATA( 12 + 1 )+DATA( I2C 1J + 1 ) FIX 71
TlMPR = DIFR*ZR-1’IF1*Z I FIX 72
TEMP I=DIFR*ZI+DIFI*ZR FIX 73
DATAt 12 ) = OATA( I2)-TL"MPR FIX 74
DATAt 12 + 1 ) = DATA(12 + 1)-TEMP I FIX 75
DATMI2CNJ)=PATA(I2CNJ) + TEMPR FIX 76
DATAt I2CnJ+1 )=DAT.\t I 2CNJ+1 l-TEMPI FIX 77
IF (IFURM) 160,180,130 FIX 78

160 DATAtI2CNJ)=OATA(I2CNJ)+DATA( 12CNJ ) FIX 79
DATAt I2C U + l ) =DATA( I 2Ci.J+l ) + DATA( I2CNJ+1) FIX 80

17? DATAtI2)=DATA(IZI+DAIAI12) FIX 81 .



DATA(12+1)=DATA(I2U)+DATA(12+1) F I X 82
100

1 9 j 
C

COM 1 NLL
TF.MP-^ZR-.S
ZR = Z bT PR *TEMPR-?ST PI»Z I ♦ZR
Z I = Z5TPR»7 I + ZS1 Pl*TL1tPK+Z I
RECURS l(JM SAVES I I ML , AT A SLIGHT LOSS

F I X 
F I X 
FIX 
F I X 

IN ACCURACY. IF AVAILABLE,FI X

8 3 /'
84
85 339
86
87

C USF LC'JbLE PXrLI SIU.'. 10 COMPUTc ZR AND Zl. FIX 88
200 

C
IF (I FORM) 2 7 0,2 10,2 13
UNPACK THF REAL TRA.lSFOTM VALUES (Tt.O

F I X
PER COLUMN) FIX

89
90

2 i O'

220

230
240

2 50

260 
27C

I2=IP2<1 FIX
11=12 FIX
J1 = I PC.+ (N/2 + 1 )XNREM+1 FIX
GU TC 250 FIX
DAT A(JI) = DATA(I) ) FIX
DATAlJH 1)=(HTA( 11 + 1) FIX
U=I1-!P> FIX
J1 = J 1 -1P j FIX
IF (12-11) 220,240,240 FIX
DATA(J 1) = DATA(I 1) FIX
l)ATA( Jl + 1 )=0. FIX
12=I2-IPl FIX
J1=J1-1PJ FIX
DATAlJi)=CATA(12+1) FIX
DATA!Jl+1)=0. FIX
I1=I1-IPj FIX
J^Jl-IPj _ _ . . _ . FIX
IF (12-1) 260,260,230 FIX
DATA(2)=?. FIX
RETURN FIX
END ' _FIX
SUBROUTINE PLCT (X, Y, Z, W, M) 
DATA BLANK, ANG, BNG, CNG , DNG , ENG , FNG/1H , 1H*, 1H . , 1H : , 1H+ , 1HX , J.H Y/

91 
92 
9 3 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111-

oirc-NsiON x(«), Yt.'-;), ourtioi), ypri i 1),z(m) ,wimi
YMIN=Y(1)
YMAX = Y( 1 ) 
DO 11 I=2,M
IF (YMAX .Gc. Y(I)) GO TO 21
YMAX =Y(I)

21 IF ( YMIK .GE. Y(D) YHIN = Y(I)
11 CONTITJUE

DO 13 1=1,M
IF (YXAX.OE.ZlI)) GU TO 
YMAX=Z(I)

22

22 IF (YMAX.GE.W(I)) GO TO 23
YKAX=W(1)

23 IF (YMI.-J.LE.Zl I ) ) GO TO 24
YMIN=Z(I)

24" IF (YMIN.GE.h(I)) YMIN= W( I )
13 CONTINUE

YSCAL = (YPAX - YMIN )/ 100. 
IF (Y»i:j.LT.G.C) GO TO 1C2 
MIN=C 
GO TO 1C3

102 MIN=1
103 WRITE (6,101) 
101 FORMAT (1H1)

YPP(1)= YMIN 
DO 70 KN=1,9 

70 YPR(KN+1)= YPR(KM) + YSCAL* 10.0 
YPR(11)= YMAX 
WRITE (6,2C0) ( YPR(I),1 = 1 , 11 ) 
IF (MN.EU.l) I P= I ,'JT ( ( ( 0.0—YM IN ) / Y SC AL ) + 1. C ) 
XPR = X(1) 
DO 10 I X=1,101 

10 OUT(IX)= flank 
DU 20 IX= 1,101,10 

20 CUT (IX) =P.NG 
IF (MIN.EQ.1) CUT(IP)=CNG 
JP= INT(((Y(D- YMIN)/YSCAL) + 1.0)
KP= INT(((Z(1)- YMi;j)/YSCAL) + 1.0)
LP= INT(((h(D- YMINl/YSCAL) + 1.0)
OUT(KP)=fnG 
OUT(LP)=FNG 

. OUT (JP)= ANG
WRITE (6,100) XPR , (OUT(IZ) , IZ= 1,101 ) 

100 FORMAT (1X,F8.3,4X,1Q1A1) 
NN=M-2 
DO 30 1=1,NN 
XPR= X(I+1) 

,DO 4C IX=2,100 
40 OUT(I X)= BLANK 

F1=FLUAT(1)/1U.O



iir- 1/10
FJ = Fin.M (1 if ) 
IF (FI.Mb'.F J) GO TO 106 
ou 12 ix= i,i:i,rj

12 (JUT (IX) = O-IC, 
106 OUT! 11= b's'G

OUT (10 1)= C 1G
IF ( f'IN.CC. 1 ) CUT(IP)=CriG
JP= IM ( ( ( Y ( 1 + ))-¥'■' IM l/YSCU ) +1..0 ) 
KP= I:;T( ( (Z( I HI-Yfl.tl/YSCAD + l.O) 
LP= IGT( ( (H( I + i )-Y;iIu)/YSCAL 1 + 1.0) 
OUT(S P)=L\G 
OUT (LP) = F?JG 
CUT(JP)= A'lG
W^IT: (6,100) XPR,(OUT( IZ),IZ=1,101) 

30 COMTIMUt;
XPR= X(M)
DU GO IX=1,101

50 C’UT(IX)= BLA\K
DO 6? I X= 1,1C 1,10

60 OUT(IX)= H.jG
IF (PIM.lO.I) CUT(IP)=CNG
JP= IM( ( (Y(f )-YXI.\)/YSCAL) + 1.0) 
KP= l.'JTl ( (Z(M)-YrtI.,)/YSCAL) + 1.0) 
LP= INTI ( (W(M)-Yf<i:i)/YSCAL) + 1.0) 
PUT(KP)=< <G 
(JUT (LP) = FNG 
OUT(JP)= AUG 
kRITc (6,100) XPR, (OUT(IZ>,I 2=1,101) 
kRITE (6,?C0) ( YPR(I) , 1 = 1,1 1 )

203 FORMAT (Z.aX, 1KE9.3, ' •))
RETURN
EMC ... . . . • 

Program no. 4

3^0

Digital program for extracting a sequences of wave 
minimum, wave front tine, wave maximum, and wave back 
time from the time series of film thickness.

CC CCXSTRUCT TIME SERIES CF MIN FRONT MAX LEF KIN
C DI KENS ICN I Z ( 2,25 20) , I IX ( 72) , I IY( 7 2 ) ,CELL( 2) , IW(2,106C) , IF’( 2) , 

11TP(5?),ICF(2,270)
PxEAC(5,l?C) isf, isd, ICS, IGF

"100 FORMAT (213,212)
WRITE (6;2C0) ISF, ISO, ICS,ICE

2C0 FORMAT (ICX.'ISF = •,I 3,2X, •I SO = *,I3,2X,«1CS = •,I2,2X,'ICE = ', 
112)
K.NCC = C1 READ (1,5(1) KCCN,NT,PM,XMU,YMU,WL,WG,IREL, IREG,TEPL,TEPG,TN,IT, 
1CELL(1).CELL(2)501 FORMAT ( I 2, I 5 , I 2 , ?F 1'? . 1,2F 8.6,2 I 7,2F 1 0.3 , A4 , I 6 , A2 , A2 )
F.PITE (3,101) KCCN , NT , MM , X VU , YF U, WL, WG, I RtL , IREG,TEPE,TEPG,TN,IT, 
1CELL(1).CELL(2)

1C1 FORM Al ( ID 1 , I OX , ’ KCCN = '.^jSX.'MT = •,15,5X,,MM = ‘.IZ,/, 
IICX.'X’U = ',F10.1,5X,'YMU = ’.F10.1,/, 
ZIOX,1,! = •,F?.4,5X,•WG = 1 ,F8.6,/, 
31CX,’JPEL =',17,5X,<IREG = ,,I7,/, 
41CX,,TCPL = ’,F1C.?,5X,1 TERR = ',F10.3,/, 
SlOX.'Tt; = ,,A4,5X,,(T = ',16,/, 
61GX,'X CELL = ',A2,5X,'Y CELL = ',A2,/Z)
FIT=FIOAT(IT) 
F-M= FLOAT (NT) 
T=FNT/FIT
WRITE(6,104) NT, ICS,ICE104 FORMAT (ICX.'NC. CF POINTS PER SAMPLE = ',I5,5X,'ICS = •.^.SX.'IC 

IE = ',12,/)
WRITE (6,105) ISF,ISD, IT,T

105 FORMAT (1 OX,1 ISF = •,I 3,5 X,• ISD = *,13,5X,'SAMPLING FRECUENCY = 
l’,If,’ CPS',//,1CX,•SAMPLING LENGTH = •.FIO.S,' SEC ',//)
IF ( ICS.EC.KCON) GO TO 1C6 
ICCN=C
GO TC 1G7

106 ICLi.= l
l<NCC = K!.CC+l
MSL = N'T-15F
M.S = 13l-C-ISCWRITE (2,501) F NCO, JIT ,MM, XMU , YMU, WL , WG, IREL ,lRcGfTEPL., TEPG,TN,IT,



'1C.0LL ( 1 ) ,CKU ( 2 )
IU7 Ci;Mi:.i-r /

l.C 2 1'. L --
Of. \r; X! , Yf , Vv K , VYY ,VXY , VXXX , VYYY , VX'< XX, VYYYY

50? fClP.r'AT ( ?’ 3.5, 70 1 1.x.)IF (in.x.rc.l) CO TO SOI J4-1

(111 FC2 1 = 1,?'-
30?
£:L?>

f-FAD (1,-'C3) 
fl "’rar (ixi 
(,C TC ?10

3 01 U-'IIt (6,665) Xf-', YV, VXX , WY , V XY
k R ] r V ( .'•, 6 c 7 ) V X X X , V Y Y Y , V X X X X , V Y Y Y Y

665 FCRPAT (;:x,'xx'= ' ,C11 .A,2x, -Y-' = ' , c 1 1. A , 2 X , ' V X X = ' , E 1 1.4,2 X, ' V Y 
1Y = ' , । 11 .4,2X, •VXY = ',011.4)

667 Fll’F Al (z'x , ' VXXX =','".11 .4,?X, 'VYYY = ' , E 1 1.4,2X , « V XX X X = ',E11.4,2X
1, 'VYYYY = ' ,E11.4)
CO 1' ■> 1= 1, 3 5
KK=(I-1)*7Z
!<EAO (l,->'/5) ( I lx( J) , J=l,72)
REAP ( 1,505) ( IIY(J),J=l,72)

505 FORPAT (7215)
DO 103 J=1,7?
II=KK+J
1X= ( FLC Al ( I IX (J ) l/Xi-IU )*1OOC.O '
TY= ( n 0 Al ( I I Y ( J ) ) /YfTI) *1COO.C 
izd.ii ) = i r l x( i :;)*ivO

10 3 
102

I 7 ( ? , 1 I ) = ( F I X ( T Y ) * 10 u
ccmi::uc.
TRITO (6,300) ( I 7( 1 ,I ) , IZ(2,I),1 = 1,5)WRITE (6,3C0) ( IZ( I, I ), IZ(?,I), 1 = 2516,2520) 1

300
C
c 
c

FDRPAT (2X,10(15,ZX))

CLIXSTRUCT TIt-'t SFRIFS

XU=XF»Xi-U
YU=Y*'*YmV
IM(1 )= 1 r I X(XL )
IM(2)=IF 1 X(YU )
CO 110 1=1,2
I S= 1
IC=1

12 IF ( IZ ( I , IC) .LT.IM(I) ) GC TO 11 1
1C=IC+ 1
GC TU 12 _ .. .

11 IA=IC+l
IB=IA+1
IF(IZ(I,I A ) .LT. IZ( I ,IC ) ) GO TO 993

996 IC=IC+1 
GO TC 11

998
997

IF ( IZ( I,14 )-IZ(I , IB) ) 25,997,996
IOIC + 1
IA=IC+1
13=1A+ 1
IF (IZ(I,IA)-IZ( I, IB) ) 25,997,996

. 25 IF (IS.GT.YS) GC TO 313
IF ( IZ(I,IA).GE. 1F(I I ) GO TO 996
ISS= 1
I W ( I , I S ) = I Z ( I , I A )
B.S=C

15 1C=IC41
IA= IC+1
m=iA+i
IW'5= If.5'1
IF ( IZ( 1, IA1.GT.IZ(I.IC) ) GO TO 995
GO TC 15

995
99^

IF ( 1Z( 1 , I A)-IZ(1 , IB) ) 15,994,27 
IC=ICH
IA=IC+1
IB=IA + 1 ■" ....... ......... ... ’
IWS=IWS+1
IF ( IZ( I, IA1-1ZI I, IB) ) 15,994,27

27 IF (ISS.t0.1) GO TC 771
GO TC 772

771 IF ( I Z(1, I M.LT. IP(I ) ) GO TO 773 
IC=IC+1 
GO TC 11

773
772

ISS = C
IS=IS+1
Ik(I,1S) = 11S
IS=IS+1
I W ( I , I S ) = I Z ( I , I A )



1 hS = C
28 1C= I Ch 1

IA=IC,4 1
1 h = I a 1 1
i'- s= i >.r< i
IF ( 1 I ( l , 1 A I . LT . I 2 ( 1 , IC ) ) Cl) TO 993
GO TC 23 3^2

9)3
992

IF ( 17(I , 1 A)-IZ( I , 18) ) 29,992,28 
IC=IC 41
I A= I Li 1
1 L< = 1 A 1 1
1 Vi S = I V. 8 i 1
IF ( I Z ( 1 , I A ) - I Z( I , 18) ) 29,992,23

29 JS=ISi 1
I V. ( I , 1 S ) = I 1-. 8
IP=IS-1
IS=ISH

i (i, i r.) = i z 11, i \)
IF ( 1 V ( 1 , l s ) .GT . II- ( I ) .Ol. I W( I , I P) . GT. IN I 1 ) ) CO TO 131
IF (I8.GT.-S) GO TO 313

IF ( I (,T . FSL ) GC TO 13
] 31 1F ( I 8.CT.J C7C) GO TO 132

I S = C
GC TF 15

132
133
313
13

FRITFl6,133)
f U^'l-A T ( U'X , ' LAST WAVE IS NOT SHALL WAVE')
COr.TINUE
I 1 S = I 8
NV.S=( ITS-1 )/4
IS=ISil
DO 1CP J=IS,1C8C

1C8 li(I,J)=(
WRITE (6,PCI) ir-’{ I ), ITS,NWS

2C 1 . FCPHAT (irx.'IN = ', 15,5.x, 'ITS = '.IS.SX.'NWS = ',15) 
‘W8ITE (6,3C0) (IK I,J) ,J = 1,1C)

C 
C 
C 
C
C 
c

IDENTIFY THE WAVES
1 : SHALL WAVE
2 : S'-'ALL WAVE ON LARGE WAVE
3 : LARGE WAVE

'io=i " .... " " ’ "" .......... "
414 IY=3*(ID-1)*4

IYl=IY-2
I Y2=1Y + 2

IF ( IK I,IY).LT.I Ml I).AND.IW(I,IY1).LT.IN(I).AND.Ihl I,IY2).LT.IM(I
1 ) ) GC TC 32
IF ( IWI I, IY) .GE. IM( I ).AND.IW( I, IY1 ) .LT. IM( I ) .AND.IK I,IY2).LT.IM(I

1 I ) GC TC 3 3
IF (1WII,IY1.GT.IH(I).ANC.IWlI,IY1).LT.1M(I).AUD.IK1,IY2).GE.IM(I 

1)) GC TC 34
IDW( I ,ID)=O
WRITE (6.81?)

' 818 format 11 ex, ■ irv,. ec.zero1 )
GO TC 393

32 1L W ( I, I D ) = 1
GC TG 393

33 IDW( I ,IE ) = ?
GC TC 393

34 IOP= 1
ITPlICP)=IW(I,IY)

35 1CP=ILP+1
I D=IC + l
IY = 3i 1 ID-1)*4
IY2=IY+2
ITPl H.P) = IW( I , IY )
IF ( IK I , I Y2 ) .GE. IM ( I I I GO TC 35
IWX= ITPl1 )
GO 36 J=2,ICP
IF (ITP(J).GT.IWX) IHX=ITP1 J)

36 CONT I '1UE
iirp=o
DC 373 J=1,IDP
IF 1 ITKJJ.EQ.IWX) GO TO 38

384 H = IC-IOPiJ 
IDWl1 ,I I)=2 
GO TC 373

38 IF 1 IICP.FC. 1 ) CO TO 384 
I IKC.-IEJP + J 
1DK 1 , I I ) = 3
I IDP=1



37 3
393

Ci.NTIMir
IC=IL +I

IF (I(.GT.NFS) GO TO 41

- Al
CONU^r 3^3 •
DC) 112 J-I0.2 7C

112 ICk( I ,J 1 = 0
VRJlc (^ ,3CC) ( ICV.I I , ID) , 10=1, 10)
WK1TL (2, ••<4) IM I I , I TS.W.S

5CA ■FGR./AT (315) 
LG 113 J= 1, 15 
KK=(J-l)*72 
CO 111 K=l,72

ni
If=K)-.-»K _ _ ___ _ ____________ _I I X K ) = I v. ( I , I I )
V'RIT-7 (2,5rr) ( 1 IX(K ) ,K= 1 , 72)

113 CCt.T I"Ui.
l.RI Tc ( 2,5C7) (IPk(l,10),ir = l,135) 
kRHE (2,rC7) ( I C ,i ( I , I D ) , 1 C= 1 36,2 70 )

5C7
110
219

FCiviT (13511)
CCMINI'F
COS T I H -
READ (1,5C6) XMFYMM,VVXX,VVYY,VVXY,VVXXX.VVYYY,VVXXXX,VVYYYY,
1VVVY2,SVXY

SC 6 TCr.t- AT ( 2FI1.5, ?E 1 1.4)
WRITE (6,666) X’-’K, Yi 2., WXX , VV YY , VVXY
I R1 Tc ( 6,667 ) VVXXX,VVYYY,VVXXXX,WYYYY
WRITE ( 6, 86 8.) VVXY 2, SVXY

868 FCiPF'.'F (5X,1 VVXX.VVYY = ',E11.4,5X,' SVXY = *,E11.4) 
1F (ICON.EC.O) GC TO 1

. IF ( ICF .FC.KCCr;) GO TO 109
ICS=ICS41
GC TC 1

109 ENDFILE 2
REWIND 2
P EV. I ND 1READ (2,501) KCCN, M ,MM, XF'U , YMU, WL,kG,IREL,IREG,TEPL,TEPG,TN,IT,
ICF.LH 1),CFLL(2)WRITE (6,101) KCC*!,NT,IVM. ,XPU,YMU,WL,V.G,If<EL,IREG,TEPL1TEPG,TN,IT,
1CF.LL ( 1 ) ,CEl L( 2 )
DC> 8 C 4 1 = 1,2
REAL (2,504) It: ( I ) , II S,NV.S
WRITE (6,201) IM I ) , I TS.'IKS
DO PCS J=1 , 1 5 ' . ___ _____ .
KK=(J-1)*72
READ (2.,r'05) (IIX(K),K=1,72)
DO 806 L=l,72
II=KK+L

806
8C5

I W ( I , I I ) = I I X ( L )
CCMI-iLE ’ .
WRITE (6,3CC) ( IW( I, J) ,J=1,1C)
RE»C (2,5C7) ( ICWl I , ID) , Ii.)=l, 135)
READ (2,507) (IOV(1,ID),IC=136,273)
WRITE (6,300 ( IDW( I , ID) , ID=1 ,10)

804 C u N T I .•< U “
DO 333 1=1,54
I 1 = 1+( l-l)*2C
12 = 1<1*20
WRITE!5 ,334) ( IW(1,J),J=I 1,I 2)

334 FORMAT<IX,2115)
13 = l+(I-l)»5
14 = 1*5

333
335

W'RI TH s,3 35 ) ( ICR ( 1 , J) , J=I3, 14 )
FDRMATt1 IX,I5,4(15X,I 5))
STCP
ENC

Program no. 5 ' "
Digital program for calculating mean, standard deviation,
and wa\’e oarameters in amplitude domain.
C WAVE PROPERTIES PROGRAM NO. 1
C

DIMENSION I IX(72).CELL(2),IW(2,1030),IM(2),IDW(2,270).XYMUI2),
1 WSS(3,270), WSL1 3. 270), WLL(3,270),WI(80), WT(3,80) , WMM(3),
2 NWS(2),PSS(2,3,8O),PSL(2,3,8O),PLL(2.3,9O),WMSS(2,3) ,WMSL(2,3), 
3WMLL(2,3),NSS(2),NSL(2),NLL(2),XI(6),P(2,3,30),NOTWS(2).
AWDSSI2,3),WDSL(2,3),WDLL(2,3),WSD(3)
READ (5,100) ICS,ICE

100 FORMAT (212)
1 READ (1,501) KCON.NT,MM,XMU,YMU,WL,WG,IREL,IREG,TEPL,TEPG,TN,IT ,

ICFt I ( 1 ) . CFi I <21



■ 101'

I 2 f 5X,1 IC

I 3,5X, 1SAMPLI NG FRECUENCY
*,F10.5,1 SEC ',//>

FORMATt IHI•1 OXt*KC0N = •tI2t5Xf‘NT = •,I5»5X,,MM = '.If./i 
HOX.'XMU = ',F10.1,5X,*YMU = ',F10.1,/, 
ZlOXj'WL = 1«F3.4,5X,*WG - '.FR.A,/. 
310X,*IREL =*tI 7,5X,' I REG = 'tl?,/. 
AIOX.'TEPL = •,F10.3,5X,'TEPG = ',F10.3,/, 
SlOXt’TN = ’.AA.SX.’IT = ',16,/, 
610X,'X CELL = •,A2,5X,,Y CELL = ',42,//)
Fn = FLOAT( IT)
FNT=FLOAT(NT) . . - .
T=FNT/FIT
WRITE(6,104) NT, ICS,ICE FORMAT (lOX.'NO. OF POINTS PER SAMPLE = ',I5,5X,'US

IE = ' ,12,/)
104

WRITE (6,105) ICS,ICE,IT,T
105 FORMAT IlOX,' ICS = ',I3,5X,‘ ICE - '

1 •tlG,' CPS',//,10X,'SAMPLING LENGTH = 
IF (ICS.EO.KCON) GO TO 106
ICON=0 
GO TO 107

106 ICON=1
107 CONTINUE

M=80
XI(1 ) = (0.02-0.01/20.0
XI I 2)=I 0.12-0.021/50.0
XI(3)=(0.2-0.121/4.0
XI(4)=(0.4-0.21/4.0 
XI(5)=(0.5-0.A)/1.0
X I<6 > = 11.0-0.51/1.0
DO 150 1=1,20 
FI = FLOAT(I 1
I 1 = 1

150 WI(I I) = (FI-0.5)*XI(1)
DO 151 1=1,50
FI = FLOAT(I 1 
11=1+20

151 WI(II)=(FI-0.5)*XI(2)+0.02
DO 152 1=1,4
FI=FLOAT(I)
11 = 1 + 70 _ ...

152 WU I I 1 = (FI-0.5)*XI (31+0.12
DO 153 1=1,4
FI=FLCAT(I 1 
11=1+74

153 WI (II ) = (FI-0.5)*XI(4)+0.2 
WI(791=0.45
WI(801=0.75
WRITE (6,196) (WI(I 1,1 = 1,80) 
DO 130 1=1,2
NSS(I)=0
NSL( I 1 = 0 
NLL(I)=0 
DO 131 J=l,3 
WMSSlI,J)=0.0 
WMSLlI.J)=0.0
WMLL(I,J1=0.0 
WDSSt I,J) = 0.0 
WDSLII.J) = 0.0 
WDLL(I , J) = 0.0 
DO 132 K=1,M 
PSS(I,J,K 1=0.0 
PSL( I , J,K)=O.C

132 PLL(I,J,K)=0.0
131 CONTINUE
130 CONTINUE

XYMU(1)=XMU
XYMU(2)=YMU
FMM=FLOAT(MM)
DO 219 L=1,MM
DO 804 1=1,2
READ ( 1,504) IM(I ),ITS,NWS(I) 
IF (ICON.EO.1) GO TO 801 
DO 802 J=l,15

802 READ (1,803)
, 803 FORMAT (IX) 

GO TO 807
.801 WRITE (6,201) IM(I),ITS,NWS(I)

DO 805 J=l, 15
KK=(J-l)»72
READ (1,505) (IIXIK),K=1,72)
DO 806 K= 1,72
[ I=KK + K



806 IW(I»I I) = IIX(K) 
805 CONTIMUe

WRITE (5, 300) ( Ii;( I , J ) , J=1 , 10 )
807 READ ( 1,507) ( I OV. ( I , I D ) , I D= 1 , 1 35 ) 

READ ( 1,507) (IDW( I, 10) , 10=136,270) 
WRITE (6,300) (IDW(I,10),10=1,10)

804 CONTINUE 
505 FORMAT (7215) 
300 FORMAT (2X,10( I 5,2X) ) 
201 FORMAT (lOX.'IM = ',I5,5X,'ITS = •,15,5X,’NWS = ’,15) 
504 . FORMAT (315) 
507 FORMAT (13511) 

C 
C CAL. PROB. OF AMPLITUDE, MAX. AND MIN. 
C 

IF (ICON.EO.O) GO TO 219 
DO 102 1=1,2 
NTS=NWS(I) 
NWSS=O 
NWSL=O 
NWLL=O 
DO 103 J=1,NTS 
IF (IDW (I,J).E0.3) GO TO 124 
IF (IDW(I,J).EQ.2) GO TO 125 
IA=1+(J-l)*4 
IC=3+(J-1)*4 
IB=1+J*4 
NWSS=NWSS+1 
ITW=IW(I,IA)+IW(I,IB) 
AVMI=FLOAT'ITW)/(XYMU(I)*2.0)
WSS(3,NWSS)=FLOAT(In(I,IB))/XYMUtI) 
WSS (2,Nh'SS) = FL0AT( U( I , IC ) ) /XYMUl I ) 
WSS(1,NWSS)= WSS(2,NWSS)-AVMI 

GO TO 103
124 JF=J 

1 JB=J
IA=l+(J-l)*4 
IB=1*J*4 
LWM1=IW(I,IA) 
LWM2=IW(I,IB) 

112 JF=JF-1 
IFlIDWtI,JF).NE.2) GO TO 111 
IB=1+JF*4 
IF (IW(I,IB).LT.IM(I)) GO TO 111 
IA=l+(JF-1)*4 
LWM1=IW(I,I'’ 
GO TO 112 

111 JB=JB+1 
IF(IOW(I,J V.'< GO TO 103 
IA=1+(J3-1 
IF ( IW( I, I A ) .LT. IMd ) ) GO TO 108 
16=1+08*4 
LWM2 = IWd,IB) 
GO TO 111 

108 NWLL=NWLL+1 
IC=3+(J-1)*4 
ITW=LWM2+LWM1 
AVMI=FLOAT( ITW)/(XYMU(I)*2.0 ) 
WLL(3,MWLL)=FLOAT(LWM2 ) /XYMU(I) 
WLL(2,NWLL)=FLOAT(IW(I,IC))/XYMUl I ) 
WLL(1,NWLL)= WLL(2,NWLL)-AVMI 

GO TO 103
125 IA=1+(J-1)*4 

IB=1+J*4 
IC=3+(J-1)*4
NWSL = NWSL + 1   . 

"ITW=IW(I,IA)+IW(I,IB) 
AVMI=FLOAT( ITWl/tXYMud )*2.0)
WSL(3,NWSL)=FLOAT(IW(I,IB))/XYMUtI) 
WSL(2,NwSL) = FL0ATdW( I, IC) I/XYMUl I ) 
WSL(1,NWSL)= WSL(2,NWSL)-AVM( 

103 CONTINUE
IF (L.EQ.l) GO TO 198 
GO TO 199

198 WRITE (6,196) ((WSS (K , J),K = 1,3), J = 1,NWSS) 
196 FORMAT (1X,IC(F10.5,1X))

WRITE (6, ((WSL(K,J),K=1,3),J=1,NWSL)
WRITE (6, ) ((WLL(K,J),K=1,3),J=1,NWLL) 
WRITE (6 ' (WI(J),J=l,80)

199 CONTINUE 
NSSd)=r< nwss

3^5



NSL( I )=NSL( I l+NHSL 
NLL( I l^.MLl ( I Ii.'JaLL 
WHITE (6,303) .‘1SS ( 1 ) , WSL ( I ), NIL ( I ) 

303 FORMAT ( 1 OX,3( I 6,2X) )
CALL PROB(NWSS,WSS,WT,XI,H,WMM,WSD)
DO 133 J=l,3
h’MSSl I ,J)=WMSS( I , J)+ WMM(J)
WDSSlI,J)=WDSS(I,J)+KSO( J)
DO 136 K=1,M

136 PSS(I,J,K)=PSS(I,J,K)* WT(J,K)
133 CONTINUE

CALL PROB (NWSLtWSL,WT,Xl,M,W!'.M,WSD)
DO 135 J=l,3
WMSLtI,J)=kMSL(I,J)+ WMM(J)
WDSLtI,J)=WDSL(I,J) + WSD( J)
DO 136 K=1,M

136 PSL(I,J,K)=PSL(I,J,K)* kT(J,K)
135 CONTINUE

CALL PROB(NWLL,WLL,WT,XI,M.WMM.WSD)
DO 137 J=l,3
WMLL(I,J)=WMLL(I,J)+ WMM(J)
WDLLtI,J)=WDLL([,J) + WSD( J)
DO 133 K=1,M

138 PLL(I,J,K)=PLL(I,J,K)+ WT(J,K)
137 CONTINUE
102 CONTINUE
219 CONTINUE

IF ( ICON.EQ.0) GO TO 1
DO 139 1=1,2
DO 160 J=l,3
WDSSl I , J) =WDSS( I , Jl/FM.M
WDSL(I,J)=WDSL(I,J l/FMM 
WDLL(I,J)=WDLL(I,J J/FMM 
WDSSlI,J)=SORT(WDSSlI,J) )
WDSLII,J) = SQRT(WDSL(I,J) I
WDLLlI,J)=SQRT(WDLL(I,J))
WMSS(I.J)=WMSS(I,Jl/FMM 
WMSLlI,J)=WMSL(I,Jl/FMM

140 WMLL ( I , J )=W:XLL( I , J ) / FMM
139 CONTINUE

WRITE (6,101) KCON.NT.MM,XMU,YMU,WL,WG,IREL,IREG,TEPL,TEPG,TN,IT, 
1CELL11 ),CFLL-(2)
WRITE (6,114)

114 FORMAT (IQX,******* HISTOGRAM ***♦**•)
WRITE (6,115) (NSS(I),1=1,2)

115 FORMAT 110X,’*** NO. OF SMALL WAVES = '.IS,* * *,I5,' ***•)
WRITE (6,126)

126 FORMAT (1GX,1** AMPLITUDE ****** MAXIMUM ******* MINIMUM *** 
1*' )
WRITE (6,116) ((WMSS(I,J),I = 1,2),J=1,3 )

116 FORMAT (3X,«MEAN = ’,6(2X,F7.4))
WRITE(6,601) ((WDSSlI,J),1=1,2),J= 1,3)

601 FORMAT (3X,'S.D. = *,6(2X,F7.4))
DO 117 1=1,M

117 WRITE (6,118) Wl(I),((PSSlJ,K,I),J=l,2),K=1,3)
118 FORMAT (3X,F7.4,6(2X,F7.0) )

WRITE (6,101) KCON.NTfMM, XMU, YMU., WL.WG, IREL,IREG,TEPL,TEPG,TN,IT, 
1CELLI1),CELL(2)
WRITE (6,114)
WRITE 16,119) (NSL(I), 1 = 1,2)

119 FORMAT (10X,**** NO. OF SMALL WAVES ON LARGE WAVES = 'US,* * *,I5 
1,• ***• )
WRITE (6,126)
WRITE (6,116) ((WMSLlI,J),1=1,2),J=l,3)
WRIT El 6,601) ((WDSL(I,J),1 = 1,2),J=l,3) 
DO 120 1=1,M

120 WRITE (6,118) W1(I),((PSL(J,K,I),J=1,2),K=1,3)
WRITE (6,101) KCON.NT.MM,XMU,YMU,wL,WG,IREL,I REG,TEPL,TEPG,TN , IT , 
1CELL(1),CELL(2)
WRITE (6,114)
WRITE (6,121) (NLLl I), 1=1,2)

121 FORMAT (10X,«*** NO. OF LARGE WAVES = ‘.IS,’ * ',15,• ***')
WRITE (6,126)
WRITE (6,116) ((WMLLlI,J),1=1,2),J=1,3)
WRITE (6,601) ((WDLL(I,J),1=1,2),J=1,3) 
DO 122 1 = 1 ,M

122 WRITE (6,118) Wl(I),I (PLLI J,K,I),J=1,2),K = 1,3)
DO 606 J=l,2
NOTWSlJ)=NLL(J)+NSL(J)tNSS(J)
DO 607 K=l,3 
DO 608 1=1,M

346



600" P(J,K,I) = PSS(J,K, I )<PSt (J.K, I )+PLL(J,K, I ) 
607 CONTINUE 
606 CONTINUE

WRITE (6, 101 ) KCON,NT,MM, XM'J, YMU, WL,WG, IREL, I REG , TE°L , TE PG . TN , I T , 
ICELU 1 I .CELL (2)
WRITE (6,609) (NOTWS(I),I=1,2)

609 FORMAT (10X,»*»* NO. OF TOTAL WAVES =', 15, * * ‘,15, • ♦♦♦')
WRITE (6,126)
DO 610 1=1,M

610 WRITE (6, UR) W I I 1 ) , ( ( P ( J ,K , 1 ) , J= 1,2 ) , K = 1,3 ) 
IF (ICE.EO.KCON) GO TO 109
ICS=1CSU 
GO TO 1 

109 REWIND 1 
STOP 
END 
SUBROUTINE PROB(N,X,WT,X I,M,WMM,WSD) 
DIMENSION X(3,N), WT(3,M),XI(6), WMM(3),WSD(3) 
DO 42 J=l,3 
DO 43 K=1,M 

43" WT(J,K)=0.0
WSD(J)=0.0 

42 WMM(J)=0.0
DO 41 J=l,3 
DO 40 K=1,N

WMM(J)= WMM(J)+ X ( J, K)
IF(X(J,K).LE.0.02) GO TO 45
IF(X(J,K).LE.0.12) GO TO 46
IF(X(J,K).L£.0.20) GO TO 47
IF(X(J,K).LE.0.40) GO TO 48
IF(X(J,K).LE.0.50) GO TO 49
JJ=80
GO TO 44

45 XMIN=0.0
XMAX=0.02
FM=20.0
A=(( X(J,K)-XMIN)/(XMAX-XMIN))*FM 
JJ=IFIX(A)+1 
GO TO 44

46 XMIN=0.02
XMAX=0.12
FM=50.0
A=(( X( J , K 1-XMI N 1 / ( XM AX—XHIN 1 )<=FM 
JJ=IFIX!A 1+21 
GO TO 44

47 XMIN=0.12
XMAX=0.2
FM=4.0
A=(( X(J,K)-XMIN)/(XMAX-XMIN))*FM 
JJ=IFIX(A)+71 
GO TO 44

48 XMIN=0.2
XMAX=0.4
FM=4.0
A=(( X(J,K)-XMIN)/(XMAX-XMIN))*FM 
JJ=IFIX(A)+75 
GO TO 44

49 JJ=79
44 WT(J,JJ)= WT(J,JJ)+1.0
40 CONTINUE

WMM(J)= WMMtJ l/FLOATIN)
41 CONTINUE

DO 51 J=l,3
DO 50 K=1,N

50 : WSD( J )=WSD( J ) 4- (X ( J,K )-WMM ( J ) )*( x( J,K )-WMM( J 1 )
WSD(J)=WSD(J)/FLOAT(N)

51 CONTINUE
RETURN

_ END 
Program no. 6

Digital nrogram for calculating mean, standard deviation,
and wave parameters in time domain.
c .................... . ’
C WAVE PROPERTIES PROGRAM NO. 2
C

DI MENS ICN I IX (72 ) .CELL (2 ) , IW(2,1080), IM(2 ), irw( 2,270) , X.YWU( 2) ,
1 hSS(4,27C), VSL(4,270). WLL(4,27u),W I (95 ) , WT(4,95), WMM(4),
?NWS(2),PSS(2,4,95),PSL(2,4,95),PLL(2,4,95),WMSS(2,4) ,WHSL(2,4), 
3kMLL(2,4) ,NSS(2),N5L(2),nlL(2),P(2,4,4«),MOT LSI 2)

>5

3^7



.^fAO (5.ICC) ICS,ICE
u'- ricr-'.'.T (?[’)
1 Kt V) kCP‘i, '.T ,, XVU , Y’'U, wl , K'm IKEL , 1° E(., T'-E">L , TE PG, TM , I T ,

] c r 11 11), c • i. l (?) 3^8SCI Ffi V'M < 12, IS, I->,2F1 1. l,2F«.'.,2I7,2Fl'").3,^,I6,A?,A2) 
k‘! I Tl" I A , Hi 1 ) K C C’lj, :jT , ‘■'M , X PI I, YKU, l< L , WG, IR EL , IP EG, IE PL , TE PG , T)<, I T ,
ICFILll),CELLI?)

ic-l Fri'V-iTi I* I, i^x,'Kerr; = ,,I2,5x,,,it = '.is.sx.'pm 
HCX.’XVLI "= * , FllD.l ,5X, ' YV,J = ' , Fll.l,/, 
21’'X,,:L - 1 , I . A , 5 X , 1 >sG = 1 ,1- t '-t, / , 
31 CX, ' I'-EL = ' , I 7, r'X, • I’F'", = ',[7,/, 
A I CX,'I! PL = 1 , F 1 J , nX , ' T EpG = ',(-10.3,/, 
SlOXf'T'I = ',AA,5X,<IT = ',16,/, 
5V.X,'< CELL = ’.A^.SX.’Y CELL =
F I T-r I -'Al I 1 T )
F.XT=-FLiV.T(MT)

' ,12,/,

T^F.iT/FIT
xr.i re if., ire) kt, ics, ice

1(1A F D R v & T I 1 n X , ' C C. C F PCI GTS PER SAMPLE = ’iISjSX^’ICS - 1 , I 2 , -> X , I C 
IF = ', I"’,/)
WRITE (6,1Ca) ICS,ICE, IT,T

IOS rrj-'.' ST (]FX,' ICS = ',13,AX,' ICE = ' , 13,5X, 'SAPPL P.'G FRECUEKCY = 
I',''-,' CPS ' ,//, icx , ' S-'.FPL I )G LFMGTH = ',F1C.5,' SEC ',//)
IF I ICS. t 5 CCS) GO TO 10 6
icr\=-?
GU TC 1L7

ISC
107

ICG.s<=l
cn.Ti'cc . .. . . - -

M = 4 «
DO 13-' 1 = 1,2
rissi I )=c
\SL(I)=?
ML LI I 1 = 0
LG ) 3 1 J=l,4 ......
h-MSSl I,J)=C.O
L'FSLI I ,J)=r . c
V.PLLI I, J) =0.0
Df? 132 K=l,v
PS5( I ,J,K ) = 0.C
PSLI I , J,H.) = C.C . .........

132
131
130

PLLI I,J,r-.) = :.C ..... ...... . ■- -
CUNTI’TUE
COM I s:l!r
XYPU I 1 ) = x:-'c
XY VU ( 2 ) = Yr-'U
FRX = FLIMT ( >'P) . ...... . _ .
DO 21<J L=l,f'M ___________________________ ___ _______ .
DO SC4 1=1,2
READ ( 1,504 ) IM I >, ITS,NWS(I)
IF I ICCN.EC.l) GO TO 801
DC 302 J=l,15

802
8C3

PEAD (1,k'?3) _ ... .
FPOPAT (IX)
GO TC SC7

801 WRITE (6,2nl) IF'( I ) , I TS.NWSI I )
- DO 3C5 J=l,is
KK=(J-l)*72
READ (1.5C5) ( IIX(K),K=1,72)
DO «C6 K.= l,72
II=KK+K

805
805

I V. ( I , I I ) = I I X ( K )
COST IGL'F
WRITE (6,300) (1W( I,J),J=1,1O)

807 READ ( 1 , 50 7) (IDW(I,ID) , 10=1 , I 35 ) 
REAP (1.5C7) ( IDv.'l I , ID) , 10=136,270) 
WRITE (6,302) (ICW(I, ID), ID=1,1G)

804
505
300
201
504
557

C
C
C

CCXTl'Il E
FORMAT (7215)
FORMAT (2X, let 15,2X1 I
FCR-'AT (1CX,'IY = ',I5,5X,'ITS = ' , 15,5X , ' NW S = ',15)
FC'RPaT (RI5)
FORMAT (1.3511)
CAL. P30r>. OF FRONT, BACK, BASE, AND SEPERATICN

IF ( I CON. FC,. 0) GO TO 2 19
DO 1C2 1=1,2
NT5 = NWS( I I
NWSS = r'
NWSL =0
NWLL=O



UO 1C3 J--l,isT.‘> 
I>: ( III. ( I , J ) .(u. 3) II) 1?/, 
IP ( I'vJ I , J ) . 2'.:. ?. > <>(1 TO 12‘i 

T t = ( J-l )< A
I C = 2 t J : 
1S=J*A 
riuss^-.i-.ss + i 
I Tk= IK I , 10 H Ik( I , I R ) . . . - .
k-3S(6,\.sS<;) = f-LcAT( Ia( I, I A) )/FlT

vsf (T,-;'.,ss)=rLr.\i ( jk i, hi )/r n 
I- SS ( 2 , ■'I'.iSs) =v ss ( A , ISSS ) ♦ kSS ( 3 , s ) 
WS S ( 1 , .V.- 5 8 ) = FLO U ( 1 Tl.) /F I T 

GO TC 1C3
124 JF=J 

JS = J
IA = ?4 (j-1 )*z,

I T k 1 = I K 1 , I A ) 
ITW2=B.( I, 1(1)

'■ 112 JF = JF-1 '- ■ - "
IFdrv (I,.IF). NF. 2) GJ TO 111 
I IP = 1 + .IF*4 
IF (II I 1,I Io).LT. ly( I ) ) GO TO 111 
IA=2-t( JF-1)*4

.. .. . 1£< = JF»A
I TklK TK + IK I , I M KWI I , IP ) 
GO FC 112

111 JF=JF*i
IF( ICk'd, JR) .KE. 2 I GO TO 108 

. : . I I A= 1+ ( J‘?.-l ) *4
IF ( IK I , I 1A) .LT. I .Ml I I ) GO TO 108

• IA=?+(Jc-11*4 -----
IP> = J-!<.Z,

• ITh?=ITh2 + U( I,IA) + Ik(I,lB) 
GO TC 111

.. 108 JS = JB
lTk3=ITk2 ‘ - - - ■ - .

149 IF ( I Ct. ( I , JS ) . EC . l.CiO ."IDk ( I, JS I .EC .0) GO TO 110 
IA=2+(JS-11*4

■L3 = JS*4 ' 
I Ttn= ITh'3 + Ii< ( [ , I A ) + I W( I, I B ) 

. . . JS = JS+1  GO TC 14 ) ‘ - ... ........  ' -----
iio ' ia=2 + i js-1 )*4 -------------- ----

ITW=IT«3 + Ia( I. Ill ' .... -
r;h'Li.=MkLL*i ..... -
WLL(4,'-!kLL)=FLCAT( ITW1 l/FIT 
WLL(3,N,.LL ) = FLLlAT( lTh2)/FIT

   Wt-L( 2,'rjl.L ) ='.<LL (4 , null 1 +«LL ( 3 ,‘B<LL ) .
 kLLl 1, ikLL)=FLCAT(ITk3I/FIT

GO TC 103
125 IA=2+(J-1)*4 - . . .

I3=J*4
. . IC=24J*4

______ nwsl =;ik'SL+1 ............
 I Tk=IK I , IC ) <■ IK I , IH)  

. . WSL(4,\V.SL ) = FLl’AT( IK I , IA) l/FIT "
1*SL ( 3,..'.-.SL ) = FLO AT ( I W( I , [ n ) l/FIT 

k'r.L( 2 t' V.81.1 ='.;SL ( 4 , \kSL I + V.SL (3 ,NhSL I 
kSL ( 1 , CSL I =FLCAT I I Th I/F I T

103 CGNTI.'sUE '
IF (L.t'L'.l) GG TO 193 "" .
GP TC 191 ----

193 V.P.ITE (6,196) ((USS ( K , J ) , K= 1,4 I , J=1,NWSS)
196 F09vaT (1X,13(F10.5, IX I )

h«ITL (6,196) ( (hSL(K,J I,K=1,4),J=1,NhSLI 
kHITE (6,1961 ((CLL(K,J),K=1,4),J=1,juLLI199 CCNT r.liF ---

......NSSt 1 I =NSS( I I +\KS " -- ----
'JSLt I ) = ’;SL( I ItW.SL 
NLL( 1 l=KL( I I +f.xL L 
WRITE (6,303) NSS( 1 I,NSL( I l,NLL(I ) 

303 FORMAT ( ir.x,3( 16,2X1 )
call pp.05(Nhss,..ss,wr,ki,f.,k.mm) "00 133 J=l,4 "" --------------------  
WMSS ( I , J ) =t.NSS ( I, J ) + wf-LM ( J ) 
DO 134 K=1,M

134 PSSI I ,J,K) = PSS(I,J,K)+ WT(J,K)
133 CUNT I XUE 

CALL PPJB (NwSL,WSL,WT,Wl,M,kPM) 
00 135 J=l,4



L'VSI. ( ! , J) --KMSI ( 1 , J)+ h*^(J)
I'U 1 K=l,r.

13/> PSI ( I , .1 ,r, ) = |-SL ( I , J,h ) 4 WT(J,K)
1 31 C (,X T I' I ।

C.<Ll. PI'ij' ( \"h l l , j»|. L , ^'T t WI f M, V, Pfv )
1- 0 13 7 J x 1, zf
l-.l'LL ( 1 , J ) =|.M[ L ( I , j )+
nn rir, k =

13’3 PLL ( I , .!,!■ ) = PLL ( I , J,K )+ WT(J,K).
137 CC'.I 1 T_-
102 CC'IT 1' Ll
219 Cii'ai.;!':"

If- (I Cr 4. E C . C ) GO TO 1
ETI 139 | ---1,2
DO lAC J=la,
■z.'r'SSl I , J )=-„>-SS ( I , J ) /FMM
Kf'SL ( I , J ) 31 ( I , j )/ Fm’I

1^0 I "Lit I , J) =i,PLL I I , J ) / F *"
139 CC-IT lOUF

350

irn1tl ( i Y.MU, WL.WG, IREL, IREG.TEPL , IE PG, TN, IT,
* w- L LI 1 If

114

11'.
12e

116

117
118

602
601
603

119

120

6U4

121

122

605

6C8
. 6C7
606

k"<ITl (6,114)
F.ar^l (iix.umt* HlSTOGRArt mmt)
l.sna (6,115) CiSSd ), 1=1,2)
FORMAT (1(X,'**c MG. OF SMALL kAVES = ',15,' * «,I5,’ ♦♦*.)K I I t- ( t , 1 2 o )
FL . /.T (li'X,1 $ ■zP-P AT 1 ON *#*»»*» BASE ***»**»*** BACK ****

FICNT
k.^TTE (6,116) ( ( FMSS( I , J) , 1 = 1,2) , j = i ,4)
FORMAT (3X,«MEAN = •,8(2X,F7.4))
DO 117 I = 1 , m
k.-.ITE (6,111) V.I ( I ) , ( ( p$s( J, K, I ) , J = 1 ,?) ,<=! , 4 )
FORMA! (3X,F7.4,8(2X,F7.G))
on 6i 1 J=],2
IrRITE (7,602) kG , V'L , CELL ( J ) --- - - - -
FORMAT (2F1C.5,42)
WRITE (7,AC3) ((PSS(J,K, I ) , 1= 1 ,M ) , K= 1,4 )
FORMAT (16F5.C)

1 r F MM '> 6c - / > i -",C C‘;X' 'U' MK ' XMU ’ Y'XU' WL ’WG'1 RE L • 1RE G • T E PL , 1 E PG, TN, IT ,
• 1 u r l l i 1 ) ♦LrLLlZ)
WRITt (6,114) -- -
WRIT.- (6,119) ( 'LSL ( I ) , I = 1,2)
jF0DM4T ( 1CX, '*** MO. OF SUALL WAVES ON LARGE WAVES = ',15,' * ’,15

WRITE (6,126)
WRITE (6,116) ( (V.MSLt I , J ) , 1= 1,2) , J = l, 4)
DO 1 20 1 = 1 ,,y ■ ...
WRITE (6",1]B) wl ( I ), ( (PSL(J,K, I ),J = l,2)-,K=lf4) --------- -----------
DO 6 04 .1=1,2
VRITl (7,602) WL, CELL(J)
WRIT!: ( 7,603 ) ( ( PSL( J ,K , I ) , 1=1, v) ,K= 1,4)

>6r.1G1,„RCD'’,’r’r’MM’XMU’ YMU,V,L,hu, IREL, IR EG, TE PL , TE PG , TN, IT , 
1UC LLlLJfLLLLl^)
h R I T r ( o » 11 zt)
WRITE (6,121) ('ILL ( I ) , 1= 1,2)

(10x,'»*a: x,0. rF LAqGE. 1;aves = 1,15,. * ’,15,’ ***•)
KXlTf (6. !?ni 1 1
WRITE (6,116) ((WFLLl I , J ) , 1=1,2),J=’,4)
DG X2? I=1,m
WOITE (6,115) HI(I),((PLL(J,K,I),j=l,2),K=1,4)
DO 6Cr J=l,2
WAITE (7,6’'2) UG,WL,CELL(J)
(RITE ( 7,60 3) ( (PLL ( J , K , I ) ,I = 1,K),K = 1,4)
CO M)6 J=l,2
WGTHS(J)=\lL(J)a;SL(J)+MSS(J) "
CO 6 0.7 K = l,4
DO 6nB I=1,M
ccMri'Clt = PSS(J’K’1 H°SL{ J’K’ T)+PLL(J,K,11
COST l-li;c

1C d tT '( ) )' Gr - ? /;CGtl •UT ’,,M ’ XM,U ’ YMU' WG , WG, I REL , I REG , TE PL , TE PG , TN, I T , 
i v,l l I J J , L :L L ( Z )
WRITE (6,639) (NOTWS(I),I=1,2)

•59 UF T0TAL WAV£S =’’ I5’ * * '’t5’* ***'>
DO 6 1.3 I = 1,6'

610 WRITF (6,118) ul(l), ( (P(J ,K, I ) ,J=l,2),K = 1,4) --------- --- ----
DO 611 J=1,2 - - .



hRIlt". (Z,f.G?) *-G ,VL .CEIL ( J )
611 V."<!ir (7, /,-i) i ( p( J.E , I ) , I =1 , M ,k=1 ,<. )

IF ( )C' .' I>.F Cun ) (a; Tu 1C9 
I C S = 1 C S i 1

139 ?Ev. !.\i: 1 ' ' ■ 351
STCP 
e*;d 
SUiCCl.T r,r P?Cf ( I, X , KT ,V I , » , )
CIF1-NS lu.l X(4,<), hl XI <;i ) , hPM(<.)
X’-'I3 
Xk'AX-O. 9 6 
FM = ri.(;-\T ( m ) 
X1 = (XFAX-XM IN )/FM 
DO .1=1,6 
DO 6 3 K=l,^• • ' '

4 3 k T (J,F)=0.0
fVi2 hFF(J)=O.u

DU 4 1 J= I ,4 
I I=C 
CU 4G K=1 ,N

L'l-’l- (J ) = i/-,y(J)+ X(J.K)
A=(( X( J,'<)-.<MN)/( XKAX-XKIM )*FM
JJ=IF1X(A)+1
IF (JJ.L-3.") GO TO 44
I I = I H 1

44 kl(J,JJ)= WT(J,JJ)+1.0
40 CCNTINUE

IF ( I I .EQ.O) GO TO 46
WRITE (6,45) J,I I

45 FUF'^AT (ICX,J = ',11,' NO. OF LAVES OUT OF RANGE = ',15,'**')
46 hMF(J)= kFM(J)/FLCAT(N)
41 . CUMI.dJr

DC 90-1 = 1 ,«
FI=FLO\T(I)

90 kid )=XMI 4+(Fl-0.5)*XI
RETURN

""" " ENC ....... ' " ' ■■■■' ‘ ~
Program no. 7

Digital program for calculating joint histogram of wave 
maximum and wave separation of the large waves.
C
C WAVE PROPERTIES PROGRAM NO. 3
C 

DIMENSION I IX (72 ) ,CELL(2),IW(2, 1080),IH(2),IDW( 2,270),XYMU(2),WI(4 
10),WII(24),W(2,270),JW1(40,24),NHS(2),XI(6),JP(2,40,24),NLL(2), 
2H2(2,270),NLL2(2),JP2(2,40,24)
READ (5,100) ICS,ICE

100 FORMAT (212)
1 READ (1,501) KCON.NT,KM,XHU,YMU,WL,WG,IREL,IREG,TEPL,TEPGfTN,IT, 

1CELL(1),CELL(2)
501 FORMAT (I 2 , I 5,12,2F10.1,2F8.4,2 17,2F10.3,A4,16,A2,A2) 

WRITE (6,101) KCON,NT,MM,XMU,YMU,WL,WG,IREL,I REG,TEPL,TEPG,TN,IT, 
1CELL(1),CELL(2)

101 FORMAK 1H1,1OX,«KCON = •.^.SX.'NT = •,I5,5X,eMM = «,I2,/, 
IIOX.'XMU = ',F10.1,5X,«YMU = '.Fio.l,/,
210X,*WL = ' ,F8.4,5X, »WG = ',F8.4,/, . . . .  .
310X,*IREL =•,17,5X,•IREG = ’,17,/, _  
410X,*TEPL = •,F10.3,5X,'TEPG = ',F10.3,/, 
510X,'TN = •,A4,5X,’IT = ',16,/, 
610X,'X CELL = *,A2,5X,'Y CELL = ',A2,//)
FIT=FLOAI(IT) 
FNT=FLOAT(NT) 
T=FNT/FIT
WRITE(6,104) NT, ICS,ICE

104 FORMAT (10X,»N0. OF POINTS PER SAMPLE = ',I5,5X,'ICS = •.^.SX.'IC 
IE = * , 12,/ )
WRITE (6,105) ICS,ICE,IT,T

105 FORMAT (LOX,1 ICS = ’,I3,5X,* ICE = •,13,5X,'SAMPLI NG FREQUENCY = 
l’,I6,' CPS’,//,10X,'SAMPLING LENGTH = »,F10.5,' SEC ',//)
IF (ICS.EQ.KCON) GO TO 106 
ICON=O
GO TO 107

106 ICON=1
; 107 CONTINUE

M=40 
XI (1 ) = (0.12-0.01/30.0
XI(2)=(0.2-0.121/4.0



XI(3)=(0.4-0.2)/4.0 
XI(4 )-(0.5-0.^)/l.D 
XI(5)=(1.0-0.51/1.0 
DO 150 1=1,30 
ri=FLOATii) 352
ii = i

150 WI(II)=(FI-0.5)*XI(l)
DO'151 1=1,4 
FI=FLOAT(I) 
11=1+30

151 Will I> = (FI—0.5)*XI(2)+0.12 
DO 152 1=1,4
FI=FLOAT(I) 
11=1+34

152 WI (I I )=(FI-0.5)*XI(3)+0.2 
HI (391=0.45 
WI(40)=0.75
N = 24 
XI (6) = (0.96-0.01/24.0 
DO 153 1=1,M 
FI=FL04T(I) 
I 1 = 1

153 WIKII)=(FI-0.5)*XI(6> 
DO 130 1=1,2
NLL(I 1=0 
NLL2(I 1 = 0 
DO 131 J=1,M 
DO 132 K=1,N 
JP2(I,J,K)=O 

132 JP(I,J,K)=O 
131 CONTINUE 
130. CONTINUE 

XYMU(1)=XMU 
XYMU(2)=YMU 
FMM=FLOAT(MM 1 
DO 219 L=1,MM 
DO 804 1=1,2 
READ ( 1,504) IM(I),ITS,NWS(I 1 
IF (ICON.EQ.1) GO TO 801 
DO 802 J=l,15

802 READ (1,8031
803 FORMAT (IX) 

GO TO 807
801 WRITE (6,201) IM(I 1, ITS,NWS(I) 

DO 805 J=l,15 
KK=(J-l)*72 
READ (1,505) (IIX(K),K=1,72) 
DO 806 K=l,72 
II=KK+K

806 IW(I,II)=IIX(K) 
805 CONTINUE

WRITE (6,300) (IW(I,J),J=1,10)
807 READ ( 1, 507) (IDW(I,ID),I 0=1,135) 

READ (1,507) (IDW(I,ID),10=136,270) 
WRITE (6,300) (IDW(I,ID),10=1,10)

804 CONTINUE
505 FORMAT (7215) 
300 FORMAT (2X,10 ( 15,2X)) 
201 FORMAT (lOX.’IH = ',I5,5X,lITS = •,I5,5X,,NWS = ’,15) 
504 FORMAT (315) 
507 FORMAT (13511)

CC CAL. JOINT PROB. OF MAX. AND SEPERATION 
C 

IF (ICON.EQ.0) GO TO 219 
DO 102 1=1,2 
NTS=NWS(I) 
NWLL=0 
DO 103 J=1,NTS 
IF(IDW(I,J).EQ.3) GO TO 124 
GO TO 103 

124 JS=J 
IB=J*4 
ITW3=IW(I,1B) 

111 JS=JS+1
IF(IDW(I,JS) .EQ.3.DR.IDW(I.JSl.EQ.O) GO TO 110 
IA=2+(JS-1)*4 
IB=JS*4 
ITW3=ITW3+IW(I,IA) + IW(I, IB) 
GO TO 111 

110 IA=2+(JS-1)*4



I TW3= ITW3 ♦ IW ( I « I A) 
IC = 3+(J-l )** 
NWLL=NWLL+1W( 1,NWLL)=FLOAT( Ih'( I , IC) )/XYI'.U( I ) 
W(2,KKLL>=FL0A[(ITh,3)/FIT

103 CONTINUE oqo '
NLL( I )=NLL( I I+NWLl. 
IF (L.FQ.O5) kRITE (6.777) 
CALL PROBJ (NULL,W.JWT,M,N) 
IF (L.EO.O5) WRITE (6,777)

777 FORMAT (10X»* ^^it^Xtfr******1***************1*1 ) 
DO 133 J=1,M 
DO 134 K=1,N

134 JP(I ,J,K)=JP(I,J,K)+JWT(J,K)
133 CONTINUE XYM2=2.0*FLOAT(IM(I))/XYMU(I) 

NWLL2=0
DO 400 J=1,NKLL 
IF {W(1,J).GE.XYM2) GO TO 401 
GO TO 400

401 JS=J
NWLL2=NWLL2+1 
W2(1,NWLL2)=W(1,J) 
W2(2,NWLL2)=W(2,J)

402 JS = JS + 1 —  - “IF (W(1,JS).GE.XYM2) GO TO 400
W2(2,NWLL2)=W2(2.NWLL2)+W(2,JS)
GO TO 402

400 CONTINUE
NLL2(I)=NLL2( I 1+NWLL2 
IF (L.EQ.G^) WRITE (6,777) . --- -----  -------
CALL PROBJ (NWLL2,W2, JWT.M.N) . .. .
IF (L.E0.09) WRITE (6,777) 
DO 403 J=1,M 
DO 404 K=1,N404 JP2(I,J,K) = JP2(I,J,K)+JWT(J,K)

' 403 CONTINUE - - - ---- ----
WRITE (6,303) NLL(I),NLL2(I) --- ---

303 FORMAT(10X,1NLL=', I6,5X,'NLL2 = •,I6)
102 CONTINUE
219 CONTINUE 

IF (ICON.EQ.0) GO TO 1 
WRITE5(6^101) KCON,NT,MM,XMU,YMU,WL,WG,IREL,I REG,TEPL,TEPG,TN,IT, -------
1CELL(1),CELL(2 )
WRITE (6,114) CELL(I),NLL(I)114 FORMAT (10X,l»****JDINT HISTOGRAM OF •, A2,1 AND NLL = ,16,
!*****. ) -
WRITE (6,115) .. .

115 F0RMAT(/,IX,‘WAVE MAX «, 24(• +*),/)
DO 136 J=1,M136 WRITE (6,116) Wl(J),(JP(I,J,K),K=1,N)

116 FORMAT(IX,F8.5,IX,2414) 
N1=N-1WRITE (6,117) (WII(J),J=1,N1,2) . .

117 FORMAT (/,* WAVE l,12(F6.3,1 +’)) 
WRITE (6,118) ( W 11 (J),J = 2,N,2)

118 FORMAT (• SEPARATION *, 121F6.3,1 +•))
135 CONTINUE

WRITE5(6,101) KCON.NT , MM, XMU, YMU, WL, WG, IREL, IREG,TEPL ,TEPG,T.N, IT, 

ICELL(I),CELL(2)
WRITE (6,406) CELL(I),NLL2(I)406 FORMAT (1 OX,•***#*JO I NT HISTOGRAM OF ’, A2, • AND NLL2- ,16,
^****»») 
WRITE (6,115) 
DO 407 J=1,M

407 WRITE(6,116) WI(J),(JP2(I,J,K),K=1,N) 
WRITE (6,117) (WII(J),J=1,N1,2) 
WRITE (6,118) (WII(J),J=2,N,2)

405 CONTINUE 
IF (ICE.EQ.KCON) GO TO 109 
ICS=ICS+1 
GO TO 1

109 REWIND 1 
STOP 
END



DIMENSION W(2,NW),JkriM.N)
DO 42 J=1,M
DO 43 K=1,N

43 JWT(J,K)=O
. 42 CONTINUE

DO 40 1=1,NW
IF(W(1,I).LE.0.12) GO TO 45I F (W (1, I ) . L E . 0.2 0 ) GO TO 46
IF(W(1,I).LE.0.40) GO TO 4 7IF(W(1,I).LE.0.50) GO TO 48JJ=40
GO TO 44

45 XMIN=0.0
XMAX=O.12
FH=30.0
A=((W(1,II-XMIN)/(XMAX-XMIN))*FM
JJ=IFIX(A)41
GO TO 44

46 XMIN=0.12
XMAX=0.2
FM=4.0
A=( (WC1,1I-XMIN)/(XMAX-XMINI)»FM
JJ=IFIX(A)+31
GO TO 44

47 XM1N=O.4
XMAX=0.2
FM=4.0
A=((HI 1,I)-XMIN)Z(XMAX-XMIN) )*FM
JJ = IFI X(A)+35
GO TO 44

48 JJ=39
44 XMIN=0.0

XMAX=0.96
FN=FLOAT(N)
A=((W(2,I)-XMIN)/(XMAX-XMIN))*FN
KK=IFIX(A)+1
IF(KK.LE.N) GO TO 49
KK=N

49 JWT( J J , KK) = JWT ( J J , KK )-Hl
40 CONTINUE

RETURN
ENO

Program no. 8

Digital program for estimating the linear part of power 
snectrum by the White Moise Innut.
C ‘ - - - - -
c , LINEAR POkER SPECTRUM AND CONS. C

1
100

DIMENSION W(55C),S1(55O)
COMPLEX CGF(55i.)

1 £ G.-S, CRE, kP, uGO, CGI ,CG2, COR, DFOC, FOCI, FOC, FOO, FO1
IF 03, FU4 , P.AT , lW, AC, SC, ACC, Hl, H1C,F 1C, SCP, Al , A, ARCOMPLEX FL1,FL2,FL3,A1,A?,A3.A4
I.NPUl DATA
READ(5,IvC,F.ND=99) REL,C,ARO,XNU,HM,HH,ZI 
FORMAT(3F1C.3,4E11.4)
VCPL=XNU*ARO/O.000672
kL = REL»3.14 1 59*0.C00672/(6.0*4.0)
Q=(RcL*Xf;U)/4.C'
UM=Q*12.v/HM
CM=C/UM

F02,

20u
0 = • .F10.5,• 
• ,F10.5,

, E11.4, ' IN 2 • ,
1 .F10.5,IX,'CM = •,F1L.5)

kL*R£L,C»C'VCP1-,HM,HH,XNIJ,UM,CM
" • INPUT CONDITION f//f

5,' LB/SEC',5a,i REL= ' ,F1C... ,8X,«
- : ’,F10.5,’ FT/SLC'jSX,’ VCPL =
•,F10.5,’ IN ’,/,lCX,*HH =

.3,* FT2/SEC ,1X, 'UM

FORMAT ( 1H1,//,10X,«*** 
1 1 CX, 1kL = 1,FK.5 " 
2T2/SEC ', /, 1CX,' C - 
3' CP ',3X,' HM 
45X,' XNU = ',E1 
RE=O/XNU
HO=((3.0*XNU*Q1/32.2)**(!.0/3.0)
HO I = HO*12.0
UO=Q/HO
C=C/UO
CC=C-1.5
S = ZI/(RE*»(5.0/3.0) )
WRITE (6,300) )i0, HUI ,UU,C, CC , RE, Z I, S

300 FORMAT (//,1 OX,'**# NUSSELT CONSTANT 
110X,' HO = ',l-11.4,' FT ',3X,'HOI = ' 1F10.5,' FT/SEC./IOX, 'DIME.,SIGNLESS C 
2',F10.5,5X,'RE = ',F10.5,/,10X,'ZI =

***•,//,
Ell .4, ' IN ',3X,' UU = ', 
= ' t F I -'. 5,3X, ' RELAT I VE CC = 
,F10.3,5X,'S = ',F10.5,//)

35^



KLAO I 3, A 'JOI WIlliUl.. N 
4C'S FURMAT (211'. .5,15) 

CG=CHPLX(C,J.v) 
CS=CfTPLX( S.V.U) 
CRE=CMPLX(RL ,i>.0) 
eps=c.ie-i4 355
WRITt: (6,5jJ) 

500 FURMAKIX,’FREO.(CPS) WDL WAVE NU. CONST. C AFOC',7X,1S1•,10 
IX,'SIP',/)
DO l.j i = i,N . '
WOL = W( I ) -HO/Ui) 
WP=CMPLX(WDL,J.O) 
CW=WP/CMPLX(C,U.O) 
CWR=REAL(Cw) 

C SET INITIAL POINT 
CALL FLINE (CG ,CS,CRE,CW,FOO,FD1,F02,F03,FL 1,FL2,FL3,Al,A2,A3,
lAA.FOC.DFOC) 
CGF(I)=CG 
COR=FOC/l>FOC 
AF0C=CA3S(FOC) 
AC=CMPLX(3.0,0.j) 
Hl=(F02+CW*CW*FGO)/AC 
H1C=CONJG(HI) 
CP=(2.7*3.141591**2 
SC=H1*H1C 
Sl(I)-CP*RfcAL(SC) 
ACC=CG-CMPLX( 1.5,0.0) 
F1C=CONJG(FUj) 
SCP=FOC*F1C 
RACC = ACC*CO:iJG( ACC) 
S1P=REAL(SCP)*CP/RACC 
WRITE (6,AGO) W( I ),WDL,CWR,C,AFOC,S1( 1 ),SIP 

600 FORMAT(1X,F13.1,F6.2,E10.3,F10.5,E10.3,2E11.4) 
1G h( 1 + 1 )=W( I )+Dh

SUM=(SI(1)+Sl(N))/2.0 
M=N-1 
DU 20 1=2,M 

20 SUM=SUM+Sl(I) 
SUM=2.U*5UM*DW*H0/U0 
DO 30 1=1,N 

30 SI ( I )=S1(1)/SUM 
WRITE (6,703) SUH 

703 FORMAT(//,ICX,'NORMALIZED SPECTRUM INPUT WHITE NOISE ',/,10X,'SUM 
1= ',Ell.4,/,IX,5(' **W(I)** **S1(I)** '))
WRITE (6,800 (W(I ),S1(I), 1=1,N) 

803 FORMAT (1X,5(Fl0.1,E11.4)) 
GO TO 1 

99- STOP 
END
SUBROUTINE FLINE ( CG , C S , CRE , C W,"F03 , F01 , F02 , F 03 , FL 1, FL2, FL3 , Al , A2 , 

1A3,A4,FOC,DFUC)
COMPLEX CK1,CK2,CK3,CK4,CK5,CK6,A1,A2,A3,A4,CFA1,CFA2,CFA3,CFA4, 
1CFB2,CFB3,CFB4,CFC2,CFC3,CFC4,CFD3,CFD4,FL1,FL2,FL3,FL2A.FL2B, 
2FL2C,FL3A,FL3B,FL3C,AW,ACC,AWl,AC,CFA,A,CFB,CFCfFA,FB,FC,FD,CG,CS, 
3CRE , r.P , FOO , FO1, F 02 , F 03 , FU4 , FOC , C W , AI , AW W , AWW W , ACG , AC2 , AC4, 
4DCK1,DCK2,DA1,LA2,DA 3,UA4,UFA,DA,DFB,DFC,CDFA,UFD,CDFB,CDFC,CFA1, 
5DFA2,DFA3,DFA^,DFd2,0FB3,DFB4,DFC2,DFC3,DFC4,DFD3,DFD4,DFLl,DFL2, 
6DFL3,DFO3,DFD1,DFO3,DFOC
FA(AW1,AW,AC,ACC,A)=AW1*(AC-ACC*<A*A+AH)) 
FB(Al,A)=(Al-A)*CtXP(A) 
FC(A,A1,CFA1,CFA) = (CFA1*CEXP(A))-(CFA*CEXP(A1)) 
FD(CFC2,CFB,CFt;2,CFC)=CFC2*CFB-CFB2*CFC 
CFA(AW1,AW,ACC,AC2,A,DA)=-AW 1*(A*A*Aw + ACC*AC 2*A*DA) 
DFB(DAl,DA,A,CFrt)=(DAl-OA)*CEXP(A)+CFB*DA 
DFC(DFA1,CFA1,CDFA,CFA,A,DA,A1,OA1)=UFA.1*CEXP(A)+CFA1*CEXP(A)*DA- 
1CDFA+CFXP(Al)—CFA*CEXP(A 1)*DA1
DFD(CFC2,CDF 3,DFC2,CFB,DFB2,CFC,CFB2,CDFC)=CFC2*CDFB<-DFC2*CFB-DFB2 
1*CFC-CFBZ*C3FC 

C CALCULATE FOUR ROOT OF REDUCED EQUATION
ACC=CG-CMPLX( 1.5,0.0) 
AI=CMPLX(0.0,1.01 
AC=CHPLX(3.3,0.0 > 
AW=CW*CW 
AW1=AI*CW 
AWW=AW*CW 
AWWW=AWH*CW 
AC2=CMPLX(2.0,0.01 
AC4=CHPLX(4.3,U.O) 
CK1 =—A I*CRE*ACC*CW-Aw*AC2 
CK2=AWWW*AW1*CRE*(ACC*AW+AC) 
CK3=CK1*CK1-AC4*CK2 
CK4=CS0RI(CK3 )



c

CK5=(-CKHCt)/AC2 
CK6=<-Chl-C.K.', J/AC2 
A1 = CS(;R I ( CKd ) 
A3=—h1 
A2 = Cil?RT ( CK6 ) 
AA=-A2 
PCK1=-AW1*C?.E 356
DCK2=AI*CP.f AWW 
DA1= ( -bCK 1+ ( ( CK1 *DCK1-AC2*DCK2 )/CKA ) ) / I AC't*Al ) 
DA2= ( -DCKl-l ( CK1*DCL1-AC2<--DCK2 ) / CKA ) ) / ( ACA + A2 ) 
DA3=-DA1 
DAA--DA2 
CALCULATE FU^GIION F1(C,RE,W,O) 
CFA1=FA(Akl,AW,AC,ACC,Al) 
CFA2=FA(AWi,Ari,AC,ACC,A2) 
CFA3=FA(AWl,Ah,AC,ACC,A3) 
CFAA=FA(Ahl,Ari,AC,ACC,AA) 
DFA1 = CFA(Aril,Ari,ACC,AC2,Al,DA 1 ) 
DFA2 = DFA( Awl , A,., ACC, AC2, A2.DA2) 
DF A3 = DFA(Aril,Ah,ACC,AC2,A3,DA3) 
DFA4=DFA(Awl,An,ACC,AC2,AA,DAA) 
CFB2=FB(A1,AZ) 
CFB3=FB(A1,A3) 
CFB4 = Ftl( Al, A4) 
DFB 2 = OF ill DAl,l)A2, A2,CFB2) 
UFB3=DFL(DA1,DA3,A3.CF63) 
DFBA-DFB(DA1,DAA,AA,CFBA) 
CFCZ^FC(A2,A 1,CFA 1,CFA2) 
CFC3=FC(A3,A1,CFA1,CFA3) 
CFC4=FC(A4,A1,CFA1,CFA4) 
DFC2 = DFC( OFA1 ,CF Al ,DFA2, CFA2 , A2 , DA2, Al, DAI ) .. 
DFC3=DFC(DFAi,CFA1,DFA3.CFA3,A3.DA3,Al,DAI) 
OFC4=UFC(DFA1,CFA1,CFA4,CFAA,AA,DAA,Al,DAI) 
CFD3=FD(CFC2,CFS3,CF32,CFC3) 
■CF04=FD(CFC2,CFB4,CFd2,Cf C4) 
DFD3 = LFD(CFC2,CFB3,£)FC2,CFI3 3,UFti2,CFC3,CFB2,DFC3) 
DFDA=DFD(CFC2,CFBA,DFC2,CFBA,DFB2,CFCA,CFB2,DFCA) 
FL1=-(CFDA/CFD3) 
DFL1=(-FL1*DFD3-DFDA)/CFD3 . . ..
FL2A=-CFB3*FL1 .  
FL2B=-CFrSA . . 
FL2C=FL2A+FL2B 
FL2=FL2C/CFB2 
DFL2=-( FLl*FiFB3+CFB3*DFLl + DFB3 + FL2*DFB2 ) /DFB2 
FL3A=(-FL 2)*CEXP(A2) 
FL3B= (-FL1 ) *CEXP (A3)    
FL3C=-CtXP(AA) 
FL3=(FL3A + FL3B+FL3C)ZCEXPtAl I 
DFL3=(-(CEXP(A2)*(DFL2+FL2*0A2)+CEXP(A3)*(DFL1+FL1*DA3)+CEXP(AA)*
IDAA)ZCEXP(Al))-FL3#DAl 

FOC=FL3+FL2+FLl+(l.U.O.C) 
DFOO=DFL3+DFL2+DFL1  .  

FUl=Al#FL3+A2*FLz+A3*FLl+AA 
DFO1=FL3*DA1+FL2*DA?+FL1*DA3+DAA+A1*DFL3+A2*CFL2+A3*DFL1 

FD2=Al*Al*FL3+A2*A2*FL2+A3*A3*FL1+AA*AA 
FO3=<A1**3)*FL3*(A2**3)*FL2+(A3**3)*FL1+AA**3 

DFO3=AC*(A1*A1*DA1*FL3+A2*A2*DA2*FL2+A3*A3*DA3*FL1+AA*AA*DAA)♦(Al* 
1*3 )*DFL3+ ( A2**3 ) *DFL2 + ( A 1**3 ) *()FL 1 

FCA=(Al**A)*FL3+(A2**A)*FL2+(A3**A)*FL1+AA**A
FOC = ACC*(AC*AI*AW*FO1-FO3) + Awl*CRc*ACC*ACC*FOl*AI*CRE*CS*AWW*FOO 
DFOC=AC*Al*Ah*(FO1*ACC*DFO1)-(F03+ACC*DF03)+4Wl*CRE*ACC*(AC2*F01* 
1ACC*DFU1)+AI*CRE*CS*Ahh*DFOO
RETURN 
END . ...
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APPENDIX B

ERROR ANALYSIS
!• MEASURET4ENT ERROR

In this section, the error due to the measurement of the 
film thickness and the ‘pressure fluctuation is examined 
carefully in order to make sure that the experimental result 
presented in this study is reliable.

1-1. THE MEASUREMENT OF THE FILM THICKNESS
The error of the film thickness data is contributed 

from either the conductivity monitoring circuit, or the 
Ampex tapes recorder, or the Hybrid computer, or the 
calibration technique as follows:

(a) The conductivity monitoring circuit is designed 
such that the fluctuation voltages is less than - 2 mv 
with negligible D. C. drift and the frequency res­
pond is good up to 100 cps. The random error due to this 
circuit on film thickness will be negligible less than
+ 0.0001”

(b) The Ampex tape recorder is used at speed of 3 
ips. At this speed, the frequency response is good up to 
1250 cps and the noise will be around RMS 10 mv. Hence the 
error from the tape recorder will be around 1 0.0002” film 
thickness.

(c) The error due to the sumer and the A-D converter is 
negligible compared to that of the tape recorder.
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(d) The accuracy of the calibration is limited by the 
calibration plug which can be accurately adjusted to 0.0005". 
But the error due to the calibration will be a systematic 
one which is always be the same for the same calibration 
unless recalibrate the cell.

The other error due to temperature and salinty will be 
considerably small, since the compensation of these factors 
were done by standard cell. The error band of the film 
thickness data is approximately |0.0005"| from the above 
consideration. It will increase slightly for the higher film 
thickness measurement due to the non-linearity of the cali­
bration curve. 
1-2. THE MEASUREMENT OF THE WALL PRESSURE FLUCTUATION

The main error of the pressure fluctuation measurement 
is due to the pressure transducer and the calibration of 
the transducer. The main character of the pressure 
transducer has been given in Chapter III. The non-linearity 
of the transducer can be fully compensated by means of 
the Reactance converter, while the hystersls is not 
measurably small. Hence the error of the transducer is 
mainly due to the zero shift and sensitivity shift which is 
about 0.05$. The above error is around 0.001 psi if 0.16mm 
diaphragm is used. This error can be further reduced by 
maintaining the temperature of the transducer constant. The 
calibration of the transducer was done by the manometer.
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If the fluid, in the manometer is water, one can calibrate 
up to 0.003 psi. The approximated, estimation of pressure 
fluctuation done by Webb is around 0.007 psi - 0.1 psi for 
a single large wave. One would expect the present measuring 
system is well enough to pick up the wall fluctuation due 
to the large wave.
2. STATISTICAL ERROR

In this study, the various statistical parameters have 
been estimated by the digital process. The error associated 
with those estimation is briefly discussed in this section. 
The detailed discussion of the statistical error estimation 
is referred to Bendat (B-l, B-2 ), Blackman and Tukey (B-6 ), 

and Bevington (B-5 )• 
2-1. SAMPLING THE RANDOM DATA

Suppose a random time series record X- (t) exists only 
for the time interval 0 to T Sec, and suppose also that its 

A
Pouriers Transform X(f) exists only in a frequency interval 
from -B to B cps. The fundamental frequency increament 1/T 
is called a Nyquist co-interval, and the fundamental time 
increment 1/2B is called a Nyquist interval. Then the 

A of discrate samples required to describex(t) is

n = 2. Bl - — — — — —■ —----(B- \)
The n=2BT discrete samples will be statistically
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Independent samples for the case of bandwidth limited 
Gaussian white noise. For the digital process , if the . 
sampling time interval is Zxt sec, then the useful data will 
be from 0 to 1/2^t ops. The cutoff frequency fc = 2a^_ is 
known as the Nyquist frequency, and 1/a t is the sampling 
frequency. The choice of A t must be small enough so that 
aliasing will not be a problem.
2-2. ESTIMATION OF MEAN AND VARIANCE

The normalized standard error for a mean value estimate 
A A—from a sample "X(t) with a true mean value —^x. * o and 
standard deviation (Tx is

e s-d' J- (JI- ___ __ _____

where s. d.is the standard deviation
The normalized standard error for a variance estimate 
A Afrom a sampling record X (t) with a true rms value of

is c = ------  — —---<©-3
(b£ tJ6"\

In this study, the estimation of mean and variance for 
the case of film thickness will be 

2BT = a 2o =
and for the case of wave parameters will be 

2 — \ c » o — 2 o » o
2-3. ESTIMATION OF THE PROBABILITY DENSITY FUNCTION

A reasonable approximation of the normalized standard 
error for the first order probability density function
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A from a sample record >:«.') with a true probability density of

Is S d I 'e = —- J-T — ——--------
-£uc) rJ

where is the Probability interval
The equation (B-M is plotted in Fig. B-l with various 

values of -f (X), In the case of the film thickness, the value 
of WBT is 50 ~ 1220 in various ranges. In the case of the wave 
parameters, the value of WBT is about 5 in the amplitude 
domain and 10 in the time domain.
2-4. ESTIMATION OF THE CORRELATION FUNCTION

The normalized standard error for an auto-covariance 
function estimate from a sample record ^:(t)

with a true auto-covariance function CxxCs'tls
G = -^^4_Sxx_£aL ________CB_5

Cxx^3 CxxW
similarly, the normalized standard error for an cross-covariance 
is A

In the present study, the value of 2BT covariance is
22P>T=

2-5« ESTIMATION OF THE SPECTRAL DENSITY FUNCTION
The problem involving estimation of the spectral density 

function is more complicate than other statistical parameters.
The main considerations for the power spectrum estimation are
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as follows:
(a) Nyquist frequency: the Nyquist frequency given as 

fc. = —L— is sometime called the folding frequency. 2At If fc is
small andx(t) contains energy in the frequency range 
then the power spectrum of -f -fc will be folded back into 

the region 0 O "Fc * This problem is usually called 
the aliasing problem. There are two ways to avoid the above 
phenomena. One is to use low-pass filter, another one is to 
use a small sampling interval At. In this study the latter 
way is chosen to avoid this problem. The criteria to 
determine the fc is to select fc to be two times greater than 
the maximum frequency of interest fm. In this study fm—30 cps 
- 40 cps the fc is selected at 125 cps.

(b) Spectral window: this problem comes from only the 
finite length of information used to get the Fourier 
Transformation. Let consider C(J) is an auto-covariance 
function and C(J) is only a finite portion of C(J) as

c\3) = C C3)-----------------^7 — (B-n)
where Di(3) is a lag window. Then the spectrum of C(J) will be

S-cf) = QiC-fo • S'tf)------------------------- CB-8)
where Qi(-F) is called a spectral window

Qi *—> pi is a Fourier Transform pale
S(f) is the spectrum from C(J)

e is a convolution operation
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The problem is that when the 0^(3 ) is a rectangular 
window, then

Q= 2T __ _ _--- --- (.^-33
if T —e>oo j G)l(.^= • The problem comes from where the
T is finite and not large. Then there will be a trains of

1 z^z/
side lobe at each f = ™— for estimation of S(f).
In general a non rectangular lag window such as Hanning given 
in equation (B-10) is used to correct the above problem.

= -I- o - cos - - - - -----------a3-vo)
For the digital processes, a smoothing processes which

is equilent to the Hanning lag window can be directly applied 
to the spectrum as:

- o.g5 S'c^)^a5S,(-VEVt>.£5S,(^l')-- -

In this study, the rectangular window was used on the 
A.data x(t) and the estimation of the spectrum is 

rs. ■ . । _ r 12s C X(X^ e --------

where Pi(t) is a data window. Then the lag window will be

1 ~ "T ° - 5 ---------
'3<t5

D^(3 ) is a triangular lag window, and the spectral window 
Qi(-f ) corresponding to this Di(~5 ) gives a very small 
side lobe as given in many references.

(c) Error estimation
The normalized standard error for a power spectral density

A

function estima^ <- 3(f) from a sample record "^(t) with a true 



365

power spectral density function S(f) is
- S.d. } S'c-Til I _______
~- 'r-—------------------------------------------ (B-V4D

S Cf) flBeT
where Be is the equivalent ideal bandwidth in cps of the 
narrow bandwidth resolution filter.

In general, one use the confidence limits for a spectral 
estimate slf) corresponding to a level of confidence o( as 

------------
, z u a.) A (£•}where /ci-Ccn) is Chi-square with n degree freedom

The equation (B-15) is plotted in Fig. B-2. In the case of 
the present study, n=2x4x20= 160.

All the statistical parameters described in the above 
section 2 are reproducable for different sample of time series 
at same flow rate.





APPENDIX C
STATISTICAL DATA OF FILM THICKNESS



2 vcaWinau at U2nxi/UN r ijurj injiumMiioQ

WG(lb/sec)-'

Wj^db/sec)
0.016

0.0 0.045

—<h>x 105

3-53

0.0976

(Inch)—

3-38

0.1436 0.1742 W(j(lb/sec)

WL(lb/sec)
0.016

0.0 0.045

— C? x 10

1.33

0.0976

(Inch)

O.63

0.1436

0.30

0.1742

0.174.85 2.72 2.84 2.29
0.028 c 7.29 5.52 5.40 4.34 3.51 0.028 ^.95 2.26 1.51 0.81 0.54
0.044 ■ - 8.49 6.38 6.53 5.04 3.86 0.044 22.7 11.09 11.13 8.94 5.52
0.08 10.6 8.03 7.89 6.58 5.24 0.08 57 5 33-0 38.75 22.91. 14.44
0.126 13-4 9.97 10.1 8.39 7.11 0.126 . 205.0 57.12 70.64 41.44 30.18
0.18 15.4 11.65 11.42 9.61 8.65 0.18 135.0 74.45 89.53 56.54 45.31
0.24 18.0 13.82 13.^9 11.4? 10.41 0.24 164.0 96.20 126.8 83.51 64.79
0.35 23.O 17.55 17.10 14.58 13.32 0.35 286.0 135.8 195-6 125.3 94.83
0.4? r- 27.0 20.28 20.53 17.88 16.15 0.47 374.0 164.2 254.7 168.8 119.1
0.585- ' 30.5 23.0 23.19 20.53 17.97 0.585 444.0 226.4 295.1 197.4 130.7

THIRD CENTRAL NOMENT AT D2 CELL FOURTH CENTRAL MOMENT' AT Dg CELL

1
Wydb/sec) 0.0 0.045 0.0976 0.1436 0.1742 WG(lb/sec ) 0.0 0.045 0.0976 0.1436 0.1742

Wtdb/sec) —x n ,. . xWi,db/sec ) ------

0.016 0.34 0.14 0.031 0.006 O.OO37 0.016 0.182 0,058 0.012 0.0026 0.0014
0.028 1.33 0.21 0.12 0.039 0.057 0.028 1.59 0.16 0.077 0.021 0.060
0.044 34.4 12.03 1U.33 12.29 5-893 0.044 100.0 23.79 30.47 23.^5 8.773
0.08 109.0 46.99 77.11 32.89 17.03 0.08 379.0 112.6 215.9 67.24 28.97
0.126 217.0 80.69 161.2 70.86 45.84 0.126 900.0 209.7 55^.8 178.3 . 101,1
0.18 293.0 101.1 213.9 110.5 77-98 0.18 I36O.O 280.9 788.9 326.7 198.2
0.24 367.0 137.3 356.2 185.5 121.5 0.24 1790.0 448.7 1570.0 654.0 357.7
0.35 - 869.0 236.6 588.9 292.3 177.2 0.35 5110.0 952.8 2869.0 1173.0 593-5
0.47 1210.0 313.0 751.3 403.3 222.7 0.4? 7740.0 1370.0 3817.0 1788.0 832.0

Ox 
00

0.585 1510.0 503.8 848.2 459.4 221.5 O.585 10300.0 2413.0 4449.0 2110.0 850.7



MEAN FILM THICKNESS AT Bi CELL

WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742

W^db/sec) -- --- —-<h>x 10 (inch)
0.016 4.76 3.86 3.44 3.H 2.64
0.028 7.20 5-95 5.24 4.49 3-98
O.Oi* 8.62 7.19 6.73 5.21 4.50
0.08 11.2 9.49 8.57 6.90 6.22
0.126 14.5 12.19 11.20 9.09 8.25
0.18 16.8 14.27 12.75 10.64 9.81
0.24- 19-9 17.2? 15.35 13.22 11.97
0.35 25.8 22.29 19.93 17.14 16.00
0.4? 30.3 26.01 24.21 21.16 19.26
0.585 3^.9 29.42 27.49 , 24.63 23.35

SECOND CENTRAL MOMENT AT Bl CELL

WQ(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742

Wi/lb/sec) — IO6 (inch—
0.016 1.83 1.28 0.49 O.23 0.85

J.0.028 5.17 2.49 1.35 0.70 O.56
0.044 27.6 16.22 15.25 13.41 10.17
0.08 68.6 54.56 60.66 38.05 28.67
0.126 129.0 95.86 108.5 69.60 55.82
0.18 • 165.0 127.2 137.4 91.36 80.06
0.24 196.0 163.3 188.7 141.2 114.3
0.35 305.0 227.0 277-5 198.8 I68.5
0.47 402.0 268.1 364.4 251.4 197.1
0.585 •470.0 337.9 412.5 294.3 249.6



MEAN FILM THICKNESS AT A^ CELL

WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742

Wjjdb/sec) -- -<h'>x io3 (inch)

0.016 4.?^ 4.45 3.74 3-33 3.29
O.(M 8.48 8.09 7.22 5.74 5.38
0.126 13-9 13.0 11.32 9.76 8.97
0.2^ 19.4 18.6 15.84 13.55 12.69

0.35 25.1 24.48 20.53 17.65 16.91

0.585 34.9 33-2 28.12 25.63 23.66

MEAN FILM THICKNESS AT C/j. CELL

UG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742

W£(lb/sec)
0.016 4.26 3-95 3.41 2.87 2.82
0.0^4 7.95 7.59 7.06 5.88 5.25
0.126 14.0 13.37 12.44 9.81 8.-81
0.2^ 20.3 19-80 16.06 13.73 12.73
0.35 26.0 24.5 20.96 17.78 16.76
0.585 35.73 33.73 29.8? 26.34 23.51

SECOND CENTPAL MOMENT AT A^ CELL

WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742

Wi/lb/sec) —— --- C2 x 106 (inch)

0.016 2.10 1.83 0.61 0.27 0.19
0.044 23.6 15.76 11.60 12.49 11.66
0.126 120.0 111.1 103.7 68.93 57.83
0.24 213.0 220.5 226.3 155.4 ' 137.1
0.35 361.0 346.7 343.2 250.4. 224.6
0.585 472.0 611.7 529.9 388.5 330.7

SECOND CENTRAL MOMENT AT C^ CELL

WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742

W^db/sec) — -------- C2 X 10^ (inch'—

0.016 1.36 I.36 0.50 0.23 0.15
0.044 13.4 7.6 4.59 9.74 10.12
0.126 55.7 61.71 96.08 68.89 59.05
0.24 80.4 107.2 I83.I 137.4 125.1
0.35 262.0 287.6 293-6 244.0 201.4
0.585 479.0 410.1 577.3 448.9 312.3

O



PBOBABIUTY DENSITY FUNCTIONS OF FILM THICKNESS

WL (LB/SEC)I 0.01601 0.016CI 0.01601 0.01601 0.01601 0.02801 0.02801 0.0280] 0.02801 0.0440
KG (LB/SEC)1 0.0 1 0.04501 0.09761 0. 1436 I 0.17421 o.o r 0.0 I 0.0 1 0.0 I 0.1742
REL. NO. | 2 t 1 2111 2281 2291 2241 3 6-7 3671 3671’ 3671 545
REG. NO. | o 2C837I 626501 928591 1127111 o 01 0| 01 112711

TL ( )f 80.00CI 80.ICC 1 86.6001 87.0501 85.0001 79.6001 79.6001 79.6001 79.6001 75.150IG ( % ) I 73.0001 71.COOl 70.0001 69.5001 69.COOl 73.0001 73.0001 73.0001 73.0001 69.000
RUN NO. = | 005A | 012A | 009A | 008A I 010A | 0058 | 0058 | 0058 I 0058 | 010C
CELL NO. = I 02 | D2 1 02 | D2 I D2 I D2 I 81 I C4 1 A3 I D2

FILM | f 1 1 1 1 1 1 1 1
THICKNESS I DENS. I DENS- ( DENS. 1 DENS. I DENS. I DENS.' 1 DENS. I DENS. I DENS. I DENS.
( INCHES) I 1 1 1 1 1 1 1 1
O.OOO5O 1 0.0 I 0-29J 0.0 I 0.0 I 2.861 0.0 | 0-0 I 0.0 I 0.0 | 0.0
0.00150 1 O.o I 10.281 31.321 76.151 634.791 0.0 I 0.0 I 0.0 1 0.0 I 13.07
0.00250 I 17.571 433.701 409.061 611.901 359.371 O.C I 0.011 0.241 0.011 340.25
0.00350 I 348.91| 26 / .951 393.581 292.611 2.981 16.24| 21.011 56.471 30.80| 417.33
0.00450 t 237.601 163.851 142.451 19.261 0.0 I 113.821 130.69! 173.321 155.731 128.08
0.00550 I 162.931 87.71| 22.44| 0.08 I 0.0 1 172.411 189.371 231.221 189.711 34.05
0.00650 I 121.99| 30.99,1 1.131 0.0 I 0.0 1 184.931 211.561 225.52] 184.431 15.CO
0.00750 I 70.961 4.93 1 0.021 0.0 I 0.0 I 171.181 163.431 151.011 156.401 9.12

: 0.00850 1 28.271 0.301' 0.0, | 0.0 | 0.0 | 132.871 109.621 78.981 114.091 6.79
0.00950 | 3. 981 ■ 0.0 J 0.0 | 0.0 | 0.0 I 90.561 67.931 40.271 72.601 5.67
0.01050 I 2.231 0.0 1 0.0 1 0.0 1 0.0 1 53.94| 40.511 20.591 43.271 4.36
0.01150 1 0.48| o.o i 0.0 | 0.0 1 0.0 I 27.791 24.191 10.651 24.511 3.87
■0.01250 | 0.08 1 0.0 I 0.0 I 0.0 I 0.0 I 14.641 14.681 5.84| 12.691 3.54
0.01350 I 0.0 I 0.0 t 0.0 1 0.0 | 0.0 I 7.15| 8.521 2.981 5.951 3.32
0.01450 | 0.0 1 0.0 t 0.0 | 0.0 1 0.0 I 3.781 4.851 1.621 3.901 2.74
0.01550 | 0.0 1 0.0 1 0.0 | 0.0 I 0.0 1 1.721 2.971 0.581 2.271 2.63
0.01650 I 0.0 I 0.0 | 0.0 1 0.0 I 0.0 I 1.131 1.771 0.351 1.24| 2.22
0.01750 1 0.0 | 0.0 1 0.0 | 0.0 | 0.0 1 .0.811 1.091 0.17| 0.87| 1.79
0.01850 I 0.0 I 0.0 1 0.0 I 0.0 | 0.0 | 0.511 0.671 0.12 1 0.461 1.78
0.01950 | 0.0 I 0.0 I 0.0 I 0.0 I 0.0 1 0.471 0.46| 0.051 0.281 1.08
0.02050 I 0.0 1 0-0 1 0.0 | 0.0 | 0.0 1 0.25| 0.401 0.021 0.12 1 1.C3
0.02150 | 0.0 I 0.0 1 0.0 I 0.0 I 0.0 I . 0.201 0.331 0.0 | 0.181 0.79
0.02250 I 0.0 | 0.0 1 0.0 1 0.0 | 0.0 1 0.201 0.231 0.0 1 0.121 0.57
0.02350 I 0.0 | 0.0 I o.o | 0.0 | 0.0 I 0.10! 0.181 0.0 I 0.09| 0.33
0.02450 I 0.0 ). 0.0 1 0.0 I 0.0 I 0.0 1 0.111 0.161 0.0 | 0.071 0.18
0.02550 1 0.0 1 0.0 I 0.0 I 0.0 1 0.0 I 0.09| 0.111 0.0 1 0.071 0.17
0.C2650 I 0.0 | 0.0 1 0.0 1 0.0 | 0.0 1 0.05 1 0.031 0.0 1 0.061 0.08
0.02750 I 0.0 1 0.0 1 0.0 | 0.0 1 O.C 1 0.031 0.111 0.0 | 0.031 0.09
0.02850 1 0.0 f 0.0 1 . 0.0 I 0.0 I 0.0 I 0.0 I 0.03| 0.0 1 0.0 I 0.04
0.02950'I o.o t 0.0 I 0.0 | 0.0 1 0.0 1 ’0.0 I 0.011 0.0 1 0.0 I 0.03
0.03050 | 0.0 f 0.0 I 0.0 1 0.0 1 0.0 1 0.021 0.011 0.0 | 0.011 0.0
0.03150 1 0.0 1 0.0 | 0.0 I 0.0 | 0.0 I 0.0 I o.oii- 0.0 I 0.01 | O.C
0.03250 I 0.0 1 0.0 | 0.0 | 0.0 | 0.0 1' 0.0 | 0.031 0.0 I 0.0 I 0.0
0.03350 | 0.0 | . 0.0 I 0.0 I 0.0 1 0.0 [ 0.0 1 0.0 | 0.0 | 0.0 1 0.0
0.03450 I 0.0 1 ■0.0 1 0.0 1 0.0 I 0.0 | 0.0 I .. 0.0 1 0.0 1 0.021 0.0



T.VLH C-2 (continued)

WL (LB/SEC) | 0.04601 0.04401 0.04401 0.04401 0.12601 0.1260! 372
WG (LB/SEC) 1 0.0 L_0.045C1 0.09761 0.14361 . u 1_0,04501
REL. NO. t 5T 2 56 11 565 1 5891 icon 15421
REG* NO* 1 ° 2R7pp | 624381 918671 o 2 8 7 81

TL ( °V- ) | 78.9GG1 77.4001 78.0001 81.2501 77.300! 74.2CCI
TG ( °r ) I 73.000L 72.0001 72.0001 73.OOC |_ 72.CCC.I
RUN NO. = 1 005C 1 012C I 009C I 008C | 0C5E i 012E I
CELL NO. = 1 02 1 02 1 D2 i D2 1 02 L_ 0? !

FILM 1 1 1 1 1 1 1
THICKNESS 1 DENS. f_

1 1
DENS. 1 DENS. 1 DENS. 1 DENS. 1 DENS. 1

( INCHES) 1 1 i 1 1
0.00050 1 0.0 L 0.0 1 0.0 1 0.0 1 o.o L O.C 1
0.00150 1 0.0 1 0.0 1 0.121 0.06| 0.0 I 0.0 1
0.00250 1 0.04L 16.27! 11.06| 40.901 0.0 |_ 2.061
0.00350 1 19.761 145.44| 121.00) 326.301 2.92 1 68.5C|
0.00450 1 112.691 234.511 264.43! 347.201 44.28l__L222_iA2J
0.00550 1 13C.59I 191 .C9| 233.051 149.571 134.96! 168.411
0.00650 1 167.351 144.511 144.58 I 48.951 142.76 L 107.491
0.00750 1 131.471 90.21) 80.80| 21.471 1C6.43I 67.65|
0.00850 I 96.781 57.011 45.201 12.81! 72.05l_ 51.461
0.00950 1 71.98! 33.941 25.191 8.731 53.961 38.541
0.01050 1 52.511 21.121 16.891 6.73! 40.53 l_ 32.481
0.01150 I 3 4 e 9 b 1 13.661 12.381 4.79! 34.43] 27.991
0.01250 1 24.631 10,2^1 8.54| 4.301 29.471 23.”Q|
0.01350 1 17.651 7.251 5.921 3.661 26.141 22.041
0.01450 1 14.151 5.781 4.351 3.321 23.391 19.85!
0.01550 1 11.081 4.43 1 3.981 2.671 20.941 17.82!
0.01650 1 9.021 3.791 3.48! 2.371 19.47 |_ 15.771
0.01750 1 7.74| 3.281 2.26| 1.761 17.401 15.10|
0.01850 1 5.93| 2.52! 2.111 2.031 1 6.96 l_ 13.711

' 0.01950 1 5.101 2.381 1.721 1.691 15.SCI 13.261
0.02050 I 4.331 1.731 1.651 1.611 14.4 5 l_ 11.551
0.02150 1 3.731 1.661 1.481 1.621 13.721 10.391
0.02250 1 3.44| l.?5| 1.34| 1.281 13.C3l_ 10.011
0.02350 1 3.301 1.291 1.031 1.221 13.031 9.331
0.02450 1 2.131 1.071 0.831 0.911 11.211_ 8.741
0.02550 I 2.401 0.901 0.76| 0.831 11.361 8.14|
0.02650 i 1.921 0.74 1 1.06! 0.84| 10.83L 7.44 I
0.02750 I 1.71! 0.511 0.601 0.601 9.681 6.551
0.02850 1 1.23! 0.^51 0.721 0.651 9.54|_ 5.65 1
0.02950 1 1.301 0.27 1 0.67! 0.341 8.301 4.78!
0.03050 1 1.09! 0.351 0.461 0.201 7.1 5 |_ 4.501
0.03150 1 1.06! 0.331 0.54! 0.2CI 7.651 4.381
0.03250 1 0.771 0.181 0.43[ 0. 151 7.3£l_ 4.251
0.03350 1 0.901 C. 121 0.33! 0.081 7.061 3.02 1
0.03450 1 0.781 0.191 0.281 0.101 6.35] 2.97 1
0.03550 I 0.63L 0.211 0.021 6.151 2.281
0.03650 I 0.50! 0.061 0.181 0.011 5.03 1 1.721

. 0.03750 I 0.431 Q.C1-! 0.111 0.011 4.321, 1.341
0.03850 1 0.25| 0.061 O.llt 0.0 1 3.83 1 1.26!
0.03950 1 0.33L r | 0.061 0.0 I 3.471 l.Q5f
0.04050 1 0.191 0.05 1 0.0 I 0.01 I 2.55F 0.781
0.04150 | 0.161 0.0 1 0.021 0.0 1 2.451 0.831
0.04250 ! 0.111 0.021 0.031 0.011 1.96 r 0.53 1
0.04350 1 0.1 3 L 0.0 I 0.0 1 1.8CI 0.541
0.04450 1 0.11! 0.021 0.0 1 0.0 1 1.611 0.231
0.04550 1 0.171. 0.0 I 0.011 0.0 1 1.481 0.291
0.04650 I 0.071 0.021 0.01 1 0.0 1 1.33| C.23I
0.04750 1 0.14L 0.0 1 0.011 0.0 1 1.31 1 0.161
0.04850 | 0.051 . 0.0 I 0.0 1 0.0 1 1.02 I .0.121
0.04950 I 0.051. o.o 1 0.0 1 0.0 1 0.991 0.111
0.05250 | 0.04| O.C I o.ool 0.0 1 C.74r 0.071
0.05750 I 0.021 0.0 1 0.0 1 0.0 | 0.33 1 0.02 1
0.06250 | 0.021 0.0 1 0.0 1 0.0 1 0.181" 0.00!

• 0.06750 | 0.02L 0.0 1 0.0 1 0.0 1 0.11 1 0.0 1
0.07250 | 0.011 0.0 1 0.0 1 0.0 1 0.10 I" 0.0 1
0.07750 I 0.C1L o.o : 0.0 1 0.0 1 0.051 0.0 1
0.08250 1 0.0 1 0.0 I 0.0 1 0.0 1 0.05 r 0.0 1
0.08750 I o.ool 0.0 1 0.0 1 0.0 | 0.031 O.C 1
0.09250 1 0.0 I 0.0 1 0.0 1 0.0 1 U.C11 C.O 1
0.09750 1 O.o l 0.0 I 0.0 1 0.0 1 0.00! 0.0 1
0.11250 1 O.o I 0.0 1 0.0 1 0.0 | o.ool 0.0 1
0.13750 1 0.0 1 0.0 1 0.0 1 0.0 1 0.0 1 O.C 1
0.16250 1 0.0 1 o.c L 0.0 1 0.0 1 o.o r 0.0 1
0.18750 1 O.c I 0.0 1 0.0 1 0.0 1 0.0 1 0.0 1
0.22500 I 0.0 I 0.0 1 0.0 I 0.0 1 o.o r 0.0 1
0.27500 1 0.0 1 0.0 1 n.n I n.n 1 n.n I * - •



TAE'LE n~2 (continue!)
IWL (LB/SEC)! 0.12601 0.1260 
1WG (L8/SEC)| 0.09761 0.1436

0.12601 0.24001 0.24001' 0.24001
0.09761

28421
626501

3730.17421
15041

1129681

0.0 l_
31511 

Ol—

D.045CI
2901 !
2^78^1

1 REL. NO. 1 
| REG. NO. (

15181
624741

1567
92022

|TL < c’v- 11 73.0001 75.450 72.3001 79.6501 73.2501 71.7001
ITG ( ) 1 71.5001 71.000 68.0001 75.000|_72.000 1 70.0001
IRON NO. = 1 309E I 008E 010E 1 00t>H 1 0123 1 009G 1
ICELL NO* = I 02 1 D2 D2 I 02 L_ D2 1 02 I
| FILM 1 I 1 1 1
I THICKNESS 1 DENS. 1 DENS. DENS. 1 DENS. l_DENS. I DENS. 1
| ( INCHES) I 1 1 1 1
1 0.00050 I 0.0 1 0.0 0.0 1 0.0 1 __ Oj.0 1 0.0 1
I 0.00150 1 0.011 0.28 0.061 0.0 I 0.0 1 0.0 1
I 0.09250 1 1.99| 9.59 24.821 0.0 1 0.C5J 0.041
| 0.00350 1 31.971 82.32 193.241 0.301 11.191 5.001
| 0.00450 1 154.071 20o.15 256.27! 15.12l_ 66.341 43.521
| 0.00550 | 210.18l 211.49 172.291 50.491 113.211 110.941
| 0.00650 1 153.551 138.37 92.421 78.421 107.7?| 137.861
| 0.00750 1 98.68| 79.92 54.851 74.881 84.721 126.631
| 0.00850 1 63.211 50.12 36.961 70.85 |_ 67.521 101.061
|. 0.00950 1 42.961 33.99 26.341 61.861 53.611 76.921
I: 0.01050 | 31.941 24.29 18.391 52.091_ 4 6._42J 55.37]
j 0.01150 1 23.221 18.87 14.361 45.651 39.911 40.301
I 0.01250 1 18.131 14.62 10.991 39.99l_ 34.031 32.70|
| 0.01350 1 14.851 11.69 8.931 34.831 30.421 26.111
j 0.01450 1 12.401 9.90 8.571 31.26l_ 27.031 19.781
j 0.01550 1 10.351 9.81 6.761 28.581 24.181 15.891
j 0.01650 1 9.771 8.46 5.95 1 26.69l_ 21.851 14.991
I 0.01750 I 8.94| 6.54 5.711 25.421 19.26| 12.64|
| 0.01850 1 7.131 6.28 5.80! 23.48|_ 17.831 11.491
j 0.01950 1 6.661 5.75 5.11 I 21.291 17.321 10.051
j 0.02050 I 6.611 5.61 5.131 20.82L 16.541 8.79|
| 0.02150 1 6.281 5.24 5.121 18.961 14.811 8.121
I 0.02250 1 5.14| 5.09 4.901 18.27L 14.671 7 .49|
| 0.02350 I 5.561 4.88 4.571 17.891 14.091 6 • y 61
| 0.02450 1 5.311 5.02 4.331 16.60L 13.221 6.651
j 0.02550 | 4.591 4.95 4.331 15.33! 12.411 6.081
I 0.02650 1 4.521 4.62 4.031 14.69 l_ 12.261 6.081
| 0.02750 1 4.141 3.11 3.611 13.771 11.821 5.721
| 0.02850 I 4.331 3.33 3.301 13.861 9.121 5.891
I 0.02950 1 3.911 3.64 2.561 12.051 3.o9| 5.621
j 0.03050 | 4.201 3.69 2.481 12.20|_ 5.66! 5.04|
I 0.03150 1 3.711 3.87 1.691 11.541 8.95| 5.281
1 0.03250 1 4.36| 3.33 1.581 U.65L .3.49! 5.211
| 0.03350 I 4.171 3. 12 1.48| 11.521 8.63 1 5.051;
I 0.03450 1 3.741 2.9 0.86 1 9.94|, _7.48 J. 5.241.
| 0.03550 I 3.371 2.01 0.701 9.71L 6.73 1 5.051
| 0.03650 1 3.181 1.66 0.53 1 8.971 6.24 1 4.921
j 0.03750 1 2.871 1.33 0.331 7.371_ 5.541 4.131
| 0.03850 I 2.551 0.97 0.161 6.501 4.53 1 4.131
| 0.03950 I 2.281 0.7 0.20 1 5.85L 3.611 3.74|
j 0.04050 1 1.941 0.59 0.101 5.221 2.87 1 3.261
| 0.04150 1 1.861 0.37 0.061 4.90 L 2.601 3.241
I . 0.04250 1 1.471 0.3 0.041 4.321 2.321 2.761
| ' 0.04350 1 1.34| 0.23 0.04| 3.55L 1 . 9 7 | 2.521
| 0.04450 1 1.121 0. 16 0.021 3.44 1 1.6-I 2.711
| 0.04550 1 0.881 0.28 0.011 3.24L 1.34 1 1.951
I 0.04650 I 0.861 0.0 0.021 2.621 1.331 2.061
| 0.04750 I 0.851 0.03 0.0| 2.73L 1.131 1.751
1 0.C4850 1 0.531 0.0 0.0 1 2.231 0.931 1.891
| 0.04950 I 0.501 0.04 0.0 1 1.721. 0.43 1 1.171
| 0.05250 1 0.391 0.03 0.0 I 1.031 0.241 0.771
1 0.05750 1 0.211 0.01 0.0 1 1.11L 0.26! 0.971
j 0.06250 1 0.131 0.0 0.0 1 1.181 0.12 1 1.111
I 0.06750 1 0.03 1 0.0 0.0 | 1.08L 0.031 0.791
1 0.07250 1 0.011 0.0 0.0 1 0.601 0.0 1 0.331
I 0*07750 1 0.0 1 0.0 0.0 1 0.241 0.0 1 0.061
1 0.08250 1 0.0 1 0.0 0.0 ! 0.101 0.0 ' 0.011
I 0.08750 I 0.0 | 0.0 0.0 1 0.061 0.0 I o.ool
1 ' 0.092d0 1 0.0 1 0.0 0.0 1 0.021 0.0 o.ool
I O'. 097d0 1 0.0 1 0.0 1 0.0 0.021 0.0 0.0 1
I 0.11250 1 0.0 | 0.0 I 0.0 0.001 0.0 0.0 1
J 0.13750 1 0.0 1 0.0 1 0.0 0.0 1 o.c 0.0 1
f 0.16250 1 0.0 1 0.0 1 0.0 0.0 1 o.c 0.0 1
1 0.18750 I 0.0 I 0.0 1 0.0 0.0 I 0.0 ' 0.0 I
j 0.22500 I 0.0 I 0.0 o.c 0.0 0.0 0.0 1
i| 0.27500 I 0.0 0.0 0.0 0.0 0.0 0.0 1



TAPLE C-2 (continued)
>.'L 
wr.

(LB/SEC)
(IB/SEC)

0.24001
0.14361

0.24001 
0.17421

0.35001
o.o L

0.35001
0.04 SCI

0.35001
0.09761

0.3500
0.1436

REL. NO.
RFG. NO.

28971
921781

2768 1
1135511

4572 1 
01

4214 1
9 ri7 a p |

41091
631491

4134
92912

TL 
rn

( )
f >

73.1501
70.OOOl

69.7501
65.0001

79.2501
75.OOOL

72.9501
72.000 I

71.0501
69.0001

71.500
69.000

RUN no. = 
CELL NO. =

008G I
02 I

010G I
D2 I

006G I
D2 L

012H |
n? 1

009H |
D2 1

008H
D2

FILM
THICKNESS

1
DENS. I

1
DENS. 1

i
DENS. L

I
n F N S. 1

I
DENS. 1 DENS.

( INCHES) 
0.00050 
0.00150 
0.00250 
0.00350 
0.00<t50 
0.00550 
0.00650

1
0.0 1

1
0.0 1

1 
o.o L

1
0.0 1

1
0.0 1 0.0

0.021
2.381

0.0 1
0.51 1

0.0 1
0.0 I

0.0 1
0.C11

0.0 I
0.111

0.04
0.43

22.811
90.451

25.001,
110.121

0.111
2.351

2.10|
15.8^1

0.871
11.661

6.38
36.01

146.381
144.301

158.961
148.321

13.001
27.331

39.381
64.091

42.261
74.211

75.00
101.24

0.00750
0.00850
0.00950
0.01050

114.861
87.651

114.741
33.44|

40.061
50.07L

74.841
74.471

92.07|
98.551

105.07
95.06

64.481
45.96|

61.691
44.021

53.711
56.29L

69.571
60.52]

88.721
72.011

80.50
64.83

0.01150
0.01250

35.031
26.821

32.281
25.821

52.811
51.591

52.731
47.251

59.441
48.48|

51.70
42.09

0.01350
0.01450

21.361
17.131

19.19|
15.991

48.14|
41.861

40.751
34.461

40.131
34.871

35.96
26.69

0.01550
0.01650

13.831
11.911

13.691
11.001

33.541
34.061

31.711
27,751

28.181
23.771

23. 18
20.18

0.01750
0.01850

10.861
8.751

9.931
8.401

31.611
28.721

24.451
2 1 . 8 6J

19.361
17.491

17.64
14. 18

0.01950
0.02050

9.011
7.321

7.42 1
6.811

25.961
23.82 1

19.831
13.331

15.971
. 13.761

13.29
11.99

0.02150
0.02250

7.371
6.151

6.45 1
5.84 I

21.481
19.231

17.57|
16.^71

12.001
11.141

10.35
9.59

0.02350
0.02450

5.911
5.691

5.631
5.58 1

19.291
17.401

16.7fc|
14.781

10.851
9.711

9.38
8.27

0.02550
0.02650

5.39|
5.251

5.60 1
5.591

16.111
15.521

14.881
14.3.7]

8. 751
8.071

7.59
7.33

0.02750
0.02850

5.101
5.031

5.93 f
5.02 I

14.661
13.821

14.111
10.95,1

8.35]
7.381

7.14
5.80

0.02950
0.03050

5.151
4.271

4.05 1
4.72 r

13.721
12.801

9.92 1
10.631

7.131
6.521

6.00
6.34

0.03150
0.03250

4.34|
5.011

4.721
5.001

12.221
12.211

11.161
12.251

6.271
6.521

6.34
6.39

-
0.03350
0.03450
0.03550

5.091
5.061
4.071

5.471
5.591
4.461

11.551
11.521
9.831

10.901
10.00)
9.141

6.151
. 6.451

5.981
5.56
5.91
5.21

0.03650
0.03750

3.95 1
3.791

3.971
3.321

9.051
8.35 L

8.321
7.911

5.891
5.381

5.33
5.06

0.03850
0.03950

3.481
3.151

3.03 1
2.141

7.941
6.71 L

6.97-1
6.551

4.951
4.44|

5.02
4.72

♦ 0.04050
0.04150

3.061
2.351

1.71|
1.801

6.711
6.201

5.80|
5.40 1

3.951
3.80|

4.59
4.11

•O.C4250
0.04350

2.131
2.431

1.44|
1.131

5.611
5.13L

4.49|
4.05 1

3.401
3.381

3.91
3.94

0.04450
0.04550

2.041
1.831

0.841
0.871

5.241 
4.611

3.63 1
3.39]

3.34f
3.131

3.12
3.34

0.04650
0.04750

1.521
1.261

0.461
0.451

4.321
4.35L

3.49 I
2.30 1

3.051
2.291 3.22

2.65
0.04850
0.04950

1.141
0.80|

0.331
0.251

3.81 I
2.521

2.551
1.631

2.921
2.12]

2.25
1.50

0.05250
0.05750

0.481
0.371

0. 10 r 
0.081

1.681
1.95 1

0.981
1.031

1.351
1.651

1.02
0.98

0.06250
0.06750

0.321
0.171

0.051
0.01 1

2.851
2.981

0.98 1
0.601

2.231
2.101

0.91
0.58

0.07250
0.07750

0.031
o.ool

o.ool
0.0 |

2.461
1.46|

0.14|
, 0.021

1.151
0.361

0. 18 
0.04

0.08250
0.08750

0.0 1
0.0 |

0.0 1
0.0 1

0.79|
0.58 L

0.011
o.ool

0.08 I 
0.031

0.00
0.00

0.09250
0.09750

0.0 1
0.0 I

0.0 |
0.0 I

0.331
0.20 1_

o.cc I
0.0 1

0.011
0.001

0.0
0.0

0.11250
0.13750

0.0 |
0.0 1

0.0 I
0.0 |

0.06| 
o.ool

0.0 |
0.0 1

o.ool
0.0 I

0.0
0.0

0.16250
0.18750

0.0 I
0.0 |

0.0 I
0.0 1

0.001
0.0 1

0.0 I
0.0 1

0.0 |
0.0 I

0.0
0.0

0.22500
0.27500

0.0 1
0.0 1

0.0 |
0.0 I

0.0 I
0.001

0.0 I
0.0 1

0.0 I
0.0 |

0.0
0.0

0.325C0
0.37500

0.0 |
0.0 1

o.c 1
0.0 |

0.0 I
0.0 1

0.0 1
0.0 1

0.0 1
0.0 I

0.0
0.0

0.450e0
0.75000

0.0 1
0.0 |

0.0 I
0.0 1

0.0 |
0.0 |

O.C I
0.0 1

0.0 1
0.0 I 0.0

0.0



TATLH C-2 (contlnu^a)
L (l.B/SEC)l 0.35001 0.58501 0.58501
HG (LB/SEC1I 0.17421 0.0
REL. NO. 1 39971 75601 70161
REG. NO. 1 1135511 01 248041

TL ( )l 69.0C0I 78.4001 72.6501
TG ( "v- )| 65.0001 75.0001 71.500]
RUN NO. = 1 010H 1 006E 1 012J I

ct i Mfi. = 1 0.2 1 02 1 02______ 1

0.58501
0.09761

67901
632571

70.2001
68.2001
009J 1
D2 1

0.58501 
0.14361

6758 I
331771 

69.8501 
67.5001 
008J 1
D2 1

0.58501 
0.17421

6577 1 
1135511 
67.8501 
65.CC01
010J 1
D2 I

375

FILM j 1 1
THICKNESS 1 DENS. 1 DENS. 1.

1
DENS. 1

1
DENS. 1

1
DENS. 1

1
DENS. 1

i( INCHES) 1 1 1 1 1 1
0.00050 I 0.0 1 0.0 |_ 0.0 1 0.0 1 0.0 1 0*0 1
0.00150 I 0.0 I 0.0 1 0.0 1 0.0 1 0.0 1 0* 0 1
0.00250 I 0.C6I 0.0 1 0.0 1 0.0 1 0.011 0.0 1
0.00350 1 4.91| 0.0 1 0.04 I 0.0 1 0.35 1 0.46 I
0.00450 I 37.721 0.09| 0.431 0.811 4.711 5. ec 1
0.00550 1 90.051 0.401 3.20( 5.631 14.681 21.981
0.00650 | 110.671 1.541 11.011 15.871 31.231 42.401
0.00750 I 109.531 4.491 22.691 29.421 47.471 61.401

• 0.00850 1 97.051 10.871 36.14 1 43.611 57.461 70.811
0.00950 I 79.291 19.721 47.441 57.131 •L81 72.781
0.01050 I 65-731 28.791 57.58] 61.331 66.371 6 / • 6 J 1

0.01150 | 50.221 37.571 58.041 62.90| 61.171 62.151
0.01250 I 40.511 40.581 55.111 58.121 54.35| • 8 ( I
0.01350 I 33.33| 40.471 50.651 53.721 48.341 50.10]
0.01450 I 26.571 41.361 46.951 48.251 43.571 4 3 • t5U 1

0.01550 I 21.871 41.311 42.C41 42-981 39.54l 36.6b1

0.01650 | 18.50] 39.771 37,191 38.611 34.321 32.501
0.01750 I 15.271 37.781 34.651 34.241 30.071 28.341
0.01850 1 14.08] 36.151 31.771 29.911 27.681 25.79|
0.01950 1 12.201 33.451 27.411 27.621 26.111 23.141
0.02050 I 11.571 30.721 27.501 23.91 I 22.621 21.741
0.02150 I 9.761 28.631 25.051 23.171 20.861 19.C6|
0.02250 1 9.531 27.03|_ 23.351 20.141 19.011 17.651
0.02350 1 8.831. 26.311 21.961 18.72 1 17.571 16.171
0.02450 1 8.561 25.441 20.031 16.201 16.051 15.141
0.02550 1 8.151 22.251 19.121 16.061 14.801 14.191
0.02650 | 7.54| 21.761 18.5.8.1 15.001 14.011 12.79]
0.02750 j 7.531 19.95] 17.481 13.121 13.04| 12.001
0.02850 1 6.951 19.181 12.951 12.231 12.311 11.991
0.02950 1 4.72 1 17.131 12.361 11.291 9.701 9.421
0.03050 1 4.971 16.581 13.821 10.711 9.121 8.721
0.03150 | 5.94 1 16.681 13.051 9.851 9.261 9.03 1
0.03250 1 6.551 16.751 13.751 9.701 9.99| 10.321
0.03350 1 6.97| 16.58 1 12.881 9.451 9.081 10.171
0.03450 1 7.44| 13.951 12.25| 8.931 .9.301 9.551
0.03550 1 7. 161 13.82 |_.. l.L^5_5J 8.301 8.331 9.201
0.03650 1 6.611 11.331 10.141 7.321 8.141 8 • 62 1

0.03750 1 5.761 10.87l_ 9.631 6.401 6.961 8.54|
0.03850 I 5.091 10.001 8.741 6.431 6.821 7.981
0.03950 1 4.911 8.64 1_ 7.6.4J 6.061 5.871 7.011’
0.04050 1 3.771 8.271 7.03 1 5.631 5.891 6.19|
0.04150 I 3.61 1 7.16L 6.771 4.861 5.62 1 6.251

. 0.04250 1 3.141 7.031 6.651 5.221 5.071 5 *52 1
• 0.04350 | 2.69| 6.23l_ 6.771 4.781 5.271 4.53 1
0.04450 I 1.93 1 6.44| 5.521 4.361 4.341 4.461
0.04550 1 2.04| 5.241 5.5? 1 4.501 5.191 3.421
0.04650 1 1.67 1 5.171 5.65 1 4.571 4.62 1 3.47 1
0.04750 1 1.38 1 5.521 5.041 3.921 4.551 2.971
0.04850 I 1.381 5.071 5.191 3.671 4.581 2.79|
0.04950 I 0.83 1 3.151 3.681 2.351 2.991 1.881
0.05250 I 0.44| 2.24| 1.931 1.981 1.901 1.031
0.05750 I 0.351 2.851 2.461 2.59| 2.551 1.101
0.06250 1 0.201 3.951 3.42 1 3.711 2.781 0.82 1
0.06750 | 0.081 4.801 3.951 4.791 2.561 0.321
0.07250 1 0.011 4.511 1.58] 3.471 1.261 0 *06 1

0.07750 1 0.001 3.391 0.221 1.44| 0. 34| 0.011
0.08250 1 0.0 1 2.451 0.021 0.461 0.081 0.0 1
0.08750 I 0.0 1 1.851 0.0^ 1 o.iol o.ool 0.0 I
0.09250 1 0.0 | 1.401 0.0 1 0.051 0.01 1 0.0 1
0.09750 1 0.0 I l.OOl 0.0 1 0.011 0.0 I 0.0 1
0.11250 I 0.0 I 0.371 0.0 1 0.001 0.0 1 0.0 1
0.13750 1 0.0 | 0.04 |_ O.c . 1 0.0 j 0.0 1 0.0 1
0.16250 1 0.0 1 0.011 0.0 1 0.0 1 0.0 | 0.0 1
0.18750 1 0.0 1 o.ool 0.0 1 0.0 1 0.0 1 0.0 1
0.22500 ] 0.0 | 0.00 1 o.c 1 0.0 1 0.0 1 O.C 1
0.27500 1 0.0 1 0.00l_ 0.0 1 0.0 1 0.0 | 0.0 1
0.32500 1 0.0 1 0.0 1 0.0 1 0.0 1 0.0 1 0.0 1
0.37500 1 0.0 | 0.0 1 o.c 1 0.0 1 0.0 1 0.0 1
0.45000 1 0.0 I 0.0 t 0.0 | 0.0 1 0.0 1 0.0 1
0.75000 I 0.0 1 0.0 1 0.0 1 0.0 1 0.0 I 0.0 1



kL (LB/Sro 1 6.0300! 0.08001 0.0800! 0.08001 0.18001 0.1800WG (LB/SEC)|' O.U 1 0.0 I 0.0 | 0.0 I 0.0 | 0.0
REL. NO. | x e> v 10161 10161 10161 2299
REG. NO. I 0 0| 0| 0| . O . 0

TL ( )l 77. 1001 77.1001 77.1001 77.1001 77.'50ui 77.500
TG ( "V )I 73.0001 73.0001 73.0001 73.000! 73.0001 73.000
RUN NO. = I 0050 | 0050 . | 0050 | 0050 | C05F | 005F
CELL NO. = I 02 I Bl I A3 I C4 | D2 | Bl

FILM | ! 1 1 1THICKNESS 1 DENS. 1 DENS. I DENS. | DENS. | DENS. I DENS.
( INCHES) I 1 1 1 1 1
0.00050 1 0.0 1 0.0 I 0.0 | 0.0 | 0.0 1 0.0
0.00150 | 0.0 1 0.0 | 0.0 I 0.0 | 0.0 I 0.0
0.00250 I 0.0 1 0.031 0.231 0.0 I 0.0 I 0.0
0.00350 1 12.921 13.021 14.051 12.171 1.24| 0.54
0.00450 1 96.74 I' 118.241 129.031 122.211 35.06! 32.27
0.00550 I 168.571 176.701 165.091 141.331 ICO.38 I 106.79
0.00650 | 144.96! 142.891 127.091 118.751 119.591 116.88

■ 0.00750 I 109.001 93.931 94.641 102.601 95.C9I 81.97
0.00850 I 75.891 63.751 71.971 74.951 69.081 58.95
0.00950 I 59.181 46.971 53.09] 58.291 53.151 47.32
0.01050 I 46.961 37.371 43.901 50.001 44.261 39.98
0.01150 | 35.181 30.951 34.801 41.171 38.671 34.50
0.01250 I 29.73! 26.011 29.23 I 35.391 32.551 29.89
0.01350 I 24.49| 22.351 25.191 31.601 29.561 27.25
0.01450 I • 20.011 19.061 20.94| 27.481 25.381 25.01
0.01550 I 17.531 18.041 19.621 24.031 21.661 22.57
0.01650 | 15.251 17.281 17.631 22.281 21.191 22.22
0.01750 1 13.861 15.441 15.51 I 18.951 - 19.441 20.85
0.01850 I 11.981 13.981 13.471 18.051 18.39| 18. 79
0.01950 1 11.101 13.301 12.671 14.521 18.14| 17.45
0.02050 I 11.211 11.811 10.751 12.271 16.561 17.34
0.02150 | 10.161 12.091 9.551 10.311 15.89| 17.41
0.02250 1 9.22! 11.281 9.801 9.021 15.14! 17.70
0.02350 I 7.92! 9.731 8.481 7.601 13.841 16. 18
0.02450 I 7.11! 9.32 1 7.761 6.59| 13.501 15. 18
0.02550 I 6.64 [ 8.12 1 7.09| 5.331 13.461 14.69
0.02650 I 5.761 7.631 6.471 5.041 ii.ear 14.58
0.02750 I 5.04 1 6.85 I 5.401 4.431 12.791 14.16
0.02850 I 4.95| 6.061 5.121 3.46| 11.34! 12.95
0.02950 I 4.131 5.561 4.581 2.821 11.011 11.89
0.03050 I 3.85 t 4.671 4.641 2.711 8.14! 11.36
0.03150 | 3.59| 3.891 3.64 | 2.061 8.391 9.96
0-.03250 r 3.1 5 1 3.861 3.44| 1.881 8.451 9.89
0.03350 I 2.701 3.501 3.151 2.061 8.931 8.77
0.03450 I 2.481 __2.80! 2.661 1.63 ! 8.531 8.36
0.03550 | 2.60! 2.261 1.40|' 1.36j 7.76! 6.440.03650 | 1.911 2.041 1.30| 1.291 6.511 6.36
0.03750 1 1.48 I 2.211 1.651 1.181 5.95 1 6.900.C3850 | 1.44| 2.111 1.79| 0.96| 5. 78 1 6.580.03950 1 1.51! 2.001 1.551 0.851 4.61 | 7.26
0.04050 I 1.061 1.97| 1.921 0.58| 4.311 ' 6.990.04150 | 1.001 1.651 1.311 0.591 3.78 1 6.30■ 0.04250 | * 0.781 1.331 1.521 0.301 3.761 5.79" 0.04350 I 0.68 I 1.26|. 1.01 1 0.331 2.98 1 4.620.04450 | 0.661 0.92 I 0.751 0.201 2.871 4.510.04550 | 0.6 T) 0.821 0.721 0.19| 2.731 4.05
0.04650 I 0.51 1 0.64| 0.411 0.211 2.441 3.02
0.04750 I 0.391 0.561 0.34| 0.14! 2.31 I 3.07
0.04850 | 0.47 1 0.481 0.371 0.121 1.651 2.730.04950 | 0.49| 0.471 0.331 0.121 1.26| 2.040.05250 I . 0.19| 0.30| 0.191 0.051 0.991 1.680.05750 I 0.C8I 0.151 0.101 0.031 0.88 1 1.040.06250 | 0.07 I 0.06! 0.071 0.02 1 0.621 0.430.06750 | O.C4| 0.021 0.05| 0.011 0.461 0.260.07250 I 0.021 0.011 0.171 0.001 0.36| 0.160.07750 I 0. 02 1 0.001 0.021 0.0 | 0.221 0.150.08250 I 0.011 0.01 1 0.0 | 0.0 | 0.15! 0.070.08750 I 0.01 1 0.011 0.0 i 0.0 I 0.08 | 0.08
0.09250 | 0.001 o.ool 0.0 I 0.0 | 0.051 0.030.09750 I O.OGI 0.001 0.0 | 0.0 | 0.051 0.020.11250 | o.ool 0.0 | • 0.0 | 0.0 | 0.01 1 0.00
0.13750 | 0.0 I 0.0 I 0.0 I 0.0 | 0.00 1 0.000.16250 1 0.0 | 0.0 1 0.0 | 0.0 | 0.0 I 0.00.18750 I 0.0 I 0.0 | 0.0 | 0.0 | 0.0 I 0.00.22500 | 0.0 I 0.0 I 0.0 1 0.0 | 0.0 I 0.000.27500 1 0.0 | 0.0 1 0.0 | 0.0 | 0.0 | 0.00.325U0 I 0.0 I 0.0 | 0.0 | 0.0 I 0.0 | 0.00.37550 I 0.0 1-'. ’.0.0 I 0.0 1 0.0' | 0.0 I 0.00.45000 I 0.0'I 0.0 1 0.0 I 0.0 | 0.0 | 0.0'0.75000 I 0.0 1 0.0 1 0.0 I 0.0 I 0.0 1 0.0
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.ivIdLi* v,~2 (continued)
|WL (LB/SEC)| 0.18001 0.18001 0.47001 0.47001 0.47001' 0.47001
IWG (LB/SEC)I 0.0 | 0.0 I 0.0 I 0.0 1 0.0 I 0.0 I
1 REL. NO. I 22991 22991 60431 60431 6043 I 60431 3771 REG. NO. I 01 0| 01 01 01 0|
ITL < )| 77.5001 77.5001 78.0001 78.0001 78.000! 78.0001
ITG ( )| 73.0001 73.0001 73.0001 73.0001 73.OOOl 73.0001
IRON NO. = | 005F | 005F I 006p -| 006? 006r 006? , -I
ICELL NO. = | A3 1 C4 | D2 I Bl f A3 I C4 |
1 FILM , | 1 I 1 1 1 1
I THICKNESS I DENS. 1 DENS. I DENS. I DENS. 1 DENS. | DENS. I
1 ( INCHES) I 1 1 1 1
I 0.00050 I 0.0 I 0.0 I 0.0 I 0.0 I 0.0 I o.d i
1 0.00150 I 0.0 I 0.0 1 0.0 I 0.0 I o.o r 0.0 1
1 0.00250 | 0.0 1 0.0 I 0.0 I 0.0 I 0.0 I 0.0 1
1 0.00350 I 2.49| 0.0 1 0.0 I 0.0 1 0.0 I 0.0 1
1 0.00450 1 52.101 1.021 0.02 1 0.031 0.271 0.01 1
1 0.00550 ! 112.551 7.421 1.731 0.771 2.741 1.671
1 0.00650 I 110.031 20.71| 6.431 4.791 9.48 I 5.851
1 0.00750 I 81.371 33.371 14.861 11.231 17.601 12.131
1 0.00850 I 62.061 43.201 24.221 16.951 23.321 17.911
1 0.00950 I 48.031 51.021 33.94| 22.281 27.431 23.38]
1 0.01050 I 40.701 58.491 41.271 26.131 34.961 29.581
1 0.01150 | 35.07j 65.681 48.721 28.53| 39.271 31.671
1 0.01250 1 31.781 71.111 48.631 30.451 41.831 34.121
1 0.01350 I 28.151 73.781 46.261 34.301 40.571 35.54|
I 0.01450 | 25.571 71.491 45.791 34.071 38.681 35.771
1 0.01550 I 23.731 67.741 40.151 32.811 37.451 36.96]
I 0.01650 I 22.231 61.00] 37.221 33.211 34.251 38.651
I 0.01750 1 20.531 57.41| 34.281 31.191 33.051 37.341
1 0.01850 I 18.041 51.66 i 33.771 31.271 30.621 37.611
I 0.01950 I 17.531 41.991 29.99] 30.401 29.061 31.991
I 0.02050 I 17.341 33.41f 27.971 29.501 27.03 I 28.491
I 0.02150 I 16.521 28.06| 26.161 29.121 25.771 26.70]
1 0.02250 1 15.691 22.851 25.221 28.671 23.631 24.561
I 0.02350 [ 14.121 19. 18 1 22.841 26.981 22.231 22.641
1 0.02450 I 13.901 17.361 21.071 26.041 21.121 20.851
I 0.02550 I 13’.67| 14.471 20.681 23.711 13.441 19.511
1 0.02650 I 12.301 11.981 19.851 23.081 18.751 18.321
1 0.02750 1 11.741 10.281 19.001 21.381 17.871 16.94|
1 0.02850 | 11.441 8.831 17.081 20.331 16.871 16.861
1 0.02950 | 10.18| 7.581 12.481 18.931 16.001 16.711 " •
1 0.03050 1 ' 9.771 6.771, 12.331 17.01 I 15.531 14.551
I 0.03150 | 9.581 5.46| 14.061 15.241 14.69| 14.691
I 0.03250 1 8.641 4.661 13.811 14.761 13.671 14.011
1 0.03350 I. 8.231 4.591 14.251 13.391 13.141 13.091j . 0.03450 I 7.351 3.651 13.331- 13.091 12.191 13.681| ‘ 6.03550 I 6.301 3.311 12.551 10.44| 10.471 11.601
| 0.03650 1 6.401 2.951 11.351 10.511 11.031 11.851
I 0.03750 t 5.861 2.501 10.661 12.071 10.171 12.741
| 0.03850 I 5.551 2.371 9.381 12.631 10.521, 12.86|
1 0.03950 I 5.171 2.021 8.561 12.381 10.25|: 12.091
I 0.04050 I 4.981 1.961 7.881 12.981 10.121 12.691
I 0.04150 1 4.411 1.771 7.221 12.361 9.371 11.991
I 0.04250 I 4.061 1.231 6.261 11.661 8.361 11.411 •
I 0.04350 1 3.491 0.871 5.911 10.721 8.231 10.301j 0.04450 I 3.501 0.861 5.761 10.421 6.991 10.531
I 0.04550 I 3.261 0.65| 5.281 8.461 7.041 9.291
J 0.04650 I 2.801 0.661 4.721 8.281 6.941 8.541
1 0.04750 1 2.721 0.381 4.771 7.411 6.661 7.771
| 0.04850 I 2.151 0.451 4.411 6.651 5.971 7.931| 0.04950 I 2.251 0.321 3.361 6.571 5.481 7.321I 0.05250 I 1.391 0.161 2.921 11.061 2.481 4.84|
I 0.05750 1 0.301 0.071 3.171 2.861 0.81 I 4.481
I -0.06250 1 0.351 0.051 3.221 2.221 0.901 4.301
p 0.06750 1 0.431 0.011 2.831 1.811 1.061 3.63 1
1 0.07250 1 1.021 0.01 1 2.54| 1.701 5.231 2.921
I 0.07750 I 1.221 0.0 I 2.31| 1.61| 12.581 2.121
| 0.08250 I 0.071 0.00 I 1.821 1.751 1.151 1.671
I 0.08750 I 0.051 0.0 1 1.551 1.641 0.83 1 1.291
1 0.09250 I 0.021 0.001 1.191 1.651 0.531 1.001
| 0.09750 1 0.03| 0.0 I 0.851 2.031 0.531 1.201
1 0.11250 I 0.011 0.0 1 0.271 0.351 0.461 0.34|
1 0.13750 1 0^001 0.0 1 0.201 0.111 0.2-71 0.081
1 0.16250 1 0.0 I 0.0 I 0.021 0.001 0.131 0.03 1
I 0.18750 1 0.0 I 0.0 1 0.011 0.001 0.061 0.011
I 0.22500 1 0.0 1 0.0 1 o.ool 0.071 0.031 0.01 I
I 0.27500 | 0.0 1 • 0.0 I 0.0 1 0.0 I 0.0 I 0.0 I
I 0.32500 | 0.0 I 0.0 I 0.0 I 0.0 I 0.0 I 0.0 I
I 0,37500 I 0.0 1 0.0 I 0.0 I 0.0 I 0.0 I 0.0 1
1 0.45000 I 0.0 I .0.0 I 0.0 | 0.0 1 0.0 1 0.0 1
1 0.75000 | 0.0 I 0.0 1 0.0 1 0.0 I 0.0 1 0.0 1



*****
SI -5CTRA,

TABLE C.-3
CROSS SPECTRA, AIZD CCHEREK(3Y SPECTRA

****

378
. AUTO

HG(LB/SEC)
KL(L3/SEC) 

CELL

0.0
0.0160
Bl

0.0
0.0160
02

0.0 0.0
0.0160 0.0280

CROSS COHERENCY Bl

0.0
0.0280
D2

0.0
0.0280

CROSS COHERENCY
FREi.. (CPS ) NORMALIZED V/lLUE ***** NORMALIZED VALUE * ** * *

C.18 C.C127 0 . C 16 6 0.C111 0.5893 0.0094 0.0113 0.0073 0.5011
0.67 0 . G 1 4 9 0.C193 0.0127 0.5594 0.0207 C. C 2 2 8 0.0167 0.5906
1.16 0.0153 •0.0190 0.0116 0.4508 0.C273 C.9260 0.0197 0.5446
1.65 0.0171 0.0213 0.0102 0.2866 0.0238 0.0247 0.0126 0.2706
2.14 0.0131 0.C2C0 0.CC95 0.2474 0.C230 0.0235 0.0096 0.1716
2.63 0.3202 O.C 198 O.OC87 0.1998 0.C264 0.9235 0.0132 0.2825
3.11 0.0206 0.0174 0.0055 0.0859 0.0252 0.0227 0.CC76 0. 1022
3.63 0.C216 0.0213 0.0079 0.1348 0.0231 0.0283 0.0111 0.1543

■ 4.09 0.G241 0.0262 0.0C34 0.1128 C.C323 0.9289 0.0C54 0.0315
4.58 C.O363 0.0319 0.0119 0.1216 0.C3i>0 0.C227 0.CC64 0.0520
5.07 0.C391 0.0321 0.0143 0.1630 0.0338 0.0260 0.0063 0.0449
5.55 0.0409 0.C453 0.0181 0.1766 0. G'30.9 0.0394 0.0055 0.0327
6.53 0.0435 0.0412 0.0137 G.1047 0.0341 0.0427 0.0984 0.0489
7.51 0.0357 0.0424 0.0097 0.9617 0.0276 0.0349 0.0C56 0.0334
8.4 3 0.0459 0.C375 0.0C92 0.0490 0.0285 C .0232 0.0C61 0.0459
9.46 0.0323 C.C311 C.CC73 0.0527 0.0262 0.C322 G.CC48 0.0275

11.41 0.0246 0.0217 0.0933 0.0210 0.0255 C.0252 0.0055 0. C469.
13.37 0.0157 0.0179 0.0C27 0.0256 C.C181 C.0169 0.0031 0.0308
15.81 0.0135 0.0120 0.0020 0.0233 0.0111 0.C126 0.0926 0.046-7
18.25 0.0G83 0.0096 0.0014 C.G250 C.0094 0.0C95 0.9021 0.0479
22.64 0.0 'J C 5 0.0040 C.C009 0.3375 0.0059 0.0956 0.0909 0.9235
25.08 0.0034 9.0031 0.0007 0.0409 0.CG43 0.0035 0.00G6 0.0266
2 7.53 0.CG26 0.0022 0.0004 0.0283 0.0C26 0.9931 0.0CC7 0.0565
30.46 0.0019 0.0012 0.C-C03 0.0337 0 .0920 0.0021 0.9'094 0.0336
34.85 0.C010 0.0909 0.0001 0.0183 0.0013 0.0C14 0.0C03 0.0518
43.22 0.0096 0.CC06 0.CCC1 0.0241 O.GOC9 0.0908 0.0001 0.0292
50.4 8 C . 0 0 0 2 0.CC92 0.9000 0.0106 0.C094 0.CC03 0.0001 0.0907
60.24 0.CC02 0.CC02 0.00C1 0.3268 0.90G2 0.0002 0.0000 0.0455
70.01 0.0002 C.CC03 C.0C02 0.6984 0.0092 O.OCC'3 0.0002 0.4654
80.26 0.0000 0.0000 0.0 0.0 0.0001 0.9000 O.COCO 0.0417

WGILB/SEC) 0.0 0.0 0.0 C.O 0.0 0.0
kL(LB/SEC) 

CELL
C.C440
Bl

C.C440
C2

0.0440
CROSS COHERENCY

0.0800
81

0.0800
D2

0.0800
CROSS COHERENCY

FREQ.(CPS) ***<=* NORMALIZED VALUE ***** ***** NORMAL IZED VALUE * ▻ * * *
0.18 0.0102 0.0123 0.0034 0.5456 0.0046 0.0C60 0.0030 0.3275
0.67 0.0267 0.0310 0.0251 0.757C 0.0135 . 0.0163 0.0123 0.6805
1.16 0.0391 0.0459 0.0361 0.7241 0.0254 0.0291 0.0243 .0.7980
1.65 0.0546 0.0536 0.0434 0.7311 C.0408 0.0442 0.0376 0.7835
2.14 0.0542 0.0474 0.0381 0.5643 0.0449 0.0455 0.0399 0.7778
2.63 0.0457 0.C460 0.0330 0.5175 0.0533 0.0484 0.0429 0.7125
3.11 C.C412 0.0455 0.0302 0.4876 0.0629 0.0615 0.0507 0.6649
3.60 0.0414 0.0416 0.0259 0.3890 0.0590 0.0529 C.0442 0.6275
4.09 C.0513 0.0389 0.0274 0.3842 0.0470 0.0599 0.0345 0.4994
4.53 0.0348 0.0396 0.0213 0.3293 0.0427 0.0372 0.0256 0.4133
5.07 0.0348 0.0331 0.0145 0.1815 0.0535 0.0431 0.0346 0.5207
5.55 0.0325 0.9302 0.0134 0.1837 0.0422 0.0463 0.0303 0.4656
6.53 0.0298 0.0263 0.0083 0.0861 0.0307 0.0350 0.0140 0.1S18
7. 51 0.0229 0.0236 0.0059 0.0653 0.0255 0.0247 0.C115 0.2120
8.48 0.0199 0.9213 0.0C80 0.1466 0.C226 0.0226 0.0067 0.0880
9.46 0.0212 0.0166 0.0044 0.0550 0.0141 0.0185 0.0943 0.0702
11.41 0.0130 0 . G 1 51 0.0037 0.0706 0.0135 0 .0162 0.0C24 0.0269
13.37 0.0119 0.0118 C.C020 0.0290 0.C093 0.0115 0.0933 0.1033
15.81 0.0083 0.0085 0.0020 0.0586 0.0036 0.0077 C.0C20 0.0631
18.25 0.0053 0.0077 0.0012 0.0332 C.0062 0.0058 0.0020 0. 1099
22.64 0.0046 0.0C47 0.G007 0.0200 0.0041 0.0036 0.0008 0.0415
25.08 0.C033 0.0C35 0.0C06 0.0295 0.C02R 0.CC32 0.0005 0.0234
27.53 0.0026 0.0028 0.0006 0.0485 0.0022 0.0023 0.0005 0.0470
30.46 0.0020 0.0C19 0.00C3 0.0312 0.0C17 0.0018 0.0903 0.0333
34.85 0.0015 0.0013 0.0002 0.0187 0.0014 0.C012 0.00C3 0.0700
40.22 0.0C11 0.0009 0.0GC2 0.0376 0.0003 0.0008 O.OCOl 0.0306
50.48 0.0006 0.0004 0.0001 0.0616 0.0003 0.0C03 0.0000 0.0300
60.24 0.0004 0.0002 0.0000 0.0202 0.0002 0.CC02 0.9000 0.0331

. 70.01 0.0003 0.0'302 0.0001 0.0714 0.9001 O.CCOl 0.0000 0.0682
80.26 0.0002 0.C900 0.0000 0.0900 0.0000 0.0900 0.0 0.0



***** TA^LE C-3 (continued) *****

KG(LB/SCC) 0.0 0.0 0.0 0.0 0.0 0.0
379

kKLEVSEC) 
CELL

0.1263 
Bl

0.1 26I~.
02

0.1269
CROSS COHERENCY

0.1850
81

0.IRGC
02

0.1800
CROSS (ZOHCRENCY

FREQ.(CPS) *<=»»* MORf-ALIZEO VALUE ***** NORMALIZED VALUE *****
0.18 0.0033 0.0045 0.5025 0.4372 0.0036 0.0044 0.0026 0.4347
0.6 7 0.CC69 0.00-36 0.0059 0.5821 C.CC70 0.0030 0.0061 0.6723
1.16 0.0145 0.0174 0.0138 0.7560 0.CC91 0.0115 0.0082 0.6433
1.65 0.0203 0.0211 C . 0184 0.7887 0.0140 0.0149 0.0119 0.6798
2.16 0.0338 0.0330 ■ 0.0 296 0.7861 0.0193 0.0237 0.0186 0.7524
2.63 0.C438 0.0473 0.0403 0.7864 0.0310 9.0 30 0 0.0263 0.7425
3.1 1 0.0516 0.0463 0.0428 0.7560 0.0413 0.0400 0.0352 0.7413
3.60 0.1013 0.0973 0.0936 0.8846 0.0619 3.0611 0.9552 0.8039
4.09 C.0627 0.0575 0.0522 0.7565 0.0654 0.0578 0.0547 0.7922
6.58 0.0596 0.0436 0.5432 0.7191 0.07C9 0.0690 0.0632 0.8153
5.07 0.0521 0.0528 0.0386 0.5420. C.C770 0.0625 0.0584 0.7092
5.55 0.0338 0.0345 0.0234 0.4677 0.0557 0.0427 0.0379 0.6027
6.53 0.C335 0.0316 0.0199 0.3730 0.0382 0.0378 0.0266 0.4906
7.51 0.0296 0.0273 9.0148 0.2695 0.0/69 0.0228 0.0131 0.2787

. 8.48 0.0320 0.C279 0.0144 0.2317 0.0240 0.9291 0.0136 0.2648
9.46 0.0183 0.0135 0.3071 0.1450 0.0203 0.0213 C.01C1 0.2390
11.41 0.0153 0.0124 0.9037 0.0717 0.0145 0.0166 0.0054 0.1220
13.37 C.OUO 0.0111 0.0021 0.0365 0.0111 0.0129 0.0028 0.0545
15.81 0.0C77 0.0082 0.0018 0.0530 0.0081 0.0118 0.0G25 0.0667
18.2d 0.0059 0 . C 0 6 0 0.0012 0.0393: 0.0085 0.0075 O.OG21 0.0710
22.64 0.0037 0.0035 C.CCC2 0.9048 0.0036 0.0045 0.0006 0.0224
25.08 0.0023 0.0032 0.0006 0.0486 0.C032 0.0030 0.0006 0.0418
27.53 0.0018 0.9021 0.0004 0.0362 0.0020 0.0026 0.0002 0.0082
30.46 0.0017 0.CC12 0.0003 0.0283 0.0019 0.0029 0.0003 0.0234
34.85 0.0010 0.9013 0.00C2 0.0193 0.0012 0.0014 0.0902 0.0349
40.22 0.0006 0.0908 0.0001 0.0389 0.0006 0.0009 0.0002 0.C603
50.48 0.0003 0.0CG3 0.0000 C.0289 0.0003 0.0005 0.0001 0.0694
60.24 C.C001 0 .CC01 O.COOO 0.0500 0.0001 0.0002 0.9000 0.0926
70.01 0.0 3 C1 0.0001 0.0000 0.0833 0.0001 0.CC01 0.0000 0.0865
80.26 0.0000 o.cooo 0.0 ,0.0

1
O.OCOO 0.0001 0.0 0.0

HG(LB/3EC) 0.0 n.c 0.0 0.0 0.0 C.O
KL(LB/SEC) 0.2400 0.2400 0.24C0 0.3500 0.3500 0.3500

CELL 81 C2 CROSS COHERENCY Bl 02 CROSS ICOHERENCY
FREC.(CPS) ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE *****

0.18 0.0042 0.0042 0.0031 0.5270 0.0042 0.0041 0.0031 0.5732
0.67 0.0070 0.0066 0.0055 0.6628 0.0053 0.0043 0.0036 0.5680
1.16 0.0113 0.0112 0.0095 0.7148 0.0101 0.0C92 0.0081 0.7192
1.65 0.0138 0.0138 0.0110 0.6361 0.0156 0.C143 0.0129 0.7436
2.14 0.0163 . 0.0171 0.0134 0.6199 0.0222 0.0230 0.0199 0.7764
2.63 0.0179 0.0230 0.0159 0.6157' 0.0330 0.0289 0.0261 0.7137
3.11 0.0225 0.0266 0.0199 0.6614. 0.0371 9.0417 0.0354 0.8117
3.60 0.0536 0.9562 0.0493 0. 8064' 0.0649 0.0624 0.0595 0.8741
4.09 0.0579 0.0652 0.0547 0.7932 0.0544 0.0556 0.0489 0.7914
4.58 0.0619 0.0519 0.0488 0.7418 0.0535 0.0455 0.0434 0.7737
5.07 0.0566 0.0467 0.0414 0.6463 0.0507 0.0464 0.0420 0.7496
5.55 0.0571 0.0538 0.0436 0.6206 0.0409 0.0363 0.0303 0.6195
6.53 0.0452 0.0398 0.0265 0.3893 0.0468 0.0413 0.0333 0.5761
7.51 0.0381 0.0317 0.0208 Q.3569 0.0409 I.0 3 14 0.0220 G.3772
8.48 0.0279 0.9236 0.0123 0.2281 0.0306 0.0278 0.0182 0.3900
9.46 0.C227 0.0257 0.0125 0.2684 0.0233 0.0201 0.0121 0.3143
11.41 0.0170 0.0165 0.0052 G.0984 0.0154 . 0.0163 0.0067 0.1816
13.3 7 0.0143 0.C168 0.0038 0.0590 0.0163 0.0144 0.0066 0.1839
15.81 0.0109 0.0098 0.0018 0.0313 0.0105 0.0111 0.0022 0.0401
18.25 G.0C57 O.OC-70 0.0011 C.028C 0.0062 0.0075 0.CC18 0.0740
22.64 0.0035 0.0048 0.0011 0.0772 0.0052 0.0047 0.0009 0.0310
25.03 0.CC27 0.CC37 0.0004 0.0199 0.0037 0.0036 0.0005 0.0187
27.53 0.0024 O.OC22 0.0004 0.0246 0.0025 0.0028 0.0C07 0.0802
3C.46 0.0019 O.CC2c; ,0.0005 0.0508 0.0014 0.0021 0.0CG4 0.0671
34.85 0.0010 0.0020 0.0002 0.0273 0.0011 0.0015 0.0003, 0.0591
4C.22 0.0006 0.0009 0.0001 0.0390 0.0005 0.0009 0.0001 0.0456
50.48 0.0003 O.OOC4 0.GG01 0.C673 0.0002 0.0C03 0.0000 0.0326
60.24 0.0002 0.0002 0.0000 0.0281 0.0091 0.0002 O.COOO 0.0214
70.01 0.0C01 C.0C01 O.OCOO 0. 1282 C.0CC1 0.0002 0.0000 0.0662
80.26 0.0000 0.0000 0.0 0.0 i 0.0000 0.0001 O.OCOO 0.0286



**** TABLE C-3 (continued) ****#

380
WG(LB/SEC) 0.0 0.0 0.0 0.0 0.0 0.0
kt (LB/SEC)

CELL
0.4 ZOO 
bl

O.47OC
C2

0.4700
CROSS ।

0.5850
coherency bi

0.5850
D2

0.5850
CROSS COHEPsENCY

FREQ.(CPS) normalized VALUE ***** - ■ ***** NCR,''-AL I ZED VALUE *****
0.18 0.0074 0.0063 0.0063 0.7916 0.0038 0.0032 0.0028 0.6627
0.6 7 G.0U55 0.0055 0.0044 0.6517 0.0052 0.0047 0.0042 0.7229
1.16 0.0096 0.0084 C.0078 0.7671 0.0059 0.0067 0.0056 0.7855
1.65 0.0133 0.0143 0.0121 0.7771 0.0114 0.0116 0.0101 0.7703
2.14 0.0181 0.0 19 3 0.0168 0.8058 C.019I 0.0225 0.0189 0.8333
2.63 0.0263 0.0296 0.0243 0.7544 0.C242 0.0256 0.0216 0.7542
3. 1 1 0.0305 0.C312 0.0281 0.8275 0.0306 0.0370 0.C310 0.8508
3.60 0.0593 0.0556 0.0543 0.8919 C.0 5 3 6 0.0563 0.0524 0.9087
4.09 0.0638 0.0591 0.0570 0.8608 0.0560 0.0557 0.0524 0.8805
4.58 0.C717 0.0591 0.0593 0.3302 0.0570 0.0553 0.0524 0.8697
5.C7 C.0603 0.0567 0.0522 0.7966 0.0642 0.0590 0.C564 0.8388
5.55 0.0500 0.0424 0.0394 0.7312 0.0427 0.0391 0.0348 0.7287
'■.5 3 0.0377 0.0350 0.0290 0.6375 0.0334 0.0324 0.0232 0.6407
7.51 0.0329 0.0312 0.0225 0.4920 0.0326 0.0293 0.0238 0.5902
6.48 0.0245 0.0301 0.0193 0.5029 0.0277 0.0315 0.0220 0.5544
9.46 0.0223 0.0210 0.0123 0.3205 0.0268 0.0287 0.0202 0.5299
11.41 0.0176 0.0184 0.0101 0.3145 0.0205 0.0139 0.0132 0.4531
13.37 0.0118 0.0130 0.0053 0.1826 0.0114 0.0127 0.0064 0.2857
15.81 0.0087 0.0109 0.0037 0.1426 0.0116 0.0102 0.0049 0.2033
18.25 G.0C66 0.0C60 0.0020 0.098 5' 0.0071 0.C100 0.0C41 0.2381
22.64 0.CC47 C.CC53 0.0014 0.0829, 0.0045 0.0047 0.0012 0.0671
25.08 0.0028 0.0 C 31 0.0008 0.0710 0.CG31 0.0C37 C.0010 0.0826
27.53 0.0022 0.0028 0.0004 0.0275 O.OC'23 0.0023 0.0004 0.0288
30.46 0.0018 0.0020 0.0003 0.0241 0.0020 0.0014 0.0003 0.0232
34.85 0.0012 0.0014 0.0003 0.C466 C.C0U 0.0012 0.G0C3 0.0595
40.2 2 0.0C05 O.0CC7 0.00 Cl 0.0413 0.0003 0.CC05 0.0001 0.0253
5C.43 0.0002 0.0C04 O.OCOl 0.0561 0.0002 0.0003 O.CCCO 0.0323
60.24 0.0001 0.0002 0.0000 0.0407 0.0001 0.0002 0.0000 0.0364
70.01 0.0001 O.OCOl 0.0000 0.0769 0.0001 0.0002 0.0000 0.1634
80.2 6 0.0000 0.0001 0.0000 0.0333 0.0000 O.CCOO 0.0 __°-0

WG(LB/SEC) 0.0450 0.0450 0.0450 0.0453 0.0450 0.0450
WL(LB/SEC) 

CELL
0.0160
Bl

0.0160 
02

0.0160
CROSS ।

0.0280
COHERENCY Bl

0.0280
D2

0.0280 
CROSS COHERENCY

FREQ.(CPS) ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE *****
0.18 0.0074 0.0087 0.0049 0.3682 0.0074 0.0090 0.0055 0.4456
0.67 0.0121 0.0104 0.0082 0.5384 0.0144 0.0163 0.0114 0.5518
1.16 0.0139 0.0135 0.0093 0.4616 0.0124 0.0125 0.0092 0.5462
1.65 0.0171 0.0181 0.0117 0.4438 0.0163 0.0172 0.0115 0.4752
2.14 0.0158 0.0175 0.0101 0.3657 0.0145 0.0159 0.0080 0.2758
2.63 0..0L89 0.0199 0.0093 0.2279 0.0159 0.0257 0.0105 0.2714
3.11 0.0199 0.0176 0.0078 0.1739 0.0233 0.0157 0.0099 0.2745
3.60 0.0226 0.0194 0.0102 0.2361- 0.0156 0.0178 0.0085 0.2628
4.09 0.0196 0.0256 0.0098 0.1913 0.0212 0.0201 0.0064 0.0957
4.58 0.0246 0.0258 0.0120 0.2268 0.0230 0.0239 0.0082 0.1006
5.07 0.0313 0.0260 0.0102 0.1284 0.0254 0.0257 0.0092 0.1291
5.55 0.0243 0.0264 0.0089 0.1246 0.0331 0.0295 0.0102 0.1069
6.53 0.0328 0.0334 0.0060 0.0332 0.0308 0.0274 0.0041 0.0200
7.51 0.0383 0.0394 0.0120 0.0959 0.0417 0.0391 0.0080 0.0389
8.48 0.0456 0.0393 0.0088 0.0434 0.0319 0.0306 0.0057 0.0329
9.46 0.0354 0.0290 0.0067 0.0436 0.0283 0.0365 0.0053 0.0268

11.41 0.0306 0.0236 0.0034 0.0158 0.0227 0.0267 0.0036 0.0213
13.37 0.0196 0.0184 . 0.0026 0.0190 0.0171 0.0190 0.0028 0.0242
15.81 0.0136 0.0142 0.0020 0.0204 0.0140 0.0119 0.0024 0.0351
18.25 0.0095 0.0078 0.0025 0.0885 0.0091 0.0137 0.0023 0.0423
22.64 0.0043 0.0060 0.0011 0.0468 0.0062 0.0055 0.0015 0.0639
25.08 0.0043 0.0029 0.0008 0.0575 0.0047 0.0047 0.0011 0.0542
27.53 0.0027 0.0029 0.0007 0.0705 0.0032 0.0033 0.0002 0.0035
30.46 0.0018 0.0023 0.0004 0.0445 0.0028 0.0021 0.0004 0.0301
34.85 0.0012 0.0014 0.0003 0.0447 0.0014 0.0016 0.0004 0.0719
40.22 0.0008 0.0006 0.0002 0.0712 0.0011 0.0009 0.0002 0.0269
50.48 0.0002 0.0002 0.0001 0.0720 0.0004 0.0003 0.0001 0.0296
60.24 U.OoOl 0.0001 0.0000 0.1039, 0.0002 0.0002 0.0000 0.0423
70.01 0.0001 0.0001 0.0000 0.0278 0.0001 0.0001 0.0000 0.0455
80.26 0.0000 0.0000 0.0 0.0- • 0.6001 0.0000 0.0000 0.0286



**** TAELE C-3 (continued) *****

WG(LB/SE2 ) 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450 381
h'KLB/SEC) 

CELL
0.0440
Bl

0.0440 
02

0.0440 
CROSS COHERENCY

0.0800
Bl

0.0800
D2

0.0800
CROSS ।COHERENCY

FREQ.(CPS) ***** Formalized VALUE ***** ***** NORMALIZED VALUE *****
0.18 0.0091 0 • 015 0 0.0089 0.5874 0.0055 0.0073 0.0042 0.4382
0.67 0.024B 0.0310 0.0237 0.7282 0•Oi46 0.0202 0.0144 0.7073
1.16 0.0469 0.0458 0.0407 0.7715 0.0352 0.0375 0.0330 0.8260
1.65 0.0504 0.0530 0.0425 0.6768 0.0439 0.0468 0.0412 0.8275
2.14 C.0499 0.0353 0.0327 0.6074 0.0514 0.0555 0.0483 0.8174
2.63 0.0430 0.0443 0.0327 0.5618 0.0488 0.0540 0.0434 0.7135
3. 11 0.0501 0.0466 0.0340 0.4959 0.0637 0.0597 0.0540 0.7663
3.60 0.0356 0.0402 0.0223 0.3638 0.0554 0.0557 0.0459 0.6818
4.09 0.0402 0.0342 0.0212 0.3279 0.0460 0.0438 0.0321 0.5126
4. .5 >3 0.0398 0.0446 0.0229 0.2950 0.0454 0.0452 0.0326 0.5173
5.07 0.0322 0.0309 0.0152 0.2325 0.0328 0.0332 0.0201 C.3708
5.55 0.0313 0.0365 0.0127 0.1418 0.05C4 0.0458 0.0338 0.4958
6.53 0.0302 0.0293 0.0121 0.1662 0.0299 0.0331 0.0201 0.4101
7. 51 0.0234 0.0228 0.0073 0.1001 0.026L 0.0203 0.0099 0.1833
8.43 0.0254 0.0230 0.0038 0.0244 0.0217 0.0269 0.0104 0.1840

■ 9.46 0.0179 0.0168 0.0043 0.0625 0.0197 0.0221 0.0093 0.1976
11.41 0.0146 0.0173 0.0029 0.0331 0.0186 0.0141 0.0038 0.0543
13.37 0.0121 0.0120 0.0035 0.0840 0.0102 0.0G96 • 0.0018 0.0328
15.81 0.0117 0.0103 0.0016 0.0206 0.0081 0.0089 0.0020 0.0552
18.25 0.0071 0.0069 0.0016 0.0532 0•0065 0.0065 0.0011 0.0268
22.64 0.0052 0.0045 0.0011 0.0513 0.0036 0.0038 0.0009 0.0553
25.03 0.0U33 0.0033 0.0006 0.0319 0.0J27 0.0027 0.0006 0.0478
27.53 0.0027 0.0032 0.0008 0.0706 0.0028 0.0022 0.0005 0.0344
30.46 0.0020 0.0024 0.0005 0.0516 0.0019 0.0016 O.OOC3 0.0382
34.85 0.0013 0.0013 0.0002 0.0284 0.0011 0.0011 0.0003 0.0759
40.22 0.0008 0.0007 0.0001 0.0291 0.0007 0.0007 0.0002 0.0509

... . 50.48 0.0004 0.0004 0.0003 0.0173 0.0003 0.0003 0.0000 0.0299
6C.24 0.0002 0.0002 0.0000 0.0189 0.0002 0.0001 0.0000 0.0672

■ 70.01 0.0001 0.0001 0.0000 0.0364 0.0001 0.0001 0.0000 0.0238
80.26 0.0000 0.0000 0.0 0.0 0.0000 0.0000 0.0 0.0

. WG(LB/SEC) 0.0450 0.0450
1

0.0450' 0.0450 0.0450 0.0450
WL(LB/SEC) 

CELL
0.1260
Bl

0.1260 
D2

0.1260 
CROSS COHERENCY

0.1800
Bl

0.1800 
D2

0.1800
CROSS ।COHERENCY

FREQ.(CPS) ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE *****
C.18 0.0041 0.0045 0.0032 0.5732 0.0039 0.0042 0.0027 0.4395
0.67 0.0070 0.0093 0.0067 0.6794 0.0070 0*0089 0.0067 0.7242
1.16 0.0165 0.0184 0.0151 0.7524 . 0.0118 0.0137 0.0109 0.7371
1.65 0.0237 0.0233 0.0205 0.7600 0.0198 0.0220 0.0186 0.7929
2.14 0.0318 0.0360 0.0302 0.7971 0.0197 0.0244 0.0187 0.7290
2.63 0.0450 0.0502 0.0432 0.8253 0.0299 0.0333 0.0271 0.7391
3.11 0.0546 0.0593 0.0514 0.8150 0.0409 0.0451 0.0384 0.7996
3.60 0.0697 0.0638 0.0603 0.8183 0.0589 0.0632 0.0555 0.8268

. A.09 0.0650 0.0577 0.0542 0.7841 0.0697 0.0626 0.0579 0.7683
4.58 0.0517 0.0490 0.0430 0.7301 0.0674 0.0643 0.0594 0.8149
5.07 0.0523 0.0468 0.0406 0.6731 0.0613 0.0562 0.0488 0.6923
5.55 0.0476 0.0434 0.0330 0.5276 0.0482 0.0481 0.0374 0.6029
6.53 0.0423 0.0346 0.0276 0.5197. 0.0396 0.0321 0.0236 0.4381
7.51 0.0311 0.0323 0.0207 0.4290 0.0319 0.0305 0.0193 0.3829

; 8.48 0.0220 0.0248 0.0118 0.2563 0.0321 0.0286 0.0194 0.4097
9.46 0.0219 0.0185 0.0085 0.1782 0.02CT 0.0196 0.0094 0.2247
11.41 0.0118 0.0164 0.0034 0.0589 0.0146 0.0143 0.0029 0.0414
13.37 0.0101 0.0096 0.0018 0.0340 0.0145 0.0121 0.0035 0.0686
15.81 0.0100 0.0074 0.0021 0.0567 0.0087 0.0075 0.0011 0.0195
18.25 0.0055 0.0063 0.0019 0.1035 0.0059 0.0050 0.0011 0.0433
22.64 0.0031 0.0036 0.0006 0.0350 0.0034 0.0042 0.0006 0.0296
25.08 0.0024 0.0028 0.0003 0.0179 0.0024 0.0027 0.0006 0.0551
27.53 0.0019 0.0021 0.0004' 0.0442 0.0017 0.0022 0.0004 0.0355
30.46 0.0014 0.0016 0.0003 0.0367 0.0015 0.0016 0.0003 0.0370
34.8 5 0.0009 0.0011 0.0001 0.0147 0.0009 0.0010 0.0002 0.0268
40.22 0.0006 0.0007 0.0001 0.0253 0.0005 0.0006 0.0001 0.0426

_____ 50.48 0.0003 0.0003 0.0000 0.0192 0.0002 0.0003 0.0001 0.0576
60.24 0.0001 0.0001 0.0000 0.C462 0.0001 0.0001 0.0000 0.0256
70.01 0.0001 0.0001 0.0000 0.0238 0.0001 0.0001 0.0000 0.0179
80.26 0.0000 0.0000 0.0 0.0 0.0000 0.0000 0.0 0.0



***♦< TAFLE C-3 . (continuer!) ► ♦***

WG(LB/SEC1 
WLILB/SEC)

0.0450
0.2400

0.0450
0.2400

0.0450
0.2400

0.0450
0.3500

0.0450
0.3500

0.0450
0.3500

382

CELL 81 02 CROSS COHERENCY Bl D2 CROSS COHERENCY
FREQ.(CPS) *»**.* NORMALIZED VALUE ***** ***** NORMALIZED VALUE *****

0.18 0.0036 0.0041 0.0026 0.4422 0.0041 0.0045 0.0031 0.5328
0.67 0.0074 0.0083 0.0061 0.6335 0.0065 0.0068 0.0055 0.6895
1.16 0.0109 0.0128 0.0104 0.7703 0.0081 0.0C82 0.0065 0.6459
1.65 0.0181 0.0192 0.0165 0.7860 0.0131 0.0141 0.0116 0.7277
2.14 0.0177 0.0197 0.0152 0.6646 0.0170 0.0197 0.0158 0.7464
2.63 0.0272 0.0270 0.0215 0.6288 0.0247 0.0273 0.0208 0.6436
3.11 0.0408 0.0404 0.0355 0.7644 0.C368 0.0356 0.0315 0.7560
3.60 0.0454 0.0449 0.0402 0.7929 0.0409 0.0415 0.0363 0.7753
4.09 0.0508 0.0445 0.0424 0.7967 0.0574 0.0532 0.0493 0.7964
4.58 0.0608 0.0575 0.0509 0.7415 0.0Z56 0.0737 0.0690 0.8551
5.07 0.0691 0.0630 0.0565 0.7338 0.0628 0.0552 0.0515 0.7645
5.55 0.0533 0.0538 0.0400 0.5921 0.0427 0.0372 0.0333 0.6970
6.53 0.0510 0.0443 0.0354 0.5581 0.0389 0.0386 0.0290 0.5586
7.51 0.0327 0.0337 0.0214 0.4165 0.0319 0.0332 0.0213 0.4265
8.48 0.0314 0.0296 0.0166 0.2976 0.0219 0.0207 0.0107 0.2544
9.46 0.0283 0.0240 0.0150 0.3350 0.0239 0.0206 0.0116 0.2724

11.41 0.0179 0.0177 0.0074 0.1723 0.0195 0.0210 0.0096 0.2239
13.37 0.0140 0.0109 0.0034 0.0761 0.0128 0.0160 0.0048 0.1121
15.81 0.0094 0.0086 0.0014 0.0247 0.0086 0.0079 0.0024 0.0861
18.25 0.0073 0.0066 0.0019 0.0757 0.00,62 0.0072 0.0012 0.0337
22.64 0.0C40 0.0339 0.0010 0.0705 0.0040 0.0040 0.0010 0.0627
25.03 0.0026 0.0032 0.0007 0.0659 0.0031 0.0038 0.0004 0.0165
27.53 0.0020 0.0025 0.0004 0.0360 0.0014 0.0922 0.0004 0.0419
30.46 0.0014 0.0018 0.0003 0.0468 0.0017 0.0015 0.0003 0.0462
34.85' 0.0309 0.0010 0.0002 0.0488 0.0010 0.0013 0.0001 0.0177
40.22 0.0006 0.0007 0.0001 0.0406 0.0005 0.0006 0.0001 0.0154
50.48 0.0003 0.0003 0.0000 0.0308 0.0002 0.0003 0.0000 0.0336
60.24 0.0U01 0.0001 0.0000 0.0303 0.0001 0.0001 0.0000 0.0280
70.01 0.0001 0.0001 0.0000 0.0208 0.0001 0.0001 0.0000 0.0185
80.26 0.0000 0.0000 0.0 0.0 0.0000 0.0000 0.0 0.0

WG(LB/SEC) 0.0450 0.0450 0.0450 0.0450 0.0453 0.0450
WL(LBZSEC) 

CELL
0.4700
Bl

0.4700 
02

0.4700
CROSS COHERENCY

0.5850
Bl

0.5850
D2

0.5850
CROSS COHERENCY

FREQ.(CPS) ***** NORMALIZED VALUE ***** ***** normalized VALUE *****
0.18 0.0043 0.0046 0.0038 0.7307 . 0.0051 0.0G49 0.0041 0.6659
0.67 0.0056 0.0061 0.0048 0.6844 0.0047 0.0045 0.0036 0.6161
1.16 0.0085 0.0086 0.0075 0.7613 0.0077 0.0366 0.0060 0.7041
1.65 0.0127 0.0122 0.0107 0.7487 0.0120 0.0137 0.0111 0.7471
2.14 0.0176 0.0213 0.0171 0.7850 0.0145 0.0158 0.0132 0.7561
2.63 0.0206 0.C261 0.0204 0.7752 0.0213 0.0209 0.C184 0.7625
3.11 0.0371 0.0393 0.0350 0.8387 0.0325 0.0378 0.0315 0.8071
3.60 0.'0405 0.0458 0.0395 0.8395 0.0424 0.0511 0.0428 0.8458
4.09 0.0485 0.0528 0.0463 0.8377 0.0475 0.0479 0.0442 0.8571

_____ 4.58 0.0548 0.0555 0.0497 0.8133 0.0655 0.0661 0.C614 0.8705
‘5.07 0.0713 0.0637 0.0616 0.8339 0.0563 0.0534 0.0507 0.8541
5.55 0.0542 0.0466 0.0440 0.7668 0.0564 0.0472 0.0459 0.7916
6.53 0.0387 0.0426 0.0332 0.6707 0.0389 0.0360 0.0310 0.6850
7.51 0.0324 0.0258 0.0210 ,0.5251 0.0279 0.0273 0.0203 0.5377
8.48 0.0328 0.0288 0.0215 0.4907 0.0346 0.0317 0.0248 0.5608
9.46 0.0253 0.0265 0.0162 0.3919 0.0237 0.0256 0.0161 0.4302
11.41 0.0178 0.0144 0.0094 0.3454 0.0203 0.0188 0.0122 0.3904
13.37 0.0122 0.0164 0.0068 0.2354 0.0137 0.0144 0.0083 0.3459
15.81 0.0097 0.0101 0.0040 0.1604 0.0103 ‘ 0.0112 0.0047 0.1958
18.25 0.0083 0.0087 0.0025 0.0881 0.0076 0.0091 0.0036 0.1869
22.64 0.0045 0.0039 0.0011 0.0747 0.0038 0.0040 0.0010 0.0597
25.08 0.0025 0.0037 0.0006 0.0375 0.0031 0.0036 0.0009 0.0749
27.53 0.0029 0.0027 0.00C4 0.0252' 0.0019 0.0022 0.0004 0.0424
30.46 0.0019 0.0019 0.0003 0.0327 0.0017 0.0017 0.0004 0.0589
34.85 0.0013 0.0013 0.0003 0.0780 0.0010 0.0011 0.0002 0.0310
40.22 0.0005 0.0008 0.0001 0.0538 0.0005 0.0007 0.0001 0.0490
50.48 0.0003 0.0003 0.0000 0.0332 0.0092 0.0003 0.0001 0.0741
60.24 0.0001 0.0001 0.0000 0.0238 0.0001 0.0001 0.0000 0.0462
70.01 0.0001 0.0001 0.0000 0.0208 0.0001 0.0001 0.0000 0.0208
80.26 0.0000 0.0001 0.0000 0.0417 0.0000 0.0001 0.0 0.0



♦ **1 TABLE C-3 (continued)
383

KullB/SEC) 3.0976 0.0976 0.3976 0.097o 0.0976 0.0976
WL(LB/5L"C)

Ctll
3. CIS",
81

3.6 16J
D2

0.0163
CROSS COHERENCY

0.028.)
81

0.0280
D2

0.0280
CROSS COHERENCY

FREO.(CPS) M3RM4LIZED vr.LUt ***** ***** NORMALIZED VALUE *****
c. 1 8 0.0337 0.0337 0.0018 0.2288 0.0107 0.0044 0.0029 0.1766
0.67 0.0041 0.0u41 0.0023 0.3213 0.0083 0.0u76 0.0049 0.3922
1.16 0.0col 0.00 72 0.0046 0.4 32 5. 3.010 3 0.0112 0.0082 0.5569
1.65 0.0094 0.0u90 0.0359 0,4194 0.0129 0.0130 o.uoes 0.4622
2.14 0.0396 0.0115 0.0057 0.2977 u.0131 0.0176 0.0133 0.5516
2.63 0.0137 0.016b 0.0u97 0.4165 U.02u4 0.0185 0.0131 0.4555
3.11 0.0121 0.0120 0.0068 0.3164 0.0208 0.0204 0.0138 0.4512
3.6v C.OK-4 0.0106 0.0046 0.1949 0.0214 0.0227 0.0112 0.2578
4.09 0.01 OS 0.0103 '0.00^6 0.0601 O.32b9 0.0264 0.0150 0.3165
4.58 0.0161 0.0135 0.3037 0.0648 0.0203 0.0216 0.0075 0.1297
5.07 0.0154 0.0129 O.'3C46 C.1C81 0.0263 0.0273 0.0138 0.2650
5.55 0.0123 0.0144 G.0C49 0.1375 0.0265 0.0230 0.0106 0.1865
6. 53 0.0167 0.0178 0.0045 0.Oo75 u.0275 0.0235 0.0069 0.0732
7.51 0.0180 0.0169 0.0045 U. 0 6 8 0 U.02Z3 0.0260 0.0057 0.0569
8.4b 0.6161 3.0216 0.0033 0.0323 0.G246 0.0251 0.0042 0.0282
9.46 0.0222 0.0215 0.0G52 0.0568' 0.0222 0.0232 0.0065 0.0683

. 11.41 0.0261 0.0265 0.0047 0.0327 0.0195 0.0261 0.0033 0.0271
13.37 0.0201 0.C232 0.0041 0.0368 0.0236 0.0199 0.0046 0.0449
15.81 0.0234 0.0223 0.0055 0.0582 0.0131 0.0150 0.0022 0.0252
11.25 0.0185 0.0174 0.0l>34 0.0364. 0.0153 0.0122 0.0G23 0.0280
22.64 0.0119 0.0081 O.uOlb 0.0323 0.0101 0.0105 0.0018 0.0317
25.08 0.0391 v . 3 3 7 6 0.0019 0.0513 0.0089 0.0659 0.0016 0.0488
27.53 0.0063 0.0052 0.00C9 0.0230 C.0C53 0.0G49 5.0029 0.0368
30.46 0.0034 0.0042 0.0007 0.0373 0.0034 0.0039 0.00G9 0.0671
34.6 5 0.00'31 0.0 J 2 6 0.0008 0.0772 0.0025 0.0023 0.0004 0.0317
4 3.22 0.0018 0.0016 G.C0G3 3.0394 0.0017 0.0015 0.0002 0.0207
51.48 0.0 0 O o 0.0004 0.0301 0.O436 0.0007 0.0GC6 0.0UG2 0.0993

' ""60.24 0.0007 0.0008 0.00C6 0.5176 U.0GG7 0.0007 0.0004 0.2803
70.01 0.0017 0.0u21 0.0018 0.8344 0.0012 0.0013 0.0011 0.7858
6C.26 0.0001 0.0301 0.0030 0.0317

i
U.GC01 0.0G01 0.0000 G.040G

WG(LB/SEC) 0.0976 0.0976
0.0976 ’

0.0976 0.0976 . 0.0976
kL(LB/SEC) 0.0440 0.0440 0.0440 0.0800 0.0800 0.0300

CELL Bl D2 CROSS COHERENCY 81 D2 CROSS COHERENCY
FREO.(CPS) *»*** NORMALIZED VALUE ***** ***** normalized VALUE *****

0.18 0.0111 0.0155 0.0136 C.6480 0.0033 0.0032 0.CG19 0.3816
0.67 0.0266 0.0348 0.0269 0.7794 0.0103 0.0125 0.0095 0.6970
1.1b ' 0.0434 0.0440 0.3396 0.6230 0.0145 0.0147 0.0123 0.7104
1.65 0.0398 0.0434 0.0353 0.7218 0.0201 C.0205 0.0174 0.7354
2. 14 0.0314 0.0332 0.C259 0.6418 0.0233 0.0239 0.0197 0.6967
2.63 0.0351 0.0372 0.0255 0.4963 0.0265 0.0244 0.3208 0.6652
3.11 0.0346 0.0352 0.0263 0.5687 0.0367 0.0340 0.33C8 0.7609
3.6 j 0.0342 0.0354 0.0244 0.4916 0.0340 0.0327 0.0284 0.7276
4.09 0.0343 0.0333 0.0225 0.4485 0.0313 0.0300 0.0233 0.5832
4.58 0.0336 0.0269 0.0168 0.3416 0.0318 0.0253 0.0211 0.5514
5.07 0.C2S2 0.0300 0.3139 C.2278 U.C283 0.0306 0.C218 0.5501
5.55 0.0256 0.0296 0.0126 0.2087 0.0297 0.0313 0.0234 0.5918
6.53 0.0225 0.0248 0.0072 0.0921 0.02 7o3 0.0300 0.0189 0.4371
7.51 0.0229 0.0242 C.3102 0.1893 •3.0243 C.0248 0.C138 0.3079
8.48 0.0187 0.0215 0.0063 C.C981 O.0237 0.0184 0.0085 0.1658
9.46 0.0220 0.0178 0.0053 0.0707 0.0214 0.0234 0.0091 0.1671
11.41 0.0136 0.0140 0.0032 0.0523 0.0193 0.0177 0.0064 0.1204
13.37 0.0105 C.01C1 0.0C32 0.0992 0.C130 0.0154 0.0034 0.0586
15.81 0.0083 0.0111 0.0018 0.0334 0.0115 0.0105 0.0C21 0.0367
18.25 0.0085 0.0079 ’ 0.0317 0.0448' 0.0108 0.0092 0.0030 0.0941
22.64 0.0064 0.0065 0.0011 0.0314 C .0075 0.0u66 0.0011 0.0229
25.03 0•0056 0.0048 0.0010 0.0369 G.C052 0.0058 0.0010 0.0302
27.53 0.0036 0.0342 0.00C7 0.0332 0.GG61 0.0061 0.0012 0.0360
30.46 0.0033 0.0031 0.0003 0.0117 0.0036 0.0G43 0.00C6 0.0223
34.85 0.0023 0.0021 0.0002 0.0060 0.0030 0.0027 0.0007 0.G600

• 40.22 0.0018 0.0013 0.0002 0.0212 0.0025 0.0017 0.0003 0.0169
50.48 0.0007 0.0006 O.0GO2 0.0872 0.0008 0.0012 0.0001 0.0063
60.24 0.0005 0.0005 0.0001 0.0851 0.0305 0.0006 0.0001 0.0459
70.01 0.0004 0.0005 0.0002 0.2844 0.0004 0.0004 0.0001 0.C693
80.26 0.0001 0.0001 0.0000 0.0093, 0.0002 0.0002 0.0000 0.0281



* **♦* *****TABLE C-3 (continued)

384
WG(LB/SuC) 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976
WL(L8/SEC) 

CELL
0.1260
81

0.1260
D2

0.1260
CROSS COL

0.1803
iFRENCY Qi

0.1800
D2

0.1800
CROSS COHERENCY

FREQ.(CPS) ***** NORMAL I 7.L D VALUE ***** ***** \0R MALI 7 ED VALUE *****
C. 13 U . 0 u 2 J 0.0J22 0.U011 0.267 3 CC 1 J 3.0020 0.0010 0.2478
0.6 7 0.0048 0.01-54 0.0038 0.5692 0.0041 C.0G41 0.0030 0.5325
1.16 0.0376 0.0076 G.0062 C.6688 u.0„7u 0.0083 0.0361 0.6363
1.65 0.0098 0.01'38 0.0082 0.632 0 v.012 0 0.0114 0.309b 0.6822
2.14 C.0157 0.0169 0.0138 0.7127 0.0148 0.0156 0.0125 0.6763
2.63 0.0196 0.0197 0.0169 0.7436 0.0160 0.0153 0.0125 0.6395
3.11 0.0231 0.3233 0.3183 0.7129 o. 0182 0.0200 0.0151 0.6293
3.6 J 0.0258 0.0262 0.0214 0.6785 0.0248 0.0227 0.3195 0.6726
4.09 0.3317 0.9367 0.0285 0.6988 G.G335 0.0305 0.0275 0.7388
4.58 0.0379 0.0396 G.0334 0.7415 . 0.0349 0.0328 0.0298 0.7751
5.07 C.0352 0.0325 0.C287 0.7171 0.0355 0.0355 0.C3G7 0.7465
5.55 0.0397 0.0294 0.0280 0.6709 0.0321 0.0291 0.3248 0.6600
6.53 0.0235 0.0234 0.0159 0.4634 0.0314 0.0231 0.U193 0.5149
7.51 0.0283 0.0262 0.C185 0.4602 0.0345 3.0277 0.0221 0.5139
8.48 U.0234 0.0235 0.0145 0.3835 0.0277 0.0205 0.0169 0.5037
9.45 0.0240 0.0240 G.C146 0.3714 0.0229 0.02C6 0.3133 0.3785

11.41 0.0174 0.0191 0.0C84 3.2149 0.0168 0.0175 0.0079 0.2152
13.37 0.0179 0.0137 0.0055 0.1241 0.0170 0.0172 0.3085 0.2465
15.81 0.0122 0.0119 0.0032 0.0697 0.0127 0.0136 0.0046 0.1225
18.25 0.0113 0.0113 0.0023 0.0423 0.0119 0.0096 0.0033 0.0989
22.64 0.0083 0.0C87 0.0021 0.0637 G.GC71 0.0077 0.0022 0.0884
25.08 0.0064 0.0055 0.C010 0.0270 0.005u 0.0062 0.0012 0.0450
27.53 0.GU51 0.0049 0.0007 v . 3 2 2 6 0 • 0 u 4 8 0.0059 0.0010 0.0329
30.46 u.0037 0.0035 0.0005 0.0208 0.0030 0.0042 0.0007 0.0411
34.85- 0.0G25 0.0025 0.0003 0.0151 0.0033 0.0030 0.0007 0.0462
4C .22 0.Ou 16 0.0C23 0.0002 G.C175 O.Ou18 0.0G18 O.OOG2 0.019o
50.48 0.00'39 0.0310 0.00C2 G.G417 0.0033 0.0008 0.0 0 u1 0.0225

"" 60.24 G.00U4 0.0006 0.0001 0.0434 o.0005 0.0005 0.0001 0.0133
70.31 0.0003 0.0004 0.0001 0.0556 0.0003 0.0004 0.0001 0.1861
80.26 C.OGOl 0.0002 0.3000 0.1)179 0.0001 0.0001 0.0000 0.0400

WULB/SEC ) C.C976 0.0976 0.0976 0.0976 0.0976 0.0976
WL(LEZSEC) 

CELL
0.2403
Bl

0.2400
D2

0.2400 0.3500
CROSS COHERENCY Bl

0.35CG
D2

0.35C0
CROSS COHERENCY

FREQ.(CPS) ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE *****
0.18 0.0G21 0.U321 0.0011 0.2782 0.0024 0.0022 0.0C12 0.2845
0.67 U.0343 0.0643 0.0031 0.5417 0.0343 0.0046 0.0034 0.5319
1.16 0.0377 0.0077 0.CG64 0.6961 C.GO75 0.0080 0.0060 0.6014

‘ 1.65 0.0129 0.0112 0.0 IGO 0.6941 Q.Olll 0.0126 0.3101 0.7235
2.14 0.G188 0.C183 0.0159 0.7379 0.0167 0.0173 0.0154 0.8148
2.63 0.0198 0.0211 0.0171 0.6962 0.0134 0.0201 0.0165 0.7420
3. 11 0.0274 0.3261 0.0232 0.7515 3.0248 0.0254 0.0221 0.7745
3.60 0.0301 0.0293 0.0266 0.7909 0.0313 0.0321 0.0288 0.8217
4.09 u.0297 0.0334 0.0268 0.7245 0.0319 0.0345 C.C295 0.7897
4.58 0.0345 0.0347 0.0307 0.7863 0.0297 0.0300 0.0252 0.7126
5.07 0.0290 0.0293 0.0246 3.6990 0.0387 0.0379 0.3322 3.7056
5.55 0.6288 0.0307 0.0240 0.6492 0.0366 0.0344 0.0296 0.6976
6.53 0.0294 0.0261 0.0208 • 0.5640 0.0337 0.0284 0.0250 0.6552
7.51 0.0233 0.C284 0.0199 0.4917 0.0281 0.0263 0.0215 0.6279
3.4c 0.0229 0.0231 0.3134 0.3412 0.0275 0.0262 0.0179 0.4439
9.46 0.0253 0.0237 0.0156 0.4126 C.0232 0.0214 0.0136 0.3751

11.41 0.0227 0.0203 0.0119 0.3004 0.0212 0.0212 0.0122 0.3308
13.37 0.0156 3.0192 0.0082 0.2226 0.0132 0.0148 0.0071 0.1844
15.81 o.oi2:- 0.0128 0.3636 0.0865 0.0135 0.0130 0.0050 0.1422
18.25 0.0125 0.0107 0.0038 0.1063 o.0394 0.0098 0.0033 0.1166
22.64 0.006? 0.0C75 0.0016 0.0505 0.0362 0.0062 0.0017 0.0784

“ 25.08 0.0061 0.0360 0.0017 0.0799 0.0051 0.0063 0.0014 0.0573
27.53 0.0351 0.0G40 0.0009 0.C403 0.0037 0.0C47 0.0003 0.0333
30.46 0.0G36 0.0040 0.0007 0.0345 0.CQ32 0.0042 0.0007 . 0.0412
34.85 0.0025 0.0025 0.0002 0.0090 0.0026 0.0028 0.0007 0.0697
40.22 0.0017 0.0318 0.0002 0.0115 0.0015 0.0018 0.0003 0.0331
5J.48 C.0CC3 0.0013 0.C0U1 0.0283 3.0006 0.0C09 0.0001 0.0278
60.24 0.0005 0.0005 0.0001 0.0209 0.0004 0.0005 0.00G1 0.0862
70.01 0.0003 0.0003 3.0001 0.1235 0.0003 0.0003 0.0001 0.1183
80.26 0.0001 0.0002 0.0000 0.0171 0.0031 0.0001 O.OOCO 0.0077



***** TA^LK C-3 (continued) *****

385
W^(LB/SEC) U . 0 9 7 u O.097t> 0.097b 0.0976 0.0976 0.9976
WHLB/5EC )

CELL .
0.47UU
Bl

0.4700
02

0.4700
CROSS COHERENCY

v•5350 
Bl

0.5d50
D2

0.5850
CROSS COHERENCY

FREQ.(CPS) ***** KURPALIZED VALUE ***** ***** NORMALIZED VALUE *****
U.l B 0.0015 0.0020 0.0009 0.3'322 6.0025 0.0029 0.0017 0.3994
0.57 0.0029 0.0033 0.0021 C.4323 6.0 C 4 6 0.0039 0.0031 0.5355
L. 16 0.Ou 52 0.00 68 0.0047 0.6115 O.OG32 0.0076 0.0063 0.6519
1.65 C.Ollo 0.0130 0.0109 0.7844 0.0117 0.0131 0.0104 0.7080
?.1A 0.0138 0.0147 0.0124 0.7586 0.0164 0.0154 0.0143 0.3032
2.63 0.0205 0.0207 0.0177 0.7414 0.0213 0.0230 0.0200 0.8159
3. 11 0.0267 0.0289 0.0249 0.8006 6.0271 0.0278 0.C248 0.8159
3.63 0.0284 0.0321 0.0274 0.5232 0.0358 0.0352 0.63z4 0.8315
^.09 0.0312 0.0297 U.U272 C.7957 0.0452 0.0419 0.0403 0.8571
4.53 0.C424 0.0391 0.0370 0.8251 0.0335 0.0407 0.0354 0.7971
5.07 0.0326 0.0347 0.0291 0.7503 0.6413 0.0434 0.3383 3.8194
5.55 0.0382 0.0413 0.0354 0.7934 0.0378 0.0373 0.0322 0.7263
6. 53 0.0377 0.0302 0.0287 0.7240 6.0303 0.0353 0.0278 0.7116
7.51 0.0345 0.0327 O.C2o9 0.6395 C'.C2?2 0.0260 0.0202 0.5756
8.48 0.0263 o.'j3jg 0.6213 0.5332 0.0231 0.0243 0.0177 0.5594
9.46 0.0252 0.022u C.0168 0.5063 0.0298 0.0248 0.0201 0.5455

11.41 0.0205 0.0193 0.C131 0.4351 6.0185 0.0129 0.0093 0.3630
13.37 0.0156 0.0173 0.0081 0.2456 0.0165 0.0149 0.0084 0.2910
15.81 0.0134 0.0169 O'. 0- o 8 3 0.3052 0.0122 0.0138 0.0063 0.2357
18.25 0.0099 0.0077 0.0026 0.0878 0.0091 0.0093 0.0028 0.0898
22.64 0.C0o3 0.0080 0.0023 0.1035 0.0051 0.0053 0.3010 3.0361
25.08 0.0053 0.0046 0.C013 0.0592 0.0047 0.0046 0.0015 D.1399
27.53 0.0 O’ 4 U 0.0046 0.0008 0.0366 0.0031 0.0039 0.0006 0.0264
30.4 5 0.0025 0.0031 0.0008 0.0779 0.3024 0.6331 0.0007 0.0635
34.85 0.0019 0.0025 0.0004 0.0370 0.0C15 0.0019 6.0-003 0.0364
40.22 0.0013 0.0014 0.0002 0.0215 0.0011 0.0611 6.00u3 0.0693
50.46 0.0005 0.0007 O.OOCl 0.0320 C.0004 0.0606 0.0601 0.0390
60.24 0.0003 0.0-004 0.0000 0.0141 0.0002 0.0033 0.0001 0.0627
70.01 0.0002 0.0003 0.0001 u."3000 0.0032 0.0003 0.3001 0.2401
80.26 C.0001 0.0001 0.0000 0.0085 0.0001 0.0001 0.0600 0.0331

WG(L0/SEC) 0.1435 0.1435 0.1436 0.1436 0.1436 0.1436
WHL8/SEC) 

CELL
0.0160
Bl

0.0160
D2

0.0160
CROSS COHERENCY

6.0280 
Bl

0.0280
02

0.0260
CROSS COHERENCY

FREQ.(CPS) ***** NORMALIZED VALUE ***** ***** normalized VALUE *****
C . 1 o 0.0l71 0.3072 0.0040 0.3130' 6.0073 0.0371 0.0050 0.4957
C.67 0.0056 0.0661 0.0020 0.1190, 6.0079 0.0675 0.0054 0.4896
1.16 U.0045 0.0046 0.0024 0.2301' 0.0691 0.0082 0.0061 0.4952
1.65 C.0039 0.0048 0.0022 0.2491 C.0123 0.012-3 0.0686 0.4989
2.14 0.0G53 . 0.0062 0.0621 0.1339 0.3144 0.0158 0.6114 0.5729
2.63 0.0108 0.0133 0.0089 0.5483 0.0215 0.0225 0.0164 0.5581
3.11 0.0 e 4 6 0.0049 0.0018 0.1521 C.0192 0.0201 0.0124 0.4005
3.60 0.0043 0.0045 0.0015 0.1253 6.0157 0.0172 0.0682 0.2464
4.09 0.0051 0.0052 0.0019 0.1423 6 . C165 0.0212 C.0G85 0.2057
4.58 0.0047 0.0067 0.0024 0.1771 0.0201 0.0203 0.6091 0.203b
5.07 0.0077 0.0064 0.6023 0.1096 0.0214 0.0173 0.0074 0.1521
5.55 0.0044 0.0058 0.0016 0.1035 0.0'255 0.0209 0.0098 0.1810
6.53 0.0062 0.0064 0.6012 0.0389 0.0214 0.0240 0.0083 0.1329
7.51 C•0C08 0.0060 0.0013 0.0384 C.0160 0.0186 0.UC41 0.0566
8.48 U.006C* 0.0081 0.0013 0.0366 0.0191 0.0191 0.0040 0.0437
9.46 0.0078 0.0084 6.0015 0.0363 C .0177 0.0205 0.0030 0.0250

11.41 0.0091 0.0111 6.0622 0.0493 0.0185 • 0.0209 0.0033 0.0282
13.37 0.0138 0.0152 0.0036 0.0635 0.0133 0.0222 0.0041 0.0576
15.81 0.0203 0.0198 0.0046 0.0536 0.0153 0.0171 0.0054 0.1142
18.25 0.0189 0.0224 0.0050 0.0591 0.0121 0.0140 0.0020 0.0245
22.64 0.0217 0.0175 0.3033 0.0292 0.0104 0.0106 0.0015 0.0205
25.03 0.0144 0.0128 0.0023 0.0281 0.C091 0.0076 0.0025 0.C895
27.53 0.0129 0.0102 0.0020 0.0309 0.0064 0.0051 0.0013 0.0510
30.4 5 0.0099 0.0099 0.0011 0.0128 0.0655 0.0051 0.0009 0.0315

. 34.8? 0.0061 0.0052 0.0009 0.0286 0.0037 0.0037 0.6010 0.0698
40.22 0.0040 0.0034 0.C007 0.0360 0.0024 0.0325 0.0004 0.0292
50.4 8 0.0015 0.0010 0.0003 0.0691 0.0013 0.0368 0.0001 0.0158
60.24 0.0005 3.0007 O.OOOl O.u317 -3.0005 0.0004 0.0001 0.0351
70.01 O.COC3 0.0005 0.3001 0.0600 0.0003 0.0003 0.0000 0.0308
80.26 0.0002 0.0004 0.0000 0.0178 U.0001 0.0061 0.0000 0.0205



TAPL5 C-3 (continued) ♦ * * * *

386
WG(LB/SEC ) 0.1436 0.1436 0.1436 0.1436 0.1436 G.1436
WL(LB/SEC) 0.04 40 0.0440 0.0440 0.080.? 0.0800 0.C8j0

CtLL 81 D2 CROSS COHERENCY Bl D2 CROSS COHERENCY
FREQ.(CPS ) -j.JR MALI ZED VALUE ***** ***** NUR.''.AL I ZED VALUE *****

C. 18 0.0353 0.0u79 0.0 05'3 0.5 328 G.UC14 0.0018 O.GOC-4 0.0764
0.67 0.0184 u.0217 0.3175 0.7699 0.0029 0.0036 0.0018 0.3078
1.16 0.0215 0.0247 0.3206 0.7907 o • Jl 68 0.0.65 0.3/050 v. 554C
1.65 0.0267 0.0289 0.0231 0.6884 0.0069 0.0100 0.G073 0.5924
2. 14 0.0248 0.0259 0.0206 0.6612 0.0123 0.0141 0.0111 0.6845
2.63 0.0246 0.0291 0.3201 0.5670 0.0165 0.0151 O.vl28 0.6750
3.11 0.0227 0.0278 0.0182 0.5240 C.C175 0.0214 0.0127 0.6576
3.60 0.0248 0.0252 0.0174 0.4861' 0.0211 0.0220 0.0180 0.6956
4.09 u.0260 0.0280 0.0184 0.4638 C.025z O.0293 0.0229 L.7112
4.58 0.0244 0.0240 0.0161 0.4456 ..0234 0.0 24o 0.U176 C.6147
5.07 C.0242 0.0263 0.0157 0.3864 0•Cz 22 0.0224 0.0175 0.6139
5.55 0.0231 0.0241 0.0140 0.3507 u.0223 0.0254 0.5188 0.6237
6.53 0.0205 0.0241 0.0118 0.2819 U. C 212 0.0254 0.G173 G.5565
7.51 0.025'2 0.0193 O.CS'OA 0.2 291 U . 02 3t. 0.0230 C.6158 0.4632
8.48 0.0165 0.0202 0.0068 0.1403 U.0221 0.0200 0.C128 0.3731
9.46 0.0165 0.0167 0.0057 0.1160 C.017S 0.0194 0.0112 0.3608

11.41 0.0191 C.0168 0.CG61 0.1148 0.0204 u.0222 0.G1G6 0.2490
13.3? 0.0142 0.0126 O.OG41 0.0959 0.0166 0.0122 0.0056 0.1571
15.81 0.0145 0.0118 0.0029 0.0478 C . 0119 0.0116 0.0029 0.0613
18.25 u.0085 0.0098 0.0017 0.0352 G.CG95 0.0131 0.0031 0.0752
22.64 C.0064 0.0077 C.0C13 0.0364 U.CG73 5.0073 O.OCia C.66C0
25.C8 0.0059 0.0075 0.0007 0.C127 0.0384 0.0074 0.0018 0.0543
27.53 C.0059 0.0051 0.0015 0.C729 U.Gv69 0.0076 0.0016 L.0467
30.46 0.0053 0.0056 0.CCG8 C.0216 0.0C51 0.0049 0.0010 0.0386
34.85 0.0040 0.0036 0.C310 0.0721 0.0039 0.0039 0.G009 0.0534
40.22 0.0029 C.0C24 0.0065 0.0412 0.0024 0.0029 0.G0G7 0.G796
50.48 0.0C17 0.0'315 0.0003 0.0294 U .0018 0.0U17 C.0Ul4 0.0598
60.24 0.0013 0.0009 0.0002 0.0469 0.0009 0.001C 0.0002 0.0353
70.01 0.0005 C.0005 0.0001 0.-0385 U.0007 0.0006 0.0001 0.0481
80.26 0.0003 0.0003 0.0001 _ 0.0452 G.0G34 0.0003 C.uGCl 0.0389

WG(L3/SEC) 0. 1436 0.1436 0.1436 0.1436 0.1436 0.1436
WL(LB/SEC) 0•1260 0.1260 0.1260 0.1800 0.18C0 0.1800

CELL Bl 02 CROSS COHERENCY Bl D2 CROSS COHERENCY
FREQ.(CPS) ***** NORMALIZED VALUE ***** ***** normalized VALUE *****

0.18 0.0ul5 0.0019 0.0007 0.1791 0.0C18 0.0019 0.0006 0.1035
0.67 0.0032 0.0042 0.0025 0.4592 0.0031 0.0'038 O.C'Cie 0.2756
1. Io 0.0054 0.0055 0.0038 0.4716 0.0053 0.0061 0.GC39 0.4639
1.65 0.0075 0.0083 0.0u59 0.5454 0.0087 C.0C99 0.0072 0.6101
2.14 0.0079 0.C1C5 0.C067 0.5406 0.0123 0.0109 0.G090 0.6076
2.63 0.0148 ■ 0.0155 0.0123 0.6632 C.0165 0.0184 0.0143 0.6692
3.11 0.0167 0.0200 0.0141 0.5970 0.0169 0.0179 C.C147 0.7162
3.60 0.0194 0.0226 G.'3167 0.6363 U.C239 0.0293 0.0220 0.6950
4.09 0.0197 0.0245 0.0179 0.6649 0.0265 0.0267 0.0230 0.7501

-----  "4.58 0.024'0 0.0261 0.0210 0.7065 0.0259 0.0237 0.0199 0.6472
5.07 0.0232 0.0246 O.ul95 0.6732 0.0259 0.0275 0.0219 0.6736
5.55 0.0336 0.0342 0.0288. 0.7230 0.0246 0.0264 0.0207 0.6612
6.53 0.0247 0.0230 0.0176 0.5449 0.0247 0.0266 0.0197 0.5884
7.51 0.0249 0.0253 0.0182 0.5279 0.0297 0.0258 0.0209 0.5683
8.48 0.0216 0.021C O.l131 0.3800 0.0220 0.0244 0.0159 0.4724

------- 9.46 0.0238 0.0218 0.0148 0.4231 5.0217 0.0200 0.0135 0.4187
11.41 0.0184 0.0214 0.0086 0.1889 0.0195 0.0180 0.0099 0.2763
13.37 0.0124 0.0149 0.0062 0.2098 U.0195 0.0185 0.0101 0.2841
15.81 0.0150 0.0113 0.0045 0.1188 0.0143 0.0112 0.0056 0.1943
18.25 0.0124 0.0111 0.0029 0.0615 0.0107 0.0107 0.0017 0.0256
22.64 0.0 J 78 0.0101 0.0020 0.0488 0.0083 0.0087 0.0G20 0.0566

" ' -- 25.08 0.0079 0.0078 0.0015, 0.0391 0.0062 0.0070 0.0012 0.0329
27.53 0.0076 0.0049 0.00C9 0.0231 0.0068 0.0066 0.0015 0.0497
30.46 0.0051 0.0048 0.0012 0.0560 0.0035 0.0049 O.OOU8 0.C360
34.85 0.C 0 36 0.0034 0.0005 0.0235 0.0035 0.0041 O.uOO6 0.0254

■ 40.22 0.CC24 0.0022 0.00C5 0.0489 0.0025 0.0028 0.0003 0.0119
50.43 0.0012 0.0013 0.U0C2 0.0326 0.0014 0.0013 0.0002 0.0326

— 60.24 0.0008 0.0008 0.C0G2 0.0776 0.03)06 0.0006 0.0GG1 0.0201
70.01 0.0006 0.0005 0.0G01 J.0432 0.0004 0.0004 0.0001 0.0391
80.26 0.6002 0.0C02 0.0001 0.0626 0.0003 0.0002 0.0000 0.0431



***** TAFLE C-3 (continued) *****

387
ku(L8/SEC ) U.1436 0.1436 0.1436 0.1436 0.1436 0.1436
WL(LB/SEC) .J.24JC C.2400 C.2400 0.3503 0.3500 0.35C0

CELL 81 D2 CROSS COLIERENCY pi D2 CROSS COHERENCY
FREQ.(CPS) ***** \(jRMALIZED VALUE *<=*** NORMALIZED VALUE *****

u.16 L .1^19 C.OvZo J • u ? 1 1 0.2421, 0.0018 0.0319 0.0006 0.1020
0.67 0.0033 0.0038 0.0020 0.3372 0.0031 0.0J37 0.0018 0.2910
1.15 C .0648 0.0l63 0.0041 0.5578 O.CU51 U.0v58 0.0043 0.5272
1.65 0.C1j5 0.0112 0.3093 0.7251 0.0u79 0.0083 0.0065 0.6534
2.14 0.0133 0.0157 0.0120 0.6925 0.0137 0.0120 0.0109 0.7237
2.63 0.0165 0.018b 0.C147 0.7026 C.0187 0.0189 0.0161 0.7321
3.11 v.G227 0.0240 0.0 2 C 6 0.7793 0.0163 0.0192 0.0155 0.7874
3.6: C.0295 0.0274 0.0253 0.7903 0.0213 0.0197 0.0179 0.7633
4.09 C.02 5C' 0.0256 0.0209 0.6822 0.0274 0.0235 0.0250 0.7969
4.58 0.0237 0.0267 0.0231 0.6948 0.0351 0.0356 0.0320 j.8201
5.07 0.0301 0.0327 0.0257 0.6736 0.0436 0.0354 0.0330 C.7546
5.55 0.0322 0.0324 0.0263 0.6891 3.0357 0.0353 0.0321 0.7939
6. 53 0.0325 0.0316 0.0270 0.7119 0.0329 0.0253 0.0242 0.7056
7.51 0.0279 0.0280 0.0215 0.5932 0.0271 0.0286 0.0229, 0.6748
8.43 U 0.0230 <3. -0191 u.597 7 e.02 71 0.0270 0.0209 0.5950
9.46 0.0245 0.0219 0.U142 0.3770 0.0283 0.0272 0.0214 0.5962
11.41 Q.018v 0.0190 0.0117 0.4010 0.0221 0.02C8 0.0145 0.4582
13.37 0.0183 0.0158 G.0G88 0.2708 0.0162 0.0158 0.0092 0.3331
15.81 0.0146 0.0131 0•0063 0.2057 0.0159 0.0163 0.0087 0.2908
18.25 0.0131 0.0110 0.0040 0.1082 0.0C94 0.0105 0.0041 0.1715
22.64 0.0087 0.0107 0.0027 0.0805 C.OU77 0.0082 0.0027 0.1159
25.08 0.0064 0.0055 0.0007 0.0147 0.0064 0.0069 0.0018 0.0729
27.53 C . 0 0 5 7 0.0653 0.0012 0.0515 0.0056 0.0052 0.0011 0.0444
30.46 0.0343 0•0045 0.0011 0.0673 0.0034 0.0041 0.0007 0.0379
34.85 u.0u20 0.0035 0.0006 i) • 0403 U* 003'..* 0.0034 0.0008 0.0650
40.22 c.Ouia 0.0021. O.OOC4 0.0337 0.0018 0.0U24 0.00C4 0.0394
5 J. 48 U.0vU9 O.OJ14 G.uC02 0.0420 C.OvlC 0.0311 0.0U02 0.9341
60.24 0.0004 0.0005 C.0001 0*0335 u•G C G 4 0.0005 0.0001 0.0237
70.01 0.0003 0.0003 0.0001 0.0769 - 0.0002 0.0003 0.0000 0.0113
80.26 o.ooai 0.0002 0.0000 0.01o7 0.0001 0.0002 0.0000 0.0121

WG(L8/SEC) 0.1436 0.1436 0.1436 ; 0.1436 0.1436 0.1436
WL(LB/SEC) 0.4700 0.4700 0.4700 0.5850 0.5850 0.5850

CELL Bl D2 CROSS COHERENCY B1 D2 CROSS COHERENCY
FREQ.(CPS) ***** normalized VALUE ***** ***** NORMALIZED VALUE *****

0.18 U.0016 0.0016 0.0037 0.1795 C.0G23 0.0022 0.0011 0.2266
0.67 0.0037 0.0C34 0.0C22 0.3797 0.0036 0.0034 0.0020 0.3362
l.lo U.0056 0.0064 0.0C45 0.5715 0.0353 0.0058 0.0041 0.5418
1.65 0.0074 0.0076 0.0058 0.5940 0.0092 0.0082 0.0070 0.6506
2.14 0.0124 0.0113 0.01C1 0.7296 0.0111 0.0099 0.0090 0.7354
2.63 0.0185 0.0188 0.0160 0.7321 0.0124 0.0120 0.0094 0.5877
3.11 0.0232 0.C210 0.0198 0.8033 0.0186 0.0200 0.0171 0.7357
3.6: 0.0278 0.0291 0.0254 0.7989 C.0244 0.0242 0.0218 0.8047
4.09 0.0302 0.0298 0.0266 0.7975 G.030O 0.0317 0.0277 0.7894
4.58 0.0311 0.0295 0.0275 0.8223 0.0300 0.0297 0.0265 0.7851
5.07 0.0314 0.0342 0.0291 C.7864 0.0356 0.0375 0.0325 0.7900
5.55 0.0350 0.0322 0.0296 0.7784 0.0404 0.0419 0.0374 0.8251
6.53 0.0388 0.0344 0.0311 0.7224 0.0283 0.0286 0.0234 0.6855
7.51 0.0295 0.0278 0.0225 0.6136 0.0372 0.0305 0.0287 0.7247
8.48 0.0261 0.0273 0.0216 0.6543 0.0269 0.0267 0.0206 0.5908
9.46 0.0296 0.0236 0.02U3 0.5878 0.0244 0.0273 0.C190 0.5404

11.41 0.0229 0.02C5 0.0156 0.5213 3.O23C 0.0199 0.0140 0.4280
13.37 0.0193 0.0177 0.0112 0.3682 0.0189 . 0.0173 0.0113 0.3917
15.81 0.0129 0.0160 0.0083 0.3383 0.0159 0.0147 0.0079 0.2685
18.25 0.0093 0.0093 0.0041 0.1974 0.0110 0.0105 0.0064 0.3609
22.64 0.006'9 0.0076 0.0022 0.0936 0.0053 0.0070 0.0022 0.1264
25.08 0.0052 0.0071 0.0013 0.0446 0.0054 0.0054 0.0023 0.1764
27.53 0.0O52 0.0050 0.0007 0.0202 0.0038 0.0040 0.0015 0.1574
30.46 0.0026 0.0037 0.0006 0.0350 0.0035 0.0040 0.0007 0.0307
34.85 0.0023 0.0027 0.00C5 0.0359- 0.0024 0.0028 0.0007 0.0808
40.22 0.0013 0.0018 0.0003 0.0282 0.0015 0.0017 0.0004 0.0615

• 5e.48 0.0007 0.0009 0.0002 0.0689 0.0006 0.0308 0.0901 0.0245
"" 60.24 0.0004 0.0304 0.0000 0.0056 0.0003 0.0005 0.0001 0.0509

70.01 0.0002 0.0002 0.0000 0.0417 0.0002 0.0003 O.OCGO 0.0290
80.26 0.0001 C.0001 0.0000 0.0205 0.0001 0.0002 0.0000 0.0227



TAT:LE C-3 (continued) *****

388
Wo(Lb/SEC) 
WKLb/SEC ) 

CELL

C.1742
C.016C
81

0.1742
0.0160
D2

0.1742
.O.OloO
CROSS COHERENCY

0.1742
0.0233
Bl

0.1742
0.0280
02

0.1742
0.0280

CROSS COHERENCY
FREQ.(CPS) *v*** -ji'JRMAL I ZED VALUE ** »***» NORMALIZED VALUE *****

0.18 0.0051 0.0114 u.0032 0.1775 O.C241 0.9222 G.0196 0.7216
0.67 0.0071 0.0102 U.U023 0.1074 0.0315 0.0254 0.0246 C.7548
1.15 L . 0 u 5 1 0.0073 0.3015 0.J 504 0.0251. 0.017o 0.0141 0.4547
1.65 0.0052 0.0358 0.0015 0.0775 0.0164 0.0166 0.0082 C.248C
2.14 0.0049 0.0u63 0.CCC9 0.0267 0.0162 0.0119 0.0062 0.2018
2.63 Vy • V »- 7 o 0.0180 0.GC61 0.2765 0.0204 0.0168 o. 'jogg 0.2880 ■
3.11 0.0052 G.0e49 C.CC12 0.C587 0.0170 0.0149 0.0061 0.1472

. 3.6 ? 0.0u44 0.0055 0.0009 0.0313 0.0165 0.0145 0.0063 0.1659
4.0-1 0.0643 0.0647 0.0097 0.0257 0.0139 0.0157 0.0076 0.1928
4.58 0.0148 0.0C52 G.CC17 0.1205 0.0142 0.0175 0.0059 0.1405
5.07 C.0C53 C.0112 G.Oull 0.D212 0.018C 0.0208 O.OC69 0.1279
5.55 0.0051 0.0054 0.0011 0.0453, 0.0179 0.0155 0.0054 0.1046
6.53 0.0049 U.0058 0.0010 0.3329 0.0143 0.0188 0.0048 0.0859
7.51 0.C050 C.0C70 0.0323 0.1132 U.C210 0.0155 0.0C45 0.0634
8.48 U.00p3 0.0860 0.0011 0.0352 0.0171 0.0152 0.0023 0.0212
9.4o 0.0043 0.0C61 0.0013 0.0611 0.0151 0.0186 0.0047 0.0774

11.41 0.0046 0.0053 0.3011 0.C 540 u.0145 0.0142 0.0928 0.0374
13.37 0.0050 0.0C67 C.G010 0.0289 0 .0178 0.0153 0.0021 0.0156
15.81 0.CU44 C.0035 0.0010 0.0272 0.0116 0.0134 0.0018 0.0202
18.25 0.0C53 0.0396 0.0013 0.0361 0.0093 0.0095 0.0025 0.0687
22.64 0.0065 C.013G 3.CC14 9.0213 0.0073 0.0093 0.0014 0.0286
25.08 0.0972 0.0167 0.0025 0.0520 0.0094 0.0084 0.0127 0.C913
27.53 0.0071 0.0162 0.0010 0.0085 0.0G80 0.0055 0.0012 0.0314
30.46 0.0072 0.0122 0.0317 0.0320 0.0057 0.0068 0.9013 0.0464
34.85 0.0063 0.0103 0.0C13 0.0273 G.0U47 0.0048 0.0005 0.0119
40.22 0.0058 0.0069 0.0Cu7 0.0135 0.0033 0.0u33 0.C0C5 0.0248
50.48 0.0045 0.0D17 0.3010 0.1442 0.0018 0.0014 0.0003 0.0358
60.24 0.0047 0.0015 0.0 0 u 8 0.0920 0.0011 0.0009 0.0002 0.0424
70.01 0.0039 C.0009 0.0004 0.0475 0.0005 0.0905 0.0001 0.0319
80.2 5 0.0044 0 .0003 0.00C5 0.0584 0.0003 0.0002 0.0000 0.0138

WG(Lb/SEC) 0.1742 0.1742 0.1742 •
0.1742 0.1742 0.1742

WL(LBZSEC) 
CELL

0.0440
Bl

0.0440
D2

0.0440
CROSS COHERENCY

0.0809
Bl

0.0800 
D2

0.0800
CROSS COHERENCY

FREQ.(CPS) ***** NORMALIZED VALUE ** ***** NORMALIZED VALUE *****
0.18 0.0031 0.CG46 0.0020 0.2798 C.C015 0.0019 0.00C6 0.1448
0.67 0.0084 0.0106 0.0077 0.6716 0.0028 0.0C38 0.0018 0.3146
1.16 0.0121 0.0136 0.3095 0.5559 0.0042 0.0051 0.0028 0.3611
1.65 0.0174 0.0191 0.0148 0.6568 0.0071 0.0087 0.0060 0.5784
2.14 0.0215 0.0247 0.0188 0.6677 O.OC78 0.0106 0.0067 0.5388
2.63 0.0261 0.0332 0.0234 0.6955 0.0125 0.0131 0.0091 0.5098
3.11 0.0235 0.0276 0.0223 0.7633 0.0132 0.0173 0.0124 0.6522
3.60 0.0223 0.0229 0.0181 0.6391 0.0186 0.0219 0.G163 0.6503
4.09 0.0202 0.0195 0.0157 0.6272 0.0197 0.0226 0.0172 0.6672
4.58 0.0226 0.0233 0.3176 C.5960 0.0224 0.0200 0.0169 0.6377
5.07 0.0191 0.0215 0.0151 0.5545 0.0243 0.0258 0.0210 0.7045
5.55 0.0207 0.0249 0.0131 0.6313 0.02C9 0.0244 0.C177 0.6192
6.53 0.0227 0.0209 0.0159" 0.5333 0.0218 0.0197 0.0162 0.6112
7.51 0.0193 0.0194 0.0133 0.5134 0.0188 0.0199 0.0127 0.4350
8.48 0.0195 9.0179 0.-3122 0.4246 0.0217 0.0198 0.0145 0.4863
9.46 0.0129 0.0137 0.0071 0.2888 0.0190 0.0176 0.0114 0.3864
11.41 0.0185 0.0174 0.0097 0.2954 0.0176 0.0174 0.0103 0.3440
13.37 0.0149 0.0110 0.0043 0.1103 0.0129 0.0147 0.0063 0.2092
15.81 0.0113 0.0130 0.0056 0.2155 0.0117 0.0155 0.0053 0.1564
18.25 0.0103 0.0393 0.3026 0.0699 0.0091 0.0103 0.0028 0.0824
22.64 0.0088 0.0064 0.0016 0.0436 0.0091 0.0096 0.0022 0.0548
25.08 0.0074 0.0076 O.l.014 0.0341 0.0091 0.0067 0.0019 0.0571
27.53 0.0058 0.0070 0.3CC9 0.0210 0.0068 0.0070 0.0018 0.0703
30.46 0.0062 0.0051 0.0010 0.C293 0.006C 0.0052 0.0010 0.0300
34.85 0.0046 0.0040 0.0010 0.0560 0.0062 0.0047 0.0006 0.0141
40.22 0.0037 0.0324 O.0CO7 0.0520" 0.0035 0.0031 0.0005 0.0225
50.48 C.0019 0.0020 0.0005 0.0610 0.0020 0.0018 0.0003 0.0322
60.24 0.0013 0.0010 0.0002 0.C429 0.0012 0.0911 0.0002 0.0264
70.01 0.0003 0.0006 0.0302 0.0725 0.0007 0.0007 0.0002 0.0573
80.26 0.0005 0.0005 0.0001 0.0663 0.0005 0.0004 0.0001 0.0435



***♦ * TABLE C-3 (continued) *****

389
WGILB/SEC) 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742
WL(LB/SEC) 

CELL
0.1260
Bl

0.1260
02

0.1260
CROSS COHERENCY

0.1800
31

0.1800
D2

0.18C0 
CROSS COHERENCY

FREQ.(CPS) ***** normalized VALUE ***** ***** N0R>''.ALIZED VALUE *****
C. 18 0.0013 0.0013 0.0004 0.1037 0.0018 0.0G15 0.0005 0.0946
0.67 0.0032 0.0037 O.0C2O 0.3561 0.0C36 0.0036 0.0020 0.2945
1.15 0.0u5-j 0.0053 0.0035 0.4721 0.0049 0.0040 0.G029 0.4141
1.65 0.0079 0.0086 0.0067 0.6520 0.0081 0.0082 0.0064 0.6113
2.14 0.0102 0.0114 0.0089 0.6782 0.0107 0.0115 0.0089 0.6469
2.63 O.Cu97 0.0103 0.0077 0.5884 0.G141 0.0153 0.0117 0.6398
3.11 0.0183 0.0187 0.0156 0.7125 0.0139 0.0165 0.0128 0.7083
3.60 0.0183 0.0186 0.014b 0.6283 0.0186 0.02C6 0.0169 0.7454
4.09 C.0193 0.0217 0.0177 0.7265 0.C246 0.0272 0.0219 0.7128
4.58 0.0212 0.0235 0.0190 C.7233 0.0234 0.0223 0.0199 0.7554
5.07 0.0244 0.0215 0.0197 0.7405 0.0287 0.0312 0.0257 0.7398
5.55 0.0205 0.0247 0.0187 0.6895 0.0257 0.0242 0.0214 0.7352
6.53 0.0200 0.0233 0.0169 0.6143 0.0243 0.0231 0.0190 0.6413
7.51 0.0221 0.0250 0.G174 0.5489 0.0275 0.0244 0.0202 0.6064
b.48 0.0213 0.0237 0.0162 0.5197 0.0214 0.0244 0.0168 0.5435
9.46 0.0215 0.0204 0.0146 0.4838 0.0263 0.0215 0.0190 0.6380

11.41 G.0191 0.0197 0.0127 0.4286 0.0195 0.0202 0.0132 0.4437
13.37 0.0204 0.0166 0.0104 0.3171 G.0143 0.0142 0.0086 0.3614
15.81 0.0113 0.0132 0.0049 0.1610 0.0146 0.0152 0.0071 0.2295
18.25 0.0109 0.0102 0.0023 0.0470 0.0126 0.0127 0.0052 0.1694
22.64 0.0094 0.0102 0.0012 0.0163 0.0CZ4 0.0097 0.0019 0.0517
25.08 0.0084 0.0074 0.0020 0.0671 0.0087 0.0070 0.0C23 0.0870
27.53 0.0064 0.0069 0.0016 0.0582 0.0053 0.0057 0.0013 0.0554
30.46 C.0056 0.0052 0.0012 0.0518" 0.0044 0.0051 0.0008 0.0263
34.85 0.0042 0.0038 0.0009 0.0520 0.0C39 0.0048 0.00C7 0.0298
40.22 0.0033 0.0033 0.0009 0.0678 0.0029 0.0029 0.0003 0.0101
50.48 0.0015 0.0015 0.00U3 0.0491 0.0015 0.0017 0.0003 0.0333

" 60.24 0.0012 0.0010 0.0003 0.0652 - 0.0006 0.0009 0.0001 0.0365
70.01 0.0005 0.0005 0.0001 0.0364 0.00u5 0.0005 O.OOOG 0.0116
80.26 C.00C3 0.0003 0.0000 0.0223 0.0002 0.0003 0.0000 0.0229

WG(LB/SEC) 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742
WL(LB/SEC ) 

CELL
0.2400
Bl

0.2400 
D2

0.2400 
CROSS COHERENCY

0.3500 
Bl

0.3500 
D2

0.3500
CROSS COHERENCY

FREQ.(CPS) ***** normalized VALUE ***** ***** normalized VALUE *****
0.18 0.0016 . 0.0G16 0.0006 0.1551' 0.0014 0.0020 0.00C5 0.0769
0.67 0.0029 0.0031 0.0016 0.2810 0.0C25 0.0031 0.0016 0.3171
1.16 0.0042 0.0048 0.0C34 0.5758 0.0042 0.0C43 0.0027 0.3939
1.65 0.0074 0.0083 0.0063 0.6394 0.0053 0.0061 0.0039 0.4439
2.14 0.0096 0.0119 0.0091 0.7207 0.0059 0.0C73 0.0050 0.5750
2.63 0.0125' 0.0131 0.0108 0.7116 0.0119 0.0112 0.0093 0.6483
3.11 0.0149 0.0143 0.0125 0.7338 0.0143 0.0148 0.0124 0.7272
3.60 0.0213 0.0230 0.0198 0.8004. 0.0242 0.0201 0.0198 0.8089
4.09 C.0209 0.0236 0.0194 0.7610 C.0203 0.0199 0.0173 0.7401
4.58 0.0264 0.0277 0.0231 0.7279 0.0245 0.0256 0.0216 0.7442
5.07 0.0253 0.0256 0.0220 0.7489 0.G323 0.0311 0.0278 0.7598
5.55 0.0339 0.0301 0.0288 0.8102 0.0296 0.0293 0.0261 0.7847
6.53 0.0255 0.0249 0.0209 0.6877 0.0316 0.0333 0.0286 0.7764
7.51 0.0253 0.0263 0.0218 0.7140 0.0279 0.0293 0.0236 0.6822
8.48 0.0267 0.0251 0.0198 0.5864 0.0241 0.0238 0.0190 0.6293
9.46 0.0249 0.0232 0.0186 0.5973. 0.0247 0.0242 0.0191 0.6087

11.41 0.0204 0.0199 0.0154 0.5802 0.0183 . 0.0179 0.0126 0.4880
13.37 0.0158 0.0166 0.0103 0.4089, 0.0158 0.0176 0.0114 0.4679
15.81 0.C132 0.0153 0.0079 0.3094 0.0128 0.0117 0.0076 0.3867
18.25 0.0119 0.0111 0.0057 0.2494 0.0151 0.0110 0.0073 0.3241
22.64 0.0090 0.0074 0.0023 0.0821 0.0G77 0.0087 0.0034 0.1689
25.08 0.0077 0.0G66 0.0022 0.0955 0.0C67 0.0072 0.0018 0.0654
27.53 0.0062 0.0056 0.0015 0.0659 0.0055 0.0055 0.0018 0.1020
30.46 0.0051 0.0047 0.0011 0.0483 0.0038 0.0046 0.0009 0.0450
34.85 0.0047 0.0042 0.0010 0.0515 0.0035 0.0032 0.0005 0.0237
40.22 0.0024 0.0024 0.0006 0.0646 0.0024 0.0023 0.0005 0.0407
5C.48 0.0012 0.0013 0.0002 0.0201 0.0010 0.0013 0.0002 0.0501
60.24 0.0008 0.0006 0.0002 0.0510 0.0006 0.0006 0.0001 0.0130
70.01 0.0003 0.0004 0.0000 0.0189 0.0003 0.0004 0.0000 0.0149
80.26 0.0002 0.0002 0.0000 0.0453, 0.0002 0.0003 0.0000 0.0481



TABLE C-3 (continued) *****

WG(LB/SEC) 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742
WL(LB/SEC ) 0.4700 0.4700 0.4700 0.5850 0.5850 0.5850

CELL Bl D2 CROSS COHERENCY Bl D2 CROSS COHERENCY
FREU.(CPS) ***** normalized VALUE ***** ***** NORM\LIZED VALUE *****

0.18 0.0017 0.0018 0.0009 0.2663 0.0019 0.0019 0.0009 0.2022
0.67 0.0027 0.0028 0.0014 0.2746 0.0030 0.0032 0.0017 0.3157
1.16 0.0C44 0.0042 0.0032 0.5399 0.0037 0.0038 0.0024 0.4076
1.65 0.0052 0.0060 0.0045 0.6516 0.0049 0.0065 0.0043 0.5848
2.14 0.0087 0.0084 0.0067 0.6164 0.0057 0.0060 0.0042 0.5194
2.63 0.0126 0.0120 0.0097 0.6257 0.0100 0.0097 0.0080 0.6678
3.11 0.0132 0.0140 0.0114 0.7072 0.0116 0.0144 0.0109 0.7155
3.6c 0.0193 0.0208 0.0175 0.7629 0.0160 0.0165 0.0143 0.7804
4. 09 0.0202 0.0208 0.0176 0.7377 0.0154 0.0162 0.0130 0.6796
4.58 0.0251 0.0246 0.0224 0.8179 0.0226 0.0246 0.0210 0.7935
5.07 0.0309 0.0306 0.0270 0.7749 0.0303 0.0309 0.0277 0.8166
5.55 0.0028 0.0285 0.0250 7.8916 0.0267 0.0257 0.0229 0.7630
6. 53 0.0358 0.0373 0.0031 0.0073 0.0358 0.0403 0.0340 0.8028
7.51 0.0273 0.0238 0.0209 0.6715 0.0288 0.0300 0.0250 0.7215
8.48 0.0320 0.0304 0.0250 0.6432 0.0308 0.0282 0.0250 0.7188
9.46 0.0278 0.0252 0.0220 0.6896 0.0280 0.0263 0.0210 0.5969

11.41. 0.0226 0.0225 0.0167 0.5492 0.0251 0.0207 0.0167 0.5385
13.37 0.0208 0.0201 0.0137 0.44^2 0.0170 0.0180 0.0106 0.3644
15.81 0.0132 0.0132 0.0073 0.3060 0.0141 0.0162 0.0102 0.4512
18.25 0.0115 0.0102 0.0062 0.3249, 0.0125 0.0135 0.0081 0.3912
22.64 0.0071 0.0089 0.0027 0.1173 0.0085 0.0084 0.0032 0.1471
25.08 0.0064 0.0068 0.0025 0.1462 0.0067 0.0071 0.0032 0.2143
27.53 0.0052 0.0054 0.0013 0.0602 0.0056 0.0055 0.0020 0.1268
30.46 0.0055 0.0046 0.0018 0.1342 0.0041 0.0044 0.0013 0.0963
34.85 0.0025 0.0034 0.0006 0.0464 0.0032 0.0028 0.0006 0.0367
40.22 0.0017 0.0027 0.0004 0.0319' 0.0021 0.0020 0.0004 0.0297
50.48 0.0011 0.0012 0.0001 0.0172 0.0010 0.0010 0.0002 0.0292
60.24 0.0005 0.0006 0.0001 0.0166 0.0004 0.0005 0.0001 0.0494
70.01 0.0003 0.0004 0.0001 0.0478 0.0003 0.0003 0.0001 0.0563
80.26 0.0002 0.0002 0.0000 0.0217, 0.0002 0.0002 0.0000 0.0268

VjJ xo o



***** PHASE SPECTRA__
*****

riG(LB/SEC) 0.0 0.0 0.0 0.0 0.0 0.0 ’ 0.0 0.0 0.0 0.0
WL(LB/SEC) 0.0160 0.0280 0.0440 0.0800 0.1260 0. 18C0i 0.2400 0.3500 0.4700 0.5850

CELL 81D2 R1D2 8102 ; P.1D2 Bl 02 B1D2 ; I31D2 B1D2 8102 B1D2
FREC.(CPS) ***** phase IN RADIANS ***. »**** phase in radians *** ***** PHASE IN RADIANS *****

0. Lfi 1.33 . 0.94 0.85' 0.62 0.56 0.52 0.46 0.32 0.26 0.20
1.16 5.59 2.93 2.17, 2.00 1.92 1.77 1.71 1 .43 1.28 1.05
2.14 10.44 5.33 3.87 3.31 3.06 3.02' 2.70 2.22 1.99 1.76
3.11 14.88 7.60 5.62! 4.99 4.60 4.28 4.00 3.13 2.95 2.58
4.09 19.65 9.95 7.30' 6.60 6.01 5.74 5.21 4.26 3.82 3.53
5.0 I 24.46 15.44 9. 191 8.26 7.43 7.21 6.67 5.43 4.81 4.51
6.04 29.95 18.28 11.13 9.77 .8.92 8.74 8.09 6.52 5.93 5.34
7.02 34.43 21.20 12.84- 11.10 10.37 10. CO 9.27 7.72 6.96 6.27
fi.OC 40.21 23.88 13.91 12.92 11.75 11.39, 10.76 8.62 7.78 6.98
8.97 43.72 23.79 15.20 14.4.1 1 3'. 30 12.52 11.66 9.54 8.30 7.76
9.95 44.21 26.13 17.37 14.04 14.70 13.73 12.75 1 0 . 4,8 9.71 8.82
1C.92 48.59 32.4 7 18.49, 16. 70 15.62 ' 15.05 14.45 11.65 10.38 9.54
11.90 50.45 36.1? 20.55' 22.39 16.96 15.93 15.65 12.65 11.35 10.37
12.88 48.84 39. 74 22.62 26.27 18.61 17.85 16.42 13.77 12.10 11.17
13.85 48.39 46.57 2 5.16 33.99 • 19.17 19.62 17.54 14.25 12.99 12.20
14.83 53.07 50 .95 2 6.96 31.21 21.64 19.37 20.49 15.76 14.11 12.77
15.81 51.94 59.23 2 7.97 36.06 22.87 22.50 20.04 16.74 15.26 13.52
16.78 50.35 66.16 32.91 43.32 28.56 33.52 33.64 17.81 15.96 14.55
1 f .76 48.40 7? .40 32.36 4 4.16 32.68 36.99' 3 5.17 18.55 16.81 15.27
18.74 51.68 69.62 34.39 42.25 31.53 37.83 39.50 20.2 5 17.83 16.00
19.71 56.10 72.95 34.16 4 5.40 35.43 41.11 47.79 20.64 17.97 17.09
20.69 59.12 74.24 38.0:31 48.84 40.23 4 9.10 49. 38 21.52 19.72 17.84
21.67 61.14 75 . 74 37.Cl' 4 8.95 42.89 5 3.67 55.25 22.53 21.70 19.15
2 2.64 65.21 84.55 41.03: 51.73 4 6.6 r> 56.75 56.4 5 24.01 2 7 . O' 1 19.79
23.62 62.86 86.25 42.4 1: 5 7.o3 50.34 60.79 6C.26 24.65 27.87 19.87
24.60 62.33 8 7.4 8 45.60: 61.43 55.43__ _ 62.80 66.90 23.73 30.07 20.75
2 5.57 68.24 90.51 4 4.8 3 • 64.6'> ' '59.1? "66.40 71.43" "30.12 37.CO 22.57
26.55 68.03 01.19 4 8.83' 6 8.79 61.77 72.23 75.27 33.75 37.15 2 2.81
27. 53 72.61 9 3.63 52.25- 69.75 64.77 72.34: 76 . 10 33.07 43.92 29.82
28.50 74.65 9 5.43 57.3 7' 70.0 3 68.94 7 5.76 80.82 4 1.41 45.33 30.08
2 9.48 7 3.37 96.01 6 2.C3: 72.85 75.18 79.47 83.11 42.64 49.29 32.35
30.46 76.11 ICO .87 69.9 7’ 77.29 79.14 8 5.59 83.59 4 3.07 55.47 32.58
31.43 76.90 101.76 76.5V 82.83 85.06 84.75 87.90 44.3 2 59.06 3 3.52
32.41 80.34 1C’’. 13 7 8.59', 89.48 ' 86.18 89.69, 91.83 46.52 62.83 40.83
33.39 82.73 110.81 83.C4! 91 . 14 94.26 95.34 94.92 49.39 65.48 42.33
34.36 88.08 113.76 84.90 97.21 95.21 192.17 97.88 54.7,3 71.35 4 8.33
35. 34 94.29 119.01 88.66, 101.93 98.19 106.60 105.64 54.94 74.94 50.22
36.32 98. CO 125.46 92.791 109.57 100.26 108.11' 111.18 59.37 77.84 55.69
37.29 100.66 127.06 96.59i 117.05 103.09 111.75 117.59 63.70 77.88 56.91
38.27 100.72 152.47 97.69' 121.28 110.91 110.89 113.92 66.64 81.29 59.09

<A> 
\O



WG(LB/SEC) 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976
WL(LB/SEC) 0.0160 0.0280 0.0440 0.0800 0.1260 0,1800 0.2400 0.3500 0.4700 0.5850

CELL B1D2 B1D2 B1D2 ■ B1D2 B1D2 B102 B1D2 B1D2 B1D2 B1D2
FREQ.(CPS) ***** phase IN RADIANS ♦** ***** phase IN RADIANS *** ***** PHASE IN RADIANS *****

0.18 0.69 0.24 0.43 0.53 0.53 0.57 0.45 1.89 0. 10 0.24
1.16 5.47 3.28 1.90 1.76 1.59 1.45 ' 1.29 1.16 C.98 0.94
2.14 9.96 5.97 3.37 2.93 2.66 2.51 2.31 1.89 1.71 1 .67
3.11 14.11 8.87 4.91 4.27 3.79 3.59 3.21 2.72 2.50 2.35
4.09 19. 18 11.60 6.68 5.74 5.00 4.65 4. 14 3.61 3.41 3.10
5.07 23.25 14.44 8.44 6.99 6.27 5.91 5.33 4.64 4.19 3.91
6.04 27.5^ 17.54 9.79 8.18 7.43 6.97 6. 38 5.57 5.17 4.68
7.02' 32.55 20.84 1G'.63 9.66 8.73 8.30 7.45 6.57 5.84 5.53
8. Ou 36. 58 23.46 12.77. 10.87 9.77 9.36 8.45 7.53 6.78 6.27
8.97 42.41 24.88 14.48 12.54 11.07 10.59 9.46 8.28 7.65 7.08
9.95 46.14 26.94 15.62 13.45 12.02 11.73 10.51 9. 30 8.30 7.63
10.92 45.62 31 .87 17.08 15.04 13.23 12.71 11.55 • 10.10 9.27 8.57
11.90 49. 77 33.46 19.65 16. 17 14.60 14.01 12.59 10.74 10.16 9.38
12.88 56.71 39.34 .. 2 3.69 17.22 15.84 14.89 13.54 11.92 10.93 10.12
13.85 56.41 45.59 29.44 18.34 16.87 16.13 14.52 12.95 11.98 11.06
14.83 60.83 49.99 29.37 20.27 18.54 17.52 15.45 13.92 12.66 11.94
15.81 64.77 50.84 31.35 22.49 19. 13 .18.88 16.47 15.14 13.60 12.61
16.78 67.50 52.74 38.89 22.32 20.12 19.55 17.37 21.27 14.25 13.32
17.76 67.90 50.89 47.63 28.39 22.27 20.71 19.19 23.57 15.ul 14.20
18. 74 68.54 58.27 47.70 33. 1C 23.26 21.72 19.93 26.25 15.91 14.87
19.71 72.22 63.66 51.41 31.83 23.96 23.17 19.23 25.06 16.90 15.38
20.69 75.37 65.46 51.90 34.94 25.25 25.C8 21.22 30.08 18.08 16.54
21.67 76.97 68.05 53.75 37.54 25.33 24.48 23.11 35.48 18.59 17.60
22.64 78.57 71.36 54.99 39.98 28.04 27.36 2 3. 70 39.91 19.13 17.85
23.62 82.56 78.73 62.32' 42.36 29.15 28.64 2 3.66 39.72 20.52 18.55
24.6 0 83.56 82.28 64. 11 45.84 30.96 29.24 '27.04 41.06 20.77 19.86
25.57 82.36 86.35 67.54 50.08 32.95 29.74 30.51 41.44 21.11 20.23
26.55 89.27 92.95 69.94' 54.73 38.03 31.80 32.62 42.13 22.48 21.41
27.53 89.35 97.83 77.32 59.74 38.33 32.65 38.82 43.79 23.17 23.21
28.50 95.48 99.59 75.28 68.64 43.5 7 33.59 41.67 44.90 24.27 23.79
29.48 99.91 100.05 76.48 71.35 48.33 36.27 43.89 45.63 26.31 24.39
3>..46 104.23 100.31 80.35 73.65 47.96 41.04 44.65 49.63 26.50 24.67
31.43 1 10.69 105.16 87.35 77.83 54.35 49.94 51.51 53.76 26.31 25.75
32.41 118.25 108.59 90.18 78.76 58.24 52.45 59.29 54.34 27.23 32.11
33.39 123.85 109.29 90.54 82.23 62.53 57.42 '60.91 54.90 34.94 35.45
34.36 124.61 113.79 93.04 88.92 67.13 '60.66 65.06 60.33 37.04 38.91
35.34 125.19 117.50 93.56 68.96 68.42 59.87 69.06 63.87 42.27 41.46
36.32 125.22 119.62 95.47 91.14 75.00 62.94 73.05 64.00 44.00 44.03
37.29 126.43 123.89 102.06 96.48 74.19 62.76 76.52 65.60 45.77 46.76
38.27 127.18 123.91 105.32 99.48 79.82 65.32 77.28 66.45 44.49 50.55

VjJ 
KO



WG(LB/SEC) 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450
WL(L8/SE0) 0.0160 0.0280 0.0440 0.0800 0.1260 0.1800 0.2400 0.3500 0.4700 0.5850

CELL B1D2 8102 B1D2 B1D2 B1D2 B1D2 B1D2 BJD2 B1D2 B1D2
FREQ.(CPS) ***** PHASE IN RADIANS *** ***** PHASE IN RADIANS *** ***** PHASE IN RADIANS *****

0. 18 1.21 0.81 0.64 0.42 0.45 0.34 0.33 r .37 0.33 0.29
1.16 5. 39 3.14 2.07 1.87 1.76 1.60 1.57 1.43 1.26 1.20

r 2.14 9.59 6.15 3.82 3.25 3.05 3.CO 2.65 2.25 2.08 1.89
3.11 14.17 8.73 5.44 4.64 4.32 4.24 3.78 3.22 3.00 2.70
4.09 18.28 12.07 7.19 6.41 5.85 5.58 5.09 4.38 3.92 3.64
5.07 22.47 14.01 9.00 7.87 7.49 6.88 6.46 5.58 4.94 4.55
6.04 27.86 17.66 10.35 9.25 8.76 8.45 7.88 6.68 6.02 5.52
7.02 32.48 22.10 11.96 10.84 10.26 9.76. 9.13 7.66 6.91 6.50
9.00 37.92 25.28 14.23 12. 13 11.36 11.12 10.07 8.90 7.65 7.25
8.97 41.04 29.80 15.47 13.20 12.97 12.25 11.58 9.85 8. 79 8.07
9.95 4 7.98 30.58 17.01 15.10 14.44 13.78 12.67 10.94 9.65 8.91

10.92 51.93 30.71 20.57 16.33 15.64 14.64 13.47 11.72 10.63 9.75
11.90 58.83 38.20 28.46 17.22 16.87 16.46 15. 19 12.84 11.39 10.73
12.88 66.50 41.54 33.75 20.26 17.91 17.43 16.14 13.86 12.37 11.48
13.85 69.63 44.22 38.00 24.02 19.23 18.41 18.37 14.77 13.36 12.53
14.83 67.85 47.14 _45.34 23.40 21.09 20.42. 19.34 15.62 14.33 13.23
15.81 70.63 50.80 46.69 23.54 23.46 21.59 20.61 17.27 15.39 14.01
16.78 69. 37 58.22 52.27 26.17 29.58 24.17 20.55 17.74 16.25 14.82
17.76 69.71 63.25 60.93 29.52 30.93 30.40 23.41 19.13 17.11 15.92
18.74 73.76 69.08 68.85 33.40 31.03 31.05 30.40 21.88 17.81 16.42

:. 19.71 79.87 70.26 71.20 37.35 38.86 32.47 30.79 21.23 19.00 18.06
20.69 84.54 75.30 71.86 36.53 39.90 30.37 35.45 21.24 19.00 18.14
21.67 85.31 79.80 73.37 38.84 42.30 32.80 38.97 23.55 20.53 19.39
22.64 85.77 79.06 78.91 41.73 44.20 39.15 42.11 24.16 20.81 18.85
23.62 88.44 86.40 88.51 48.42 52.59 46.43 42.82 26.07 22.60 20.88
24.60 96.43 91.72 91.49 48.10 55.26 54.02 41.32 28.29 23.01 22.03
25.57 105.19 93.54 92.97 56.23 60.51 62.20 41.86 29.24 29.58 22.74
26.55 110.31 96.54 98.79 64.52 62.15 67.14 43.54 31.19 30.81 23.29
27.53 112.36 101.58 101.16 63.44 66.99 70.81 46.88 28.43 38.42 23.25
28.50 111.56 107.98 100.82 65.00 74.98 74.08 55.72 29.93 40.03 24.92
29. AS 114.89 110.91 104.07 69.87 77.85 79.49 60.22 28.85 44.70 25.67

, 3G.A6 118.83 118.08 106.42 68.25 80.86 81.89 65.63 34.50 46.33 27.89
31.43 119.42 120.51 107.67 71.48 82.36 89.61 66.65 38.41 48.21 .27.26
32.41 118.43 125.00 112.44 73.21 84.86 89.60 68.44 41 .99 48.20 28.88
33.39 118.97 129.95 115.41 74.76 90.01 92.51 69.97 48.08 49.99 35.61
34.36 119.33 131.99 116.88 77.15 91.99 93.19 77.28 50.97 52.12 36.28
35.34 119.84 130.38 123.20 81.43 99.54 94.53 85.89 59.56 57.21 39.14
36.32 119.66 131.88 130.49 84.90 102.46 101.89 88.93 64.42 63.45 41.49
37.29 119.25 ' 134.30 132.36 90.86 108.43 106.54. 88.51 67.75 66.46 45.40
38.27 119.34 137.89 134.29 94.14 112.34 105.56 92.76 68.46 67.66 46.89

VjD 
KO



WG(LB/SEC) 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436
WL(LB/SEC ) 0.0160 0.0280 0.0440 0.0800 0.1260 0.1800 0.2400 0.3500 0.4700 0.5850

CELL B1D2 B1D2 B1D2 B1D2 B1D2 B1D2 B1D2 B1D2 81D2 B1D2
FiLEO. (CPS) ***** PHAS E IN RADIANS *** ***** PHASE IN RADIANS *** ***** PHASE IN RADIANS *****

(■.IB 0.47 0.43 0.47 0.05 0.82 0.39 0.06 0.13 0.41 0.21
1.16 5.6J 3.61 1.64 1.54 1.49 1.38 1.16 0.90 0.93 0.80
2.14 10.18 6.05 2.69 2. 83 2.35 2.31 2.05 1.82 1.61 1.54
3.11 13.52 8.77 4.28 3.96 3.40 3.16 2.76 2.65 2.41 2.18
4.09 18.31 11.47 5.57 5.U1 4.35 4.16 3.83 3.35 2.95 2.89
5.07 24.58 14.76 6.69 6.49 5.63 5.18 4.69 4.12 3.93 3.55
6.04 26.84 17.31 8.01 7.73 6.71 6.21 5.63 5.12 4.69 4.41

, 7.02 30.97 20.57 9.25 8.86 7.83 7.20 6.50 5.88 5.34 5.11
ti.OU 31.60 22.87 10.51 10.24 8.91 8.15 7.55 6.69 6.06 5.88
8.97 34.55 28.90 11.82 11.69 10.02 9.16 8.28 7.46 6.80 6.60
9.95 38.08 32.74 12.68 12.90 11.37 10.18 9.53 8.27 7.64 7.37
10.92 45.54 40.43 14.29 13.88 12.45 11.28 10.24 9.C8 8.39 7.91
11.9.) 47.85 42. 72 15.53 15.14 13.54 11.95 11.15 9.80 9.20 8.64
12.8b 53.18 44.81 16.78 16.65 14.23 13.09 12.07 10.76 10.19 9.52
1 3. ot> 59. Ou 45.22 17.75 17.82 • 15.59 14.10 13.01 11.54 10.69 10.16
14.83 64.27 53.25 18.97 18.80 16.36 15.39 14.07 12.53 11.41 10.92
15.81 68.85 56.51 20. 70 19.98 17.41 16.10 14.79 13.22 12.39 11.67
16.78 73.85 59.34 22.27 21.60 18.62 . 17.06 15.76 14.32 12.93 12.52
1 7. 76 75.38 63.07 28.59 22. 53 19.66 17.92 16.79 15.04 14.17 13.11
18.74 77.05 65.52 31.71 24.87 21.00 19.47 17.76 15.59 14.53 13.84
19.71 79.18 68.98 31.99 27.18 21.26 20.01 18.03 16.57 15.16 14.59
20.69 82.77 72.70 37.36 32.56 27.83 21.37 19.53 17.47 16.37 15.27
21.67 83.09 78.64 42.60 33.61 30.66 21.47 20.33 18.20 16.94 16.19
22.64 82. 16 84.57 42.38 36.04 33.45 22.84 20.53 19.39 17.19 16.64
2 3.62 83.2 7 83.54 44.53 3 7.40 38.46 28.18 22.19 19.39 18.73 17.21
2 4.6a 88.24 85.7 7 46.75 37.3 7 40.60 30.06 23.62 20.66 19.34 18.14
25.5 7 93.66 92.28 49.56 37.28 41.35 32.97 24.31 21.63 20.75 18.94
26. 55 94.03 93.08 49.67 40.36 42.55 33.86 24.29 22.32 21.02 19.55
27.53 98.15 95.43 50.51 41.71 47.18 38.52 27.13 22.75 21.54 20.06
2 8.5. 105.14 99.35 56.26 50.90 50.64 46.24 26.09 23.18 21.33 21.41
29.48 107.43 102.12 57.21 50.43 50.09 49.12 32.44 24.67 24.05 22.89
3 ■,’ • 4 6 110.26 102.03 64.72 55.16 55.04 56.93 36.27 25.29 23.37 27.35
31.43 114.66 106.09 68. 11 57.28 55.90 61.28 37.30 27.02 25.36 29.45
32.41 118.48 106.75 69.52 63.87 65.58 63.50 39.96 27.32 31.36 31.29
33.39 121.15 110.99 75.16 69.8 7 68.85 64.16 39.24 28.12 32.42 30.93
34.36 123.88 113.01 79.88 75.12 72.61 67.85 44.10 28.48 32.07 31.87
35.34 130.19 113.46 79. 58 78.28 79.2 7 71.52 44.15 30.98 33.82 32.42
36.3 2 132.05 121.29 85.11 81.03 84.03 73.84 48.47 33.64 34.83 38.24
37.29 138.76 127.10 90.24 84.03 85.78 77.53 54.01 41.07 40.69 40.44
38.27 138.42 126.46 91.86 86.77 93.46 82.90 58.74 50.56 42.34 39.92

VO 
xO



Wb(LB/SEC) 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742
WL(LB/SEC) 0.0160 0.0280 0.0440 0.0800 0.1260 0.1800 0.2400 0.3500 0.4700 0.5850

CELL 8102 B1D2 B1D2 B102 B1D2 B102 B1D2 B1D2 B1D2 B1D2
FREQ.(CPS) <-**** PHASE: IN RADIANS PHASE IN RADIANS »** ***** phase IN RADIANS *****

0.13 0.51 0.53 0.47 0.43 0.39 0.56 0.70 0.55 0.54 -0.08
1.10 5.87 2.68 1.47 1.58 1.26 1.25 1.10 0.99 0.75 0.69
2. 14 7. 16 5.42 2.69 2.52 2.17 2.01 1.85 1.61 1.55 1.59
3.11 6.13 8.45 3.87 3.56 3.14 2.96 2.68 2.48 2.16 2.05
4.09 7.79 11.52 5.07 4.68 4.02 3.81 3.53 3.20 2.89 2.75
5.07 6.85 14.59 6.23 5.80 4.96 4.70 4. 39 3.93 3.55 3.47
6.04 7.27 17.43 7.50 6.93 6.13 5.65 5.22 4.80 4.40 4.14
7.02 6.42 19.94 8.83 8.16 7.06 6.53 6.05 5.58 5.14 4.85
e.o j 7.67 22.49 10.02 9.18 8.05 7.51 7.01 6.48 5.81 5.60
8.97 14.15 24.19 11.12 10.31 9.18 8.28 7.79 7.03 6.73 6.41
9.95 13.20 28.31 12.41 11.59 10.06 9.36 8.66 7.90 7.33 7.06

10.92 13.49 32.96 13.62 12.60 11.14 10.18 9.36 8.64 8.10 7.63
11.9C 15.04 35.78 14.58 13.65 12.09 11.08 10. 32 9.63 ‘8.68 8.35
12. SC 18.65 35.76 .. 15.79 14.79 13.01 12.12 11.22 10.28 9.57 8.90
13.85 19.21 ■ 42.20 17.27 15.83 13.90 12.95 11.98 11.10 10.23 9.69
14.83 20. 15 45.91 18.69 16.86 14.64 13.86 12.88 11.79 10.84 10.37
15.81 21.47 51.64 19.60 18.03 15.87 . 14.70 . 13.61 12.67 11.80 11.10
17>.78 25.87 53.62 20.82 18.93 16.45 15.52 14.56 13.43 12.52 11.65
17.7o 28.28 56.88 21.67 20.56 18.15 16.59 15.63 14.34 13.09 12.43
18.74 33.36 57.74 23.47 21.28 19.15 17.51 16.30 14.86 13.93 13.21
19.71 • 40.36 59.43 24.03 22.41 19.76 18.45 17.24 15.75 14.42 13.81
20.69 41.94 60.96 25.69 23.13 19.77 19.58 18.01 16.40 15.45 14.62
21.67 43.67 62.99 26.68 24.80 21.54 20.23 18.51 17.55 16.25 15.11
22.64 45.30 64.29 28.17 25.43 23.09 20.49 19.49 18.36 16.62 16.01

' 23.62 48.20 71.60 29.19 28.45 24.08 22.34 20.63 18.90 17.68 16.44
24.6 9 51.75 77.90 30.54 32.33 24.14 23.32 21.22 19.67 17.99 17.29
25.57 56.24 82.72 32.30 37.72 24.93 23.93 22.27 20.42 18.92 17.90
26.55 58.08 85.41 31.41 41.63 26.04 24.12 23.36 21.33 19.47 18.37
27.53 64.64 94.02 37.89 42.98 28.84 26.28 23.90 22.38 20.20 19.24
2 8.5) 69.99 92.47 39.57 45.12 29.47 26.88 24.22 23.43 21.31 20.22
29.4 8 75.54 97.26 42.61 48.47 34.06 27.33 25.55 23.79 21.88 21.30
3o.46 83.12 100.43 42.30 49.91 40.54 31.84 26.04 25.13 23.10 21.00
31.43 87.85 104.33 43.14' 56.22 41.76 34.47 27.64 24.96 23.77 22.2 7
32.41 92.35 107.33 42.18 64.96 43.98 36.56 28.87 25.93 24.44 22.84
33.39 98.82 108.18 46.50 70.04 44.7 7 37.09 ' 34.31 27.16 24.17 22.93
34.3 6 105.31 107.30 48.17' 75.56 48.69 ‘ 39.03 39. 55 28.82 26.19 24.05
35.34 109.23 112.22 55.84 83.38 51.19 44.97 43.08 36.67 26.92 ' 24.51
36.32 115.64 117.36 55.81 90.11 48.51 46.75 44.59 41.75 27.93 25.67
37.29 117.04 124.57 56.77' 96.39 54.10 49.30 45.09 43.04 27.46 25.45
36.27 122.11 125.22 55.76 95.47 62.26 47.62 46.10 43.83 27.39 27.22

o
Vzt



WGILB/SEC) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | O.C 0.0 0.0 0.0
HL(LB/SEC) 0.0160 0.0160 0.0160 0.0160 0.0280 0.0280 0.0280 0.0280: 0.0440 0.0440 ' 0.0440 0.0440

. CELL Bl 02 LAG LEAD Bl D2 LAG LEAD j Bl D2 LAG LEAD
TIME(SFC) *<-»** normalized VALUE ***** ***** NORMALIZED VALUE ***** 1 **** NORMALIZED VALUE *****

0.0 1.0000 1.0000 0.1692 0.1692 1.0000 1.0000 0.0948 0.094 8, 1.0DOO 1.0000 0.3831 0.3831
0.0080 0.8037 0.8164 0.1672 0.1619 0.7695 0.7823 0.0930 0.0940 0.7775 0.8033 0.3698 0.3695
0.0160 0.4608 0.4826 0.1573 0.1409 0.4239 0.4318 0.0862 0.088 li 0.5279 0.5411 0.3355 C.3378
0.0240 0.1752 0.1913 0.1410 0.1105 0.1659 0.1584 0.0761 0.0830 0.3487 0.3531 0.2958 0.2937
0.0320 -9.0180 -0.0093 0.1171 0.0821 0.0077 -0.0119 0.0639 0.0787 0.2265 0.2303 0.2562 0.2508
0.0400 -0.1345 -0.1278 0.0872 0.0603 -0.0742 -0.1027 0.0450 0.0769 0.1453 0.1480 0.2200 0.2016
0.0480 -0.1923 -0.1848 0.0487 0.0432 -0.1034 -0.1368 0.0228 0.0794 0.0874 0.0922 0.1862 G. 1551
0.0560 -0.2078 -0.1977 0.0097 0.0288 -0.1053 -0.1311 0.0C04 0.0812 0.043d 0.0523 0.1532 0.1 14 3
0.0640 -0.1939 -0.1814 -0.0221 0.0221 -0.0946 -O.lOr>8 -0.0146 0.C771 0.0127, 0.0233 0.1230 0.0809
0.0720 -0.1614 -0.1474 -0.0439 0.0177 -0.0773 -0.0765 -0.0230 0.0772 -0.0120 0.0C25 0.0934 0.0510
0.0000 -0.1226 -0.1093 -0.0573 0.0144 -0.0586 -0.0507 -0.0293 0.0775 -0.0327 -0.0125 0.0646 0.0250
0.0880 -0.0853 -0.0710 -0.0648 0.0136 -0.0442 -0.0294 -0.0293 0.0736 -0.0493 -0.0231 0.0385 0.0051
C.0960 -0.0951 -0.0 3 57, -0.0637 0.0131 -0.0385 -0.0134 -0.0273 0.0863 -0.0603 -0.0314 0.0151 -0.0081
0.1040 -0.0295 -0.0048 -0.0564 0.0144 -0.C370 0.0003 -0.0262 0.0910 -0.9661 -0.0389 -9.0041 —0.0163
0.1120 -0.0063 0.0193 -0.0420 0.0188 -0.C352 O.C 125 -0.0291 0.0931 -U.0692 -0.0449 -0.0185 -0.0252
0.1200 0.0126 0.0331 -0.02C6 0.0240 -0.02 79 0.0188 -0.0 327, 0.0896 -0.0739 —0.0485 -0.0285 -0.0368
0.1280 0.0236 C.C396 0.0055 0.0219 -0.C170 0.0207 -0.0333 0.0840 -0.0697 -0.0515 -0.0353 -0.0499
0.1360 0.0245 0.0422 0.0306 0.0148 -0.0081 0.C197 -0.0281 0.0790^ -0.0672 -0.0548 -0.0397 -0.0537
0.1440 0.0226 0.0441 0.0528 0.0092 0.0005 0.0193 -0.0138 0.0683 -0.0663 -0.0556 -'J.0442 -0.0631
0.1520 0.0222 0.0429 0.0704 0.0044 0.0042 0.0188 0.0017 0.0514 -0.0673 -0.0556 -0.0476 -0.0640
0.1600 0.0239 C.C417 0.0820 C.C023 0.0029 0.0157 C.O147, 0.0351 -0.0651 -0.0543 -0.0523 -0.0535
0.1680 0.0266 0.0399 0.0888 0.0023 -0 .0028 0.0li92 0.0213 0.0262 -0.0646 —0.0515 -0.0527 -0.0641
0.176G C.C273 0.0333 0.0863 0.0031 -0.0070 -0.0008 0.0256 0.0209 -0.0640 -0.0r-01 -0.0509 -0.C639
0.1840 0.0275 0.0229 0.0745 -0.0001 -0.0C75 -0.0133 0.0262 0.0180' -0.0631 -0.0526 -0.0497 -0.0599
0.1920 C .0225 0.0102 0.0571 -0.0022 -0.0052 -0.0253 0.0220 0.0141 -0.0537 —0.0590 -0.0508 -0.0537
0.2000 C.0151 0.0031 0.0373 -0.0042 -0.0019 -0.0323 0.0156 0.0057 -0.0515 -0 .O597-> -0.0498 -0.0453
0.2080 0.0090 0.0003 0.C185 -0.0045 -0.0003 -0.0316 0.0127 -0.0032 -0.0489 -0.0566 -0.0485 —0.0409
0.2160 0.0073 -0.0310 0.0007 -0.0024 -0.0005 -0.0240 0.0 102 -0.0087 -0.0501 -0.0537, -0.0468 -C.03S6
0.2240 0.0048 -0.3086 -0.0114 -0.0008 -0.0056 -0.0192 0.0047 -0.0140' -0.0517 -0.0515 -C.0475 -0.0357
0.2320 0.0017 -0.C163 -0.0212 -0.0002 -0.0123 '-0.0188 0.0014 -0.0183' -0.0512 -0.0496 -0.0505 -0.U317
0.2400 -0 .0053 -O.C2O5 -0.0295 0.0010 -0.0171 -0.0193 -0.0006 -0.0203 -0.0478 -0.0497, -0.0549 -0.0238
0.2480 -0.0144 -0.0193 -0.0367 0.0044 -0.0180 -0.0179 -0.0026 -0.0202 -0.0445 -C.0497 -0.0572 -0.0290
0.2560 -0.0212 -0.0148 -0.0340 0.0067 -0.0140 -0.0123 -0.0059 -0.0150 -0.0426 -0.0490 -O.C 54 3 -0.0298
0.2640 -0.0247, -0.0114 -0.0243 0.0073 -0.0042 -0.CC63 -0.0071 -0.0084 -0.0445 -0.G463 -0.0529 -0.0283
0.2720 -0.0268 -0.0098 -0.0155 0.0050 0.0528 -0.0057 -0.0135 -0.0006 -0.0468 —r>.0432 —0.0550 -0.C270
0.2800 -0.0283 -0.0125 -0.0154 -0.0006 0.0021 -0.0030 -0.0215 0.0051 -0.0466 -0.0443 -0.0471 -0.0312
0.2880 -0.0247 -0.0149 -0.0186 -0.0090 -0.0069 0.CC64 -0.0251 0.0094 -0.C433 -0.0491 -0.0392 -0.0406
0.2960 -0.0194 -0.0171 -0.0183 -0.0206 -0.0201 0.0147 -0.0254 0.0082 -0.0410 -0.0526 -0.0383 -0.0479
0.3040 -0.0157 -0.0155 -0.0147 -0.0296 -0.0264 0.0159 -0.0202 -0.0027 -0.0405 -0.0517 -G.0393 -0.G498
0.3120 -0.0127 -0.CC80 -0.0098 -0.0283 -0.0278 0.0102 -0.0119 -0.0179 -0.0411 -0.0482 -0.0388 -0.0487

VjD 
\O 
O\



WG(LB/SEC) . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
kL(LB/SEC) 0.0000 0.0800 0.0800 0.0800 0.1260 0.1260 0.1260 0.1260: 0.1800 0.1800 0.1800 0.1800

CELL til C2 LAG LEAD ' Bl 02 LAG LEAD . Bl D2 LAG LEAD
TIME(SEC) <-*<-<=* NORMAL I ZED VALUE ***** ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE *****

o.c 1.0000 1.0060 0.6/.U2 0.6602 1.0000 1.0000 0.5659 0.5659' l.CUOO 1.0090 0.5537 0.5537
0.G080 0.8283 0.8177 0.6516 0.6636 0.8636 0.8233 0.5468 0.5400 0.8252 0.8013 0.5281 0.5272
O.C160 0.5716 0.5576 0.6216 0.6066 0.5966 0.5622 0.4878 0.47H' 0.5542 0.5144 0.4618 0.4549
C.C240 0.3698 0.3586 0.3720 0.3515 G.3817 0.3573 0.4050 0.3714! C.3296 0.2966 0.3682 0.3466
0.0320 0.2250 0.2177 0.3099 0.2791 0.2166 0.2G48 0.3152 0.2584 0.1582 0.1413 0.2640 0.2225
0.94 0-j 0.1222 0.1160 0.2637 0.1938 O.C857 0.0898 0.2238 0.1504 0.0303 0.0290 0.1613 0.1037
0.06 81' C.O63Z 0.0632 0.1766 0.1119 -C.0L92 0.0022 0.1296 0.0525 -0.0'631 -0.0548 0.0629 0.0011
0.0560 -0.01 lb -0.0091 0. 10/8 0.0616 -0.0731 -0.0639 0.0412 -'"l.O277 -0.1310 -0.1168 -0.0273 -O.C304
0 .<'56.) -0.0863 -0.0676 0.0513 -0.0136. -0.1297 -0.1141 -0.0352 -0.0859, -0.1821 -0.1623 -0.1078 -0.1380
C.C720 -0.0959 -0.0752 0.0063 -0.0526 -0.1662 -0.1498 -0..0980 -C. 1277, -0.2207 -0.1940 -0.1741 -0.1735
o.caoc -0.1165 -0.0960 -O.C360 -0.0767, -0.1902 -0.1738 -0.1469 -0.1558' -0.2473 -0.2119 -C.2187 -0.1935
0.0880 -0.1306 —0.1077 -O.C661 -O.C903 —C .2 063 -0.1904 -0.1829 -C.1725 -C.2614 -0.2200 -0.2450 -0.2012
0.C96.) -C.1606 -0.1176 -O.C9G0 -0.098 5' -0.2163 -0.19!',3 -0.2052 -0.1800 -C.2<>40 -0.2201 -0.2590 -0.1982
0.1060 -0.1652 -0.1233 -0.1127 -0.1027 -0.215) -0.1982 -0.21o8 -0.1809: —0.2554 -0.2134 -0.2609 -0.1900
0.1120 -0.16 6o -0.126i -0.12 76 —0. 106 5, -0.2131 —0.1922 -0.2187 —0. 1 777, -0.2355 -0.1989 -C.2517 -0.1771
0.12'10 -0.1628 -0.1225 -0.1367 -0.1066' -0.2077 -0.1819 -6.2117 -0.1731: -0.2075 -0.1765 -0.2306 -0.1610
0. 1280 -0.1396 -0.1183 -0.1601 -0.1011 -G.2G0B -0.1700 -0.2004 -0.1681' -0.1769 -0.1505 -0.1994 -0.1432
0.1360 -0.1366 -0.1163 -0.1380 -0.0963 -0.1900 -0.1571 -0.1880 -0. 1 59 9! -0.1463 -0.1240 -0.1624 -0.1263
0.1660 -2.'.12 (5 -C . 1 10 5 -0.1316 -0.0907 -0.1754 -0.1425 -0.1 737 -0.1488 -0.1117 -0.0999 -0.1239 -O.1C76
0. lr-2u -0.1188 -0.1062 -0.1226 -0.08 3 7' -0.1572 -0.1274 -0.1572 -0.1 34 8, -0.0737 -0.0776 -0.0857 -0.0855
0.1600 -0.1070 -0.0950 -0.1136 -0.0756 -0.1356 -0.1136 -0.1412 -0.1183 -0.0366 -0.0540 -0.0478 -U.Co02
0.1680 -0.0930 -0.0835 -0.1C53 -0.0671 -0.1142 -0.1307 -0.1236 -0.1026 -0.0049 -0.0296 -0.0126 -0.0324
0. 176 0 -0.0802 -0.0717 -0.0970 -0.0615: -0.0912 -0.0878 -0.1005 -0.0892 0.0206 -0.0061 0.0189 -0.0050
0.I860 -0.0693 -0.0629 -O.on72 -0.0568 -0.0687 •-0.C747 -0.U734 -0.0756 0 .0427 0.0125 0.04h0 0.0156
0.1920 -0.05t!8 -0.0576 -0.0757 —0.0536 -0 .r-4 56 -0.0595 -0.0462 -0.9574: 0.0617 0.0266 0.069/-> 0.0289
0.2000 -6.0503 -0.0565 -0.0618 -0.0696 -O.(>?27 -0.0409 -0.0188 -0.0370' 0.0787 0.0414 0.0897 0.0386
0.2080 -U.C677 -0.0517 -0.0456 -0.06 8 7: -0.0002 -0.0198 0. (.040 -0.0201 0.0893 0.0575 0.1007 0.0440
0.2160 -0.0657 -0.0676 -0.0319 -0.0 50 6; 0.U223 0.0013 0.U198 -0.0068 0.0909 0.0679 0.1047 0.0479
0.2260 -0.0627 -0.0665 -0.0231 -0.0 526' 0.0420 0.3101 0.0304 0.0076: 0.0832 0.0708 0.1042 0.0499
0.2320 -C.C3E.7 -0.0607 -0.0189 -0.0566 0.0553 0.0339 0.0425 0.0243 0.0695 0.0697 0.0961 0.0488
0.2600 -C.O332 -0.0353 -0.0160 -0.0533; 0 .0611 0.r.’429 0.0559 0.0385 0.0534 0.0656 G.0830 0.0440
0.2689 -0.0278 -U.0313 -0.0121 -0.0 6 0 7' 0.0652 0.0479 0.0641 0.05U2 0.0370 0.0543 0.0652 0.0377
0.2566 -0.0230 -0.0305 -0.0075 -0.06 9 8' 0.0o76 0.0475 0.0678 0.0569: 0.0242 0.0350 0.0431 0.0301
0.2660 -0.0196 -0.C298 -0.0062 -0.0505) 0.0637 0.0442 0.0647 0.0614; 0 . C> 14 5 0.0124 0.0192 0.0205
0.2720 —0.0157 -0.0278 -0.GC84 -0.0693; 0.0579 0.0394 0.0589 0.0610' 0.0030 -0.0066 -0.0038 0.0131
0.2860 -0.0163 -C.0236 -0.0122 -0.0666. 0.0530 0.0335 0.0525 0.0556' -O.CuBT -0.0138 -0.0220 0.0029
0.2880 -0.0176 -0.0131 -0.0137 -0.0353! 0.0491 0.0330 0.0481 0.0469: -0.0 185 -0.0238 -0.C328 -0.0103
0.2960 -6.92u3 -0.0165 -0.0161 -0.026 7. 0.0430 0.0353 0.0463 0.0382 -0.0273 -0.0210 -0.0371 -0.0224
0.3060 -0.0209 -0.0176 -0.0173 -0.0149) 0.0345 0.0367 0.0474 0.0297; -0.0351 -0.0184 -0.0364 -0.0274
0.3120 -0.0191 -0.0167 -0.0219 -0.0073; 0.0266 0.0386 0.0486 0.0239' -0.0393 -0.0138 -0.0335 —0.0251



kG(LB/SEC) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C.O 0.0 0.0 0.0 0.0
WL(LB/SEC) 0.2400 0.2400 0.2400 0.2400 ' 0.3500 0.3500 0.3500 0.3500 0.4700 0.4700 0.4700 0.4700

CELL Bl 02 LAC, LEAD ’ Bl D2 LAG LEAD Bl 02 LAG LEAD
TIME(SEC) ***** normalized VALUE ***** ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE *****

C.O 1.0000 1 .0000 0.5CC5 0.5005 1.0000 1.0000 0.5910 0.5910 1.0000 1.0000 0.6601 0.6601
G.CC80 0.8153 0.7863 0.4725 0.4835 0.8166 0.7910 0.5607 0.5425 0.8230 0.8C30 0.6013 0.6193
0.0163 0.5215 0.4780 0.4044 0.4224 0.5179 0.4771 0.4719 0.4226 0.5289 0.4933 0.4722 0.4901
0.0240 0.2785 0.2491 0.3122 0.3251 0.2754 0.2400 0.3517 0.2745 0.2849 0.2518 0.3210 0.3211
0.0320 0.0960 0.C92P 0.2062 0.2023 0.1039 0.0814 0.2214 0.1382 0.1120 0.0892 0.1812 0.1608
0.0400 -0.0377 -0.0155 0.1006 0.0774 -0.0150 -0.0224 0.1012 0.0301 -0.0090 -0.0200 0.0637 0.0391
0.0483 -0.1307 -0.0905 0.0043 -0.0277 -0.0973 -0.0899 0.0 u 6 3 -0.0471 -0.0940 -0.0902 -0.0308 -0.0424
0.0*560 -0.1884 -0.1412 -0.0766 -0.1014 -0.1508 -0.1306 -0.0650 -0.0959 -0.1517 -0.1354 -0.1053 -0.0969-
0.0640 -0.2207 -0.1777 —0.1422 -0.1449 -0.1808 -0.1547 -0.1194 -0.1238 -0.1875 -0.1662 -0.1589 -0.1343
0.0720 -0.2364 -0.2026 -0.1918 -0.1661 -0.194G -0.1681 -0.1588 -0.1372 -0.2086 -0.1363 -0.1943 -0.1582
0.0800 -0.2427 -0.2149 -0.2231 -0.1707, -0.1970 -0.1762 -0.1 847, -0.1423 -0.2201 -0.1962 -0.2175 -0.1707
0.0880 -C.2387 -0.2143 -0.2364 -0.1673 -0.1939 -0.1798 -0.1979 -0.1421 -0.2227 -0.1974 —0.2295 -0.1729
0.0963 -0.2240 -G .20 58 -0.2343 -0.1597 -0.1879 -0.1766 -0.2038 -0.1377 -0.2186 -0.1917 -0.2291 -0.1700
0. 1040 -0.2U24 -0.1913 -0.2224 -0.1493 -C.1785 -0.1639 -0.2038 -0.1319 -0.2081 -0.1 8 07, -0.2183 -0.1641
0.1120 -0.1743 -0.1723 -0.2042 -0.1348 -0.1618 -0.1455 -0.1962 -0.1268 -0.1908 -0.1637 -0.2008 -0.1549
0.1200 -0.1413 -0.1487 -0.1789 -0.1159 -0.1394 -0.1287 -0.1787, -0.1183 -0.1693 -0.1447 -0.1772 -0.1438
0.1280 -0.1045 -0.1217 -0.1478 -0.0963 -0.1156 -0.1136 . -0.1534 -0.1037, -0. 1444 -0.1265 -0.1499 -0.1316
0.1360 -0.0683 -0.0934 -0.1134 -0.0730 -0.0929 -0.1040 -0.1282 -0.0392 -0.1193 -0.1093 -0.1229 -0.1167
0.1440 -0.0359 -0.0660 -0.0763 -0.0612 -0.0762 -0.0940 -0.1087, -0.0784 -0.0948 -0.0917 -0.0935 -0.0989
0.1520 -0.0069 -0.0420 -O.C371 -0.0428 -0.0651 -0.0846 -0.0907, -0.0725 -C.C696 -0.0747 -0.0608 -9.0765
0. 1600 0.0176 -0.0202 0.0003 -0.0222 -0.0565 -0.0726 -0.0724 -0.0676 -0.0416 -0.0562 -0.0310 -0.0532

' 0.1680 0.0394 -0.0029 0.0336 -0.0054 -0.0454 -0.0610 -0.0522 -0.0594 -0.0129 -0.0361 -0.0C84 -0.0302
0.1760 0.0576 0.0111 0.0619 0.0048 -0.0326 -0.0507 -0.0314 -0.0525 0.0111 -0.0168 0.0134 -0.0103
C. 1840 0.C635 0.0277 0.0800 0.0113 -0.0212 -0.0388 -0.0101 -0.0457 0.0300 0.0028 0.0382 0.0033
0.1920 ' 0.0696 0.0458 0.0903 0.0171 —0.0140 -0.C241 0.0097 -0.0342 0.0456 0.0238 0.0586 0.0121
0.2003 0 .0605 0 .ri562 0.0964 f'.O244 -0.0071 -0.0v95 0.0268 -0.0197, 0.0587 0.0431 0.0722 0.0216
0.2080 U.0503 0.0575 0.C950 C .0310 0.0G25 0.0044 0.0409 -0.0055 0.0668 0.0542 0.0781 0.0329
0.2160 0.0434 0.0539 0.0895 0.0337 0.0133 0.U173 0.0528 0.0069 0.0695 0.0578 0.0737 0.0445
0.2240 0.0389 0.0463 0.0834 0.0359 0.0231 0.0253 0.058', 0.0168 0.0696 0.0537 0.0659 0.0536
0.2320 0.0346 0.04C7 C .0730 0.0397 0.0299 0.0327 0.0542 0.0216 0.0706 0.0512 0.0640 0.0596
0.2400 0.0296 9.0357 0.0550 0.0406 0.0341 0.0399 C.0450 0.0241 0.0727 0.0560 0.0670 0.0628
0.2480 0.0233 0.0316 0.0325 7..C332 0.0347 0.0440 0.0370 0.0267 0.0740 0.0602 0.0689 C.0645
0.2560 0.0172 0.0237 0.0150 0.0226 0.0338 0.0432 0.0360 0.0310 0.0702 0.0569 0.0'654 0.0627
0.2640 0.0105 0.0152 0.0089 0.0128 0.0342 0.0391 0.0443 0.0327 0.0570 0.0446 0.0561 0.0557
0.2720 0.0046 0.0150 0.0092 0.0050 0.0380 0.0373 C.05C8' 0.0322 0.0411 0.0325 0.0429 0.U429
0.2800 0.0001 0.0175 0.0078 0.0004 0.0459 0.0378 0.0480 0.0330 0.C251 0.0221 0.03C7 0.0261
0.2880 -0.0034 0.0185 O.COl8 0.0024 0.0507 0.0383 0.0411 0.0360 0.0080 0.0118 0.0177, 0.0C81
0.2960 -0.0088 0.0197 -0. C'096 0.0100 0.0454 0.0378 0.0366 0.0356 -0.0U78 0.0003 0.0002 -0.0077
0.3040 -0.0130 0.0186 -0.0206 0.0148 0.0339 0.0351 0.0295 0.0285 -0.0217 -0.0132 -0.0189 -0.0210
0.3120 -0.0166 0.0120 -0.0257 0.0124 0.0184 0.0277 0.0215 0.0186 -0.0334 -0.0269 -0.0341 -0.0304

VuJ 
xo 
00



ViG(L8/$EC) 0.0 0.0 0.0 0.0 0.0453 0.0450 0.0450 0.0450 0.0450 0.0450 . 0.0450 0.0450
WL(LB/SEC) 0.5850 0.5850 0.5850 0.5850 0.0160 0.0160 0.0160 0.0160- 0.0280 0.0280 0.0280 0.0280

CELL bl 02 LAG LEAD . Bl 02 LAG LEAD 81 D2 LAG LEAD
TIMc(SEC) ***** normalized VALUE ***** ***** NORMALIZED •VALUE ***** ***** NORMALIZED VALUE *****

0.0 1.0009 1.0000 0.6796 0.6796 1. OOut, 1.0000 0.1444 0.1444 1.0000 1.0000 0.1074 0.1074
0.0080 0.8109 0.8062 0.6099 0.6333 0.7810 0.7782 0.1402 0.1376 0.7436 0.7549 0.1044 0.1005
0.0160 0.5007 0.4979 0.4630 0.4899 0.4<j71 0.3998 0.1249 0.1255 0.3511 0.3570 0.0973 0.0866
0.0240 0.2491 0.2464 0.2965 0.3074 0.1057 0.0986 0.1031 0.1128 0.0647 0.0598 0.0933 0.0716
0.0320 0.0763 0.0 7 53 0.1475 0.1393 -0.0893 -0.0947 0.0761 0.0983 -0.0953 -0.1060 0.0911 0.0598
0.0400 -0.0400 -0.0361 0.0271 0.0130 -0.1939 -0.1961 0.0445 0.0797 -0.1623 -0.1685 0.0870 0.0488
0.0430 -0.1181 -0.1058 -0.0630 -0.0704 -0.2265 -0.2228 0.0098 0.0613 -0.1760 -0.1667 0.0814 0.0328
0.0560 -0.1690 -<1.14 76 -0.126b -0.1213 -0.2096 -0.2017 -0.0230 0.0492 -0.1613 -0.1369 0.0772 0.0166
0.0640 -0.1990 -0.1731 -0.1702 -0.1513 —0.1660 -0.1594 -0.0485 0.0444 -0.1317 -0.1040 0.0737 0.0084
0.0720 -0.2121 -0.1832 -0.1965 -0.1662 -0.1152 -0.1122 -0.G637 0.0380 -0.0987 -0.0782 0.0676 0.0074
0.0800 -0.2134 -0.1939 -0.2100 -0.1717, —0.0693 -0.0648 -0.0664 0.0265 -0.0683 -0.0546 0.0578 0.0050
0.0880 —0.2065 -0.1933 -0.2127 -0.1714 -0.0322 -0.0210 -0.0561 0.0115 —0.0446 -0.0302 0.U419 -0.0013
0.0960 -0.1961 -0.1394 -0.2109 -0.1697 -0.0055 0.0120 -0.0341 -0.0027 -0.0253 -0.0074 0.0183 -0.0086
0.1040 -0.Io62 -0.1821 -0.2052 -0.1642 0.0142 0.3291 -0.0074 -0.0123- -0.0089 0.0079 -0.0061 -0.0117
0.1120 -0.1762 -0.1733 -0.1952 -0.150 5 o. 0 2 61> 0.0293 0.0156 -0.0185 0.0051 0.0138 -0.0200 -0.0110
0.1200 -0.1596 -0.1613 -0.1831 -0.1319 0.0272 0 .0167 0.0307 -0.0212 0.0131 0.0127 -0.0248 -0.0062
0.1280 -0.1361 -0.1461 -0.1658 -0.1115 0.0189 0.0026 0.0372 -0.0194 0.0142 0.0117 -0.0285 0.0025
0.1360 -0.1 HO -0.1249 -0.1408 -0.0909 0.0111 -0.0071 0.1-373 -0.0135 0.0129 0.0120 -0.03G7 0.0048
0.1440 -0.0866 -0.1004 -0.1097 -0.0731 0•00o8 -3.0115 0.0323 -0.3082 0.0122 0.0397 -0.0 3C-2 0.0044
0. 1520 -0.0617 -0.0764 -0.0753 -0.0607 0.0U17 -0.0107 0.0226 -U.0U8 3' 0.0124 0.0U17 -0.0312 0.0037
0.1600 -0.0346 -0.0533 -0.0445 -0.0417 -0.0085 -0.0392 0.0103 -0.0138 0.0130 -0.0085 -0.03C4 0.0010
0.1680 -0.0072 -0.0399 -0.0176 -0.0186 -0.0202 -0.0099 -0.0039 -0.0185 0.0083 -0.0152 -0.0262 -0.0068
0.1760 0.0191 -0.0103 C.CO82 0.0026 -0.0269 -0.0148 -0.0145 -0.0198 0.0005 -0.0153 -0.0156 -0.0146
0.1840 0.0406 0.0035 0.0296 0.0159 -0.0258 -0.0205 -0.0143 -0.0221 -0.0043 -0.0098 0.0001 -0.0165
0.1920 0.6554 0.0165 0.044) O.C22O -o.U2o3 -0.0251 -0^0044 -0.0273 —0.0116 -0.0C52 C.G146 -0.0130
0.2000 0.0599 0.030? C.0564 0.0244 -0.0141 -0.0270 0.0084 -0.0307 -0.0183 -0.0028 0•0256 -0.0042
0.2080 0.054 J 0.0417 0.0685 0.0251 -3.0085 -0.0226 0.0187 -0.0272 -0.0202 U.Oull 0.0310 C.0029
0.2160 0.051'1 0.0510 0.0304 0.0268 -0.0047 -0.0097 0.3232 -0.0208 -0.0185 0.0034 0.0308 0.CU43
0.2240 0.0473 0.0582 0.0885 0.0294 -0.0047 0.0055 0.0206 -0.0164 -0.0123 0.0016 0.0279 0.0014
0.2320 0.0457 0.0623 0.0907, 0.0319 - u . 0 J 3 4 G.0128 0.0136 -0.0103 - 0.0 U 0 6 -0.0031 0.0278 -0.0016
0.2400 ' 0.0453 0.0587, 0.0802 0.0348 —0.00u9 0.0135 0.0037 —0.0023 0.0116 -0.0119 0.0257 -0.0032
0.2480 0.0403 0.04.53 0.0599 0.0367 -0.CG18 0.0130 -0.0055 0.0039 0.0168 -0.0235 0.0132 -0.GG46
0.2560 0.0315 0.0331 0.0383 0.0338 -0.0052 0.0114 -0.0097 0.0058 0.0143 -0.0309 -0.0099 -0.0059
0.2640 0.0197 0.0207 0.0205 0.0255 -0.0074 0.0050 -0.0016 0.0056 0.0098 -0.0273 -0.0285 -0.0107
0.2720 0.0067 0.0122 0.0089 0.0145 -0.0085 -0.0061 -0.0252 0.0048 0.0C33 -0.0169 -0.0344 -0.0186
0.2800 -0.0049 0.0023 0.0010 0.0031 -0.0132 -0.0152 -0.0326 0.0029 -0.0048 -O.Ol83 -0.0323 -0.0240
0.2830 -0.0106 -0.0082 -0.0068 —0.0053 -0.0133 -0.0195 -0.0347 -0.0001 -0.0098 -0.0079 -0.0267 -0.0249
0.2960 -0.0126 -0.0157 -0.0131 -0.0126 -G.015j -0.0215 -0.0314 -0.0024 -0.0146 -0.0123 -0.0192 -C.3197
0.3040 -0.0154 -0.0157 -0.0155 -0.0191 -0.C122 -C.O221 -0.0218 0.0 -0.0175 -0.0179 -0.0142 -0.0089
0.3120 -0.0170 -0.CC99 -0.0162 -U.0231 -0.0061 -0.0232 -0.0114 0.0032 -0.0187 -0.0193 -0.0141 0.0044

kJ 
\O 
KO



WG(LB/SEC)
WLILB/SECJ

CELL

0.0450
0.0440
Bl

U.0450
0.0440 
02

0.0450
0.0440
LAG

0.0450
0.0440 
LEAD

0.0450
0.0800
Bl

0.0450
0.0800 
02

0.0450
0.0800
LAG

0.0450
0.0800 
LEAD

0.0450
0.1260
Bl

0.0450
0.1260
D2

0.0450
0.1260
LAG

0.0450
0.1260 
LEAD

TIME(SEC) ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE ***** ***** normalized VALUE *****
0. i ' l.CCJU 1.0090 0.3627 0.3627 1.0006 l.OuCO 0.5190 0.5190 1.0000 1.0000 0.5831 0.5881
u • ,'08u 0.8J05 0.7988 0.3540 0.3518 0.8267 0.8294 0.4966 0.5101 0.8387 0.8335 0.5634 0.5611
0 . v 16 v 0.5221 0.5191 0.3429 0.3218 0.5679 0.5763 0.4457 0.4649 0.5746 0.5703 0.4997 0.4856
0.C.24? 0.3286 0.3276 0.3197 0.2811 0.3694 0.3839 0.3756 0.3960 0.3526 0.3541 0.4124 0.3779
0.u32<- 0.2072 0.2034 0.2789 0.2254 0.2295 0.2470 0.2998 •0.3130 0.1873 0.1927 0.3G86 0.2557
C . H00 0.1291 0.1206 0.2367 0.1762 0.1311 0.1481 0.2284 0.2291 0.0672 0.0723 0.1993 0.1335
U.'..48C C.0756 0.0659 0.1946 0.1343 C.C589 0.0750 0.1604 0.1512 -0.0194 -0.0169 0.0979 0.0282
G • '56;') L.0349 0.0283 0.1521 0.0912 0.0^46 0.02C3 0.0971 0.0813 -0.0830 -0.0782 0.0104 -0.0501
C e C 6 4 u 0.0043 0.0042 0.1124 0.0497 -U.0347 -0.0227 0.0399 0.0205 -0.1304 -0.1199 -0.0607 -0.1008
G..j72 J -C.0197 -0.0141 0.0800 0.0177 -0.0643 -0.0558 -0.0070 -0.0278 -0.1658 -0.1472 -0.1140 -U.1309
0 . t.-BOE' -0.0372 -0.0286 0.0557 -0.0048 —0.0861 -0.0765 —0.0402 -0.0593 -0.1898 -0.1631 -0.1501 -0.1485
0. 88'J -0.3476 -J.3377 0.0374 -0.0218 -0.1011 -0.0869 -0.0615 -C.0752 -0.2017 -0.1701 -0.1757 -0.1573
0.u96i -0.0527 -0.0403 0.0235 -0.0333 -0.1115 -0.0913 -0.0'774 -0.0839 -0.2041 -0.1697 -0.1927 -0.1592
0.104C -0.053° -0.3417 0.0133 -0.0387 -0.1190 -0.0954 -0.0886 -0.0887 -0.2li 08 -0.1679 -0.2013 -0.1570
0.112'.' -0.0538 —0.044 5 0.0069 —0.0442 —u . 125U . -0.1007 -0.0957 -0.0892 -0.1926 -0.1672 -0.2023 -0.1512
0.120.; -0.0Ju9 -0.0461 0.0037 -0.0488 -0.1268 -0.1059 -0.1040 -0.0882 -0.1796 -0.1631 -0.1970 -0.1415
0. 128,1 -0.0477 -0.0432 -0.0013 -0.0501 -0.1229 -0.1080 -0.1130 -0.0893 -0.1632 -0.1538 -0.1838 -0.1323
0.1 360 -0.0481 -0.9402 -0.0096 -0.048 1 -0.1148 -0.1096 -0.1172 -0.0945 -0.1457 -0.1412 -0.1677 -0.1236
0.144i., -3.051 ) -0.0399 -0.0178 -0.0457 -0.1072 -0.1089 -0.1141 -0.1006 -0.1297 -0.1284 -0.1506 -0.1143
0.152.1 -0.0>45 -0.0391 -0.U236 -0.0436 -0.1036 -0.1037 -0.1083 -0.1035 -0.1130 -0.1136 -0.1324 -0.1012
0.160; -0.0563 -0.0360 -0.0304 -0.0422 -0.1006 -0.0989 -0.1013 -0.0993 -0.0945 -0.0975 -0.1137 -0.0848
0.168.’ -9.0556 -0.0341 -0.0348 -0.0411 -0.0957 -0.0958 -0.0924 -0.0901 -0.0755 -0.0812 -0.0947 -0.0702
0. 1763 -0.0552 -0.0327 -0.0354 -0.0431 -0.0895 -0.0913 -0.0855 -0.0796 -0.0557 -0.0674 -0.0760 -0.0576
0.184 J -0.0572 -0.0301 -0.0341 -0.0455 -0.0825 -0.. 0 8 6.0 -0.0817 -0.0724 -0.0363 -0.0580 -0.0578 -0.0467
v.l92"i —0.66j8 -0.0298 -0.0357 -0.0460 -3.0761 -0 .0801 -0.0813 -0.0692 -0.0226 -0.0495 -0.0405 -0.0394
0.200) -0.0619 -0.0330 -0.0368 -G.0465 -0.0695 -0.0739 -0.0310 -0.0712 -0.0155 -0.0414 -0.0249 -0.0383
0.208C. -0.0590 -0.9356 -0.0378 -0.0483 -O.0623 -0.0664 -0.0795 -0.0742 -0.0106 -0.0345 -0.0097 -0.0356
0.2160 —0.0564 -0.0363 -0.0402 -U.0494 -0.0596 -0.0606 -0.0766 -0.0746 —0.0038 -0.0290 0.0046 -0.3291
0. 2240 -0.0519 -0.0373 -0.0433 -0.0490 - u . 0 6 0 2 -0.0578 -0.0689 -0.0733 0.0047 -0.0227 0.0145 -0.0218
0.2322 -0.0456 -0.0368 -0.0471 -0.0456 —0•GOO) -0.0567 -0.0589 -0.0697 0.0118 -0.0145 0.0189 -0.0170
G.z40u -0.0419 -0.0347 -0.C497 -0.0421 —C .0566 -0.0546 -0.0503 -0.0617 0.0151 -0.0034 0.0254 -0.0159
0.2483 -0.0411 -C.0356 -0.0507 -0.0415 -0.0510 -0.0533 -0.0441 -0.0547 0.0142 0.0062 0.0358 -0.0165
0.256i. -0.0415 -0.0393 -0.0498 -0.0400 -0.0438 -0.0528 -0.0406 -0.0512 0.0111 0.0139 0.0454 -0.0127
0.264j -0.0442 -0.0433 -0.0437 -0.0387 -0.0343 -0.0524 -0.0389 -0.0488 0.0086 0.0208 0.0480 -0.0040
0.2720 -0.0534 -0.0441 -0.0349 -0.0383 -0.0264 -0.0489 -0.0355 -0.0455' 0.0097 0.0233 0.0426 0.0080
0.2800 -0.0554 -0.0413 -0.0288 -0.0383 -0.0201 -0.0410 -0.U255 -0.0450 0.0150 0.0232 0.0356 0.0200
0.283u -0.0576 -0.0385 -0.0310 -0.0353 -0.0165 -0.0348 -0.0093 -0.0464 0.0196 0.0234 0.0300 0.0283
0.296E. -0.0576 -0.0360 -0.0378 -0.0325 -0.0151 -0.0294 0.0054 -0.0446' 0.0238 0.0210 0.0235 0.0305
0.3040 -0.0563 -0.0319 -0.0394 -0.0316, -0.0154 -0.0222 0.0145 -0.03961 0.0255 0.0161 0.0193 0.0267
0.3120 -0.0528 -0.0305 -0.0385 -0.0318 -0.0154 -0.0160 0.0173 -0.0309' 0.0258 0.0139 0.0191 0.0233

00
1?



WG(LB/SEC) 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450 ■ 0.0453 0.0450 0.0450
WL(LBZSEC) 0.1800 0.1800 0.1800 0.1800 0.2400 0.2400 0.2400 0.2400 0.3500 0.3500 0.3500 0.3500

CELL 81 D2 LAG LEAD Bl D2 LAG LEAD Bl D2 LAG LEAD
TIME(SEC) ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE *****

0.0 1.0000 1.0 <,00 0.5904 0.5904 1.0000 1.0000 0.5777 0.5777 1.OuOO 1.0000 0.5983 0.5983
0.0080 0.8337 0.8285 0.5588 0.5695 0.8311 0.8150 0.5383" 0.5559 0.8235 0.8041 0.5712 0.5477
U.C-L6C 0.5731 0.5582 0.4753 0.5009 0.55j6 0.5216 0.4473 0.4731 0.5293 0.4980 0.4 740 0.4338
0.0240 0.3415 0.3353 0.3593 0.3916 0.3070 0.2324 0.3249 0.3462 0.2811 0.2554 0.3429 0.2829
0.0320 C .1o j7 0.1706 0.2350 0.2614 0. 1212 0.1081 0.1963 0.2049 0.0976 0.0854 0.2087 0.1320
U. L^O'j 0.0222 0.0484 0.1157 0.1326, -U.O147 -0.0148 0.0767 0.0746 -0.0314 -0.0305 0.3890 0.0083
0.0480 -0.0817 -0.0451 0.0093 0.0225 -0.1136 -0.0981 -0.0280 -G.0294 -0.1166 -0.1C76 -0.3080 -0.C775
0.056-' -0.1529 -0.1147 -0.0770 -0.0616 -0.1824 -0.1543 -0.1115 -0.1019 -0.1721 -0.1566 -0.C843 -0.1298
0. v640 -0.1977 -0.1634 -0.1423 -0.1195 -0.2252 -0.1917 -0.1736 -0.1465 -0.2066 -0.1832 -0.1432 -0.1566
0.0720 -0.2264 -0.1956 -0.1896 -0.1557 -0.2443 -0.2112 -0.2146 -0.1689 -0.2256 -0.1931 -0.1851 -0.1719
G.C800 -0.2422 -0.2149 -0.2210 -0.1763 -0.2427 -0.2153 -0.2351 -0.1716 -G.2313 -0.1953 -0.2116 -0.1764
0.038 J -0.2443 -0.2212 -0.2369 -0.1863 -0.2302 -0.2065 -0.2369 -0.1617 -0.2271 -0.1947 -0.2245 -0.1746
0.006? -0.2349 -0.2195 -0.24 0'2 -0.1881 -0.2125 -0.192') -0.2264 -0.1482 -0.2166 -0.1912 -0.2257 -C.1692
o.i :40 -0.2170 -0.2'.91 -0.2330 -0.1816 -0.1903 -0.1772 -0.2088 -0.1337 -0.2013 -0.1809 -0.2170 -0.1633
0.112J -0.1954 -0.1916 -0.2148 -0.1675 -0.1618 -0.1579 -0.1862 -0.1166 -0.1810 -0.1630 -0.1997 -0.1472
0.1200 -G.1696 -0.1722 -0.1887 -0.1510 -0.1285 -0.1313 -0.1577 -0.0976 —0.1560 -0.1436 -0.1749 -0.1326
0.128J -0.14J3 -0.1511 -0.1596 -0.1357 -0.0955 -0.1013 -0.1239 -C.0816 -0.1313 -0.1234 -0.1455 -0.1137
0.136? -0.113u -0.1283 -0.1294 -0.1212 -0.0677 -0.0744 -0.0895 -0.0698 -0.1063 -0.1007 -0.1152 -0.0886
0.1440 —0.0876 -0.1068 -0.0983 -0.1061 —0•0464 -0.0506 -0.0581 -0.0598 -0.0Z94 -0.0754 -0.0864 -0.0624
0.1523 -0.0954 -0.0536 -0.0686 -0.0886 -0.0^81 -0.0282 -0.0286 -0.0497 -0.0513 -0.0510 -0.0589 -0.0402
0.1600 -0.0456 -0.0594 —0.0416 -0.0693 -0.0126 -0.0080 -0.0008 -0.0372 -0.0225 -0.0313 -0.0307 -0.0214

• 0.1680 -C.C276 -0.0359 -0.0184 -0.0530 -O.OulO 0.0081 0.0249 -0.0217 0.0051 -0.0175 -0.0030 -0.0009
0. 176:) -0.0127 -0.0133 0.0016 -0.0410 0.0112 0.0206 0.0459 -0.0071 0.0293 -0.0058 0.0213 0.0195
0.164'J 0.0021 0.0050 0.0228 -0.0287 0.0229 0.0300 0.0608 0.0025 0.0491 0.0100 0.0400 0.0348
0.192? 9.C201 0.0177 0.C441 -0.0128 0.0325 0.0346 0.0714 0.0078 0.0627 0.0267 0.0533 0.0441
0•2000 0.0394 0.0272 0.C609 O.GO58 0.0387 0.0343 0.G796 0.0096 0.0698 0.0398 0.C631 0.0449
U.208J C.0548 0.0335 0.0746 0.0253 0.0418 0.0311 0.0824 0.0069 0.0721 0.0479 0.0731 0.0436
0.216J 0.0690 0.0378 0.0806 0.0419 0.0402 0.0270 0.0760 0.0017 0.0690 0.0509 0.0786 0.0429
0.2240 0.0694 0.0405 0.0774 0.0525 0.0324 0.0206 0.0615 -0.0025 0.0621 0.0489 0.0749 0.0396
0.2 32-' 0.G696 0.0400 0.0708 0.0560 0.0218 0.0149 0.0427 -0.0U52 0.0522 0.0453 0.0688 0.0324
0.2409 0.0647 0.0375 0.0615 0.0524 0.0128 0.0094 0.0251 -0.0031 G.0359 0.0417 0.0614 0.0227
0.2480 0.0>3u 0.0331 0.0508 0.0439 C.0u62 0.0021 0.0035 0.0026 0.0216 0.0365 0.0535 0.0132
0.2560 0.0396 0.0274 0.0378 0.0341 -0.0001 -0.0C68 -0.0076 0.0063 0.0152 0.0309 0.C462 0.0058
0.2o4:> 0.0263 0.0210 0.0221 0.0247 -0.0065 -0.0155 -0.0247 0.0037 0.0144 0.0277 0.0395 -0.0017
0.2720 0.0135 0.0147 0.0064 0.0155 -0.0125 -0.0222 -0.0374 -0.0002 0.0129 0.0243 0.0322 -0.0097
0.2809 0.0027 0.0101 -0.0086 0.0076 -0.0159 -0.0255 -6.0413 0.0006 0.CU43 0.0180 0.0223 -0.0148
u . 2 8 8 C -0.0962 0.0G72 -0.0196 0.0006 -0.0156 -0.0248 -0.0385 0.0032 -0.0080 0.0076 0.0085 -0.0161
0.2960 -0.0124 0.0053 -0.0239 -0.0035 -0.0140 -0.0220 -0.0313 0.0037 -0.0191 -0.0050 -0.0061 -0.0180
0.3040 -0.0166 0.0001 -0.0238 -0.0033 -0.0126 -0.0197 -0.C226 0.0037 -0.0267 -0.0183 -0.0206 -0.0205
0.3120 -0.0200 -0.0G94 -0.0232 -0.0039 -0.0112 -0.0144 -0.0140 0.0029 -0.0323 -0.0312 -0.0332 -0.0242

4oi



WG(Lb/SEC) 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450 0.0450 0.0976 0.0976 0.0976 0.0976
WL(LB/SEC) 0.4700 0.4700 0.4700 0.4700 0.5850 0.5850 0.5850 0.5850 0.0160 0.0160 0.0160 0.0160

CELL Bl D2 LAG LEAD Bl D2 LAG LEAD Bl D2 LAG LEAD
TIME(SEC) ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE ***** ***** normalized VALUE *****

0.0 1.0000 1.0000 0.6621 0.6621 1.0000 1.0000 0.6953 0.6953 1.0000 1.0000 0.0827 0.0827
0.0080 0.82,10 0.8057 0.6335 0.5807 0.8251 0.8072 0.6140 0.6565 0.6224 0.6331 0.076G 0.0709
0.016u 0.5168 0.4984 0.5230 0.4187 0.5202 0.4973 0.4587 0.5092 0.0924 0.1123 0.0688 0.0588
0.0240 0.2586 0.2558 0.3712 0.2399 0.2534 0.2464 0.2846 0.3166 -0.1832 -0.1881 0.0581 0.0487
0.0321. 0.0741 0.0886 0.2141 0.0877 0.0625 0.0718 0.1260 0.1394 -0.2394 -0.2535 0.0387 0.0468
0.0400 -0.0320 -0.0252 0.0778 -0.0232 -0.0653 -0.0466 -0.0040 0.0045 -C.1939 -0.1980 0.0174 0.0369
O.L’4 8 j -0.13o8 -0.1035 -0.0282 -0.0977 -0.1473 -0.1243 -0.1004 -0.0881 -0.1123 -0.1045 -0.0079- 0.0255
0.0560 -0.1902 -0.1562 —0.1046 -0.1449 -0.1986 -0.1742 -0.1651 -0.1471 -0.0389 -0.0235 -0.0117 0.0222
0.C640 -0.2137 -0.1891 -0.1574 -0.1734 -0.2294 -0.2041 -0.2062 -0.1809 0.0041 0.0156 -0.0163- 0.0188
0.0720 -0.23u3 -0.2062 -0.1918 -0.1890 -0.2429 -0.2168- -0.2264 -0.1964 0.0231 0.0248 -0.0093 0.0202
0.0800 —0.2308 -0.2123 -0.2118 -0.1926 -0.24U4 -0.2162 -0.2284 -0.1988 0.0199 0.0067 -0.0085 0.0110
0.C880 -0.2245 -0.2096 -0.2210 -0.1841 -0.2254 -0.2079 -0.2197 -0.1937 0.0048 -0.0C97 -0.0013 0.0015
0.C95U -0.2104 -0.1991 -0.2232 -0.1708 -0.2U27 -0.1912 -0.2026 -0.1821 -0.0182 -0.0179 0.0052 -0.0104
0.1040 -0.1887 -0.1837 -0.2165 -0.1557 -0.1753 -0.1670 -0.1805 -0.1619 -0.0313 -0.0177 0.0131 -0.0162
0.1120 -0.1623 -0.1638 -0.1980 -0.1373 -0.1463 -0.1410 -0.1574 -0.1362 -0.0286 -0.0136 0.0140 -G.C170
0.1200 -0.1324 -0.1422 -0.1721 -0.1149 -0.1167 -0.1166 -0.1334 -0.1100 -0.0263 -0.0123 0.0104 -0.0171
0.1280 -0.1016 -0.1173 -0.1432 -0.0916 -0.0893 -0.0991 -0.1098 -0.0889 -0.0230 -0.0152 0.0095 -0.0047
0.1360 -0.0720 -0.0922 -0.1119 -0.0680 -0.0679 -0.0902 -0.0896 -0.0754 -0.0217 -0.0258 -O.0G23 -0.0073
0.14 40 —0.0440 -0.0692 -0.0 778 -0.0433 -0 .0485 —0.0850 -0.0681 -0.0653 -0.0129 -0.0203 -0.0163 -0.0073
C. 152.0 -0.0175 -0.0475 —0.0466 -0.0213 -0.0298 -0.0770 -0.G433 -0.0558 -U.01C3 -0.0164 -0.0290 -0.0162
0.1600 0.0045 -0.0283 -0.0216 -0.0078 -0.0101 -0.0613 -0.0168 -0.0431 -0.0082 -0.0090 -0.0279 -0.0147
0.1680 0.0236 -0.0123 0.0031 0.0017 0.0037 -0.0373 0.0090 -0.0286 -0.0C51 -0.0004 -0.0192 -0.0151
0.1760 0.0387 0.0018 0.0297 0.0100 0.0253 -0.0093 0.0317 -0.0090 -0.0021 -0.0G02 -0.0094 -0.0112
0.1340 0.0467 0.0158 0.0532 0.0158 0.0416 0.0152 0.0500 0.0136 0.0038 0.0005 -0.0009- -0.0102
0.1920 0.0471 0.0307 0.0709 0.0178 0.0577 0.0351 0.0659 0.0314 -0.0014 -0.0102 -0.0040 -0.0064
0.2000 0.0455 0.0449 0.C795 0.0202 0.0692 0.0536 0.0789 0.0447 -0.0052 -0.0148 -0.0035 -0.0017
0.2080 0.0458 0.0544 0.0806 0.0236 0.0735 0.0674 0.0857 0.0529 -0.0184 -0.0278 -0.0099 -0.0039
0.2160 0.0456 0.0542 0.0761 0.0228 0.0692 0.0729 0.0814 0.0552 -0.0223 -0.0208 -0.0123 -0.0124
0.2240 0.0422 0.0459 0.0681 0.0196 0.0567 0.0697 0.0703 0.0547 -0.0256 -0.0188 -0.0204 -0.U214
0.2320 0.C345 0.0339 0.0581 0.0172 0.0416 0.0610 0.0576 0.0498 -0.0075 -0.0164 -0.0230 -0.0218
0.2400 0.0250 0.0229 0.0468 0.0145 0.0259 0.0438 0.0426 0.0407 0.0101 -0.0207 -0.0150 -0.0208
0.2480 0.0191 0.0146 0.0326 0.0090 0.0115 0.0377 0.0289 0.0280 0.0115 -0.0231 -O.U1GO -0.0155
0.2560 0.0144 0.0073 0.0154 0.0038 0.0023 0.0285 0.0182 0.0175 0.0029 -0.0179 0.0 -0.0076
0.2640 0.0048 -0.0002 -0.0019 0.0023 -0.0030 0.0199 0.0054 0.0113 -0.0068 -0.0109 -0.0048 -0.0095
0.2720 -0.0C91 -0.0069 -0.0161 0.0032 -0.0100 0.0123 -0.0081 0.0046 -0.0033 0.0004 -0.0025 -0.0080
0.2800 -0.0220 -0.0100 -0.0235 0.0020 -0.0191 0.0037 -0.0170 -0.0034 -0.0077 -0.0004 -0.0101 -0.0101
0.2880 -0.0291 -0.0074 -0.0269 -0.0019 -0.0254 -0.0075 -0.0229 -0.0119 -0.0165 -0.0032 -0.0111 -C.u057
0.2950 -0.0330 -0.0018 -0.0292 -0.0054 -0.0275 -0.0177 -0.0274 -0.0174 -0.0246 -0.0182 -0.0207 -0.0018
0.3040 -0.0341 0.0011 -0.0306 -0.0064 -0.0272 -0.0210 -0.0291 -0.0205 -0.0120 -0.0295 -0.0246 0.0054
0.3120 -0.0302 0.0025 -0.0277 -0.0074 -0.0249 -0.0200 -0.0266 -0.0189 0.0036 -0.0242 -0.0198 0.0125



WG(LB/ScC) 0.0976 0.0976 0.0976 0.0976 0.0098 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976
WL(LCZSEC) 0.0280 0.0280 0.0280 0.0280 C .0440 0.0440 0.0440 0.0440 0.0800 0.0800 0.0800 0.0800

CELL Bl 02 LAG LEAU Bl 02 LAG LEAD Bl D2 LAG LEAD
TIMElSfC) ***** ,FORMALIZED VALUE ***** ***** FORMALIZED VALUE ***** **** NORMALIZED VALUE *****

0. ■? 1.0000 1.0000 0.1443 0.1443 1 .0003 1.0000 0.3649 0.3649 1.0000 1.0000 0.3792 0.3792
0.0080 0.6637 0.6 769 0.1370 0.1410 0.7172 0.7217 0.3428 0.3517 0.6613 0.6459 0.3627 0.3634
0.0160 0.2452 0.2461 0.1210 0.1362 0.4064 0.4141 0.3006 0.3171 0.3031 . 0.2973 0.3110 0.3022
0.0240 ’0.0208 0.0029 0.1072 0.1174 0.2338 0.2499 0.2593 0.2757 0.1175 0.1230 0.2326 0.2113
0.0320 -0.0691 -0.0890 0.0911 0.0945 0.1418 0.1614 0.2171 0.2287 0.0258 0.0332 0.1502 0.1242
0.0400 -0.0983 -0.1171 0.0715 0.0756 0.0863 0.1038 0.1752 0.1824 -0.0226 -0.0157 0.0865 0.0513
0.1 48'0 -0.0988 -0.1206 0.0362 0.0631 0.0457 0.0675 0.1406 0.1335 -0.0515 -0.0433 0.0376 -0.0073
0.0563 -0.0') 11 -C.lllO 0.0118 0.0468 0.0173 0.0443 0.1G67 0.G944 -0.0657 -0.0617 -0.0008 -0.0420
0.C640 -0.0792 -0.0897 -0.0095 0.0243 -0.0014 0.0234 0.0762 0.0590 -0.0734 -0.0727 -0.0316 -0.0568
0.U720 -0.0619 -0.0621 -0.0256 0.0039 -0.0150 0.0077 0.0541 0.0326 -0.0769 -0.0778 —0.0533 -0.G642
O.L'SOO -0.0518 -0.0499 -0.0408 -0.0097 -0.0229 -0.0028 0.0378 0.0183 -0.0761 -0.0827 -0.0666 -0.0677
0.0880 -0.0468 -0.0488 -0.0531 -0.0111 -0.0258 -0.0087 0.0268 0.0074 -0.0739 -0.0833 -0.0708 -0.0691
0.0960 -0.0454 -0.0496 -0.0662 -0.0136 -0.0273 -0.0114 0.0168 -0.0G31 -0.0734 -0.0786 -0.0690 -0.0708
0.1040 —0.0409 -0.0416 -0.0762 -0.0115 -0.0274 -0.0114 0.0063 -0.0073 -0.0728 -0.0725 -0.0661 -0.0729
0.1120 -G.C32O -0.0295 -0.0772 -0.0104 -0.0309 . -0.0121 -0.0014 -0.0074 -0.0702 -0.0664 -0.0638 -0.0704
0.1200 -0.0258 -0.0197 -0.0720 -0.0075 -0.0324 -0.0153 -0.0062 -0.0087 -0.0688 -0.0622 -0.0630 -0.0627
0.1280 -0.0210 -0.0166 -0.0567 -0.0059 -0.0333 -0.0152 -0.0129 -0.0112 -0.0684 -0.0592 -0.0622 -0.0595
0.1360 -0.0199 -0.0257 -0.0423 -0.0125 -0.0339 -0.0150 -0.0198 -0.0145 -0.0665 -0.0501 -0.0593 -0.0570
0. 1440 -0.0143 -0.0317 -0.0235 -0.U157 -0.0291 -0.0171 -0.0228 -0.0168 -G.0584 -0.0383 -0.0513 -0.0503
0.1520 -0.0L90 -0.0339 -0.0082 -0.0292 -0.0264 —0.0213 -0.0253 -0.0246 —0.0496 —0.0345 -0.0434 -0.0461
0.1600 -0.0031 -0.0258 -0.0046 -0.0368 -0.0257 -0.0260 -0.0270 -0.0302 -0.0502 -0.0313 -0.0394 -0.0355
0.1680 -0.0027 -0.0133 0.0050 -0.0442 -0.0284 -0.0284 -0.0318 -0.0324. -0.0504 -0.0280 -0.0356 -0.0246
0.1760 -0.0148 -0.0101 0.0136 -0.0349 -0.0296 -0.0274 -0.0311 -0.0321 —0.0420 -0.0271 -0.0302 -0.0242
0.1840 -0.0201 -0.0182 0.0253 -0.0252 -G.0254 -0.0250 -0.0265 -0.0281 -0.0354' -0.0247 -0.0249 -0.0276
0. 192J -0.0230 -0.0268 0.0259 -0.0141 -0.0215 -0.0235 -0.0202 -0.0265 -0.0304 -0.0242 -0.0178 -0.0248
0.2000 -0.0104 -0.0134 0.016b -0.0091 -0.0169 -0.0204 -0.0147 -0.0248 —0.0197) -0.0224 -0.0105 -0.0195
0.2080 0.0009 —0.0037 -0.UCU3 -0.0125 -0.0189 -0.0215 -0.G125 -0.0213 -0.0154 -0.0244 -0.0132 -0.0188
0.2160 0.0115 0.0075 -0.0209 -0.0114 -0.C237 -0.0209 -0.0105 -0.0206 -0.0133 -0.0251 -0.0268 -0.0228
0.2240 0.0048 0.0067 -0.0332 -0.0106 -0.0284 -0.0222 -0.0076 -0.0209 -0.0101 -0.0237 -0.0308 -0.0275
C.2320 -0.0U05 0.0025 -0.0360 -0.0041 -0.0270 -0.0213 -0.0025 -0.0255 -0.0131 -0.0189 -0.0214 -0.0214
G.240U -O.GO79 -0.0049 -0.0298 -0.0042 -0.0274 -0.0176 0.0009 -0.0279 -0.0125 -0.0154 -0.0058 -0.0145
0.2480 -0.0120 -0.0u97 -0.0310 -0.0042 -0.0259 -0.0149 -0.00U5 -0.0288 -0.0016 -0.0110 -0.0039 -0.0112
0.256 J —0.0051 -0.0128 -0.0192 -0.0037 -0.0237 —0.0152 -0.0004 -0.0285 0.0U35 -0.0117 -0.0104 -0.0119
0.2640 O.OulO -0.0146 -0.0065 -0.0040 -0.0216 -G.01-51 -0.0016 -0.0022 -0.0036 -0.0216 -0.0101 -0.0129
0.2720 0.0055 -0.0126 0.0094 -0.0083 -0.0222 -0.0175 -0.0010 -0.0003 -0.0118 -0.0243 -0.0043 -0.0162
0.2800 0.0029 -0.0133 0.0083 -0.0118 —0.0273 -0.0228 -0.0076 -0.0022 -0.0181 -0.0161 —0.0004 -0.0173
0.2880 -0.0034 -0.0037 -0.0014 -0.0116 -0.0267 -0.0270 -0.0172 -0.G075 -0.0195 -0.0095 0.0020 -0.0078
0.2960 -0.0110 0.0U86 -0.0139 -0.0149 -U.0215 -0.0319 -0.0227 -0.0080 -0.0165 -0.0015 0.0035 -O.U038
0.3040 -0.0083 0.0145 -0.0197 -0.0118 -0.0203 -0.0342 -0.0253 -0.0070 -0.0096 0.0036 0.0026 -0.0044
0.3120 0.0004 0.0089 -0.0087 -0.0079 -0.0209 -0.0325 -0.0281 -0.0049 -0.0038 0.0084 -0.0003 -0.0035



WG(LB/SEC) 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976
kL(LB/SEC) 0.1260 0.1260 0.1260 0.1260 0.1800 0.1800 0.1800 0.1800 0.2400 0.2400 0.2400 0.2400

CELL 81 D2 LAG LEAD Bl 02 LAG LEAD Bl D2 LAG LEAD
T1ME(SEC) ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE *****

O.G 1.000'3 1.0000 0.4573 0.4573 1.0000 1.0000 0.4821 0.4821 1.0000 1.0000 0.5038 0.5038
0.0080 0.6649 0.6373 0.4178 0.4149 0.6690 0.6402 0.4158 0.4425 0.6759 0.6508 0.4433 0.4606
0.0160 0.2887 0.2636 0.3154 0.3099 0.2899 0.2615 0.2769 0.3289 0.3001 0.2833 0.3129 0.3366
0.0243 0.0786 0.0724 0.1836 0.1811 0.0745 0.0607 0.1341 0.1995 0.0818 0.0827 0.1702 0.1911
0.C320 -0.0289 -0.0235 0.0731 0.0707 -0.0383 -0.0385 0.0261 0.0787 -0.0339 -0.0203 0.0530 0.0658
0.r.400 -0.0872 -0.0733 -0.G107 -0.0122 -0.0988 -0.0915 -0.0493 -0.0087 -0.0965 -0.0727 -0.0318 -0.0186
0.0483 -0.1193 -0.0990 -0.C648 -0.0648 -0.1331 -0.1198 -0.0993 -0.0668 -0.1259 -0.1028 -0.C840 -0.0614
0.0560 -0.1341 -0.1123 -0.0946 -0.0941 -0.1521 -0.1315 -0.1290 -0.1005 -0.1328 -0.1208 -0.1132 -0.0806
0.0640 -0.1357 -0.1186 -0.1106 -0.1073 -0.1557 -0.1351 -0.1465 -0.1134 -0.1277 -0.1298 -0.1258 -0.0899
0 .0720 —0.13u7 -0.1202 -0.1196 -0.1129 -0.1498 -0.1318 -0.1473 -0.1098 -0.1158 -0.1303 -0.1273 -0.0971
0.0800 -0.1217 -0.1153 -0.1208 -0.1075 -0.1388 -0.1209 -0.1342 -0.1049 -0.1073 -0.1210 -0.1224 -0.0959
0.0880 -0.1135 -0.1075 -0.1159 -0.0981 -0.1269 -C.1075 -0.1155 -0.1000 -0.1010 -0.1020 -0.1093 -0.0904
0.0963 -0.1075 -0.0994 -0.1C85 -0.0904 -0.1077 -0.0921 -0.0997 -0.0857 -0.0877 -0.0860 —0.0919 -0.0797
u. 104J -0.1013 -0.0903 -0.10C4 -0.0842 -0.0760 -0.0757 -0.0803 -0.0694 -0.0753 -0.0766 -0.0784 -0.0745
0.1120 -0.0905 -0.0798 -0.0884 -0.0746 -0.0485 -0.0643 -0.0597 -0.0566 -0.0650 -0.0676 -0.0704 -0.0773
0.1200 -0.0 762 -0.0673 -0.0691 -0.0624 -0.0350 -0.0557 -0.0482 -0.0459 -0.0576 -0.0640 -0.0601 -0.0736
0.1280 -0.0587 -0.0585 -0.0490 -0.0533 -0.0292 -0.0462 -0.0361 -0.0418 -0.0518 -0.0638 -0.0532 -0.0633
0.1360 -0.0393 -0.0573 -0.0415 -0.0433 -0.0250 -0.0359 -0.0215 -0.0454 -0.0436 -0.0631 -0.0491 -0.0505
0.1440 -0.0197 -0.0511 -0.0362 -0.0325 -0.0137 -0.0268 -0.0074 -0.0393 -0.0374 -0.0499 -0.0445 -0.0395
0.1523 -0.0343 -0.0342 -0.0220 -0.0278 -0.0092 -0.0141 0.0051 -0.0294 -0.C274 -0.0354 -0.0359 -0.0321
0. 1600 -0.0010 -0.0208 -0.0024 -0.0251 -0.0153 0.0037 0.0115 -0.0201 -0.0176 -0.0300 -0.0199 -0.0251
"0.1680 -0.0C65 -0.0125 0.0130 -0.0181 -0.0190 0.0131 0.0119 -0.0076 -0.0152 -0.0287 -0.0042 -0.0145
0.1760 -0.0102 -0.0060 0.0207 -0.0183 -0.0109 0.0126 0.1'136 0.0050 -0.C200 -0.0189 0.0085 -0.0113
0.1840 -0.0073 0.0013 0.0153 -0.0142 0.0G58 0.0091 0.0221 0.0126 -0.0241 -0.0080 0.0090 -0.0204
0. 192 3 -0.0009 0.0031 0.0095 -0.0036 0.0111 0.0084 0.0206 0.0143 -0.0231 -0.0035 0.0024 -0.0236
0.2003 0.0031 0.0070 0.0071 0.0086 0.0127 0.0070 0.0161 0.0099 —0.0223 0.0U18 -0.0050 -0.0218
0.2080 0.0143 0.0214 0.0111 0.0131. 0.0163 0.0059 0.0186 0.0089 -0.0155 0.0039 -0.0064 -0.0176
0.2160 0.0171 0.0320 0.0195 0.0130 0.0190 0.0033 0.0156 0.0092 -0.0085 0.0019 0.0010 -0.0118
0.2240 0.0174 0.0275 0.0197 0.0093 0.0142 -0.0015 0.0126 0.0066 -0.0068 0.0022 0.0045 -0.0092
C.2320 0.0146 0.0150 0.0152 0.0083 0.0041 -0.0051 0.0073 0.0035 -0.0054 0.0034 0.0094 -0.0070
0.2400 0.0045 0.0115 0.0106 0.0094 -0.0026 -0.0056 -0.0022 -0.0020 -0.0023 0.0059 0.0096 -0.0029
0.2480 -0.03o7 0.0164 0.0073 0.0071 -0.0G56 0.0 -0.0067 -0.0039 0.0018 0.0037 -0.0008 -G.0004
0.2560 0.0324 0.0159 0.0086 0.0045 -0.0u54 0.0009 -0.0037 -0.0106 0.0060 0.0005 -0.0059 0.0046
0.2640 0.0014 0.0040 0.0102 -0.0017 -0.0065 -0.0041 -0.0018 -0.0168 0.0078 -0.0083 -0.0015 0.0115
0.2720 0.0001 -0.0076 0.0036 -0.0095 -0.0018 -0.0075 -0.0046 —0.0126 0.0076 -0.0075 0.0040 0.0127
0.2800 -0.0103 -0.0173 -0.0042 -0.0148 0.0054 -0.0081 -0.0061 -0.0063 0.0100 0.0010 0.0048 0.0078
0.2880 -0.0158 -0.0164 -0.0149 -0.0148 0.0088 -0.0050 -0.0053 -0.0008 0.0112 0.0087 '0.0087 0.0038
0.2960 -0.0131 -0.0134 -0.0234 -0.0094 0.0042 -0.0048 -0.0088 0.0054 0.0084 0.0060 0.0090 -0.0015
C.3340 -0.0167 -0.0128 -0.0278 0.0011 -0.0042 -0.0066 -0.0127 0.U028 0.0026 0.003G 0.0081 -0.0021
0.3120 -0.0125 -0.0135 -0.0286 0.0002 -0.0136 -0.0106 -0.0158 -0.0057 -0.0024 -0.0016 0.0038 -0.0011

o



HG(LB/SEC) 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976 0.0976
WL(LB/SEC.) 0.3500 0.3500 0.3500 0.3500 0.4700 0.4700 0.4700 0.4700 0.5850 0.5850 0.5850 0.5850

CELL 81 D2 LAG LEAD Bl D2 LAG LEAD Bl D2 LAG LEAD
TIME(SEC) ***** normalized VALUE ***** ***** NORMALIZED VALUE ***** ****T NORMALIZED VALUE *****

Q.O '..GOOD 1.0000 0.5345 0.5345 1.0000 1.0000 0.6022 0.6022 1.0000 1.0000 0.6332 0.6332
0.0080 0.7010 0.6792 0.4785 0.4738 G.7271 0.7013 0.5244 0.5436 0.7497 0.7337 0.5345 0.5890
0.0160 0.3266 0.3063 0.3372 0.3393 0.3538 0.3329 0.3501 0.3899 0.3904 0.3778 0.3369 0.4433
0.0240 0.0995 0.0914 0.1775 0.1966 0.1G62 0.1051 0.1626 0.2159 0.1348 0.1378 0.1367 0.2688
O.b32O -0.0283 -0.0234 0.0440 0.0781 -0.0378 -0.0213 0.0101 0.0721 -0.0159 0.0023 -0.0058 0.1188
0. .1400 —0.0937 -0.0834 -0.0445 —0.0080 -0.1188 -0.0913 -0.0891 -0.0264 -0.0988 -0.0753 -0.0910 0.0110
0.048? -0.1314 -0.1107 -0.0986 -0.0605 -G.1614 -0.1303 -0.1450 -0.0855 -U.1373 -0.1199 -0.1382 -0.G564
0.0560 -0.1435 -0.1196 -0.1260 -0.0847 -G. 1789 -0.1465 -0.1709 -0.1172 -0.1562 -0.1457 -0.1619 -0.0954
0.0640 -0.1458 -0.1227 -0.1384 -0.0952 -0.1820 -0.1487 -0.1759 -0.1301 -0.1616 -0.1611 -0.1688 -0.1164
0.0720 -0.1403 -0.1213 -0.1452 -0.1020 -0.1737 -0.1*57 -0.1704 -0.1324 -0.1584 -0.1656 -0.1645 -0.1269
C.vSOO -0.1342 -0.1181 -0.1442 -0.1C38 -0.1574 -0.1414 -0.1577 -0.1265 -G.1479 -0.1621 -0.1559 -0.1296
0.0880 -0.1298 -0.1122 -0.1368 -0.1007 -0.1358 -0.1349 -0.1419 -0.1167 -0.1326 -0.1527 -0.1458 -G.1233
0.0960 -0.1211 -0.1C42 -0.1219 -0.0952 -0.1143 -0.1235 -0.1267 -0.1050 -0.1186 -0.1378 -0.1366 -0.1086
0. 1040 -0.1059 -0.0976 -0.1043 -0.0879 -0.0935 -0.1089 -0.1077 -0.0897 -0.1092 -0.1198 -0.1254 -0.0956
0.1120 -0.0817 -0.0897 -0.0876 -0.0801 -0.0725 -0.0929 -0.0875 -0.0727 -0.1020 -0.1025 -0.1126 -0.0873
0.1200 -0.0610 —0.0825 -0.0705 -0.0640 -0.0535 -0.0 715 -0.0668 -0.0564 -0.0929 -0.0895 -G.1UG7 -0.0846
0.1230 —0.0464 -0.0750 -0.0541 -0.0525 -0.0396 -0.0455 -0.0459 -0.0422 -0.0830 -0.0771 -0.0861 -0.0795
0.1360 -0.0321 -0.0593 -0.0370 -0.0444 -0.0339 -0.0293 -0.0292 -0.0354 -0.0733 -0.0638 -0.0624 -0.0738
0.1440 -0.0191 -0.0383 -0.0227 -0.0381 -0.0276 -0.0247 -0.0212 -0.0394 -U.0571 -0.0465 -0.0358 -0.0632
0. 1520 -0.0118 -0.0235 -0.0099 -0.0316 -0.0216 -0.0276 -0.0122 -G.0360 -0.0377 -0.0309 -0.0143 -G.0484
0.1600 -0.0031 -0.0126 0.0028 -0.0244 -0.0135 -0.0269 -0.0068 -0.0250 -0.0170 -0.0157 0.0051 -0.0326
G. 1680 0.0042 -0.0065 0.0115 -0.0163 -0.0026 -0.0177 -0.0005 -0.0184 -0.0018 -0.0053 0.0152 -0.0235
0.1760 0.0053 -0.0037 0.0102 -0.0120 0.0038 -0.0107 0.0078 -0.0125 0.0035 -0.0006 0.0209 -C.C209
G.1840 0.0043 -0.0031 0.0070 -0.0133 0.0031 -G.0098 0.0114 -0.0057 0.0030 0.0044 0.0267 -0.0174
0.1920 C . 0 0 U1 0.0010 0.0087 -C.0109 0.0021 -0^0090 0.0129 -0.0008 0.0035 0.0102 0.0268 -0.0092
0.2000 -0.0 :74 0.0047 0.0121 -0.00.56 U.OL'28 -U.0U17 0.0113 0.0003 0.0051 0.0181 0.0223 -0.0016
G.2030 -0.0082 0.0G48 0.0116 -0.0070 0.0021 0.0029 0.0094 0.0003 0.0089 0.0220 0.0175 0.0012
0.2160 -0.0027 -0.0017 0.C043 -0.0115 0.0004 0.0054 0.0074 -0.0029 0.0186 0.0234 0.0201 0.0061
0.2240 -0.0017 -0.0061 -0.0008 -0.0149 -0.0020 0.0041 0.0015 -0.0033 0.0310 0.0180 0.0266 0.0152
0.2320 -0.0043 -0.0009 -0.0023 -0.0131 -G.OU48 0.0033 -0.0020 -0.0007 G.0390 0.0089 0.0299 0.0232
0.2400 -0.0071 0.0040 0.0021 -0.0078 -U.0060 0.0093 0.0 -0.0001 0.0367 0.0055 0.0296 0.0252
0.2430 -0.0U65 0.0044 0.0052 -0.0056 -G.0045 0.0193 0.0055 -0.0008 0.0241 0.0G62 0.0227 0.0197
0.2560 -0.0028 -0.0006 -0.0016 -0.0042 -0.0059 C.0Z19 0.0146 0.0016 0.0G97 0.0053 0.0129 0.0115
0.2540 0.0025 -0.0047 -0.0070 0.0004 -0.0046 0.0106 0.0160 -0.0017 -0.0015 -0.0015 -0.0002 0.0031
0.2720 0.0041 -0.0016 -0.0053 0.0084 -0.0002 -0.0035 0.0071 -0.0071 -0.0053 -0.0077 -0.0093 -0.0012
0.2800 0.0015 -0.0026 -0.0037 0.0105 0.0023 -0.0164 -0.0065 -0.0112 -0.0033 -0.0100 -0.0080 -0.0006
0.2880 -0.0010 -0.0014 0.0004 0.0046 0.0011 -0.0225 -0.0214 -0.0129 0.0016 -0.0005 -0.0G12 -0.0008
0.2960 -0.0061 -0.0012 0.0G13 -0.0014 -0.0010 -0.0238 -0.0234 -0.0105 0.0045 0.0087 -0.0021 -0.C008
0.3040 -0.0064 -0.0026 -0.0027 -0.0083 -0.0006 -0.0200 -0.0132 -0.0052 0.0030 0.0118 -0.0048 0.0035
0.3120 -0.0045 -0.0002 -0.0031 -0.0064 0.0039 -0.0032 -0.0070 0.0060 -0.0053 0.0115 -0.0072 0.0061

o 
kA



WGILB/SEC) .0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436
WL(L0/SEC ) 0.0160 0.0160 0.0160 0.0160 0.0280 0.0280 0.0280 0.0280 0.0440 0.0440 0.0440 0.0440

CELL Bl D2 LAG LEAD Bl D2 LAG LEAD Bl D2 LAG LEAD
TIME(SEC) ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE ***** ***** normalized VALUE *****

o.c l.OuOO l.OOuO 0.0497 0.0497 1.0000 1.0000 0.1303 0.1303 1.0000 1.0000 0.3201 0.3201
0.C080 0.3857 0.3997 0.0466 0.0368 0.5715 0.5913 0.1194 0.1251 0.5545 0.5902 0.3143 0.3024
0.U160 -0.2422 -0.2050 0.0279 0.0224 0.1370 0.1429 0.1106 0.1102 0.2231 0.2679 0.2697 0.2430
0.C240 -0.2920 -0.2861 0.0109 0.0226 -0.0110 -0.0313 0.1023 0.0941 0.0956 0.1350 0.20C0 0.1709
0.0320 -0.1136 -0.1279 0.0019 0.0348 -0.0528 -0.0778 0.0897 0.0837 0.0422 0.0723 0.1325 0.1016
O.L',0'? C.0376 0.0218 -0.0035 0.0396 -0.0754 -0.0839 0.0752 0.0768 0.0137 0.0372 0.0998 0.0445
0. ('4 8U C.0842 0.0877 -0.3130 0.0344 -0.0778 -0.0693 0.0519 0.0652 -0.0028 0.0137 0.0839 0.0084
0.1'560 0.0520 0.0614 -0.0146 0.0248 -0.U642 -0.0540 0.0227 0.0456 -U.0103 -0.0014 0.0662 -0.0104
0.0640 0.0070 0.0115 -0.0066 0.0144 -0.0597 -0.0453 -0.0038 0.0217 -0.0155 -0.0134 0.0 506 -0.0176
0.. 720 -0.0142 -0.0096 0.0043 -0.0003 -0.0487 -0.0381 -0.0233 0.0101 -0.0250 -0.0155 0.0367 -0.0213
0.0000 -0.0129 -0.0083 0.0210 -0.0032 -0.0388 -0.0383 -0.0375 0.0U21 -0.0292 -0.0175 0.0303 -0.0231
0.0800 —0.0 L14 0 -0.0098 0.0350 0.0018 -0.0426 -0.0367 -0.0461 -0.0108 -C.0266 —0.0265 0.0266 —0.0245
0.' 960 —G.0j86 -0.0105 0.0253 0.0088; -0.0434 -0.0330 -0.0476 -0.0221 -0.0302 -0.0329 0.0189 -0.0261
0.1040 -0.0139 -0.0101 0.0360 0.0084 -0.0418 -0.0290 -0.0477 -0.0178 -0.0296 -0.0376 0.0021 -0.0274
0.1120 -0.0115 -0.0100 -0.0025 -0.0028 -0.0353 -0.0266 -0.0522 -0.0059 -0.0297 -0.0368 -0.0109 -0.0289
0.1200 -0.0028 0.0018 -0.0136 -0.0112 -0.0183 -0.0279 -0.0558 -0.0045 -0.0332 -0.0325 -0.0189 -0.0308
0. 1280 0.0120 0.0082 -0.0183 -0.0167 ' -0.0096 -0.0320 -0.0483 ' -0.0030 -0.0326 -0.0253 -0.0239 -0.0253
0.1363 0.0084 -0.0046 -0.0039 -0.0213; -0.0197 -0.0299 -0.0388 -0.0022 —0.0275 -0.0221 -0.0223 -0.0195
0.1440 -u.0^66 -0.G 1 5 3 0.02ti6 -0.0235 -0.C268 -0.0169 -0.0239 -0.0052 -0.0269 -0.0223 -0.0140 -0.0242
0.1520 -O.0095 -0.0110 0.0488 -0.018 2' -O.L2L7 -0.0133 -0.0056 -0.0092 -0.0220 -0.0223 -0.0162 -0.0259
0.1600 0.0312 -0.0019 0.0357 -0.0126 -0.0099 -0.0180 0.0121 -0.0129 -0.0168 -0.0216 -0.0202 -0.0208
0.1683 0.0026 0.0063 0.0016 -0.0128 0.0004 -0.0248 0.0207 -0.0232 -0.0131 -0.0210 -0.0149 -0.0152
0.1760 -0.0009 0.0027 -0.0016 -0.0140 0.0028 -0.0289 0.0164 -0.0296 -0.0131 -0.0243 -0.0096 -0.0152
0. 1840 0.0015 0.0060 -0.0COO -0.9095 0.0090 -0.0307 0.0066 -0.0204 -0.0107 -0.0251 -0.0054 -0.0165
0.192u 0.0103 0.0122 0.0076 0.0011 0.0087 -0.0225 -0.0066 -0.0124 -0.0127 -0.0216 -0.0067 -0.0178
0.2033 0.0U98 0.0042 0.0081 0.3070 -0.0052 -0.0079 -0.0167 -0.0130 -0.0132 -0.0190 -0.0089 -0.0110
0.2083 0.0078 -0.0042 -0.0062 0.0079 -0.0151 -0.0006 -0.0257 -0.0176 -0.0191 -0.0271 -0.0110 -0.0081
0.216'3 0.0126 0.0002 -0.0075 0.0107 -U.0138 -0.0011 -0.0268 -0.0203 -0.0180 -0.0261 -0.0154 -0.0128
0.2243 0.0055 0.0063 -0.0043 0.0036 -0.0154 -0.0057 -0.0245 -0.0176 -0.0200 -0.0192 -0.0182 -0.0155
0.2320 -0.0105 0.0053 -0.0007 0.3001 -0.0109 -0.0077 -0.0175 -0.0191 -0.0225 -0.0115 -0.0239 -0.0157
0.2 4 0 u -0.0069 0.9040 -0.0026 0.0100 -0.0126 -0.0086 -0.0123 -0.0208 -0.U183 -0.0096 -0.0240 -0.0161
0.7480 0.0385 -0.0u04 -0.0193 0.0163 -0.0227 -0.0112 -0.0072 -0.0253 -0.0151 -0.0091 -0.0174 -0.0128
0.7560 0.0066 -0.0083 -0.0199 0.0137 -0.0282 -0.0197 -0.0042 -0.0261 -0.0052 -0.0139 -0.0100 -0.0167
0.2640 -0.0059 -0.0148 -0.0067 0.0089 -0.0302 -0.0167 -0.0010 -0.0200 -0.0033 -0.0209 -0.0074 -0.0191
0.2723 -0.0095 -0.0210 -0.0064 0.0011 -0.0185 -0.0041 0.0028 -0.0136 -0.0145 -0.0195 -0.0062 -0.0193
C.2803 -0.0011 -0.0150 -0.0186 0.0095 -0.0039 -0.0002 0.0079 -0.0061 -0.020O -0.0181 -0.0118 -0.0221
0.2880 0.0302 -0.0052 -0.0173 0.0191 -0.0004 -0.0011 0.0146 -0.C059 -0.0160 -0.0210 . —0.0126 -0.0258
0.2960 -0.0086 -0.0022 -0.0062 0.0129 -0.0047 0.0034 0.0149 -0.0055 -0.0154 -0.0232 -0.0081 -0.0215
0.3043 -0.0152 -0.0054 0.0014 -0.0028 -0.0045 0.0121 0.0103 0.0012 -0.0272 -0.0202 -0.0101 -0.0201
0.3120 -0.0100 -0.0072 0.0047 -0.0116 0.0034 0.0127 0.0109 0.0034 -0.0287 -0.0149 -0.0165 -0.0242

90
1?



WG(LB/SED) 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436
WL(LB/SEC) 0.0800 0.0300 0.0800 0.0800- 0.1260 0.1260 0.1260 0.1260 0.1800 0.1800 0.1800 0.1800

CELL 81 02 LAG LEAD Bl 02 LAG LEAD Bl D2 LAG LEAD
TIMc(SLC) ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE ***** ***** NO MALI ZED VALUE *****

0.0 1.0000 1.0000 0.3 766 0.3766 1.0000 1.0000 0.3887 0.3887 1.0000 1.0000 0.4369 0.4369
0.0083 0.5085 0.5288 0.3322 0.3453 0.5488 0.5570 0.3265 0.3658 0.5889 0.5825 0.4089 0.3636
0.0160 0.1415 0.1708 0.2368 0.2496 0.1564 0.1813 0.2104 0.2780 0.1995 0.2021 0.3001 0.2285
0.024u 0.0026 0.0235 0.1177 0.1352 -0.0102 0.0229 0.0929 0.1572 0.0108 0.0327 0.1677 0.0922
0.0323 -0.0561 -0.0447 0.0155 0.0476 -0.0787 -0.0504 -0.0059 0.0458 -0.C690 -0.0455 0.0470 -0.0080
0.;400 -0.0340 -0.0770 -0.0443 -0.0200 -0.1097 -0.0926 -0.0676 -0.C228 -0.1073 -0.0853 -0.0365 -0.0624
0.0483 -0.0986 -0.0386 -0.0755 -0.0561 -0.1173 -0.1160 -0.1029 -0.0597 -0.1250 -0.1054 -0.0817 -0.0837
0.0560 -0.0976 -0.0920 -0.0913 -0.0684 -0.1167 -0.1250 -0.1191 -0.0771 -0.1250 -0.1154 -0.1025 -0.0947
0.064'.'' -0.0853 -0.0930 -0.0900 -0.0767 -0.1089 -0.12'13 -0.1247 -0.0806 -0.1120 -0.1157 -0.1112 -0.0942
0.0720 -0.0734 -0.0892 -0.0871 -0.0761 -0.1011 -0.1078 -0.1196 -0.0805 -0.0975 -0.1093 -0.1086 -0.0947
0.9800 -0.0718 -0.0790 -0.0870 -0.0698 -0.0912 -0.0878 -0.1032 -0.0799 -0.0874 -0.1039 -0.0964 -0.0915
0.0880 -0.0719 -0.0791 -0.0735 -0.0603 -0.0790 -0.0700 -0.0878 -0.0759 -0.0808 -0.0948 -0.0879 -0.0776
0.C95C -0.0621 -0.0765 -0.0616 -0.0578 -0.0615 -0.0639 -0.0642 -0.0683 -0.0705 -0.0827 -0.0826 -0.0607
0.1C4\, -0.0455 -0.0608 -0.C536 -0.0536 -0.0469 -0.0577 -0.0398 -0.0558 -0.0630 —0.0665 -0.0714 -0.0520
0.1120 -0.0340 -0.0505 -0.0418 -0.0516 -0.0393 -0.0510 -0.0280 -0.0461 -0.0514 -0.0566 -0.0565 -0.0457
0.1200 -0.0366 -0.0458 -0.0371 -0.0496 -0.0337 -0.0448 -0.0204 -0.044L -0.0406 -0.0523 -0.0423 '-0.0386
0.1280 -0.0416 -0.0429 -0.0331 -0.0379 -0.0263 -0.0411 -0.0228 -0.0491 -0.0316 -0.0435 -0.0295 -0.0332
0.1360 -0.0349 —0.0401 -0.0241 -0.0346 -0.0274 -0.0408 —0.0231 -0.0467 -0.U212 -0.0279 -0.0204 -0.0260
0.14'tO -C.C302 -0.C353 -0.0165 -U .0364 -0.0272 -0.0412 -0.0182 -0.0331 -0.0153 -0.0136 -0.0192 -0.0231
0.1529 -0.C263 -0.C288 -0.0175 -0.0343 -0.0203 -0.0287 -0.0097 -0.0168 -0.02U6 -0.0082 -0.0116 -0.0243
0.16)0 -0.0297 -0.0204 -0.0207 -0.0173 -0.0085 —0.0082 0.0086 -0.0037 -0.0225 -0.0099 -0.CC94 -0.0211
0.1630 -0.0210 -0.0130 -0.0106 -0.0106 0.0049 0.0055 0.0126 0.0011 -0.0195 -0.0125 -0.0130 -0.0160
0.1760 -0.0113 -0.0037 0.0077 -0.0105 0.0122 0.0067 0.0150 0.0002 -0.0173 -0.0169 -0.0164 -0.0096
0.1840 -0.0U02 -0.0046 0.0094 -0.0112 0.0153 0.0109 0.0205 —0.0028 -0.0132 -0.0221 -0.0205 -0.0088
0.1920 -C.0u82 -O.OC76 -0.0143 -0.0096 0.0108 0.0103 0.0172 -0.0073 -u.0169 -0.0238 -0.0240 -0.0159
0.2C9C -0.0215 -0.0105 -0.0'294 -0.0080 0.0015 -0.0012 0.0198 -0.0054 -0.0177 -0.0193 -0.0244 -0.0254
0.208.) -0.0184 -0.0163 -0.0233 -0.0139 -C.0036 -0.0033 0.0159 0.0015 -0.0134 -0.0106 -0.0143 -0.0230
0.2160 -0.0116 -0.0104 -0.0069 -0.0121 -0.0032 0.0004 0.0122 0.0008 -0.0027 0.0U26 0.0065 -0.0095
0.2240 -0.0087 -0.0065 0.C076 -0.0159 -0.0008 -0.0021 0.0127 -0.0018 0.0042 0.0041 0.0213 0.0102
0.2320 -0.0011 -0.0u49 0.0138 -0.0189 0.0030 0.0003 0.0151 -0.0054 0.0100 0.0048 0.0193 0.0167
0.2490 0.0052 -0 .9039 0.9997 -0.0C91 0.0102 0.0056 0.0005 -0.0065 0.0175 0.0037 0.0161 0.0157
0.2430 C.0085 0.0110 0.0136 -0.0050 0.0065 0.0045 -0.0158 0.0012 0.0179 0.0G35 0.0126 0.0110
0.2560 0.0111 0.0187 0.0224 -0.0030 -0.0097 0.0091 -0.0250 0.0049 0.0154 0.0045 0.0072 0.0041
0.2640 0.0112 0.0160 0.1196 -0.0020 -0.0054 0.0051 -0.0217 0.0013 0.0185 0.0082 0.0097 0.0030
0.2720 9.0118 0.0177 0.0058 0.0099 -0.0107 0.0080 -0.0075 0.0048 0.0178 0.0171 0.0216 0.0022
0.2800 0.0063 0.0155 -0.C092 0.0219 -0.0149 0.0001 -0.0002 0.0005 0.0062 0.0217 0.0236 0.0039
0.2830 0.0915 0.0040 -0.0121 0.0238 -0.0101 0.0019 0.0013 -0.0063 -0.0039 0.0174 0.0153 0.C067
0.2960 -0.0035 —0.0065 -0.C167 0.0163 -0.0143 0.0026 0.0037 -0.0081 -0.0087 0.0107 0.0040 0.0042
0.3040 -0.0057 -0.0152 -0.0086 0.0070 -0.0144 -0.0014 0.0015 -0.0018 -0.0108 -0.0006 0.0024 0.0022
0.3120 -0.0100 -0.0128 -0.0066 -0.0079 -0.0051 -0.0078 —0.0090 -0.0024 -0.0105 -0.0078 -0.0048 -0.0045

o



WG(L8/SEC). 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436
WL(LB/SEC) 0.2400 0.2400 0.2400 0.2400 0.3500 0.3500 0.3500 0.3500 0.4700 0.4700 0.47G0 0.4700

CELL Bl 02 LAG LEAD Bl D2 LAG LEAD ' Bl D2 LAG LEAD
TIMc(SCC) **»*» normalized VALUE ***** ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE *****

0.0 1.0000 1.0000 0.4985 0.4985 1.0000 1.0000 0.5815 0.5815 1.0000 1.0000 0.6107 0.6107
0.0080 0.6275 0.6161 0.4561 0.4204 0.6624 0.6428 0.5299 0.4733 0.6855 0.5589 0.5061 0.5395
0.016J 0.2382 0.2345 0.3216 0.2758 0.2703 0.2582 0.3483 0.2914 0.3011 0.2781 0.2971 0.3560
0.0240 0.0409 0.0452 0.1536 0.1308 0.0532 0.0497 0.1447 0.1162 0.0697 0.0607 0.0954 0.1672
O.O32C -0.0551 -0.0397 0.0262 0.0178 -0.0588 -0.0527 -0.0031 -0.0056' -0.0579 -0.0512 -0.0396 0.0321
0.0400 -0.0982 -0.0767 -0.0452 -0.0491 -0.1176 -0.0105 -0.0842 -0.0769 -0.1240 -0.1063 -0.1102 -0.0539
0.0480 -0.1157’ -0.0990 -0.0858 -0.0788 -0.1441 -0.1312 -0.1220 -0.1144 -0.1505 -0.1371 -0.1343 -0.1009
0.0560 -0.1220 -0.1116 -0.1114 -0.0925 -0.1302 -0.1437 -0.1349 -0. 273 -0.1591 -0.1487 -0.1416 -0.1202
0.0640 -0.1185 -0.1165 -0.1175 -0.1008 -0.1455 -0.1422 -0.1367 -0.1267 -0.1599 -0.1480 -0.1426 -0.1276
0.0720 -0.1176 -0.1176 -0.1155 -0.0940 -0.1345 -0.1318 -0.1325 -0.1227 -0.1522 -0.1435 -0.1377 -0.1311
O.uBOO -0.1174 -0.1111 -0.1132 -0.0851 -0.1272 -0.1224 -0.1265 -0.1154 -0.1355 -0.1357 -0.1303 -0.1254
0.088'0 -0.1094 -0.0967 -0.1124 -0.0818 -0.1244 -0.1099 -0.1190 -0.1069 -0.1126 -0.1214 -0.1203 -0.1109
0. C960 -0.0971 -0.0876 -0.1057 -0.0767 -0.1164 -0.0969 -0.1115 -0.0927 -0.0941 -0.1056 -0.1100 -0.0982
0.1040 -0.0808 —0.0818 -0.0860 -0.0671 —u .1015 -0.0853 —0.1019 -0.0774 -0.0829 -0.0907 -0.0999 -0.0852
0.1120 -0.0673 -0.0660 -0.0678 -0.0610 -0.0805. -0.0725 -0.0850 -0.0615 -0.0746 -0.0760 -0.0861 -0.0689
0. 1200 -0.0531 -0.0522 -0.0574 -0.0553 -0.0603 -0.0590 -0.0606 -0.0496 -0.0649 -0.0568 -0.0665 -0.0556
0.1280 -0.U409 -0.0451 -0.0408 -0.0516 —0.0381 -0.0427 -0.0391 -0.0412 -0.0518 -0 .0386 -0.0444 -0.0448
0.1363 -0.0324 -0.0388 -0.0215 -0.G473 -0.0208 -0.C254 -0.0217 -0.0359 -G.O381 -0.0233 -0.0279 -0.0322
0. 1440 -0.0286 -0.0344 -0.0116 -0.0346 -0.0105 -0.0151 -0.0085 -0.0321 -0.0223 -0.0145 -0.0174 -0.0157
0.152C -0.0208 -0.0273 -0.0110 -0.0278 -0.0031 -0.0153 -0.0036 -0.0265 -0.0095 -0.0 100 -0.0068 -0.0050
0.1600 -0.0372 -0.0125 -0.0035 -0.0203 0.0023 -0.0167 0.0005 -0.0196 0.0009 -0.0031 O.rOO58 -0.0049
0.1680 -0.0006 0.0013 0.0043 -0.0060 0.0106 -0.0124 0.0076 -0.0106 0.0126 0.0060 0.0169 -0.0073
U.1760 -0.0040 0.0101 0.0020 0.0016 0.0213 -0.0059 0.0205 0.0056 0.0198 0.0070 0.0221 -0.0076
0.1840 -0.0075 0.0026 -0.0038 -0.0035 0.0237 0.0037 0.02 73 0.0137 0.0126 0.0 0.0203 -0.0056
0.1920 -0.0u90 -0.0108 -0.0071 -0.0092 0.0203 0.0221 0.0261 0.0175 -0.0024 -0.0036 0.0170 -0.0069
0.2000 -0.0145 -0.0163 -0.0068 -0.0151 0.0197 0.0409 0.0255 0.C227 -0.0093 -0.0065 0.0155 -0.0077
0.2080 -0.0046 -0.0100 -0.0026 -0.0153 0.0206 0.0389 0.0228 0.0244 -0.0062 -0.0064 0.0077 -0.0049
0.2160 0.0101 0.0026 0.0005 -0.0104 0.0146 0.0267 0.0130 0.0190 -0.0C65 -0.0091 -0.0036 -0.0051
0.2240 0.0116 0.0082 0.0084 -0.0038 0.0041 0.0180 0.0077 0.0102 -O.OOrtl -0.0059 -0.0079 -0.0076
0.2320 0.0046 0.0344 0.0072 0.0023 -0.0061 0.0084 0.0082 0.0021 -0.0091 0.0056 -0.0064 -0.0107
0 • 240U -0.0012 -0.0079 -0.0023 -0.0012 -0.0063 0.0012 0.0073 -0.0008 -0.0051 0.0127 -0.0026 -0.0112
0.248u -0.0O70 -0.0187 -0.0092 -0.0080 -0.0038 -0.0045 0.0031 -0.0005 -0.0070 0.0131 -0.0013 -0.0033
0.2560 -0.0096 -0.0186 -0.0108 -0.0055 -0.0069 -0.0095 -0.0055 -0.0036 -0.0066 0.0 109 0.0046 0.0072
0.2640 -0.0075 -0.0125 -0.0115 -0.0009 -0.0106 -0.0192 -0.0172 -0.0066 0.0003 0.0C56 0.0062 0.0161
0.2720 -0.0084 -0.0124 -0.0129 -0.0047 -0.0152 -0.0258 -0.0271 -0.0077 0.0095 0.0012 0.0043 0.0172
0.2800 -0.0059 -0.0165 -0.0086 -0.0081 -0.0225 -0.0235 -0.0302 -0.0113 0.0135 -0.0032 -0.0003 0.0098
0.2880 0.0008 -0.0129 0.0033 -0.0102 -0.0244 -0.0225 -0.0297 -0.0162 0.0120 -0.0025 -0.0003 0.0069
0.2960 0.0042 0.0058 0.0119 -0.0102 -0.0289 -0.0199 -0.0306 -0.0169 0.0097 0.0028 0.0072 0.0090
0.3048 0.0100 0.0150 0.0117 -0.0057 -0.0271 -0.0190 -0.0299 —0.0167 0.0128 0.0112 0.0117 0.0080
0.3120 0.0132 0.0096 0.0071 0.0018 -0.0234 -0.0150 -0.0250 -0.0132 0.0177 0.0172 0.0094 0.0094

o 
oo



WGtLB/SEC) 0.1436 0.1436 0.1436 0.1436 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742
WL(LB/SEC) ' 0.5850 0.5850 0.5850 0.5850 0.0160 0.0160 0.0160 0.0160 0.0280 0.0280 0.0280 0.0280

CELL Bl D2 LAG LEAD Bl D2 LAG LEAD Bl D2 LAG LEAD
TIME(SEC) ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE *****

C.r. 1 .0009 1.0000 0.6260 0.6260 1.0009 1 .0000 0.0275 0.0275 1.0000 1.0000 0.1435 0.1435
0.0080 0.6907 0.6666 0.5563 0.5117 0.0228 0.2153 0.0154 0.0115 0.5137 0.5156 0.1312 0.1372
0.0160 0.3027 0.2831 0.3436 0.3132 -0.0474 -0.2621 0.0098 0.0136 0.1475 0.1180 0.1123 0.1261
0.0240 0.0621 0.0562 0.1247 0.1257 -0.0087 -0.0642 0.0043 0.0112 0.0595 0.0248 0.0989 0.1194
0.0320 -0.0695 -0.0667 -0.0301 -0.0058 0.0185 0.1202 0.0100 0.0090 0.0385 0.0026 0.0805 0.1169
0.0400 -0.1389 -0.1305 -0.1161 -0.0806 0.0102 0.0829 0.0013 0.0141 0.0213 -0.0185 0.0521 0.1066
0.0480 -0.1705 -0.1555 -0.1594 -0.1195 0.0057 0.0159 -0.0G83 0.0111 0.0083 -0.0149 0.0199 0.0934
0.0560 -0.1782 -0.1646 —0.1766 -0.1377 -0.0018 -0.0120 -0.0005 0.0019 0.0027 -0.0C74 0.0C34 0.0859
0.0640 -0.1718 -0.1650 -0.1761 -0.1423 0.0007 0.0040 0.0051 0.0054 0.0116 -0.0002 0.0029 0.0748
0.0720 -0.15o2 —0.1563 -0.1635 -0.1359 0.0003 0.0253 0.0037 0.0011- 0.0233 0.0033 0.0005 0.0622
0.0600 -0.1404 -0.1367 -0.1460 -0.1235 0.0l12 0.0158 0.0157 -0.0074 G.0271 0.0142 -0.0058 0.0500
0.0630 -0.1216 -0.1150 -0.1296 -0.1051 0.0004 -0.0015 0.0040 -0.0008 0.0333 0.0181 ' -0.0083. 0.0508
0.096'J -C . 1020 -0.1006 -0.1156 -0.0866 0.0C62 -0.0040 -0.0044 0.0132 0.0333 0.0195 -0.0023 0.0535
0.1040 -0.0789 -0.0843 -0.0964 -0.0655 0.0018 -0 .0043 0.0019 -0.0001, 0.0285 0.0125 0.0051 0.0443
0. 1120 -0.0537 -0.0615 -0.07U6 -0.0405 -0.0045 -0.0076 0.0175 -0.0117 0.0245 0.0019 0.0100 0.0378
0.1200 -0.0329 -0.0428 -0.0469 -0.0288 -0.0022 -0.0050 0.0224 -0.0138 0.0156 0.0067 0.0124 0.0488
0.128o -0.0202 -0.0333 -0.0249 -0.0268 0.0063 0.0028 0.0098 0.0008 0.0099 0.0188 0.0149 0.U585
0.1360 -O.0099 -0.0238 -0.0100 -0.0266 0.0019 0.0110 -0.0006 0.0102 0.0174 0.0249 0.0065 0.0595
0.1440 -0.0052 -0.0148 0.0047 -0.0254 0.0036 0.0055 0.0126 -0.0067 G.0294 0.0245 -0.0039 0.0614
0.1520 —0.0065 -O.OU52 0.0215 -0.0214 0.0017 -0.0087 0.0046 0.0029 0.0315 0.0237 0.0026 0.0549
0.1600 -0.0026 0.0019 0.0275 -0.0128 0.0028 -0.0065 0.0026 0.0101 0.0330 0.0234 0.0146 0.0488
,0.1630 0.0079 0.0094 0.0231 -0.0020 0.0046 0.0071 -0.0013 0.0095 0.0254 0.0216 0.0154 0.0517
0.1760 0.0146 0.0102 0.0216 0.0067 0.0011 0.0107 0.0106 0.0064 0.0148 0.0182 0.0161 0.0527
0. 1340 C.G2u5 0.0067 0.0163 0.0130 0.0004 0 .0 126 0.C221 0.0061 0.0121 0.0255 0.0227 0.0549
0. 192u 0.0192 C.0'198 0.0117 0.0087 G.O 0.0035 0.0014 0.0052 0.0173 0.0344 0.0271 0.0523
0.2000 0.0138 0.0202 0.0121 0.0036 O.OOuB -0.0015 0.0005 0.0074 0.0184 0.0403 0.02C2 0.0356
0.208u 0.0022 0.0266 0.0164 0.0086 -0.0017 0.0139 0.0212 0.0093 0.0169 0.C355 0.0184 0.0182
0.2160 0.0032 0.0330 0.0183 0.0157 -0.0018 0.0187 0.0254 0.0039 0.0187 0.0284 0.0191 0.0198
0.2240 0.0164 0.0311 0.02G1 0.0224 -0.0013 0.0136 -0.0025 0.0017 0.0166 0.0145 0.0121 0.0281
0.2320 0.0233 0.0270 0.0272 0.0250 0.0018 0.0060 -0.0 191 0.0156 0.0197 0.0055 0.0049 0.0377
0.2400 0.0209 0.0240 0.0294 0.0166 0.0055 -0.0044 -0.0039 0.0124 0.0242 O.OC73 -0.0019 0.0364
0.2430 0.0107 0.0184 0.0256 0.0050 0.0009 -0.0U41 O.Olol 0.0022 0.0236 0.0100 -0.0062 0.0302
0.2560 -0.0014 0.0114 0.0164 -0.0005 —0.0048 -0.0068 -0.0057 0.0033 0.0150 0.0124 -0.0022 0.0264
0.2640 -0.0067 -0.0024 0.0056 -0.0016 -0.0012 -0.0130 -0.0158 0.0081 0.0074 0.0028 -0.0018 0.0244
0.2720 -0.0084 -0.0202 -0.0115 -0.0021 -0.0048 -0.0119 -0.0098 -0.0027 0.0113 -0.0085 0.0069 0.0372
0.2800 -0.0116 -0.0318 -0.0248 -0.0087 -0.0048 0.0049 -0-.0106 0.0149 0.0069 -0.0035 0.0173 0.0550
0.2880 —0.0166 -0.0357 -0.0294 -0.0197 -0.0002 0.0060 -0.0118 0.0167 C.0G60 0.0085 0.0132 0.0340
0.2950 -0.0249 -0.0332 -0.0364 -0.0251 0.0009 -0.0108 -0.0142 0.0095 0.0136 0.0169 0.0044 0.0299
0.3040 -0.0290 -0.0271 -0.0411 -0.0212 -0.0012 -0.0188 -0.0116 0.0004 0.0176 0.0189 0.0021 0.0290
0.3120 -0.0266 -0.0149 -0.0341 -0.0177 0.0036 -0.0039 -0.0039 0.0037 0.0107 0.0152 -0.0002 0.0252



WG(LBZSEC) 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742
WKLB/SE'C) ’0.0440 0.0440 0.0440 0.0440 0.0800 0.0800 0.0800 0.0800 0.1260 0.1260 0.1260 0.1260

CELL 81 02 LAG LEAD 81 D2 LAG LEAD ! Bl D2 LAG LEAD
T ly.fc(SLC) NORMALIZED VALUE ***** ***** normalized VALUE ***** ***** NORMALIZED VALUE *****

o.u 1.0030 1.0300 0.3902 0.3902 1.0000 1 .0000 0.3746 0.3746 1.0000 1.0000 0.4152 0.4152
0.008U 0.4637 0.5160 0.3472 0.3592 0.4545 0.4809 0.3116 0.3391 0.5092 0.5141 0.3647 0.3737
u.r.l6J 0.1623 0.2O34 0.2703 0.2315 0.1046 0.1386 0.2010 0.2428 0.1245 0.1463 0.2419 0.2265
0.U2S0 0.0603 0.0909 0.1668 U.1269 -0.0130 0.0097 0.0894 0.1069 -0.0169 0.0001 0.1045 0.0756
C.C320 0.0151 0.0333 0.0779 0.0626 -0.0626 -0.0470 -0.0014 0.0003 -0.0721 -0.0621 0.0039 -0.0180
0.040U -0.0109 -0.0034 0.0273 0.0098 -0.087o -0.0754 -0.0540 -0.0571 -0.0987 -0.0906 -0.0577 -0.0621
C.0480 -0.0294 -0.0295 -0.0021 -0.0198 -0.1U18 -0.0889 -0.0808 -0.G769 -0.1068 -0.1045 -0.0936 -0.0783
0.C56O -0.0394 -0.0391 -0.0163 -0.0347 -0.1090 -0.0935 -0.0937 -0.0785 -0.1062 -0.1093 -0.1059 -0.0865
0.0o4J -0.0420 -0.0392 -0.0254 -0.0408 -0.1048 -0.0967 -0.0921 -u.0733 -0.1010 -0.1084 -0.1074 -0.0900
U.07?0 —0.0402 —0.0392 -0.0277 -0.G394 -0.0859 -0.0942 -0.0833 -0.0700. -0.0958 -0.0976 -0.1018 -0.0783
C.GdOG -0.0389 -0.0414 -0.0272 -0.0408 -0.0707 -0.0864 -0.0824 -0.0740 -0.0831 -0.0887 -0.0887 -0.0635
0.0880 -0.0411 -0.0428 -0.0336 -0.0415 -0.0574 -0.0774 -0.0752 -0.0677 -0.0663 -0.0740 -0.0814 -0.0560
0 e 0 9 6 L -O.04U6 -0.0430 -0.0423 -0.0406 -0.0470 -0.0657 -0.0590 -0.0587 -0.0544 -0.0613 -0.G697 -0.0542
0. lii^O -0.0398 -0.0426 -0.0467 -0.0423 -0.0455 -0.0534 -0.0440 -0.0492 -0.0379 -0.0609 -0.0487 -0.0524
0.1120 -0.U449 -0.0400 -0.0452 -0.0403 -0.0421 -0.0387 -0.0365 -0.0413 -0.0326 -0.0494 -0.0307 -0.0488
0.1200 -0.0419 -0.0395 -0.0346 -0.0337 -0.0443 -0.0337 -0.0350 -0.0418 -0.0270 -0.0334 -0.0224 -0.0431
0.128: -0.0379 -0.0401 -0.0252 -0.0380 -0.0397 -0.0336 -0.0243 -0.G428 -0.0279 -0.0214 -0.0217 -0.0352
0.136) -G.U341 -0.0399 -0.0225 -0.0438 -0.0232 -0.0352 -0.0116 -0.0358 -0.0249 -0.0136 -0.0122 -0.0244
L. 144 c -0.0330 -0.0423 -0.0236 -0.0403 -0.0168 -0.0262 -0.0G90 -0.0237 -G.02jti -0.0111 O.Ol18 —0.0156
0.1520 —0.0335 -0.0385 -0.0307 -0.0401 -0.0103 -0.0230 -0.0123 -0.0088 -0.0145 -0.0085 0.0031 -0.0058
0. 1600 -0.0331 -G.0314 -0.0296 -0.0396 -0.0082 -0.0161 -0.0055 -0.0082 -0.0130 -0.0007 -0.0027 0.0042
0.1680 -0.0353 -0.0288 -0.0311 -0.0370 -0.0061 -0.0071 0.0022 -0.0045 -0.0115 0.0016 -0.0053 -0.0022
0.1760 -O.u338 -0.0239 -0.0268 -0.0295 -0.0038 0.0022 0.0034 0.0020 -0.0049 -0.0043 0.0021 -0.0117
0.1840 -0.0305 -0.0227 -9.0228 -0.0294 -0.0027 0.0064 O.CC11 0.0011 0.0 -0.0030 0.0103 -0.0110
0.192u -0.U261 -0.0293 -0.0246 -0.0272 0.0081 0.0008 0.0013 -0.0044 0.0060 0.0014 0.0129 -0.0082
C .2000 -0.0290 -0.0327 -0.0294 —0.0304 0.0129 -0.0100 0.0067 -0.0002 0.0065 0.0006 0.0080 -0.0G66
G.208U -0.0341 -0.0435 -0.0270 -0.0354 0.0111 -0.0049 0.0122 0.0017 0.0029 -0.0029 0.0039 0.0021
0.2160 -0.0371 -0.0486 -0.0301 -0.0422 0.0078 0.0014 0.0157 0.0070 0.0036 0.0 0.0058 0.0041
0.2240 -0.0303 -0.0414 -0.0250 -0.0350 0.0100 0.0042 0.0085 0.0169 0.0037 -0.0044 0.0026 -0.0062
0.2320 -0.0262 -0.0343 -0.0246 -0.0258 0.0133 0.0046 0.0028 0.0031 0.0014 -0.0102 -0.0003 -0.0075
0.240j — 0•024u -0.0266 -0.0296 -O.C235 0.0170 0.0028 0.0047 -0.0009 -0.G019 -0.0112 -0.0062 0.0011
0.243c -0.0197 -0.0237 -0.0264 -0.0150 0.0098 0.0043 0.0044 0.0042 -0.0030 -0.0078 -0.0155 0.0017
0.2560 -0.0169 -0.0181 -0.0118 -0.0101 0.0011 0 .0092 0.0037 0.0117 -0.0055 -0.0001 -0.0132 0.0011
0.2640 -0.0035 -0.0137 -0.0040 -0.0122 -0.0037 0.0071 0.0003 0.0071 -0.0081 0.0054 -0.0071 0.0020
0.2729 0.0097 -0.0114 0.0047 -0.0076 -0.0065 0.0043 0.0037 —0.0003 -0.0026 0.0034 —0.0036 0.0089
0.2800 -C.0c28 -0.0132 0.0025 -0.0081 -0.0031 0.0G31 0.0068 -0.0048 0.0C 33 0.0022 -0.0060 0.0063
0.2889 -0.0125 -0.0121 0.0026 -0.0138 -0.0008 0.0061 0.0088 0.0026 C.CG62 0.0011 0.0004 -0.0030
0.2960 -0.0089 -0.0073 0.0021 -0.0109 -0.0110 0.0119 -0.0073 0.0028 0.0069 0.0018 0.0056 -G.0096
0.3040 -0.0038 -0.0121 -0.0092 -0.0076 -0.0148 0.0041 -0.0116 -0.0084 0.0030 0.0003 -0.0033 -0.0013
0.3120 -0.0124 -0.0087 -0.0114 -0.0079 -0.0059 -0.0110 -0.0070 -0.0093 -0.0027 -0.0026 -0.0093 0.0018

kA 
o



WG(LB/SEC) 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742
WL(LB/SEC) 0.1800 0.1800 0.1800 0.1800 0.2400 0.2400 0.2400 0.2400 0.3500 0.3500 0.3500 0.3500

CELL 81 02 LAG LEAD Bl D2 LAG LEAD Bl D2 LAG LEAD
TIME(SEC) ***** normalized VALUE ***** ***** NORMALIZED VALUE ***** ***** normalized VALUE *****

O.U 1.0000 1.0000 0.5127 0.5127 1.0000 1.0000 0.5621 0.5621 1.000'} 1.0000 0.6001 0.6001
O.OO8O 0.5524 0.5485 0.4398 0.4095 0.5849 0.5826 0.5056 0.4247 0.6107 0.5964 0.4691 0.4915
0.0160 0.1632 0.1665 0.2657 0.2229 0.1854 0.1898 0.3075 0.2101 G.2U44 0.1932 0.2223 0.2694
0.02<>0 -0.0043 0.0069 0.1035 0.0606 0.0035 0.0124 0.1180 0.0411 0.0013 -0.0027 0.0298 0.0839
O.U32O -0.0765 -0.0650 -0.0109 -0.0361 -0.0763 -0.0719 -0.0089 -0.0505 -0.0946 -0.0908 -0.0780 -0.U294
C.U400 -0.1078 -0.0999 -O.U 749 -0.0831 -0.1161 -0.11G4 -0.0769 -0.0965 -0.1410 -0.1296 -0.1279 -0.0873
v.p4flC -0.1181 -0.1120 -0.1017 -0.0993 .-0.1327 -0.1243 -0.1133 -0.1148 -0.1555 -0.1439 -0.1463 -0.1153
G.o560 -0.1184 -0.1128 -0.1083 -0.1060 -0.1342 -0.1213 -0.1266 -0.1172 -0.1533 -0.1464 -0.1461 -0.1259
0.0640 -0.1161 -0.1082 -0.1070 -0.1018 -0.1294 -0.1162 -0.1237 -0.1115 -0.1497 -0.1427 -0.1393 -0.1253
0.C720 -0.1052 -0.1U26 -0.0988 -0.0915 -0.1241 -0.1106 -0.1149 -0.1009 -0.1380 -0.1304 -0.1319 -0.1174
0.0800 -0.0872 -0.0948 -0.0891 -0.0836 -0.1122 -0.1036 -0.1100 -0.0925 -0.1199 -0.1131 -0.1174 -0.1041
0.0880 -0.0745 -0.0821 -0.0823 -0.0742 -0.1011 -0.0975 -0.1028 -0.0863 -0.1099 -0.0924 -0.0965 -0.0857
0.j96C -0.05jj -0.0667 -0.0759 -0.0640 -0.0917 -0.3893 -0.0926 -0.0768 -O.G752 -0.0775 -0.0752 -0.0715
0. 1040 -0.0500 -0.0547 -0.0591 -0.0537 -0.0737 -0.0770 -0.0779 -U.U585 -0.0561 -0.0661 -0.0569 -0.0623
0.1 120 -0.0443 -0.0445 -0.0373 -0.0474 -0.0488 -0.0658 -0.06u3 -0.0495 -0.0413 —0.0522 -0.0415 -0.0524
0.1200 -0.0369 -0.0398 -0.0329 -0.0402 -0.0283 -0.0461 -0.0444 -0.0447 -0.C317 -0.0323 -0.0256 -0.0376
0. 1280 -0.0303 -0.0349 -0.0330 -0.0313 -0.0160 -0.0292 -0.0271 -0.0286 -0.0236 -0.0138 -0.0088 -0.0255
0. 136j -0.0233 -0.0296 -0.0275 -0.0238 -0.0082 -0.0171 -0.0132 -0.0117 -0.0U99 -0.0u58 0.0026 -0.0225
0.144 J -0.0187 -0.0283 -0.0180 -0.0187 —0.0u04 -0.0114 -0.0032 -0.0078 0.0021 0.0U09 0.0127 -0.0170
0.1520 -0.0123 -0.0249 -0.u113 -0.0218 0.0 U 5 5 -0.0040 0.0037 -0.0013 0.0074 0.0142 0.0184 -0.G050
0. 1600 -0.0034 -0.0212 -0.0070 -0.0186 0.0U77 0.0U51 0.0189 -0.0007 0.0053 0.0207 0.0205 0.0097
0.168 0 -0.0068 -0.0171 -0.0061 -0.0131 0.0168 0.0162 0.0306 ‘ 0.0064 C.0G17 0.0141 0.G159 0.0090
0.1760 -0.0UJ5 -0.0133 -0.0039 -0.0044 0.0165 0.0203 0.0247 0.0083 0.0037 0.0143 0.0152 0.0046
0.1840 0.0114 -0.0074 0.0043 0.0034 0.0068 0,0169 0.U170 0.0055 0.0048 0.0115 0.0159 0.0021
0. 1920 0.0146 0.0344 0.0107 0.0064 -U.CO34 . 0.0867 0.0039 0.003? 0.0U56 0.0043 0.0078 0.0010
0.200 J 0.0119 0.0137 0 . C111 C.0110 -C.0C35 0.0G12 -0.0033 0.0037 0.0122 O.OC11 -0.0056 0.0077
0.2080 0.0032 0.0134 0.0180 0.0117 -0.0016 -0.0008 -0.0034 0.0032 0.C152 0.0043 -0.0017 0.0173
0.2160 0.0 L 6 5 0.0111 0.0213 0.0083 0.0103 -0.0099 -0.0005 -0.0014 0.0091 0.0087 0.0072 0.0180
0.2240 0.0130 0.0104 0.0189 -0.0012 0.0134 -0.0109 0.0054 -0.0044 0.0103 0.0117 0.0074 0.0117
G. 2320 0.0042 0.0098 0.0089 0.0027 0.0090 -0.0004 0.0056 -0.0031 0.0153 0.0168 0.0035 0.0133
0.2400 -0.0U70 0.0042 -0.0021 -0.0007 0.0046 0.0110 0.0036 0.0003 0.0131 0.0136 0.0072 0.0181
0.248G -0.0105 -0.0015 -0.0100 —0.0066 0.CG11 0.0116 0.0047 -0.0011 0.0U29 0.0010 0.0078 0.0121
0.256J -0.0160 -0.0045 -0.0178 -0.0082 C.0C01 0.0063 0.0037 -0.0049 -0.0082 -0.0072 0.0010 0.0034
0.2640 -0.0102 -0.0008 -0.0176 -0.0023 -0.0132 -0.0015 -0.0009 -0.0129 -0.0087 -0.0047 -0.0015 -0.0091
0.2720 0.0070 0.0020 —0.0090 0.0071 —0 .0252 -0.0102 -0.0099 -0.0165 -0.0003 -0.0095 0.0035 -0.0155
0.2800 0.0110 0.0041 0.0022 0.0123 -G.C24J -0.0185 -0.0218 -0.0074 0.0072 -0.0150 -0.G0C8 -0.0142
0.2680 0.0J33 0.0027 0.0004 0.0109 -0.0189 -0.0159 -0.0237 -0.0079 0.0u76 -0.0088 -0.0036 -0.0069
0.2960 -0.0044 -0.0072 —0.0070 0.0051 -0.0163 -0.0121 -0.0143 -0.0121 -0.0009 -0.0009 0.0003 0.0032
0.3040 -0.0084 -0.0110 -0.0106 -0.0031 -0.0132 -0.0090 -0.0054 -0.0108 -0.0106 -0.0009 -0.0044 0.0040
0.3120 -0.0109 -0.0083 -0.0074 -0.0118 -0.0008 -0.0040 0.0063 -0.0072 -0.0124 -0.0092 -0.0076 -0.0003



Wu(LB/SEC) 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742 0.1742
WL(LB/SEC) 0.4700 0.4700 0.47O0 0.4700 0.5850 0.5850 0.5850 0.5850 - .

CELL 81 D2 LAG LEAD Bl D2 LAG LEAD
TIME(SEC) ***** NORMALIZED VALUE ***** ***** NORMALIZED VALUE *****

0.0 1.0000 1.0000 0.6000 0.6000. 1.0000 1.0000 0.63L6 0.6306
0.0080 0.6187 0.6006 0.5168 0.4586 0.6279 0.6224 0.4878 0.5184 :
0.016U 0.2146 0.1992 0.2831 0.2370 0.2083 0.2077 0.2278 0.2691
O.G2^u 0.0042 -0.0038 0.0684 0.0603' -0.0190 -0.0206 0.0114 0.0660 '
0.0320 -0.1003 -0.0978 -0.0605 -0.0464 -0.1305 -0.1281 -0.1087 -0.0567
0.040 ) -0.1467 -0.1350 -0.1198 -0.1010 -0.1792 -0.1613 -0.1529 -0.1166
0.0480 -0.1651 -0.1440 -0.1444 -0.1227 -0.1937 -0.1678 -0.1644 -0.1404
0.0860 -0.1680 -0.1484 -0.1546 -0.12b6 -0.1880 -0.1641 -0.1688 -0.1460
0.0640 -0.1572 -0.1437 -0.1536 -0.1280 -0.1685 -0.1542 -0.1638 -0.1379
0.0720 -0.1442 -0.1316 -0.1473 -0.1185 -0.1353 -0.1354 -0.1443 -0.1231
0.0800 -0.1227 -0.1142 -0.1338 -0.0935 -0.1008 -0.1116 -0.1215 -0.1015
0.0880 -0.0922 -0.0910 -0.1053 -0.0683 —0.0741 -0.0912 —0.0932 -0.0797
0.0960 -0.0618 -0.0717 -0.0786 -0.0534 -0.0507 -0.0691 —0.0662 -0.0606
0.1040 -0.0424 -0..0549 -0.05b3 -0.047 3. -0.0346 -0.0512 —0.0424 -0.0456
0.1120 -0.0358 -0.0417 -0.0418 -0.0406 -0.0229 -0.0324 -0.0189 -0.0288
0.1200 -0.0264 -0.0272 -0.0251 -0.0317. -0.0057 -0.0099 0.0001 -0.0140
0. 1280 -0.0173 -0.0184 -0.0106 -0.0280 0.0057 0.0060 0.0151 -0.0026
0.1363 -0.0068 -0.01 in 0.0C91 -0.0250 0.0117 0.0168 0.0270 0.0014
0.144J 0.0047 -0.0028 0.0227 -0.0152 0.0174 0.0230 0.0328 0.0059
0.1520 0.0176 -C.0C41 0.0232 0.00U6 0.0229 0.0281 0.0366 0.0169
0.1600 0.0219 0.0013 0.0237 0.0101 0.0272 0.0315 0.0384 0.0282
0.1680 u.0166 0.0127 0.0207 0.0128 0.0294 0.0296 0.0317 0.0304
0.1760 0.0109 0.0158 0.0191 0.0062 0.0242 0.0206 0.0180 0.0238
0.1840 0.0045 0.0108 0.0158 0.0021 0.0111 0.0103 0.0031 0.0139
0.192'. -0.0007 0.0125 0.0094 0.0005 -0.OJU7 -0.0037 -0.0072 0.0010
0 . Z. 0 0 u -0.0013 0.0146 0.0085 0.0048 -0.0056 -0.0146 -0.0095 -0.0106
0.2080 0.0018 0.0106 0.0076 0.0116 -0.0072 -0.0169 —0.0085 -0.0146
0.216O 0.0037 0.0072 -0.0C50 0.0138 -0.0139 —0.0149 -0.0110 -0.0177
0.2240 0.0063 0.0036 -0.0073 0.0069 -0.0169 -0.0092 -0.0158 -0.0169
0.2320 0.0 0.0032 -0.0007 0.0068 -0.0104 -0.0022 -0.0094 -0.0120
0.240'J -O.OU25 0.0038 0.0044 0.0050 —0.0053 —0.0006 0.0019 -C.0057
0.248" -0.0027 -0.0U19 0.0058 -0.0019 0.0023 -0.0023 0.31C2 0.0004
0.2560 0.0044 -0.0031 0.0043 -0.0071, 0.0100 0.0055 0.0117 0.0044
0.2640 0.0U01 -0.0052 -0.0074 -0.U019 0.0131 0.0104 0.0079 0.0097
0.2720 -0.0156 -0.0133 -0.0189 -0.0001 0.0100 0.0049 0.0053 0.0126
0.2800 -0.0208 -0.0160 -0.0253 -0.0029 0;0013 0.0033 0.0060 0.0067
0.288U -0.0142 -0.0111 -0.0237 -0.0052 -0.0032 0.0051 0.0035 0.0024 ' i .
0.2962' -C.0v61 —0.0016 -0.0136 -0.0081' -0.0021 0.0046 -0.0083 -0.C024
0.3040 0.0017 0.0043 0.0005 -0.0107 -0.0003 -0.0038 -0.0093 -0.0068 ► .
0.3120 0.0092 0.0050 0.0138 -0.0013 -0.0070 -0.0113 -0.0061 -0.0034



APPENDIX D
STATISTICAL DATA OF WAVE PROPERTIES



STANDARD DEVIATION OF THB LiAkub wave,
WAVE AMPLITUDE OF THE LARGE WAVES AT D2 CELL AMPLITUDE AT Dg CELL

WAVE MAXIMUM OF THE LARGE WAVES AT D2 CELL

Wydb/sec) 0.0 0.045 0.0976 0.1436 0.1742

W^db/sec) - A (!Inch) ——

0.016 0.00^0 0.0030 --- 0.0012 0.0009
0.028 0.0051 0.0035 —---- 0.0019 0.0015

0.0U 0.0099 0.0069 0.0069 0.0082 0.0049

0.08 0.0206 0.0157 0.0209 0.0166 0.0130

0.126 0.0293 0.0219 0.0283 0.0199 0.0162

0.18 0.0323 0.0241 0.0299 0.0205 0.0177 f
i

0.2U • 0.0312 0.0262 0.0326 .. 0.0235 0.0204

0.35 0.0416 0.0291 0.0362 0.0265 0.0231
0.^7 0.0468 0.0300 0.0386 0.0296 0.0254

0.585 0.0495 0.0350 0.0387 0.0314 0.0257

•e — » ... . .

WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742

W^db/sec) hmax (inch) ——-- ——
0.016 0.0072 0.0052 ——— 0.0034 O.OO33
0.028 0.0102 O.OO73 •— 0.0054 0.0043
0.044 0.0155 0.0111 0.0115 0.0115 0.0071
0.08 0.0269 0.0205 0.0257 0.0204 0.0160
0.126 O.O366 0.0272 0.0341 0.0248 . 0.0203
0.18 0.0405 0.0301 0.0365 0.0262 0.0228
0.24 0.0407 0.0335 0.0405 0.0302 0.0265
0.35 0.0553 0.0395 0.0462 O.O35O O.O3O7
0.47 O.O635 0.0429 0.0507 0.0399 O.O347
0.585 0.0690 0.0497 0.0527 0.0437 0.0362

WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742

Wj-^lb/seo) amp
0.016 0.0015 0.0011 ™— . 0.0006 0.0004

0.028 0.0028 0.0016 0.0009 0.0008

0.044 0.0092 0.0065 0.0075 0.0081 0.0057

0.08 0.0140 0.0108 0.0133 0.0091 0.0073

0.126 0.0167 0.0108 0.0143 0.0112 0.0097

0.18 0.0182 0.0113 0.0158 0.0133 0.0117

0;24 0.0190 0.0125 0.0194 0.0155 0.0130

0.35 0.024? 0,0158 0.0216 0.0176 O.OI39
' 0.47 0.0273 0.0178 0.0226 0.0191 0.0149

0.585 0.0291 0.0204 0.0232 0.0194 0.0144

STANDARD DEVIATION OF THE LARGE WAVE 
MAXIMUM AT Dg CELL

WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742

W \ -L U/ *5 W / max
0.016 0.0014 0.0010 0.0006 0.0004

0.028 . 0.0025 0.0013 — 0.0008 0.0007
0.044 0.0093 0.0065 0.0073 • 0.0084 0.0057

0.08 O.OI37 0.0107 0.0129 0.0091 0.0070

0.126 0.0160 0.0104 0.0137 0.0111 0.0095
0.18 0.0172 0.0105 0.0152 O.OI33 0.0115
0.24 0.0179 0.0117 0.0188 0.0155 0.0128

0.35 0.0232 0.0147 0.0210 0.0174 0.0137
0.47 0.0255 O.OI63 0.0219 0.0188 0.0146

0.585 0.0273 0.0186 0.0224 0.0188 0.0140



WAVE MINIMUM OF THE LARGE WAVES AT Dg CELL

WG(lb/sec) 0.0 0.045 0.0976 ' 0.1436 0.1?42 Wp(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742

WL(lb/sec)nmln ir n (inch) --
0.016 0.0032 0.0022 0.0022 0.0024 0.016 0.0006 0.0005 ------ 0.0005 0.0003

0.028 O.OO51 O.OO38 0.0035 0.0028 , 0.028 0.0012 0,0009 ------ 0.0006 0.0004

O.(M O.OO57 0.0043 0.0046 0.0034 0.0023 0.044 0.0014 0.0011 0.0010 0.0008 0.0005

0.08 0.0064 0.0049 0.0049 0.0040 0.0031 0.08 0.0019 0.0015 0.0012 0.0010 0.0010

0.126 0.0074 0.0054 0.0060 0.0051 0.0042 0.126 0.0028 0.0020 0.0018 0.0015 0.0013

0.18 0.0084 0.0061 O.OO69 0.0058 0.0052 ' 0.18 0.0034 0.0025 0.0021 0.0017 0.0016

0.2^ 0.0098 0.0075 O.OO83 0.0070 O.OO63 0.24 0.0041 0.0030 0.0026 0.0022 0.0020

0.35 0.0144 0.0110 0.0107 0.0090 0.0080. 0.35 0.0051 O.OO36 O.OO33 0.0029 ' 0.0026

O.U? 0.0179 O.OI38 0.0131 0.0110 0.0098 0.47 O.OO58 0.0040 O.OO38 0.0034 0.0031

0.585 0.0212 0.0158 0.0152 0.0131 0.0110 0.585 0.0060 0.0046 0.0045 0.0042 0.0035

WAVE BASE OF THE LARGE WAVES AT Dg CELL
J- .

STANDARD DEVIATION OF THE LARGE WAVE
* BASE AT Dg CELL

WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742
WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742 '

W^db/sec) " Tbs < sec) ——

0.016 0.0973 0.0804 0.0304 0.0246 W^db/sec) bs (sec) ——■ --------

0.028 0.0717 0.0634 0.0513 O.O383 0.0324 0.016 0.0453 0.0396 —- 0.0142 0.0102

0.01* 0.0872 0.0784 0.0657 0.0595 0.0497 0.028 0.0309 0.0278 0.0225 0.0191 0.0164

0.08 0.1061 0.1028 0.0793 0.0680 O.O6O3 * 0.044 0.0470 0.0422 0.0363 0.0295 0.0266

0.126 0.1085 0.1086 0.0757 0.0610 0.0541 0.08 0.0509 O.O5O8 0.0331 0.0279 0.0243

0.18 0.1009 0.1050 0.0698 0.0551 0.0509 0.126 0.0476 0.0443 0.0291 0.0255 0.0228

0.211 0.0858 O.O936 0.0627 0.0520 0.0482 0.18 0.0453 0.0434 0.0276 0.0236 0.0218

0.35 0.0733 O.O763 0.0553 0.0471 0.0452 0.24 0.0398 0.0393 0.0262 0.0242 0.0203

0.4? 0.0697 0.0669 0.0513 0.0454 0.0427 0.35 0.0345 0.0335 0.0242 0.0225 0.0188

0.585 0.0654 0.0658 0.0503 0.0438 0.0423 0.47 0.0316 0.0328 0.0227 0,0222 0.0179
0.585 0.0314 0.0320 0.0237 0.0220 0.0185



STANDARD DEVIATION OF THE LARGE WAVE
WAVE. SEPARATION OF THE LARGE WAVES AT D2 CELL SEPARATION AT D2 cell

WG(lt)/sec) 0.0 0.045 0.0976 0.1436 0.1742 WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742

W^db/sec)
0.016 0.1031

— T sep
0.0886

(sec) —
O.O362 0.0293

W^(lb/sec)

0.016 0.0502
sep

0.0483
(sec) --

0.0181 0.0134
0.028 • O.O833 0.0722 0.0648 0.0468 0.0401 0.028 0.0422 O.O368 O.O365 0.0250 0.0211
0.01* 0.1222 0.1185 0.1121 0.1365 0.0775 0.044 0.0867 0.0913 0.0967 0.1189 0.0605
0.08 0.1677 0.1810 0.1606 0.1247 0.1142 0.08 0.1095 0.1268 0.1009 0.0717 0.0699
0.126 0.1641 0.1689 O.I387 0.1081 0.0957 0.126. 0.0935 0.0949 0.0744 0.0624 0.0573
0.18 0.1433 0.1514 0.1252 0.0955 O.O853 0.18 0.0787 0.0815 O.O679 0.0579 0.0528
O.2'4- 0.1191 0.1312 0.1130 0.0901 0.0821 0.24 0.0669 0.0697 0.0688 O.O56I 0.0492
0.35 0.1167 0.1177 0.1004 0.0796 0.0717 0.35 O.O678 O.O655 0.0592 0.0489 0.0411
0*7 0.1198 0.1096 0.0936 0.0746 0.0662 0.47 0.0698 O.O656 0.0574 0.0441 0.0372
0.585 0.1159 O.IIO9 0.0910 0.0724 O.O635 0.585 0.0688 O.O658 O.O537 0.0424 O.O345

RATIO OF WAVE BACK TO WAVE FRONT WAVE FREQUENCY OF THE LARGE WAVES AT D? CELL
OF 0PHE LARGE: WAVES AT CELLf

WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742
WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742 WL(lb/sec) f (cps)
W^(lb/sec) — Tbk ' Tr„ ■ 0.016 9.7 11.3 —— 27.6 34.1

0.016 1.84 I.83 -—» 1.14 1.12 0.028 12.0 13.85 15.4 21.4 24.9
0.028 1.60 1.535 1.48 1.215 1.22 0,044 8.2 8.43 8.91 7.32 12.9
0.044 1.835 1.84 1.81 2.09 1.94 0.08 5.97 5.52 6.23 8.00 8.77
0.08 2.065 2.05 2.21 2.72 2.49 0.126 6.10 5.92 7.20 9.25 10.45
0.126 ■ 2.030 2.06 2.50 2.30 2.15 0.18 6.97 6.6 7.97 10.48 11.70
0.18 1.995 2.07 2.39 2.20 2.10 0.24 8.40 7.62 8.85 11.10 12.20 .pr

0.24 1.88 1.945 2.17 1.98 1.91 0.35 8.56 8.50 9.95 12.55 13.95 O\

0.35 1.715 1.76 1.88 1.74 1.825 0.47 8.35 9.13 10.7 13.44 15.10
0.4?

0.585

1.60

1.555

1.5^

1.53

1.82

1.71

1.72
1.65

1.70
1.67

0.585 8.62 9.0- 11.0 13.80 15.75



WAVE AMPLITUDE OF THE LARGE WAVE
AT B1, A^ AND C^ CELL

WG(lb/sec) 0.0 0.1436

CELL NO. B1 A3 C4 B1 A3 C4

10/sec j
0.016 0.0034 O.OO38 0.0030 0.0011 0.0012 0.0011

O.OW 0.0112 0.0109 0.0082 0.0120 0.0089 0.0080

0.126 0.0304 O.O3O6 0.0173 0.0268 0.0253 0.0258

0.2^ 0.0348 O.O391 0.0203 0.0304 O.O33I 0.0332 u

0.35 0.0413 0.0456 0.0403 0.0339 0.0386 0.0438

0.585 0.0528 O.O63? 0.0529 0.0376 0.0439 0.0558

WAVE FREQUENCY OF THE LARGE WAVE
AT B, , A„ AND C,L CELL 1 j *+

WG(lb/sec) 0.0

B1

0.1436

CELL NO. B1 A3 C4 A3 c4

W^db/sec) ---- f (cps) —-
0.016 10.42 9.8 10.22 26.3 25.4 25.8
0.044 8.10 8.37 10.20 5.95 9.0 9.17
0.126 6.40 ?.08 11.18 ■ 8.95 10.1 11.57
0.24 8.67 9.33 14.30 11.08 11.8 12.6
0.35 8.90 9.80 12.12 12.20 12.85 12.58
0.585 8.65 9.30 11.40 13.70 13.6 12.95

WAVE SEPARATION OF THE LARGE WAVE
AT B1, A^ AND C^ CELL

WG(lb/sec) 0.0 . o;1436

CELL NO. B1 A3 c4 B1 A3 C4

W^db/sec) ---------- Tsep (sec)

0.016 0.0959 0 .1021 0.0977 O.O38 0.0394 O.O387
0.044- 0.1236 0 .1195 0.0982 0.1682 0.1111 0.1091
0.126 0.1560 0.1412 0.0895 0.1116 0.0991 0.0864
0.24 0.1153 0 .1071 0.0699 0.0903 0.0850 0.0793
0.35 0.1122 0 .1019 0.0824 0.0821 0.0778 0.0795
0.585 0.1154 O.IO76 0.0878 0.0731 0.0735 0.0772

WAVE RATIO OF WAVE BACK TO WAVE FRONT OF THE LARGE WAVE
AT Bir A^ AND C^ CELL

WG(lb/seci> 0.0 0.1436

CELL NO. B1 A3 C4 • B1 A3 c4

U ( n 'h/c?oo < ' Tf,Wj^\jLu/sec/ ■ Tbl 1

0.016 1.85 2.06 I.63 1.15 1.155 1.140
0.044 1.94 1.93 1.94 2.31 2.01 I.89O
0.126 2.03 2.18 1.72 ,2.45 2.40 2.48
0.24 1.79 1.95 1.56 1.92 1.96 2.0?
0.35 1.565 1.6? 1.81 1.82 1.72 1.79
0.585 1.54 1.59 1.6? 1.70 1.62 1.63



AMPLITUDE AT Dg CELLWAVE AMPLITUDE' OF THE SMALL WAVES AT Dg CELL

WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742 WG(lb/seo) 0.0 0.045 0.0976 0.1436 0.1742

W^(lb/sec) — --------- . W^db/sec) -----—■ amp <lnch> ----- --------

0.016 0.0010 0.0010 "——- 0,0003 0.0003 0.016 0.0001 0.0002 ——-- 0.0000 0.0001

0.028 0.0016 0.0013 0.0005 0.0004 0.028 0.0007 0.0005 -------- 0.0002 0.0002

0.044 0.0018 0.0016 0.0016 0.0014 0.0011 0.044 0.0009 0.0007 0.0006 0.0006 0.0002

0.08 0.0021 0.0018 0.0016 0.0015 0.0014 0.08 0.0012 0.0009 0.0007 0.0006 0.0005

0.126 0.0021 0.001? 0.0018 0.0018 0.0016 । 0.126 0.0012 0.0009 0.0008 0.0008 0.0007

0.18 0.0023 0.0018 0.0020 0.0020 0.0019 0.18 0.0014 0.0010 0.0010 0.0010 0.0008

0.24 0.0026 0.0021 0.0024 0.0027 0.0023 < 0.24 0.0018 0.0013 0.0014 0.0013 0.0012

0.35 0.0034 0.0028 0.0034 0.0031 0.0030 ' • O.35 0.0023 0.0016 0.0020 0.0018 0.0016

0.4? 0.0040 O.OO33 0.0041 O.OO38 O.OO36 0.47 0.0026 0.0020 0.0025 0.0022 0.0020

0.585 0.0045 O.OO37 0.0048 0.0045 0.0039 0.585 0.0028 0.0023 0.0028 0.0026 0.0022

WAVE MAXIMUM OF THE SMALL WAVES AT D- CELL STANDARD DEVIATION OF THE SMALL WAVE
MAXIMUM AT Dg CELL

WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.174?
W-(lb/sec) 0.0 0.045 O.O976 0.1436 0.1742

W^db/sec) ^max (Inch) ----
0.016 0.0036 0.0029 0.0024 0.0026 W^(lb/sec) max (inch)- —

0.028 0.0063 0.0047 O.OO38 0.0031
0.016 0.0005 0.0003 0.0003 0.0002

0.044 0.0066 0.0051 0.0053 0.0043 0.0030 0.028 0.0009 0.0006 ------ 0.0005 0.0003

0.08 0.0073 O.OO56 0.0056 0.0048 O.OO39
0.044 0.0011 0.0008 0.0007 0.0006 0.0001

0.126 0.0080 0.0060 0.0067 0.0060 0.0051
0.08 0.0016 0.0011 0.0009 0.0,008 0.0007

0.18 0.0090 0.0066 0.-075 0.0068 0.0061 1
0.126 0.0021 0.0015 0.0014 0.0012 0.0010

0.24 0.0106 0.0081 0.0090 0.0082
1

0.0075
0.18 0.0027 0.0019 0.0017 0.0014 0.0012

CO

0.35 ' 0.0149 0.0115 0.0118 0.0104 0.0096
0.24 O.OO35 0.0025 0.0022 0.0018 0.0017

0.47 0.0176 0.0139 0.0141 0.0127 0.0117 0.35 0.0046 0.0032 0.0029 0.0024 0.0022

0.585 0.0205 0.0154 0.0162 0.0148 0.0128
0.47 0.0053 O.OO38 0.0035 0.0028 0.0026
0.585 0.0058 0.0043 0.0039 0.0035 0.0029



MINIMUM AT D2 CELLMA.VE MINIMUM OF THE SMALL WAVES AT D2 CELL

Wydb/sec) 0.0 O.OU5 0.0976 0.1436 0.1742 WG(lb/sec) 0.0 0.045 0.0976 0.1436 0.1742

WL(lb/sec) -------- hmln (inch) ----——— W^db/sec) -- ---- mln (inch) — —---- --
0.016 0.0026 0.0019 0.0021 0.0023 0.016 0.0005 0.0003 - ---- 0.0005 0.0002
0.028 0.0011.6 O.OO33 0.0035 0.0027 0.028 0.0010 0.0007 0.0005 0.0003
0.0^11. 0.00117 O.OO3I1- O.OO37 0:0028 0.0019 • 0.044 0.0011 0.0008 0.0007 0.0006 0.0003
0.08 0.0052 O.OO38 O.OO39 0.0032 0.0025 0.08 0.1014 0.0010 0.0008 0.0007 0.0006 "
0.126 0.0058 0.0042 0.0048 0.0041 0.0034 I, 0.126 0.0018 0.0013 0.0012 0.0010 0.0009
0.18 0.0066 0.0047 0.0054 0.0047 0.0042 0.18 0.0023 0.0015 0.0014 0.0012 0.0010
0.2^ 0.0076 0.0057 O.OO63 - O.OO56 0.0050 0.24 0.0030 0.0020 0.0017 0.0015 0.0014
0.35 0.0109 O.OO83 0.0079 0.0069 O.OO63 0.35 ■ O.OO39 0.0028 0.0023 0.0020 0.0018
O.A? 0.0129 0.0100 0.0094 O.OO83 0.0077 0.47 0.0045 O.OO33 0.0027 0.0024 0.0022
0.585 0.0153 0.0111 0.0108 0.0097 0.0084 0.585 0.0051 0.0035 0.0032 0.0029 0.0024

STANDARD DEVIATION OF THE SMALL WAVEWAVE BASE OF THE SMALL WAVES AT D., CELL
BASE AT D2 CELL

WG(lb/sec) 0.0 0.045 O.O976 0.1436 0.1742
Wgdb/sec) 0.0 0.045 0.0976 0.1436 0.1742

Wjjdb/sec) (sec) -----
W^db/sec)0.016 0.0282 0.0350 0.0119 0.0119

■- bs (se°)
0.016 0.0266 0.0278 0.0042 0.00490.028 O.O368 0.0314 0.0279 0.0150 0.0140

0.044 0.0421 0.0393 0.0336 0.0326 0.0276
0.028 0.0217 0.0188 0.0146 0.0078 0.0061

0.08 0.0447 0.0418 0.0333 O.O323 0.0312 1
0.044 0.0256 0.0232 0.0175 ' 0.0177 0.0148

0.126 0.0412 0.0394 0.0325 O.O333 0.0302
0.08 0.0252 0.0234 0.0175 0.0184 0.0169

0.18 O.O373 0.0384 0.0329 0.0317 0.0288
0.126 0.0230 0.0226 0.0179 0.0186 0.0158

0.24 O.O353 0.0362 0.0334 0.0306 0.0276
0.18 0.0221 0.0219 0.0180 0.0179 0.0148 Vn

0.35 0.0301 O.O323 0.0304 0.0266 0.0248
0.24 0.0208 0.0217 0.0182 0.0174 0.0139

0.47 0.0278 0.0286 0.0268 0.0238 0.0222
0.35 0.0178 0.0191 O.OI63 0.0150 0,0118

0.585 0.0243 0.0261 0.0246 . 0.0218 0.0212
0.47 0.0165 0.0170 O.OI38 0.0131 0.0106

0.585 0.0144 0.0154 0.0126 0.0118 0.0097



WAVE FREQUENCY OF THE SMALL WAVES AT D2 CELL RATIO OF WAVE BACK TO WAVE FRONT
OF THE SMALL WAVES AT D2 CELL

WG(lb/sec) 

Wj^db/sec) 
0.016 

0.028 
0.0^ 
0.08 
0.126 
0.18 
0.2^ 

0.35 
O.-ti?

O.585

0.0

35.4
27.2

23.75
22.4
24.3

26.8
28.3

33.2
36.O
41.2

0.045

— f
28.6
31.8
26.1

23.9
25.2
26.0
27.6
31.0

35-0
38.3

0.0976

(cps) ---

35.8
29.8
30.0
30.8
30.4

29.9
32.9
37.3
40.6

0.1436

84.0
66.6

30.6
31.0
30.0

31.5
32.6
37.6
42.0
45.8

0.1742

84.0

71.5
36.2
32.0

33.1
34.7
36.2
40.3
45.0
47.2

1

WG(lb/sec)

W^db/sec)
0.016
0.028
0.044
0.08
0.126
0.18
0.24

0.35
0.47

0.585

0.0

1.34
1.42
1.45
1.48

1.57
1.645

1.87
1.74
1.70
1.64

0.045

Tbk 
1.63 

1.275 

1.31 
1.415 

1.575 
1.58 
1.76 
1.88 
1.78 
1.67

0.0976

Z Tfn ”

1.18 

1.255 
1.33
1.54
1.67

1.715
1.815
1.69
1.63 .

0.1436

1.015
1.055
1.190
1.400
1.520
1.565

1.595
1.69
1.645

1.595

0.1?42

0.985
1.015

1.09
1.26

I.505
1.505
1.59
1.67

1.58

1.525

09̂
7



TAFLE T)-? (continued)

WAVE AMPLITUDE OF THE SMALL WAVE
AT and. CELL

WAVE BASE OF THE SMALL WAVE
AT Blr A3 AND Ci^ CELL

WG(lb/sec) 0.0 0.1436
WG(lb/sec) 0.0 O.IU36

CELL NO. Bj Ao Cm B. A„ Cu
CELL NO. B1 A^ C^ B1 A^ 1 J

W^db/sec) -- -------------- Tbg (sec) -------------
W^db/sec) ---------------- A (inch) --------------

0.016 O.O37O 0.0348 0.0388 O.OI31 O.OI39 0.0150
0.016 0.001 0.0010 0.0011 0.0003 0.0003 0.0003

0.CM 0.0^30 0.0432 0.0390 O.O35O 0.0324 0.0324
O.O^lJ- 0.0018 0.0018 0.0016 0.001^ 0.001^ 0.001U

0.126 0.0U04 0.0399 0.0307 O.O333 0.0326 O.O3I8
0.126 • 0.0023 0.0021 0.0023 0.0018 0.0019 0.0018

0.24 0.0327 0.0325 0.0235 0.0292 0.0294 0.0287
0.2U 0.003 0.0030 0.0030 0.0027 0.0028 0.0026

O.35 0.0286 0.0289 0.0251 0.0260 0.0255 0.0255
0.35 0.0039 0.00^0 0.0039 0.0038 0.0039 0.0037

O.585 0.0234 0.0234 0.0214 0.0201 0.0207 0.0205
0.595 0.0050 0.0052 o.ooug 0.0052 0.0056 0.0053 l _________________

WAVE FREQUENCY OF THE SMALL WAVE RATIO OF WAVE BACK TO WAVE FRONT OF THE SMALL WAVE
AT B1 , A- AND C,L CELL

1 J **
AT Blr A^ AND C/j, CELL

WG(lb/sec) 0.0 0.1436 WG(lb/sec) 0.0 0.1436

CELL NO. B1 A3 C4 B1 a3 c4 CELL NO. B1 A3 C4 B1 A3 C4

Wjj(lb/sec) Wjjdb/sec) z Tr„Tbk

0.016 27.0 28.7 25.8 76.3 72.0 66.7 0.016 1.60 1.54 1.34 1.03 1.00 1.00

0.044 23.2 23.1 25.6 28.6 30.8 30.8 0.044 1.530 1.53 1.45 1.32 1.235 1.25

0.126 24.7 25.0 32.6 30.0 30.7 31.4 | 0.126 1.605 1.585 1.57 1.64 1.63 1.77

0.24 30.6 30.8 42.5 34.2 34.0 34.8 , 0.-24 1.76 1.85 1.34 1.73 1.70 1.96

0.35 35.0 34.6 39.9 38.5 39.2 39.2 0.35 1.75 I.83 1.73 1.74 1.74 2.00

0.585 42.7 42.7 46.7 49.7 48.3 48.8 0.585 1.54 1.60 1.71 1.51 1.62 1.72

I9
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WAVE AKFLITUDE OF THE SMALL WAVES ON L.ARGE WAVES 
AT D? CELL

STANDARD DOTATION OF THE SMALL WAVE AMPLITUDE 
ON LARGE WAVES

STANDARD DEVIATION OF THE SMALL WAVE BASE ON

WG(lb/sec) 0.0 0.024.5 0.0976 O.12436 0.17242 WG(lb/sec) 0.0 0.0245 O.O976 O.I2436 0.17242

WL(lb/sec) ------ A ; W^Qb/sec) --------- -AMP D2 CELL —
0.016 0.0021 0.0020 0.0006 O.OOO5 0.016 0.0009 0.0003 0.0002 0.0002
0.028 0.0029 0.0021 0.0009 0.0007 0.028 0.0013 0.0007 0.0005 0.000/4
0.0^4 0.0051 O.OO35 O.OO35 0.0035 0.0027 0.02424 0.0036 0.0023 0.0022 0.002/4 0.0015
O.OR O.OO721- 0.0062 0.0062 0.00249 0.00242 0.08 0.0050 0.0038 0.0024/4 O.OO35 0.0023
0.126 0.0090 O.OO72 0.0082 0.0062 O.OO5/4 0.126 0.0059 0.00/4/4 0.0051 0.00247 O.OO36
0.1R 0.0101 O.OO83 0.0087 0.0069 0.0060 1 0.18’"°. O.OO65 0.00249 O.OO524 0.00/48 0.00/42
0.2U 0.0100 0.0088 O.OO924 0.0082 0.0073 0.2/4 0.0070 0.0052 O.OO59 0.0058 O.OO/45

0-35 0.0133 0.0090 0.0111 O.OO924 0.0090 0.35 0.0103 0.0057 0.0076 0.0060 O.OO55
o Jt? 0.0155 O.OO99 0.0121 0.01024 0.0097 O.-/47 0.0116 0.0068 0.0080 0.0069 O.OO55
0.5R5 0.0166 0.0103 0.0132 0.0111 0.0100 0.585 0.0122 O.OO76 0.0090 O.OO724 O.OO55

WAVE BASE OF THE SMALL WAVES ON LARGE WAVES
AT D2 CELL ON LARGE WAVES

WG(lb/sec) 0.0 0.0/45 0.0976 0.12436 0.17/42 WG(lb/sec) 0.0 0.0/45 0.0976 O.I2436 0.17/22

W^(lb/sec) •----- - WAVE BASE T. „ ns d2 CELL WL(lb/sec) — bs D2 CELL--- ----- -

0.016 0.0653 0.06/42 0.0167 0.01/4/4 0.016 0.0378 0.0087 0.0059

0.028 0.0/485 0.0/426 0.0/4024 0.0203 0.0188 0.028 0.0256 0.0221 0.0170 0.010/2 0.0080

0.024/4 0.0528 0.0/496 0.0/411 0.0'416 0.0/4222 0.0/224 0.03/424 0.0311 0.0213 0.0213 0.01824

0.08 0.051/4 O.O5I5 0.02430 0.0/4241 O.O38I 0.08 0.0351 0.0326 0.022/4 0.02/20 0.0193

0.126 0.024/47 0.0/472 0.0'407 O.O36O 0.0325 . T).126 0.0320 0.0312 0.0233 0.02024 0.0171

n.lR 0.0/4/46 0.0/4/46 O.O369 0.0302 0.0295 i 0.18 0.0316 0.0302 0.0212 O.OI83 O.OI524

0.2/4 • 0.037/4 0.0389 0.0299 0.0265 0.0266 0.2/4 0.0262 0.0262 0.0173 0.0171 0.0137

0.35 0.0309 0.0308 0.0250 0.0232 0.0239 0.35 0.0196 0.0197 O.OI38 0.0135 0.0120

0.2:7 0.0235 0.0286 0.0268 0.0221 0.0226 O./27 C.0167 0.0170 0.0138 0.0120 0.0100

0. c8<; 0.0275 0.0269 0.0216 0.0218 0.0221 0.585 0.0161 0.0160 0.0102 0.011/4 O.OIO3

39̂
7



AMPLITUDE OF SMALL WAVE ON LARGE WAVE

WG(LB/SEC) 0.1436 0.1436 . 0.1436 0.1436 0.1436 0.1436 0.1436 ■ 0.1436 0.1436 0.1436
WLt LB/SEC1 0.0160 0.0280 0.0440 0.0830 0.1260 0.1800 0.2400 0.3500 0.4700 0.5850

CELL D2 D2 D2 D2 D2 D2 D2 D2 02 02
FLIMCINCH) ***** NO. OF WAVE PER INTERVAL ***** mo. OF WAVE PER INTERVAL ***** MO. OF WAVE PER INTERVAL *****

O.CO05 633. 638. 6. 2. 6. 2. 24. 19. 20. 18.
0.0015 39. 327. 46. 27. 23. 32. 112. 70. 57. 49.
0.1025 0. 15. 37. 37. 38. 39. 111. . 106. 91. 74.
0.(035 0. 0. 45. 61. 85. 100. 113. 134. 145. 130.
0.jOA5 0. 0. 10. 29. 70. 74. 82. 96. 131. 104.
0.0055 c • 0. 10. 13. 30. 43. 47. 74. 93. 96.
0.C065 0. 0. 10. 16. 37. 56. 30. 41. 53. 80.
0.0075 0. 0. 3. 6. 20. 23. 23. 33. 41 . 39.
0.008 5 0. 0. 4. 12. 20. 27. 10. 22. 22. 24.
0.0'095 0. 0. 1. 6. 15. 26. 5. 10. 16. 16.
0.0105 0. 0. 1. 2. 12. 17. 3. 13. 10. 12.
0.0115 0. 0. 0. 2. 1. 12. 9. 6. 4. 15.
0 . •; 12 5 0. 0. 1. 0. 8. 19. 6. 8. 11. 7.
0.0135 0. 0. 0. 2. 4. 4. 2. 3. 5. 3.
0. ? 1 4 5 0. 0. ,1. 5. 4. 3. 4 • 5. 5. 6.
0.0155 u. . 0. 0. 1. 2. 6. 3. 4. 5. 5.
0.U165 0. 0. 0. 0. 2. 2. 3. 0. 8. 5.
0.0175 0. 0. 1. 0. 2. 5. 1. 0. 3. 2.
0.LI85 0. 0. 0. 0. 1. 3. 0. 1. 0. 0.
0.0195 L< e c. 0. . 0. 3. 3. 0. 1. 3. 2.
0. C 2 1 u 0. • 0. 0. 2. 3. 4. 0. 1. 1. 0.
0.1230 0. 0. 0. 1. 6. 3. 0. 0. 0. 4.
0.C250 0. 0. 0. 0. 5. 6. 0. 0. 0. 1.
0.0270 0. 0. 0. 0. 0. 2. 0. 0. 1. 1.
0 ■ r* 2 9 0 0. 0. 0. 0. 0. 1. 0. 0. 1. 2.
O.ullO 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0330 0. 0. 0. a. 0. 0. 0. 0. 0. 1.
O.(-359 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0370 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0390 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.041 , 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0430 0. 0. c. 0. 0. 0. 0. 0. 0. 0.
0.0450 0. 0. G. o- 0. 0. 0. 0. 0. 0.
0.0470 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0490 G. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0510 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
G.C530 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0550 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0570 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.-590 u. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0610 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0630 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.C653 0. 0. 0. 0. 0. ' 0. 0. 0. 0. 0.
0.067'3 0. 0. c. 0. 0. 0. 0. 0. 0. 0.
0.0590 0. 0. 0. 0. 0. 0. 0. 0. 0. o.
0.071 J c. 0. 0. 0. 0. 0. 0. 0. 0. 0. CTs
0.0730 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0750 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0770 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0790 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.



AMPLITUDE OF LARGE WAVE

WGILB/SEC) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WHL8/SEC) 0.0160 0.0280 0.0440 0.0800 0.1260 0.1800 0.2400 0.3500 0.4700 0.5850

CELL 02 02 02 02 02 02 02 02 02 02
FLIMIINCH) ***** NO. OF WAVE PER INTERVAL ***** NO. OF WAVE PER INTERVAL***** no. OF WAVE PER INTERVAL *****

0.0005 0. 38. 0. 21. 13. 19. 17. 8. 3. 4.
0.0015 267. 151. 101. 70. 27. 23. 38. 24. 17. 23.
0.0025 247. 296. 74. 81. 49. 321 22. 38. 41. 34.
0.0035 426. 405. 215. 86. 42. 41. 57. 48. 50. 40.
0.0045 350. 287. 112. 44. 37. 36. 52. 67. 52. 39.
0.0055 262. 260. 141. 53. 35. 44. 53. 59. 48. 57.
0.0065 77. 319. 156. 41. 27. 38. 48 . 48. 41. 45.
0.0075 20. 132. 68. 54. 30. 49. 39. 51. 40. 33.
0.0085 4. 114. 79. 53. 30. 31. 51. 43. 40. 39.
0.0095 1. . 32. 35. 29. 25. 17. 34. 27. 25. 26.
0.0105 0. 36. 55. 56. 39. 42. 37. 40. 26. 31.
0.0115 0. 10. 22. 55. 40. 36. 48. 42. 34. 21.
0.0125 0. 26. 34. 58. 47. 49. 53. 38. 25. 16.
O.G135 0. 9. 23. 51. 53. 54. 51. 43. 15. 12.
0.0145 0. 4. 13. 52. 70. 53. 84. 25. 28. 14.
0.0155 0. 5. 32. 50. ■ 61. 62. .63. - . 16. 25. 15.
0.0165 0. 1. 16. 34. 59. 70. 57. 22. 20. 12.
0.0175 0. 4. 27. 29. 52. 67. 60. 20. 13. 13.
0.Cl 85 0. 3. 20. 30. 39. 48. 4 9. 24. 14. 16.
0.0195 0. 0. 10. 19. 40. 45. 40. 10. 14. 16.
0.0210 0. 5. 28. 13. 33. 47. . 3 7. 24. 19. U.
0.0230 0. 0. 34. 14. 38. 23. 23. 22. . 23. 22.
0.0250 0. 0. 21. 12. 35. 24. 25. 26. 20. 22.
0.0270 0. 0. 14. 6. 24. 28. 26. 35. 32. 32.
0.0290 0. 0. 19. 2. . 18. 33. 30. 38. 26. 25.
0.0310 0. 0. 18. 4. 16. 28. 30. 49. 36. 26.
0.0330 0. 0. 13. 4. 18. 33. 36. 46. 44. 42.
0.0350 0. . . 0. 12. 5. 8. 27. 42. 51. - . 38. 33.
0.0370 0. 0. 7. 4. 7. 19. 33. 63. 54. . 39.
0.0390 0. 0. 8. 3. 8. 21. 26. 52. 40. 45. .
0.0410 0. 0. 2. 6. 7. 13. 29. 50. 44. 30.
0.0430 0. 0. 5. 4. 9. 20. 31. 48. 48. 49.
0.0450 0. 0. 1. 2. 4. 9. 22. 49. 42. 35. .
0.0470 0. 0. 2. 0. 3. 8. . 15. 37. 32. 23.
0.0490 0. 0. 1. 1. 6. 7. . 15. 41. 55. 47.
0.0510 0. 0. 1. 1. 3; 7. 9. 22. 22. 33.
0.0530 0. 0. 0. 0. 6. 5. 11. 25. 44. 36.
0.0550 0. 0. 0. 0. 4. 1. 3. 23. 23. 27.
0.0570 0. 0. 0. 0. 2. 0. 2. 20. 31. 29.
0.0590 0. 0. 1. 1. 0. 6. 4. 14. 24. 33. ..
0.0610 0. 0. 1. 1. 4. 1. 2. 14. 25. 32.
0.0630 0. 0. 1.. 1. 1. 9. 3. 17. 28. 23. .
0.0650 0. 0. 0. 0. 1. 1. 1. 3. 20. 16.
0.0670 0. 0. 0. 0. 0. 1. 0. 9. 14. 18.
0.0690 0. 0. 1. 0. 0. 1. 0. 6 . 12. 21.
0.0710 0. 0. 0. o. 0. 0. 0. 5. 9. 11. .
'0.0730 0. 0. 0. 0. 1. 1. 0. 6. 10. 14.
0.0750 0. 0. o. 0. 0. 1. 0. 5. 9. 15.
0.0770 0. o. 0. 0. 0. 0. 0. 4. 6. 4.
0.0790 0. 0. c. 0. 0. 0. 0. 3. 6. 10.



AMPLITUDE OF LARGE WAVE

WG(LB/5EC) 0.1936 0.1936. 0.1936 0.1936 0.1936 0.1936 0.1936 0.1936 0.1936 0.1936
WLILB/SEC.) 0.0160 0.0280 0.0990 0.0800 0.1260 0.1809 0.2900 0.3500 0.9700 0.5850

CELL D2 02 02 02 02 02 02 02 02 02
FLIM(INCH) ***** OF WAVE PER INTERVAL ***** MQ, OF WAVE PER INTERVAL ***** mq. OF WAVE PER INTERVAL *****

0.01 u 2661. 1569. 909. 66. 38. 33. 26. 11. 9. 5.
0.VU3U 290. 965. 986. 236. 188. 185. 118. 60. 99. 99.
c.{05E 0. 91. 92. 90. 132. 206. 170. 195. 67. 50 .
0.L07j 0. 1. 30. 22. 79. 153. 192. 176. 138. 119.
0.0090 1 0. 0. 20. 13. 31. 67. 1 130. 197. 193. 123.
0.0110 c. 0. 39. 28. 19. 38. 79. 118. 133. 121.
0.0130 0. 0. 99. 31. 29. 29. 39. 89. 106. 99.
C.UlSi. 0. 0. 92. 89. 25. 13. 30. 92. 80. 80.
0.0170 0. 0. 69. 122. 57. 25. 25. 95. 67. 63.
C.U19U u. 0. 59. 151. 68. 29. 29. 20. 33. 92.
0.0210 0. 0. 65. 209. 97. 72. 27. 33. 31. 92.
0.0230 0. 0. 36. 133. 101. 87. 35. 18. 29. 36.
0.J25U 0. G. 91. 98. 195. 109. 98. 29. 29. 29.
O.f27O 0. 0. 19. 81. 181. 192. 81. 39. " 28. 21.
0.0290 0. 0. .. 7. 51. 163. 137. 128. 62. 39. 36.
o. c 31 u 0. . 0. 6. 26. 122. 137. 118. 97. 35. 33.
0.0330 0. 0. 2. 19. 70. 109. 111. 76. 52. 38.
0.(35u 0. 0. 0. 9. 31. 75. ■ 105. 88. 76. 38.
0.037J 0. 0. 1. 3. 25. 67. 100. 109. 50. 95.
C.v390 0. 0. 0. 3. 12. 96. 97. 95. 5 5 e 97.
0 . < A 1 0 0.. ' 0. ■ 0. 0. 8. 18. 57. 58. 98. 96.
0.C93J 0. 0. 0. 0. 6. 13. 29. 36. 99. 39.
0.0953 O’ 0. 0. 0. 9. 12. 19. 38. 53. 55.0.C97O ' 0. 0. 0. 0. 9. 10. 32. 99. 93. 89.
0.0990 0. 0. 0. 0. 9. 7. 17. 50. 82. 80.
0 . > 510 0. 0. 0. 0. 0. 5. 28. 52. 82. 79.
O.(530 0. 0. 0. 0. 0. 7. 19. 99. 69. 80.
0.1'550 0. 0. 0. 0. 0. 9. 19. 37. 67. 77.
0.0570 0. 0. 0. 0. 0. 0. 13. '30. 51. 59.
0.0590 0. 0. 0. 0. 0. 1. 9. 39. 96. 98.
0.3610 0. 0. 0. 0. 0. 3. 3. 15. 32. 53.
C.C63j' 0. 0. 0. 0. 0. 1. 6. 10. 26. 29.
0 . C 6 5 u 0. 0. 0. 0. 0. 0. 0. 9. 12. 11.
0.G67U 0. 0. 0. 0. 0. 0. 0. 1. 9. 5.
0.0690 0. 0. 0. 0. 0. 0. 1. 3. 3. 6.
0.0710 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.
C.C73O 0. 0. 0. 0. 0. 0. 0. 0. 2. 0.
0.075u 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.3770 J. 0. 0. c. 0. 0. 0. 0. 0. 0.
0.0790 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0810 0. 0. 0. 0. 0. 0. . 0. 0. 0. 0.
0.O830 0. 0. 0. 0. 0. 0. 0. 0. c. 0.
O.uR5C 0. 0. 0. 0. 0. ' 0. 0. 0. 0. 0.
0.1.870 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0890 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0910 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. VA

0.0930 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0950 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.097'3 0. 0. c. 0. 0. 0. 0. 0. 0. 0.
0.0990 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.



MAXIMUM OF LARGE WAVE
WG(LB/SEC) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0WL(LB/SEC) 0.0160 0.0280 0.0440 0.0800 0.1260 0. 1800 0.2400 0.3500 0.4700 0.5850

CELL 02 02 02 02 02 02 02 02 02 02FLIM( INCH) ***** NO. OF WAVE PER INTERVAL ***** NO. OF WAVE PER •INTERVAL ***** NO. OF WAVE PER INTERVAL *****
C.0C05 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0015 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0025 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0035 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0.0045 244. 0. 0. 0. 0. 0. 0. 0. 0. 0.0.0055 292. 0. 0. 168. 0. 0. 0. 0. 0. 0.0.0065 458. 0. 0. 87. 69. 0. 0. 0. 0. 0.
O.CC75 380. 546. 0. 42. 64. 72. 0. 0. 0. 0.O.COR5 203. 478. 344. 48. 35. 58. 57. 0. 0. 0.0.0095 60. 392. 203. 31. 21. 27. 55. 0. 0. 0.0.0105 14. 284. 153. 49. 34. 47. . 75. 0. 0. 0.
0.0115 2. 158. 109. 60. 36. 35. 65. 48. 0. 0.
0.0125 1. 110. 80. 44. 30. 36. 46. 122. 0. 0.
0.0135 0. 63. 51. 55. 32. 39. 46. 79. 52. 0.
0.0145 0. 25. 36. 61. 43. 43. 46. 60. 115. 0.
0.0155 0. 25. 41. 55. 34. 30. 39. 57. 69. 87.
0.0165 0. 15. 33. 48. 58. 48. 51. 40. 56. 107.
0.0175 0. 12. 36. 55. 71. 72. 68. 52. 43. 77.0.0185 0. 7. 26. 46. 62. 77. 73. 36. 35. 37.
0.0195 0. 0. 0. 34. 70. 63. 74. 36. 28. 35.
0.0210 0. 9. 47. 36. 58. 55. 82. 37. 30. 19.
0.0230 0. 6. 41. 22. 41. 67. 51. 24. 28. 23.
0.0250 0. 5. 36. 26. 53. 48. 45. 23. 21. 23.0.0270 0. 2. 31. 13. 27. 56. 57. 33. 25. 21.0.0290 0. 0. 31. 12. 36. 34. 45. 17. 18. 12.
0.0310 0. 0. 22. 14. 32. 30. 26. 15. 9. 4.
0.0330 0. 0. 16. 6. 25. 24. 21. 16. 14. 10.0.0350 0. 0. 17. 5. 31. 29. 19. 23. 18. 13.
0.0370 0. 0. 17. 2. 13. 30. 24. 30. 23. 8.
0.0390 0. 0. 12. 3. 14. 30. 28. 23. 12. 16.
0.0410 0. 0. 11. 5. 10.' 24. 36. 32. 22. 19.
0.0430 0. 0. 10. 4. 12. 37. 51. 55. 31. 28.
0.0450 0. 0. 4. 2. 3. 11. 21. 27. 14. 16.
0.0470 0. 0. 2. 3. 8. 24. 46. 59. 52. 25.
0.0490 0. 0. 5. 7. 8. 16. 25. 61. 48. 29.
0.0510 0. 0. 1. 2. 8. 13. 35. 56. 45. 39.
0.0530 0. 0. 2. 0. 4. 9. 32. 90. 71. 72.
0.0550 0. 0. 2. 0. 2. 4. 11. 42. 24. 25.
0.0570 0. 0. 0. 2. 7. 8. 14. 28. 52. 35.
0.0590 0. 0. 0. 0. 4. 6. 10. 42. 42. 37.
0.0610 0. 0. 0. 0. 4. 5. 15. 40. 47. 50.
0.0630 0. 0. 0. 0. 4. 2. 3. 37. 34. 41.
0.0650 0. 0. 1. 2. 2. 4’. 7. 31 . 73. 57.
0.0670 0. 0. 1. 0. 2. 3. 1. 9. 22. 19.
0.0690 0. 0. 1. 1. 2. 5. 5. 31. 43. 65. CT\

O\0.0710 0. 0. 0. 0. 1. 4. 1. 16. 26. 27.
0.0730 0. 0. 0. 0. 0. 1. 0. 2. 9. 18.
0.0750 0. o. 1. ■ 0. 0. 1. 1. 20. 37. 43.
0.0770 0. 0. 0. 0. 0. 1. 0. 6. 13. 6.
0.0790 0. 0. 0. 0. 1. 1. 1. 10. 28. 33.



MAXIMUM OF LARGE WAVE

Wu(LB/SEC) 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0. 1436
WKLB/5EC) 0.016'3 0.0280 0.0440 u.0300 0.1260 0.1800 0.2400 0.3500 0.4700 0.5850

CELL' D2 02 02 02 02 02 02 02 02 02
FLIM(INCH) *»*»* nq. OF WAVE PER INTERVAL ***** |qQe OF WAVE PER INTERVAL ***** mo. OF JAVE PER INTERVAL *****

O.COlu 0. 0. • 0. 0. 0. 0. 0. 0. 0. 0.
O.'JO?) 2710. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.005', 191. 2090. 793. c. 0. 0. 0. 0. 0. 0.
0.00 7'J 0. 479. 126. 307. 0. 0. 0. 0. 0. 0.
0 • 039 j 0. 7. 36. 44. 322. 275. c. 0. 0: 0.
0.0110 0. 0. 23. 15. 104. 249. 257. 0. 0. 0.
0.013C 0. 0. 24. 15. 34. 97. 247. 0. 0. 0.
U . 01 5 J 0. 0. 39. 27. 21. 53. 135. 369. c. 0.
0.017J 0. 0. 49. 56. 23. 24. 80. 209. 155. 0.
0.0190 0. 0. 22. 43. 12. 17. 24. 62. 147. 0.
0.021 ij 0. 0. 59. 120. 36. 7. 29. 90. 218. 161.
0.0?30 0. 0. 57. 165. 61. 22. 20. 59. 132. 222.
0.0250 0. 0. 64. 182. 95. 34. 2b. 42. 97. 147.

■ O’. 02 7'3 0. 0. 41. 154. 99. 82. 26. 30. 53. 94.
0.0290 0. 0. 38. 112. 127. 83. 24. 16. 31. 71.
0.0310 0. 0. 17. 69. . 167., 111. 43. 19. 31. 56.
0.0330 0. 0. 7. 48. 174. 150. 74. 25. 24. 35.
0.0359 0. 0. 5. 28. 131. 138. 115. 23. 21. 29.
0.0373 0. 0. 1. 15. 103. 139.- 123. 48. 21. 21 .
0.0390 0. 0. 0. 6. 45. 104. 131. 81. 30. 18.
O.OAlv' 0. 0. 1. 1. 28. 64. 102. 88. 35. 19.
0.34 3 ) 0. 0. 0. 4. 23. 70. 94. 97. 43. 25.
0.04 5'3 0. 0. 0. 0. 8. 40. 93. 91. 63. 46.
0.0470 0. 0. 0. 0. 7. 13. 66. 109. 64. 43.
0.0490 0. c. 0. 0. 5. 22. 46. 70. 75. 54.
0.051../ 0. 0. 0. 0. 3. 9. 17. 37. 32. 29.
0.053/ 0. 0. 0. 0. 3. 10. 26. 39. 43. 47.
0.0550 3. 0. 0. 0. 3. 10. 21. 46. 43. 39.
0.0573 0. 0. 0. 0. 0. 3. 23. 47. 59. 55.
0.0590 0. 0. 0. 0. 0. 5. 22. 44. 59. 56.
0.0610 0. 0. 0. 0. 0. 4. 13. 43. 84. 82.
0.06 3.) 0. 0. 0. 0. 0. 1. 22. 64. 103. 126.
0 . L 6 5 0 0. 0. 0. 0. 0. 0. 3. 17. 37. 47. .
0.0670 0. 0. 0. 0. 0. 3. 13. 43. 67. 83.
0.0693 0. 0. 0. 0. 0. 1. 9. 20. 52. 75.
0.C710 0. 0. 0. 0. 0. 0. 0. 8. 38. 70.
0.0 73.3 0. 0. 0. 0. 0. 0. 0. 7. 25. s •
O.O75J 0. 0. 0. 0. 0. 0. 0. 1. 8. 5.
0.0773 u. 0. 0. c. 0. 0. 1. 1. 7. 9.
0.C790 u. 0. 0. 0. 0. 0. 0. 0. 3. 11.
0.0810 0. 0. 0. 0. 0. 0. 0. 0. 1. 4.
O.C'83u 0. 0. 0. 0. 0. 0. 0. 0. 1. 0.
0.0850 0. ■ 0. 0. 0. 0. ■ 0. 0. 0. 1. 0.
0.U370 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 5"
0.0.39 9 u • c. 0. u • 0. c. 0. 0. 0. o.
0.0910 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0936 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.095u 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.097U 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0990 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.



***** HISTOGRAM *****

SEPARATION OF LARGE HAVE

WGILB/SEC) 0*0 0.0 0.0 . 0.0 0.0 0.0 ! 0.0 0.0 o.c 0.0

hL(Lb/SEC) 0.C 160 0.0280 0.0440 o.oeco 0.1260 0.1800 1 0.2400 0.3500 0.4700 0.5850
CELL C2 C2 02 02 02 D2 D2 02 1)2 02

TINEISCC) »»*** NO. OF WAVE PER INTERVAL * * * * * mq. OF WAVE PER INTERVAL ***** NO. UF WAVE PER INTERVAL *****
G..J1OO 41* 59. 49. 10. 21. 22. 39. 31. . 5 1.
0. C30::
0 . u b 0 u 104.

175.
268.
321.

136.
156.

67.
76.

62.
58.

88.
84.

116.
154.

14°.
Io3.

121.
14 U •

142 .
124.

C.C-70i' 
0.0900 303.

2 72.
534.
356.

211.
187.

117.
101.

124.
82.

134.
1 14.

236.
153.

225.
176.

2o3.
"164.

2o8.
148.

0.1100 243. 250. 135. 83. 76. 92. 139. 14 1. 135. 141 .
0.1300 162. 153. 114. 73. 77. 108. 141. 121. 118. 1C3.
0.1500 119. 51. 89. 72. 78. 111. 123. 119. I'H'. 100.
0.1700 95 . 5 3. 70. 71. 73. 108. 93. 111. 101. 82 ♦
0.1900 4 7. 26. 46. 52. 68. .8 7. ' 92. 82. 94. 64.
0.2100 35. 11. 53. 59. 58. 70. 67. 66. 66. 68 .
0 - ■'TOO 21. 5. 40. 33. 63. 5C. 55. 51 • 36. 50.
C.250i. 9. 7. 25. 43. 50. 66. 23. 29. 38. 28.
0.2700 3. 1. -30. 32. 43. 41 . : 2i. 17. 24. 22.
0.2900 3.

2.
1 . 17. 26. 39. 17. ; io. 13. 19. 8.

0.3100, 0. 14. . 25. 34. 12. 3. 5. 7. 6.
0.3300 0. 0. 14. 28. 29. 12. 8. 5. 2. 3.
0.350'"' 0. 0. 9. 16. 16. 4. । ■■. 2. 0. 0.
C.3700 I 0. 0. 4. 9. 8. 6. 0. 2. 1. 0.
C. 390' : 0.' 1. 8. 18. 6. 4 . 1 . 0. 1. 1.
0.4101? 0. 0. 4. 9. 2. 0. J. 0. 0. 0 .
0.4300 0 • 0. 4. 8. 2. 0. 0. 0. 0. 0.
u. 4:>0v’ o. c. 0. 5. 0. 0. c. e 0 . 0.
c.4rou 0. 0. 0. 6 e 1. 0. 0. t - . G. 0.
0.4510'. 0. 0. 2. 1. 0. 0. 0. o. 0. 0.
u. •no 0. 0. 2. 4 • 0 . 0. 'V . c. 0. 0.
0.5300 0. 0. 2. 3. 1. G. c. 0. V . 0.
0.5500 0. 0. . 0. 2. 0. 0. 0. 0. G. u.
0.5700 0 • 0. 1. C. c. 0. ..... 0. 0. 0. 0.
o. -190 ;. 0. 0. 0. 1. 0. G. (l. c. 0. 0.
0.5100 0. 0. 0. 0. O'. C. 0. 0. 0. 0.
C.53CC 0. c. 1. 1. 0. C. 0. 0. 0. 0.
C . !.'5O J G. 0. 0. 0. 0. C . 0. 6 • 0. 0.
c. 4'700 0. 0. c. 0. 0. 0. 0. 0. 0. 0.

• 0.6900 0. c. .. 0. .. . 0. 0. 0. ' ■ 0. 0. c. 0.
0.710U 0. 0. 0. c. 0. 0. 0. 0. 0 . 0.
0.7300 0. 0. 0. 0. 0. u. 0. n. 'C . 0 .
0.7500 0. 0. 0. 0. 0. c. r;. L • 0. 0.
0.7700 0. c. 0. u. 0. c. u • V . c. 0.
0.7900 0. 0. c. 0. 0. c. u. I) . 0. 0.
O.flO'J 0. o. 0. c. 0. 0. 0.' 0. 0. 0.
0 . >1300 0. 0. 0. 0 . 0. c. 0. 0. 0. 0.
0. '.'.5 00 0. 0. c. 0. 0. G. 0. 0. 0. 0.
0.3700 G. 0. G. 0. 0. 0. 0. 0. 0 . 0.
0 . '<900 0. 0. c. 0. 0. c. f* 0. 0. 0.
0.9100 0. 0. 0. 0. 0. 0. u« 0. 0. 0.
0.9300 0. 0. 0. 0. 0. 0. 0. " 0. 0. 0.
0.950C 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
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SEPARATIOrj OF LARGE WAVE

WG(LB/SEC) 0.1436 0.1436 0.1436 0.1436 0.1436
WL(LB/SEC) 0.0160 0.0280 0.0440 0.08U0 0*1260

CELL 02 02 02 D2 D2
TIME!SEC) * * * * » NO. OF WAVE PER INTERVAL ***** MQe OF WAVE

O.C1OO 575. 2 73. 86. 40 . 58.
U.C3O'. 1345. 1022. 243. 125. 226.
C.0500 68 9. 610. 174. 128. 14 8.
0.0700 272. 453. 198. 1 76. 2C 7.
0.090C 17. 138. 118. 143. 212.
0 . 110 C 3. 54. 89. 155. 165.
0. 1300 0. 15. 81. 132. 152.
0.1500 0. 10. 62. 101. 126.
U. 1 700 0. 0. 49. 95. 116.
0.1900 0. 1. 44. 101. 81.
0.2100 0. 0. 28. 64 •
G.230V 0. 0. 34. 4 8.
C. 2 5 0 J 0. 0. 27. 45. 23.
0.2 ZOO 0. 0. 17. 25.
0.290.' 0. 0. 26. 13. 5 .
0.3100 0. 0. 17. 7. 3 •
0.330 o 0. 0. 15. 6 • 0 •
0.5500 c. 0. 15. 4. 0.
0.370 J 0. 0. 7. 3. 0 •
0.3900 0. 0. 4. 0. 0.
O.MO'? 0. 0. 17. 0 • 0 •
0.4300 0. 0. 14. 0. 0.
0.450.) 0. 0. 3. 0. 0.
0.4700 0. 0. 7. 0 . 0 .
0.490> 0. 0. 6. u. 0.
0.5100 0. 0. 5. 0. 0.
0.530j 0. 0. 1. 0 • 0 •
0.550c 0. 0. 2. 0 • 0 .
0.5700 0. 0. 2. 0. 0.
0.5900 0. 0. 1. 0. 0 •
0.610.? 0. 0. 2. 0 • 0 •
0.63Ou u. 0. 1. 0. 0 •
0.6500 0. 0. 0.
0.6700 0. 0. 2. 0 • 0 •
0.690O 0. 0. 2. 0.

0 •0.7100 0. 0. 1. 0 •
0.730u 0. 0. 0. 0 . 0 •
0.750.'. 0. c. 1. 0. 0 .
0. 7 70.'. G. 0. 0.
0.7900 0. 0. 0. 0 • 0 •
0.8101 0. 0. 0. 0 • 0 •
O.83CO 0. c. 1. 0. 0 •
0. F50 ■> 0. 0. 0. 0.
0.8700 0. ' 0. 0. 0. 0.
0.590j 0. 0. 0. 0. 0 •
0.9100 0. o. 0. 0. 0 •
0.9300 0. 0. 0. 0 • 0 •
0.950' 0. 0. 0. 0.

0.1436 0.1436 0.1436 0.1436 0.1436
0.1800 0.2409 0.3500 0.4700 0.5850
02 02 02 02 02

PER INTERVAL ***** NO. OF WAVE PER INTERVAL *****
73. 106. 115. 131. 123.

313. 341. 408. 399. 430.
232. • 257. 287. 298. 280. '
270. 297. 335. 380. 351.
208. 229. 239. 226. 244.
202. 179. 191. 169. 170.
152. 151. 133. 133. 118.
136. 126. 103. 83. 72.
94. 91. 55. 46. 37.
59. 67. 39. 25. 18.
41. 40. 21. 11. 8.
25. 20. 12. 1. "2.
22. 16. 6. 0. 0.
7. 2. 1. 0. 0.
5. 1. 0. 1. 0.
1. 1. 0. 0. 0.
0. 0. 0. 0. 0.
0. 1. 0. 0. 0.
0. 0. 0. 0. 0.
0. u . 0 . 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
C'. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.

■ 0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.

’0. 0. 0. 0. 0.
c. 0. 0. 0. 0.
0. 0. 0. 0. o. Os
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.



**»»* HiSTOGilAf' *****

BASE OF LASGE hAVE

kG(LB/SEC) 0.0 0.0 0.0 . 0.0 o.c 0.0 0.0 0.0 o.c c.o
hit LB/5EC) 0.C160 0.0280 0.0440 0.0800 0.1260 0.1800 0.2400 0.3500 0.4 700 0.5650

CELL C2 02 02 02 02 02 02 02 02 02
TIKE(SEC) ***** MC. OF HAVE PER INTERVAL * * * * * NO. OF WAVE PER INTERVAL ***** rjo . UF WAVE PER INTERVAL *****

C.C1OO 50. ' 44. 35. 13. 1 5 . 32. 57. 73. 87. 111.
0.0300 82. 266. 157. 72. 79. 79. 131. 194. 199. 181.
C.0500 181 . 543. 273. 127. 108. 138. 224. 3 1S. 2 76 . 313.
O.C ZOC 356. 635. 319. 173. 138. 199. 340. 3 F 1. 3E3. 380.
0.0900 335. 320. 218. 156. 148 . 211. 209. 258. 2 75. 210.
0.1100 2 34. 18C. 128. 1-j6. 165. 174. 214. 14 7. 1 36. 106.
0.1300 167. 94. 109. 119. 168. 173. ' 122. 78. 42. 35.
0. 1500 114. 36. 75. 90. 112. 102. 65. 33. 25. 9.
0.1700 61. 10. 42. 54. 69. 68. . 23. 14. 4 • 3.
C.1900 33. 6. 28. 40. 39. 33. 25. 4 . 1 . 1 .
0.2100 14. 2. 18. 22. 18. 13. 9. 3. 0. 0.
0.2300 13. 0. 14. 15. 8. 6. 2. 0. C. 0.
0.2500 6. 1. 3. 8. 3. 2. 0. 0. G. 0.
0.2700 6. 0. 1. 4. 1. 0. 0. 0. 0. 0.
0.2900 1. 0. 2. 1. .0. 0. 0. 0. U. 0.
0.3100 0. 0. 0. 0. 0. 0. 0. c. 0. 0.
0.3300 1. c. 1. 0. 0. C. c. c. 0. 0.
0.3500 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.3700 0. 0. c. G. 0 • 0. n. C‘. V • c.
0.3900 0. 0. 0. 0. 0 • 0. 0. 1"-. 0. 0 .
0.4100 0. 0. 0. 0. 0. 0. 0. sJ • 0. 0.
0.4300 0 . 0. 0. 0. 0. 0. 0. 0. c. 0.
0.4500 0. n. 0. 0. 0. 0. u. 0. 0. 0.

h'.,( LB/SFC ) 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436 0.1436
hL(LB/SEC) 0.0160 0.0280 0.0440 0.0800 0.1260 0.1800 0.2400 0.3500 0.4700 0.5850

CELL 02 02 02 02 02 02 02 02 02 02
TIME(SEC) ***** OF WAVE PER INTERVAL ***** nq. OF WAVE PER INTERVAL ***** NO. OF WAVE PER INTERVAL *****

U . c 1 0 "? 762. 396. 82. 33. 48. 94. 148. 218. 267. 314.
0.030./ 1624. 1293. 388. 204. 342. 461. 548. 632. 614. 572.
C.C50 > 4 55. 6u9. 390. 38 7. 496. 6G2. 642. 615. 593. 598.
0.G70) 57. 204. 2 82. 399. 428. 4 54. 379. 356. 333. 284.
0.0900 3. 57. 138. 231. 216. 171. 146. 93. 75. 73.
C.110G 0. 15. 77. 101. 74. 41. 47. 26. 17. 10.
0.1303 0. 1. 29. 37. 27. 15. 11. 4. 4. 2.
0. 150., 0. 1. 11. 16. 1. 2. 3. 1. 0. 0.
0.170.. 0. 0. 4. 3. 2. 0. 1. 0. 0. 0.
0.190u 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.2100 0. 0. 1. 0. 0. 0. 0. 0. 0. 0.
0.230'J 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.2500 0. 0. 0. 0. 0. , 0. 0. 0. 0. 0.
0.2700 o; u. 0. 0. 0. 0. 0. 0. 0. 0.
0.290-0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. -p-
0.310? 0. c. 0. G. 0. c. 0. 0. 0. °* o
0.3300 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. °
0.3500 G. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.3700 0. 0. ■ 0. 0. 0. 0. 0. 0. 0. 0.
0.39GU 0. 0. . 0. 0. 0. 0. 0. 0. c. 0.



d-5

HISTOGRAM OF WAVE PARAMETERS OF THE SMALL WAVES

amplitude of SMALL WAVE~~—
WGILB/SEC) 0.0 0.0 0.0
WL(LB/SEC) 0.0160 0.0280 0.0440 x

CELL D2 • D2 D2
FLIM(INCH) NQ, OF WAVE PER INTERVAL *****

0.0005 401. 130. 209.
0.0015 9. 495. 708.
0.0025 0. 65. 200.
0.0035 0. 29. 117.
0.0045 0. 1. 20.
0.0055 0. 0. 0.

WGILB/SEC) 0.0 0.0 0.0
WL(LBZSEC) C.0800 0.1260 0.1800

CELL D2 D2 D2
FLIM(INCH) ***** no. OF WAVE PER INTERVAL *****

0.0005 202. 223. 234.
0.0015 779. 745. 669.
0.0025 247. 234. 228.
0.0035 177. 201. 178.
0.0045 59. 53. 75.
0.0055 28. 22. 33.
0.0065 9. 21. 17.
0.0075 0 . 3. 8.
0.0085 0. o. 10.
0.0095 0. 0. 0.

WGILB/SEC) 0.0 0.0 0.0 0.0
WLILB/SEC) 0.2400 0.3500 0.4700 0.5850

CELL 02 D2 02 02
FLIP!INCH) ***** NO. OF WAVE PER INTERVAL *****

0.0005 165. 159. 123. 106.
0.0015 552. 669. 628. 562.
0.0025 230. 359. 413. 381.
0.0035 198. 411. 485. 517.
0.0045 96. 199. 248. 319.
0.0055 60. 126. 192. 236.
0.0065 37. 155. 232. 303.
0.0075 19. 46. 81. 132.
0.0085 12. 52. 116. 108.
0.0095 4. 18. 34. 57.
0.0105 3. 18. 33. 48.
0.0115 0. 4. 15. 32.
0.C125 0. 9. 15. 20.
0.0135 0. 2. 6. 14.
0.0145 0. 0. 8. 6 .
0.0155 0. 1. 4. 11.
0.0165 0. 0. 0. 4.
0.0175 0. 0. 1. 2.
0.0185 0. 0. 0. 0.

AMPLITUDE OF SMALL WAVE

WGILB/SEC) 0.1436 0.1436 0.1436
WLILB/SEC) 0.0160 0.0280 0.0440

CELL D2 02 02
FLIMIINCH) * * * * * NO. OF WAVE PER INTERVAL *****

0.0005 1463. 1421. 1204.
0.6015 0. 84. I486.
0.0025 0. 0. 250.
0.0035 0. 0. 0.
0.0045 0. 0. 0.
0.0055 0. 0. 0.

WGILB/SEC) 0.1435 0.1436 0.1436
WLILB/SEC) 0.0800 0.1260 0.1800

CELL 02 02 02
FLIMIINCH) **«** no. OF WAVE PER INTERVAL *****

0.0005 841. 410. 332.
0.0015 1433. 1372. 1305.
0.0025 247. 369. 386.
0.0035 10. 190. 317.
0.0045 0. 22. 41.
0.0055 0. 0. 17.
0.0065 0. 0. 0.
0.0075 0. 0. 0.
0.0085 0. 0. 0.
0.0095 0. 0. 0.

WGILB/SEC) 0.1436 0.1436 0.1436 0.1436
WLILB/SEC) 0.2400 0.3500 0.4700 0.5850

CELL D2 D2 D2 D2
FLIMIINCH) ***** NO . OF WAVE PER INTERVAL *****

0.0005 246. 155. 108. 65.
0.0015 1075. 760. 559. 447.
0.9025 439. 413. 387. 350.
0.0035 446. 536. 489. 458.
0.0045 118. 257. 278. 299.
0.0055 78. 121. 181. 216.
0.0065 37. 122. 186. 240.
0.0075 G • 45. 80. 132.
'0.0085 0. 20. 71. 127.
0.0095 0. 5. 27. 46.
0.0105 0. 0. 17. 54.
0.0115 0. 0. 3. 12.
0.0125 0. 0. 0. 18.
0.0135 0. 0. 0. 4.
0.0145 0. 0. 0. 0.
0.0155 0. 0. 0. 0.
0.0165 0. 0. 0. 0.
0.0175 0. 0. 0. 0.
0.0185 0. 0. 0. 0.



TA.nLE D-5 (continued)

BASE OF SMALL WAVEBASE OF SMALL kAVE

WG(LPVSrC) o.c 0.0 O.G WG(LB/SEC) C.1436 0.1436 0.1436
WL(LB/SEC) C.0160 0.C280 0.0440 WLILB/SEC) 0.0160 0.0280 0.0440

CELL C2 C2 D2 CELL 02 02 02
TIME(SEC) ***** NO. OF WAVE PER INTERVAL ***** TIMEISFC) ***** NO. OF WAVE PER INTERVAL *****

O.C1OC 233. 197. 309. 0.0100 1396. 1233. 809.
0.0300 92. 265. 362. 0.0300 67. 270. 1366.
0.C500 41. 156. 330. 0.0500 0. 2. 585.
C.C70C 28. 84. 167. 0.0700 0. 0. 147.
0.0900 6. 13. 56. 0.0900 0. 0. 28.
0.1100 5. 4. 22. 0.1100 0. 0. 5.
0.1300 1. 7. 0.1300 0. 0. 0.
C. 1500 1. 0. 0. 0.1500 0. 0. 0.
0.1700 1. 0. 1. 0.170 ) 0. 0. 0.
C.1900 0. 0. 0. 0.1900 u. 0. 0.
0.2100 1. 0. 0. 0.2100 0. 0. 0.
0.2300 0. 0. 0. 0.2300 0. 0. 0.

WGtLh/SEC) o.c o.c C.O WG(LB/SEC) C.1436 0.1436 0.1436
WL(LB/S£C) O.OdCO 0.1260 0.19CO WLILB/SEC) O.OtiOO 0.1260 0.1800

CELL G2 C2 1)2 CELL 02 02 02
TIMEISCC) fi«**** NQ. OF WAVE PER INTERVAL ***** TI ME(S t C) ***** no. OF WAVE PER INTERVAL *****

0.0100 273. 3 16. 380. 0.0100 755. 686. 784.
C.0300 505. 5 14. 547. 0.0300 1164. 1044. 1042.
C 00 371. 388. 3 20. O.l-BO? 412. 446. 428.
C.C70C 225. 2 15. 15C. 0.0700 147. 156. 121.
0.0900 94. 51. 42. 0.U900 25. 27. 21.
0. HOC 22. 16. 12. 0.1100 6. 4. 1.
0.130C 11. 1. 1. 0.1300 1. 0. 1.
0.1 500 0. 1. C. 0.150 J 1. 0. 0.
0.1700 G. 0. 0. 0.170’j 0. 0. 0.

hGlLH/SEC) O.<' 0.6 0.0 0 • 0 WGI LB/SEC) 0.1436 0.14 3/' 0.1436 0.1436
WL(LO/SEC ) 0.24GO 0.3500 0.4700 0 .5850, WLILB/SEC) 0.2400 0.3500 0.4700 0.5850

. CELL D2 02 02 02 CELL 02 02 02 02
TIME(SEC) 4$ lie o1. OF WAVE PER INTERVAL ***** TIME(SEC) ***** NO. OF WAVE PER INTERVAL *****

0.0100 '.07. 819. 1123. 1488 . O.CIOC 840. 1073. 1210. 1423.
C.C30U 60 3. 96 8. 1C95. 1081. 0.030C 1088. 1038. 986. 939.
0.0500 27 7. 316. 321. 241. 0.C50G 396. 270. 176. 99.
0.0700 126. 101. 75. 45. 0.U700 97. 52. 14. 7.
C.C900 27. 18. 19. 3. , 0.0900 20. 1. 0. 0.
0.1100 7. 6. 1 • o. 0.110C ' 4. 0. 0. 0.
0.1300 0. 0. 0. o. 0.1300 0. 0. 0. 0.
0.1500 2. 0. 0. 0. 0.1500 0. 0. 0. 0.
0.1700 0. 0. 0. 0. 0.1700 0. 0. 0. 0.



***** histogram *****

AMPLITUDE OF SMALL WAVE ON LARGE WAVE

kGlLB/StC) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WL(LB/SEC) 0.0160 0.0280 0.0440 0.0800 0.1260 0.1800 0.2400 0.3500 0.4700 0.5850

CELL 02 02 02 02 02 02 02 02 02 02
FLIMIINCH) ***** no. OF hAVE PER INTERVAL***** no. OF WAVE PER INTERVAL ***** NO. OF WAVE PER INTERVAL *****

0.C005 21. 5. 19. 16. 21. 12. 80. 49. 29. 26.
0.0015 143. 86. 80. 63. ■ 77. 68. 115. 98. 96. 66.
0.C025 61. 67. 64. 44. ^8. 47. 89. 98. 76. 70.
0.003 5 26. 114. 102. 75. 62. 66. 88. 95. 89. 75.
0.0045 1. 16. 57. 46. 45. 38. 95. 104. 103. 72.
0.0055 2. 5. 25. 46. 31. 40. 101. 99. 79. 69.
0.0065 0. 6. 44. 56. 66. 57. 82. 70. 71. 53.
0.C075 0. 0. 18. 35. 29. 42. 68. 47. 49. 53.
0.0036 0. 1. 29. 35. 41. 63. 76. 37. 40. 40.
0.0095 0. 0. 8. 29. 37. 39. 23. 31. 27. 31.
0.0105 0. 2. 13. 38. 53. 60. 29. 28. 31. 21.
0.Cl 1 5 0. 0. 4. 23. 27. 28. 18. 27. 22. 34.
0.0125 0. 0. 9. 29. 56. 52. 15. 22. 24. 21.
0.0135 0. 0. 0. 8. 27. 24. 6. 27. 38. 28.
0.C145 0. 0. 3. 11. 27. 22. 7. 20. 26. 19.
0.0155 0. 0. 4. 17. . 33. 39. 2. 21. 28. 22.
0.0165 0. 0. 2. 9. 18. 28. 2. 12. 21. 17.
0.0175 0. 0. 1. 7. 30. 30. 1. 11. 12. 17.
0.0185 0. 0. 0. 5. 10. 15. 3. 9. 19. 16.
0 . C19 5 0. 0. 1. 2. 12. 11. 1. 6. 13. 16.
C.C210 0. 0. 1. 2. 19. 27. 0. 4. 7. 8.
G.C230 0. 0. 1. 7. 6. . 25. . 0. 4. 8. 9.
0.0250 0. 0. 0. 0. 3. 9. 0. 4. 6. 9.
0.0270 0. 0. 0. 2. 0. 4. 1. 2. 9. 6.
0.C290 0. 0. 1. 1. • 2. 2. 0. 2. 1. 1.
0.0310 . 0. 0. 0. 0. 2. 3. 0. 1. 2. 3.
0.0330 G. 0. 0. 0. 0. 2. 0. 0. 3. 0.
0.0350 0. 0. 0. 0. . . ... 0. ... . . 0 . .-. . . 0. 1. 0. 1.
0.0370 0. 0. 0. 0. 0. 0. 0. 1. 1. 0. .
0.0390 0. 0. 0. 0. 0. 1. 0. 0. 0. 2.
C.C410 0. 0. 0. 0. 0. 0. 0. 1. 0. 0.
0.0430 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.
0.0450 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0470 0. 0. 0. _ . 0. . 0. . .. 0. ... 0. 0. 0. 0.
0.0490 0. 0. 0. 0. 0. 0. . 0. 0. 0. 0.
0.0510 0. 0. 0. 0. 0.' 0. 0. 0. 0. 0.
0.0530 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.C550 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.
0.0570 0. 0. 0. 0. 0. 0. - 0. 0. 0. 0.
0.0590 0. 0. 0. 0. 0. 0. . 0. 0. 0. 0.
0.C61C 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.C630 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0650 ■ 0. 0. c. 0. 0. 0. 0. 0. 0. 0.
0.0670 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.C690 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0710 0. 0. 0. 0. 0. 0. 0. 0. . 0. . 0.
0.0730 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0750 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0770 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0.0790 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.



APPEI\TDIX E
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DERIVATION OF RANDOM WAVE MODEL
1. TICK’S RANDOM WAVE MODEL

Considering the gravity waves of the infinite crested 
in the infinite depth, the equations of motion for an 
irrotatlonal fluid are

4^ x jc — ® — ~ —' - ( u - 1)

y = ---------------— — CE-2)
The boundary conditions are

<{> ^ ►- O ctz) 00------- --------- (E-S)

= <P ot q------------------Ce-^)

p=o ox ^=rx - — — _ _ (E-5)

where (^ (x,y,t) is a velocity potential.
Assuming the q> and are stationary random processes 

and can be separated as

_____________________________ (E_G)\X- o)

where and Q0'’ are the solution of the linear approximation 
of the equation, and c^^and ^^^are the nonlinear correction 

terms on the solution.

— DO

The solution of linear approximation will be



^75

A where d has the following properties
< d 4 luo") d (u3x) ^> — s <ui> d id I £ to = d _

5 J -----(fc )
O \ uO 4" uJ

The linear part of spectrum will be

s^-)
oAnd. the nonlinear solutions are

where

— — — — ----- — — CE-dO)
—Do - cx>

where

(.u)v mo'") - - l j <a>/') (.<-O-V'a2>/)

Under the assumption of the Gaussiam processes the 
nonlinear part of spectrum are

-v c<?
Sk\^= “I S°\co-» S°OOel>

— Qo
CE-'O

H VALlo-^^*)

where
V< = H3" Oj
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2. TRANSFORMATION OF THE SET OF EQUATIONS (VII-27) —(VII-
33) INTO THE SET OF EQUATIONS (VII-3A) ^(VII-38)
By differentiating equation (VII-2?) with respect to

and differentiating equation (VII-28) with respect to t, 
the equations "become

fie 1 ^10 __ I P& , 3 _L_,\ xir_ v)C V"cx X\ 4 la- c = 0------

& J- v A_ (4-1
4 C ' t'y C2- itttr. 1 1 c

1
The above equation (E-13) times the factor —— and add 

to equation (E-12), the result will be the basic equation 
(VII-3A).

For the boundary conditions at y = 0, differentiating the 
equations (VII-3D and (VII-32) with respect to t,one obtains

— CD —2_ V) \\ y-, <0 _ ~

Substituting the equation (VII-2?) Into equation (E-15), 
the equation becomes

I t-L'y A c. X F -yr- We C5

Now let's make the following addition and subtraction-
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a y x >

one obtains equation (VII-37)•
(b) xvb‘ x 5? Lsa--3S} -t- x ce-vO ,

one obtains equation (VII-38).
./V t,'> 3« THE SOLUTION OF V in EQUATION (VII-43)

By substituting equations (VII-39) and (VII-41) into 
the equations (VII-35), (VII-36) and (VII-37), one obtains 
the following three equations ;

O, A <>z 0 tti A CU A
■e t e dAi-v-Q dAi, +■ -e d = o - - - — ce 

cxxec'‘d^, -t ___ (£_^)

\-A iQt ) vo^ A\ ■+ VA dA2-t VA (

-v k-A cA A^ =0 — — -- — --

where = l [31--X) -=b .. A

AEliminating the terms dAx from the above three equations, 
the set of equations become

_  A /s /\ _
v\5 kAx^V'') dAz -X- YB -V V€> c\A^ =o--- Ifc-So't

C. aAz "t \~ c Ccx^^vo') dA», "V V"C (, Ct ivb td A^— c> — - (,\z~2.\3

'where YB y > 'j = <qx - Q te&? y = a, 5

VC Ccx^ > =r vA
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One further eliminates the dAg from the above two equations, 
the result becomes

- Vb\ icbj d ------ -----------------

■where A A
d (vo-) —■ d A^.

F1D(O^,U^

T2d = "VC (.cxz>vo') VB - Fv Cdx^b-

V C (.OpM.j')

Substituting the equation (E-22) Into equation (E-20), one 
.obtains

dAz - Fli dG^Ud)--------------------------(£_^x

where
Fla o.i? b4V3-) — - vb( o^vxos) • VLt ,-c\l; oljjc^jLo')

- ¥8 <cx^v>) \ /ve>

Substituting again the equations (E-22) and (E-23) Into 
equation (E-l?), one has

d A\ - V-Lx, (, CxXj Qi — — —.   (^e-2^')

where
Gls, ( Oj J Cki , '^»,,C\Avvo') = | _ vlv (.q,3 cxx^ Q1vu>b

— viz. Qx, e-9'
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Substituting equations (E-22), (E-23)» and (E-24) back 
into equation (VII-^1), one will have the equation (VII-^2)

• FORMULATION OF THE NONLINEAR SOLUTION
In the boundary condition (VTI-5^), the term can

be obtained from equation (VII-28) as

=- IRe, vp a --------CE-55>— rx>

where
u \e,c’v

p. 1. ny-cn
ac <c 'J t-

the solution can be expressed as
OiP f
r- C .
- ) J K ------- tE-RG>3

where
-1_ | ^^v/, o'? -v

The process to eliminate \u'land in the set of equations 

can be done in the similar manner as the linear part of solution. 
The set of equations (VII-53)» (VII-5^) and (VII-55) become

u j^CvDi-d)4 -vo —\O j ( 1^-t-uV
Ci V V -f V cL c V p

-T:<n -C. .Voy'd"? _^£ej. —ib Uci J p—u,uif
cs V j n — v- = -- LJ p^3-

--------------- i£-^n
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Boundary conditions are

— ^=o \ — — - —
J---- -- — — " - Cu-2^)

-A-C k WeC «V) C \ c V^v^J.

---tv-SO

, x , .___ J. x . , va-i ilvotk) ) —1>-> \ ( ,.x , ,..
V Ivo-t-w> >1' K -— Y~ - —— V\c\

HC) cxT ^---

The above set of equations is a fourth order complex 
linear ordinary differential equation with four linear 
boundary conditions. The function V^can be solved at 

least by numerical method.
A (.x-)

The auto-correlation of 'B. will be

S^Sje shmhv>
=lQl*x«Xxx'>-------
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Under the assumption of Gaussian processes, one can
A

evaluate the above fourth moment of dG() as:

— ijOj?) 5 <( cl cl<^

"x d Q olQ^ (ids') / <S d (lOx')

*t ©\ (io^)5 <<Avci') <=C'c^-!')>-------------- (.E-35)

and, the spectrum of H (T-'J can also be obtained in the 
similar way as the linear solution, once the auto-correlation 

) is evaluated.
By the properties of the Gaussian processes, the auto­

correlation and the spectrum of
A A (ii A QA
YX^ = -v

will be

R V's') ~ -V ---- ------
S Qic')= S (io) — — — — (.£ —5 S3
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APPENDIX F 
DERIVATION OF EXTENSION OF TELLES* MODEL

1. DERIVATION IN SECTION 3-1 OF CHAPTER VII (HORTON'S
METHOD).
For a shot -noise process

Too
- YVIU> = -f 5

= -VtV^o — — — — — _ _

= <f Yv^t.-r1:V> -fr-ar-VYY^vn,
— t*1 — <X> ' *
-t Wl L

~ 4" S Vn(Ft'S)Vn(,T.’)dT. -V C^VMo')n-^V^wovvlL"v’M^-

— — —------------------

vnQtt-'S^vn^^r = X, Z CvV-Q—'j-----------

From the above three equations, the equations(VII-61) 
and (VII-62) directly follow. The equation (VII-66) Is 
equivalent to the following p*l equations

d = V^to^

t ' / u

~ -vYAj.2" y__________

1, z / / / / z
aC= ^vvtb w^— wv^.-viYv\z
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The above set of equations are nonlinear equations, it 
is obvious that the higher order approximation will give a
trlmendous difficulty to solve mQ, m^» -----  ^p* Assuming
m2* = m3* = m4* =----- — 0, the equation (VII-67) is obtained
from equation (F-5)•
2. TELLES' SOLUTION

As mentioned in Chapter VII, Telles applied the quasi­
linearization on the equation of motion of the first iteration.
The solution was obtained based on the following equations.

(.x') - — —-----------

-fu -- ------------------
His results are 

oL .------

icTn ) — —-------k \
3. PRESENT SOLUTION

Given the equation (VII-88), the equation (VII-83) 
becomes -

'since

— 00

-----Oo
/2

1

_L
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*the above equations "become

| -£/'•*S-F"»- fu-f. +- -fu -f-_-V^j = icAU ' »
and, the equation (VII-84) will be the set of equations as

<Ju = O<J,>I = O

d&j = o <JU= - ^/p b

cJo.Jlo.
^el'T

C^Li =

o = o

<=>/»5 = ^ir= _ -aZ. e>cZ । 
5'o^-t>

s
t 1
i *
K
s
s 1.

(V -15)

-The equations (VII-85)- and (yiI-86) become
^•Do TC,,00G'r(»= S 4-\ .- 00 oo 1

r> f^00 ii -t'O1 I
_Jo» C -ftX'X) 5iVAt dx Y--^--T oo

-t-Oo
- S-To = j _poJ H, a X /

(1) If equation (VII-90) is assumed and
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the above equation (F-12) will give

. and equation (VII-91)

S 5o 2-1 H' dX “

(11) If equation (VII-92) is assumed and

VieWWs-

The equation (VII-93) is followed from the

- Cv-\55

----------

above equations.


