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ABSTRACT 

Physiological effects from long-term exposure in partial-gravity environments is 

one of the most concerning areas of spaceflight. Sustaining a long-duration, manned 

mission on the surface of Mars requires countermeasures to maintain physical fitness 

and wellbeing. Currently, astronauts on long-duration missions such as aboard the 

International Space Station (ISS) are required to exercise for about 2-3 hours per day 

to minimize bone and muscle loss [1][2]. As astronauts venture deeper into space and 

eventually on the surface of Mars, exercise regimes become even more complex. It is 

not known how humans will acclimate to the partial gravity environment of Mars as 

missions to the planet have yet to occur. The Apollo missions of the 60s and 70s did 

not provide sufficient information about long-term exposure of the Moon’s gravity. 

Nevertheless, an effective solution is required that can (1) provide effective exercises 

and (2) provide a means of recovery from strenuous and enduring surface activities. 

Aquatic therapy as a low-cost, effective solution to meet the needs of crew 

sustainment on Mars for conditioning and recovery with minimum detriments to the 

human body. The Aquapod is a tool that utilizes aquatic exercises for maintaining 

physical health and offers a lightweight, unique design that is both adaptable to 

surface habitat designs. It uses water stored in the habitat that has been extracted from 

the Martian surface. The purpose of this research was to show that aquatic therapy 

could be a more optimal tool for exercise compared to traditional methods and that its 

widely known purpose on Earth could be translated to Mars. The research also looked 

into the design requirements for maintaining a clean and contained environment to 
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prevent issues such as contamination and water loss. This research emphasized three 

key areas of design: exercise performance requirements, habitat compatibility 

requirements, and overall design requirements. The Aquapod is a standalone system 

that is essential to the crew’s health and well-being during their time on Mars. While it 

was designed to be an all-in-one aquatic therapy unit, it is a system that could be 

integrated into any habitat design. 
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NOMENCLATURE 

 

Bo Bond number  

𝐶𝐷 Drag coefficient 

𝐷 Fluid drag [N] 

𝑑0 Radius of curvature [m] 

𝐹𝑏 Buoyancy [N] 
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𝑣  Velocity [m/s] 

𝑉𝑚𝑎𝑥 Maximum volume [m3] 

𝑉 Volume [m3] 

�̇� Volumetric flow rate [m3/s] 
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1. INTRODUCTION 

Since the early beginnings of the space program, the challenge has always been to 

keep astronauts physically and mentally healthy through the entire mission. As 

mission duration increased, so did the challenges of maintaining the human body in 

space; and for that matter in a new world where the primary concern is the 

gravitational pull. The Apollo and Skylab missions have given a little taste for how the 

human body will change and adapt to the unknowns of an extraterrestrial environment. 

The long-duration International Space Station (ISS) Expedition missions has provided 

more information about the changes in all systems of the human body through 

experimentation. The many missions to Low-Earth Orbit (LEO) has provided data that 

can be classified into five areas of risk according to medical experts at NASA’s 

Human Research Program (HRP): Altered Gravity Field, Radiation, Hostile/Closed 

Environment, Distance from Earth, and Isolation (Fig. 1). 
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Fig. 1. The five human risks identified by HRP [3].  

 

The risks that have been circled in red relate directly to this research and are issues 

the exercise solution worked to mitigate. This challenge is boosted by the fact that 

every individual exposed to the new environment will have different levels of change 

and adaptation, some being more severe than others. There is empirical information 

that supports this claim; however, more data coming from ongoing missions does not 

add to the solution of predicting the effects on the human body. After spending 340 

days in space, now retired astronaut Scott Kelly recalled his recovery experience on 

Earth by saying that “every part of my body hurts. All of my joints and all of my 

muscles are protesting the crushing pressure of gravity”. Kelly went on to say “when I 

am finally vertical [from being at rest in bed], the pain in my legs is awful…they [his 

legs] are swollen and alien stumps, not legs at all” [4].   



 

3 

 

The wide range in response and adaptation is expected be the same once on the 

surface Mars. There are plenty of factors to consider including age, body type, and 

prior experience in space, if any, that contribute to the long-term physical health of a 

person once on the surface of Mars. The challenge thus far has been to develop a 

solution that could accommodate a diverse group of individuals who will need to 

spend time recovering from a 400-day transit through space and will need to support 

and maintain their physiological health and wellbeing for the next 500 days on the 

surface of Mars [5]. 
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2. RESEARCH SCOPE 

The area of focus was on the design and implementation of an aquatic exercise 

tool. This included details into its structure, features, and operation. Additionally, 

emphasis was placed on how adaptable the design could be to habitat layouts. This 

work was concluded with recommendations for designing an aquatic therapy exercise 

tool for any habitat design. 

The following list identified topics that were out of scope which either have been 

generalized as am assumption or would branch out to other areas of research: 

• Fluid mechanics in partial gravity 

• Mechanical and electrical system complexities 

• Risks and emergencies 

• Detailed physiological and psychological benefits of water 

• ISRU technology for water extraction 
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3. CURRENT EXERCISE CHALLENGES 

Addressing physiological needs in spaceflight is an integral part of the entire 

endeavor to put humans on Mars. This need has been backed by the vision and 

mission stated in NASA’s Strategic Plan Framework (Fig.2).  

 

 
 

Fig. 2. NASA’s Vision, Mission, and a snippet of the related Goal and Objective [6]. 

 

HRP specifically states that the main goal is “to provide human health and 

performance countermeasures, knowledge, technologies, and tools to enable safe, 

reliable, and productive human space exploration” [7]. The following are the HRP 

specific objectives: 

1. Develop capabilities, necessary countermeasures, and technologies in support 

of human space exploration, focusing on mitigating the highest risks to crew 

health and performance. Enable the definition and improvement of human 

spaceflight medical, environmental and human factors standards. 
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2. Develop technologies that serve to reduce medical and environmental risks, to 

reduce human systems resource requirements (mass, volume, power, data, 

etc.), and to ensure effective human-system integration across exploration 

mission systems. 

3. Ensure maintenance of Agency core competencies necessary to enable risk 

reduction in the following areas: space medicine; physiological and behavioral 

effects of long-duration spaceflight on the human body; space environmental 

effects (including radiation) on human health and performance; and space 

human factors. 

 

Additionally, aquatic therapy and the Aquapod concept attempted to target the 

knowledge gaps addressed by HRP. The first two gaps address the needs for the 

musculoskeletal system: 

• M7: Develop the most efficient and effective exercise program for the 

maintenance of muscle function.  

• B15: What exercise protocols are necessary to maintain skeletal health and can 

exercise hardware be designed to provide these? 

The second two gaps are more specific that branch off the gaps M7 and B15.  

• A7: Develop the most efficient and effective exercise program for the 

maintenance of VO2 standards. 

• Osteo 7: We need to identify options for mitigating early onset osteoporosis 

before, during and after spaceflight. 
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Maintaining crew health in space has been done with specially built exercise 

equipment as seen on the ISS. “Exercise prescriptions have been developed that crews 

follow rigorously. A blend of resistive and cardiovascular exercise along with diet has 

made good progress towards reducing the negative effects of long duration space 

flight. Heavy loading of large bone-muscle groups in the form of "weightlifting 

squats" using a resistive exercise machine with loadings as high as 260 kilograms have 

significantly reduced bone and muscle degradation. Typically, crews will perform 

heavy exercise for 2 hours a day” [8]. The exercise equipment aboard the ISS was 

specifically designed to operate in microgravity as shown in (Fig.3). 

 

 
 

Fig. 3. Examples of astronauts exercising in space (NASA). 

 

Assuming that daily routine remains roughly consistent during transit to Mars, the 

challenge now becomes how to recover and recondition the human body once on the 

surface. In the ISS missions, the recovery process upon return to Earth is aided by a 

recovery team in Kazakhstan followed by rehabilitation conducted by doctors and 

physical therapists at the Johnson Space Center. The necessity of having assistance is 
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not provided once on the Martian surface. The crew would have to rely on themselves 

through some self-guided set of procedures to carefully diagnose and perform the 

necessary treatments without live communication with Earth. In general, the crew will 

not be at a hundred percent capacity physically or functionally thereby increasing the 

difficulty of recovery and conditioning. Research has shown long periods of time 

spent in space increases risk for health problems related to the musculoskeletal system. 

“Accelerated bone loss in crew members in space is a well-recognized effect of 

weightlessness on the skeletal system and a critical risk factor for the early onset of 

osteoporosis after return to Earth” [9]. Increased risk leads to being more injury-prone 

and increased level of fragility upon arrival. In spite of the fact that the mission now 

takes place on a world with three-eighths of Earth’s gravity and that the physical 

effects may not be as “bad” as compared to arriving back on Earth, the crew is on their 

own and will need to assess all health issues. Nonetheless, being on Mars is a so far, a 

complete unknown.  

 

An equally important part of exercise challenges is the consideration of astronauts’ 

ages. “Selectee ages over the eight selections spanning 1959 through 2013 have had an 

average age of approximately 34, with qualified applicant ages spanning a 

significantly greater age range” [10]. However, the older the person, the greater the 

risk during physical activities. “Strength peaks around 25 years of age, plateaus 

through 35 or 40 years of age, and then shows an accelerating decline, with 25% loss 

of peak force by the age of 65 years” [11]. Maintaining the human body overtime 
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becomes a gradual delicate process because of the decline in performance. A middle-

aged person is more at risk of injury from weight training and high-impact-based 

exercises such as cardio. In general, risk of injury increases with more complex 

exercises that involve heavier weights, using advanced exercise machines and 

techniques, or exercises where a spotter should be required for assistance. Specifically, 

there are three general forms of exercises that either pose risk of injury to the body or 

do not fully satisfy all exercise needs.  

 

Weight Lifting 

Clearly, this exercise primarily works on building or maintaining muscle mass. 

Certain exercises have calorie burning benefits such as ones that require less weight 

but more repetitions with short recovery periods. The challenge is to now achieve 

those similar effects on Mars. One could speculate that more exercise time is needed 

to achieve the same fat-burning results. Strengthening muscles on Mars, just like 

Earth, require heavier weights. Building muscle requires precise body posture, 

movement, and usually another person for assistance. Risk of injury increases with 

heavier weights. In addition, habitats need to be able to support heavy sets of weights 

and the associated equipment and machinery. The goal is not to become bodybuilders, 

but in the same breath, build muscle that does not require lifting heavy weights.  
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Cardio  

This form of exercise works on building endurance which strengthens the 

cardiovascular system. Being heart healthy is incredibly important in order to function 

in all aspects of living and working. Cardio exercises range from stationary workouts 

such as jumping jacks and burpees to dynamics workouts like power walking and 

running. However, the limited space in a habitat restricts horizontal and vertical 

movement. The partial gravity environment restricts dynamic movement, and so any 

dynamic exercise has to be controlled in order to prevent any collision. As seen aboard 

the International Space Station (ISS), special exercise equipment is used to hold 

astronauts during their workout. Cardio exercises alone do not meet exercise needs. 

 

Resistance Bands and Pulleys 

 A lightweight alternative to lifting weights is using resistance bands and weight 

lifting pulleys. The issue is improper use of the equipment as well as using bands and 

pulleys that have breaking points. The snap-back effect can cause serious injury which 

could leave an astronaut out of duty for weeks. In addition, these bands and pulleys 

could degrade over time which would lead to broken equipment. This equipment can 

also break other things that may be nearby. 

 

Translating Exercise from Earth to Mars 

The challenges and complexities of similar exercises would increase when 

performed on Mars. The partial gravity does make land-based exercises favorable, yet 
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there is no data supporting this claim. Mars has three-eighths of Earth’s gravity, and 

understanding how the human body will work under Martian gravity is still yet to be 

discovered. It is expected that the physics of how things move will remain the same. In 

addition to exercising in partial gravity, the following are additional and equally 

important areas that are addressed in this research.   

 

Number of Steps 

Adopting land-based exercises from Earth means having to perform multiple 

workouts in which each exercise will have multiple workouts steps. The time required 

to complete the exercises may also increase. Similarly, setup, closedown, and 

maintenance will also require multiple steps.  

 

Expenses 

It is quite likely that land-based exercise equipment and machinery would have to 

be modified or redesigned to operate on Mars. Just as exercise machines were 

specially designed to operate in microgravity aboard the ISS, exercise machines would 

similarly have to be designed such that astronauts can safely reach their workout goals 

in the partial gravity of Mars. This requires investment to, not only design the right 

kind of equipment, but to also launch such expensive and perhaps heavy equipment as 

well having it properly integrated into a habitat. 
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Independence 

Land-based exercises can be performed by one person. As already mentioned, 

there are many occasions where complex exercise machines or advance exercises 

would require having assistance. In addition to providing a coaching or motivating 

partner, a spotter is responsible for making sure that exercises are performed correctly, 

assisting with setup and close, and providing an extra hand in maintenance. Exercising 

in partial gravity potentially increases magnitude of these complexities. 

A consequence of partial gravity is the increased amount of time. This time is critical 

as exercise is only one of many important tasks that would have to be completed 

according to the daily mission plan. Designing a better exercise solution to reduce 

time would be favorable to daily task completion and therefore mission success.  

 

According to the Physical Activity Guidelines for Americans, adults should do at 

least 150 minutes (2 hours and 30 minutes) to 300 minutes (5 hours) a week of 

moderate-intensity, or 75 minutes (1 hour and 15 minutes) to 150 minutes (2 hours and 

30 minutes) a week of vigorous-intensity aerobic physical activity, or an equivalent 

combination of moderate- and vigorous-intensity aerobic activity [12]. In addition, 

Adults should also do muscle-strengthening activities of moderate or greater intensity 

that involves all major muscle groups on 2 or more days a week [12]. Exercise 

duration on Earth is comparably similar that of an astronaut in space. However, it is 

the almost absolute absence of gravity in space that results in astronauts having to 

exercise harder to achieve similar results. While it is unknown how the body will 
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degrade in Mars’s 0.38G environment, it is definitely better than no gravity at all. At 

some point humans are going to acclimate to Martian gravity which in fact will make 

them weaker compared to their 1G physique. 

 

Application      

In addition to performing workouts, exercise also includes activity performed as 

part of daily mission tasks. Extravehicular activities (EVA’s) are a strenuous and 

temporal demanding form of physical activity that will be required as part of surface 

traverses and exploration, science operations, and maintenance. As stated in the 2009 

Human Health and Performance Risks of Space Exploration Missions, “EVAs will 

require no less than an additional 200 kilocalories per EVA hour” [13]. With such 

activities, the exercise solution that will support the astronauts on Mars, will also be 

the solution to recovery after any physical activity. The most crucial time of all 

physical activities that requires significant recovery is the period after entry, descent, 

and landing (EDL). That is the period where astronauts are going to transition from 

weightlessness to gravity including all the sudden forces and accelerations 

experienced in between both environments. Medical experts at HRP suggest that 

astronauts will need about 30 Sols or Martian days (1 Sol = 24 hours, 39 minutes) to 

acclimate to Mars gravity environment [5][14].  Acclimation also includes EVAs, 

habitation and science systems checkout, and final outfitting of the habitat. The 

following are excerpts from the Mars Destination Operations Team concept of 

operations: 
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(1) This phase [Crew Acclimation] begins with the arrival of the crew at the 

landing site and lasts for several weeks. The crew will re-acclimate to living 

and working in a gravity field and will learn the differences in working in the 

reduced gravity field of Mars compared to Earth’s gravity. 

(2) Crew activities (including limited EVAs) to support scientific investigations 

will be added as crew re-acclimation allows and as crew involvement with the 

deployment and activation of surface systems necessary for the surface mission 

is completed.  

Though HRP considers the 30-sol allocation a conservative recommendation, it 

accounts for six percent of the entire surface mission duration. This acclimation time 

may be more or less depending on the condition of each astronaut. Reducing 

acclimation time to perhaps two weeks places more focus on completing mission 

objectives; and that could possibly be achieved with a new exercise solution. HRP 

scientists also require that astronaut motor skills will take at least 24 hours upon 

arriving to the surface [15]. 

In summary, the aquatic therapy exercise solution needs to be designed to fulfill 

the following requirements:  

(1) Supports short-term and long-term health needs for recovery and exercise 

(2) Accommodates all astronauts regardless of age, height, and body type 

(3) Streamlines exercises in complexity and number of steps to simultaneously 

meet musculoskeletal and cardiovascular needs 
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(4) Reduces time in all phases of exercise including setup and close, workout time, 

and equipment maintenance; 

(5) Reduces costs which is found in design complexity, launch mass, and habitat 

integration; 

(6) And creates a safe, risk-reduced, and efficient environment for single use 

exercise activity. 

 

The next chapter provides the basis for using aquatic therapy by introducing 

definitions, its benefits comparable to traditional exercise previously mentioned, its 

applications on Earth, and its limitations. 
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4. AQUATIC THERAPY 

Aquatic therapy (AT), also known as aquatic exercise or hydrotherapy, is a low-

impact, high resistance method that uses water to generate resistance in exercises. This 

form of exercise takes place in a body of water either opened such as a recreation pool 

or closed such as water contained in a tank or pod. AT includes both static and 

dynamic resistance exercises in which both forms address strength and endurance 

needs. Historically, aquatic therapy has been utilized as far back as 2400 BC in 

Egyptian, Assyrian, and Mohammedan cultures [16]. has been used in natural hot 

springs to improve blood circulation and offer relaxation and has been used to treat 

sick or handicapped people. As a form of alternative medicine, AT has been said to 

treat chronic pain, skin problems, and menstrual disorders. In the 1920s, American 

engineer Carl Hubbard invented a very large steel whirlpool tank with a turbine [17]. 

The turbine provided the whirlpool massage while the user went through treatment. It 

was mostly used for debridement, a process to remove dead tissue that resulted from 

severe burns and open wounds. The Hubbard tank had thermal control and had to be 

sterilized after each use. Some special forms of AT included immersing a body part 

into water that was treated with minerals and contained a massage-jet feature. For 

example, one can find foot massages where a user places their feet in a water 

container. The device can massage the muscles in the feet as well as scrub off dead 

skin, and provide nutrients. 
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Definition 

The form of AT used in this research relates to exercise performance. As 

mentioned, AT is a low-impact, high-resistance form exercise that uses water for 

building strength and cardio. Water provides the buoyancy which counters gravity 

thus providing the low-impact effect. In addition, the water is the natural resistance 

that acts against the motion provided by the user. As a rule of thumb, the more motion 

applied by the user, the more rigorous the workout becomes. AT could potentially 

reduce the exercise to at least an hour. The water also provides the user more range of 

motion without initial user input. A user who lifts weights has to provide proper input 

in order to get the effect of the workout, and that usually requires extra physical effort. 

These advantages make AT compatible for all users regardless of age and physical 

condition.  

 

Theory 

The properties of water and principle of fluid mechanics contribute to the effects 

experienced by a user undergoing AT. The following detailed the scientific and 

engineering principles behind AT. 

 

Buoyancy 

Buoyancy is a force that acts upward and opposite to the force of gravity. 

“Buoyancy forces arise as a result of variations of density in a fluid subject to gravity” 

[18]. This force is developed when an object is immersed in water causing that upward 
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force to act against gravity. Additionally, the pressure under the immersed object 

increases which is greater than the on the top resulting in a net upward force. 

Buoyancy is also a function of the object's density. If the object’s density is 

significantly greater than the density of the water, the object will sink. In utilizing AT, 

a user needs to be almost neutrally buoyant so that the exercise, such as running, 

provides a low-impact effect. Archimedes’ principle mentions that buoyant force 

depending on the weight of an immersed object will cause the water level to either 

rise, sink, or remain the same. The buoyant force is expressed as 

 𝐹𝑏 = 𝜌𝑔𝑉,     (1)  

where ρ is the density of water (ρ = 1000 kg/m^3), g is the gravitational constant (g = 

9.81 m/s2), and V is the volume of the displaced water in cubic meters. If the buoyant 

force is equal and opposite to the force of gravity, then the object will neither rise nor 

sink. The equation for the zero-net force is 

∑ 𝐹 = 𝑚𝑔 − 𝜌𝑔𝑉 = 0,   (2) 

where m represents the mass of the immersed object in kilograms. Buoyancy allows 

for significantly less compressive forces on every joint in the human body. 

 

Viscosity 

Viscosity is the measure of a fluid’s resistance to flow or spread. Viscosity is 

visually observed as a fluid that is thin and runny, thick and sticky, or somewhere in 
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between the two extremes. It can be thought of as internal friction between layers of 

moving fluid. For example, water has a lower viscosity than typical household epoxy. 

Viscosity gives rise to the resistance that is needed for AT. A user performing 

exercises in hypothetical fluid with viscosity greater than water would obviously 

experience higher resistance. Harnessing the water’s viscosity would mean user 

control on how much resistance is desired for a certain exercise. This gives rise to the 

concept of fluid flow and its connection to drag or resistance. 

 

Drag 

Also known as fluid resistance, drag is a force that acts opposite to the relative 

motion of an object, in this case the user, in a surrounding fluid. Drag depends on 

certain variables, including the viscosity of the water. The equation for the drag force 

is  

 

   𝐷 =
1

2
𝜌 𝑣2 𝑆𝐶𝐷,     (3) 

 

where v is the velocity of movement in meters per second, S is the surface area that is 

facing the direction of motion in square meters, and CD is the drag coefficient which 

represents the shape factor of the object (in this case, the user’s body part). A value 

known as Reynold’s number quantifies a ratio between inertial and viscous forces. The 

Reynold’s number is defined as 
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𝑅𝑒 =
𝜌𝑣𝐿

𝜇
,     (4)  

 

where L is the length in meters and μ is the dynamic viscosity in N-s/m2 [19]. 

Embedded within this ratio exists the drag force, which in fluid mechanics is also 

known as viscous drag. To get the most resistance in workouts, a user can do either of 

the following: increase the intensity of the workout by increasing the speed or 

maximize the amount of surface area generated by the arms or legs.  

 

Steady and Unsteady Flows 

Exercises usually occur in almost still water. A large pool will tend to have more 

water movement than a tank. AT can take place in two types of water: static and 

dynamic. In the static case, the water, though having some movement, is not driving 

by any pumps or jets. Any water motion is generated by body movements. In the 

dynamic case, pumps and jets are used to create water flow. Forced water flow will 

typically be found in pools or tanks that have special features for massaging the body. 

Water flow generated by pumps and jets can be either steady or unsteady. In steady or 

laminar flow, vortices, eddies, and turbulence are absent. Normally, most flows are 

never fully laminar. Using unsteady flow provides more value to aquatic exercises that 

focus on balance and control as well as building strength. 
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Benefits 

There are associated benefits that come with aquatic exercises. These benefits are a 

direct result of using water as the working fluid for the exercises. More emphasis on 

the properties and challenges with water is discussed in a later chapter. Not only does 

water provide resistance for strength training, but balance and stability to be able do 

off-center exercises and stretches. The water’s density generates compression which 

decreases body aches and soreness. As a side note to the physical benefits, water also 

psychologically impacts the user, especially for its potential use on Mars. AT provides 

a unique experience that cannot be achieved by performing traditional exercises. Its 

positive medium increases user morale for performing the exercise. Rather than 

having to do the exercise, the user would want to do it. According to the concept of 

Blue Mind Science, the presence of water through five senses, sight, sound, taste, 

touch, and smell provides emotional benefits [20]. Water induces a meditative state 

which leads to a happier, healthier, calmer, and more creative outlook. Being the most 

precious entity on Mars, the presence of water provides that motivation to perform 

aquatic exercises. 

 

Techniques 

The following techniques summarized below are known methods that use water 

for aquatic exercises or rehabilitation. These methods strengthen the argument for 

having AT provided for astronauts on Mars. 
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Ai Chi 

This Japanese technique is derived from the Chinese martial art, Tai chi. It uses a 

combination of deep breathing and slow movements in water that is filled up to the 

chest [21]. Ai Chi improves the muscles that are involved in breathing as well body 

movement and flexibility. Ai Chi has shown to help patients with osteoporosis, a bone 

disease which astronauts are more likely to develop because of their long exposure to 

microgravity [22]. Incorporating Ai Chi in aquatic exercises may help in reducing the 

likelihood of the disease while on Mars. An example of these movements is shown 

below (Fig.4). 

 

  
 

Fig.4. Ai Chi posture [23]. 

 

Aqua Running  

This common technique is effective in cardiovascular conditioning for athletes 

who are recovering from an injury or who are seeking a low-impact exercise, as 

defined earlier in this chapter. Aqua running usually takes place in deep water where 

the user simulates running in place. Results include fitness maintenance, active 
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recovery days after strenuous exercises, and improved respiratory muscle endurance 

[21]. Aqua running can be accompanied by water weights for added resistance (Fig.5). 

 

 
 

Fig. 5. Aqua running using underwater resistance weights [24]. 

 

Burdenko Method  

This method developed by Soviet professor Igor Burdenko utilizes Water and 

Land Exercises in order to achieve optimum results in rehabilitation, conditioning, and 

training [25]. The aquatic exercises are part of the land-water therapy that uses 

buoyant equipment to focus on balance and coordination [26]. Below is an example of 

a Burdenko position (Fig.6). 

 

 
 

Fig. 6. Balance and coordination as emphasized in the Burdenko Method [27]. 
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Halliwick Concept 

This technique takes advantage of the physical properties of water to enhance 

exercise capability. Engineer, James McMillan, incorporates fluid mechanics 

(turbulence, buoyancy, gravity, and torque) to target specific patient needs in respect 

to their injury or disability [28]. The Halliwick Concept is divided into two parts: The 

first part is the ten-point program which focuses on developing balance, swimming, 

and independence (Fig. 7). The second part is the Halliwick aquatic therapy which 

uses passive and active exercises to work on muscle activation and stabilization and 

body movement, respectively [29]. 

 

 
 

Fig. 7. The ten-point program in the Halliwick Concept [30]. 

 

Watsu  

This is a passive form of AT, derived from Shiatsu massage technique, that is used 

for attaining deep relaxation. It is commonly used in orthopedic, neurologic, and 
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psychological rehabilitation. Watsu requires a therapist that works carefully to target 

the patient’s needs and conditions (Fig. 8). The therapist guides the patient through a 

series of motions such as “Water Breathe Dance”, “Accordion”, and “Far Leg 

Rotation” [31][32]. Such application of this technique can be used to assist astronauts 

who need special attention due to certain physical conditions. 

 

 
 

Fig. 8. Watsu therapy. [33]. 

 

Applications 

Aquatic therapy is widely used amongst people who suffer from injuries related to 

motor skills, who develop diseases that affect body movement, and who are 

recovering from major surgeries such as a hip replacement or knee ligament repair. 

The applications described below show aquatic therapy units used in different 

situations. 
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Patient Rehabilitation (Wet Immersion) 

Commonly seen in hospitals or independently operated rehabilitation centers, AT 

has been known to aid patients in either surgery or injury recovery. Typical patients 

use AT as part of their physical therapy to reduce pressure and stress on the 

compromised body part. As just mentioned, a common surgery is hip replacement. 

Elderly who suffer from osteoarthritis are likely to have this procedure performed if 

there is significant damage caused by loss of joint cartilage in the hip. This damage 

limits movement to walk or even sit and can cause severe pain in the hip area. Hip 

replacement surgery, although effective will leave the patient immobile for a good 

period of time. The combination of AT and other rehabilitation exercise reconditions 

patients to eventually get back on their feet. AT specifically assists, by allowing the 

patient to exercise the legs while reducing impact to the delicate area. Additionally, 

the patient develops a better sense for balance and stability. Such rehabilitation centers 

will have open pools with plenty of space to perform a variety of static and dynamic 

exercises including water walking.  

 

Sports Medicine (Sports Injuries) 

Injuries can be found on athletes of all ages and all competition types. Sports 

involving complex movement, strength, and agility tend to be the source of almost all 

injuries. Particularly, tears in ligaments located in the knees have been occurring more 

as the demand for talented athletes have increased. Most diagnosis will reveal that 

anterior cruciate ligament (ACL) or medial collateral ligament (MCL) have been torn 
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by either contact with another athlete or by no contact in which athletes either 

overstressed the knee or the foot got momentarily stuck on the playing field. Either 

way, ligament tears keep athletes from getting back on the feet for 6 to 8 weeks. 

Several factors, including the surgery result can either increase or decrease recovery 

time. Advancing sports medicine has allowed athletes to start rehabilitation without 

causing more damage. Special AT equipment like the HydroWorx© water therapy 

unit allow athletes to run using buoyancy to minimize foot-to-surface impact (Fig. 9).   

 

 
 

Fig. 9. An athlete performing rehabilitation exercise [34]. 

 

Hydrotherapy Massage (Dry Immersion) 

Dry Hydrotherapy Massage (Dry Immersion): A commercially available option for 

the public, this form of AT works differently than the latter. Instead of the user 

inputting any motion, the water applies various levels of continuous or pulsing jets of 

water onto the body. In this case, water is not in contact with the user and instead the 

water sprays against a material that provides the massage. The user lays on the bed, 

after which the unit is enclosed around the body. These machines allow the user full 
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control for the type of massage desired. The units can be widely found in spas, gyms, 

and even shopping malls. 

 

Float Pods (Therapeutic Relief)  

Formally known as the Sensorial Deprivation Chamber, float pods are designed to 

give the user a therapeutic and meditative experience. Epsom salt is added to the water 

allowing the user to float in the pod and, in addition, makes skin, hair and nails 

healthier [35]. Using special lights and features to cancel out all external disturbances, 

the float pod ideally puts the user in a state of tranquility (Fig. 10). 

 

 
 

Fig. 10. The aura-filled experience of a float pod.  [36]. 

 

This type of AT does not involve conditioning the body, but rather promotes a 

healthier mental state. These float pods can be found in wellness or dedicated float 

centers.  

 



 

29 

 

Limitations 

Aquatic therapy is a technique that was meant for rehabilitation. The common trait 

amongst users, athletes, patients, and people with physical disabilities are that they are 

seeking means of restoring strength to their bodies. However, AT does have a limit on 

strength training capability. As mentioned earlier, the more a user puts into the 

exercise, the more gain the user receives. Because buoyancy is acting against gravity, 

which is desired in order to perform the low-impact exercises, the body does not get 

the full gain compared to performing land-based exercises. Reducing the water 

volume may decrease that limitation, however this may reduce the buoyancy effect. 

The body has to be at least immersed to the waist in order to get resistance from the 

exercise (Fig. 11).  

 

 
 

 

Fig. 11. Net force on the human body with different water levels. 

 

If the water level is significant low (Fig. 11a), then the gravity becomes the 

dominating force. There is practically no difference between having that much amount 

𝐹𝐺 ≫ 𝐹𝐵 𝐹𝐺 > 𝐹𝐵 𝐹𝐺 = 𝐹𝐵 

(a) (b) (c) 
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of water and having no water at all. If the water level is at least filled to the waist or 

neck high as depicted in Fig. 11b, then buoyancy reduces the downward net force 

provided by gravity. If the body is completed immersed in the water (Fig. 11c), then 

gravity and buoyancy virtually cancel each other out. A zero net force makes the body 

neutrally buoyant.  

 

Rather than accepting this limit, it is used to design the exercise tool. This research 

takes the practice of aquatic therapy and makes it the primary exercise on Mars. In 

fact, to overcome this limit, the design allows for the water level to be adjusted to 

meet the needs of a certain exercise. Controlling the water level means controlling the 

buoyant force, which therefore allows gravity to provide more strength to the exercise. 

Controlling the water level as well as other features are further discussed in Design 

Concepts. Before proceeding into discussing the areas of research needed to develop 

the solution, there are several assumptions that have to be state 
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5. ASSUMPTIONS 

The Aquapod design was developed using the following assumptions which are 

based on prior research, discoveries, and facts. It’s important to note that these 

assumptions have yet to be fully validated in actual flight and surface missions. These 

assumptions are sufficient to support the aquatic therapy solution and similarly bounds 

the extent of this work just as in the chapter on the Research Scope.  

 

Water 

The majority of the water that will be used for aquatic therapy will come from the 

surface of Mars. While it is yet unknown how much water is present beneath the 

surface or located in the polar ice caps, there is evidence to suggest that the water is 

potentially sufficient to support surface operations, and this water has been found in 

the form of ice or hydrates. Through a key technology known as In Situ Resource 

Utilization (ISRU), it is possible to mine or extract the water from beneath the surface 

and convert it to a form that makes it potable for human use and a useful consumable 

for creating oxygen or rocket propellant [37]. Another extraction source is the 

atmosphere whereby a much more sophisticated ISRU technology is required to 

convert carbon dioxide into water. However, this process is quite a long task and 

requires chemical reactions with fuels such as hydrogen or methane. Initial setup of 

the Aquapod may require water supplied from the habitat. The water extracted from 

Mars would ultimately be the long-term solution that does not require processing. In 

other words, the grey water does not need to put additional stress on water recycling 
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and purification systems that would otherwise be creating potable water for 

consumption and hygiene. 

 

Crew Size 

The next generation Orion spacecraft is intended to be NASA’s primary transport 

to and from Earth. Current development of the spacecraft calls for a crew size of four 

[38]. Choosing the right crew size is important when determining the amount of each 

consumable required for the entire mission. Water allocation and quantity is discussed 

in the design chapter. 

 

Precursor Missions 

Like all Mars exploration proposals, it may take a number of setup missions before 

astronauts can arrive, live, and work in the habitat during their 500-day mission [5]. 

These precursor missions are to be done robotically and autonomously. If the Aquapod 

is to only use water extract from the Martian surface, then it may require a number of 

missions before the habitat reservoir is up to full capacity. 

 

Habitat Layout 

Because current habitat development is still in the design, this research assumes 

that the Aquapod is located in allocated space that in the habitat layout is dedicated to 

hygiene, experiments, and water processing. Ideally, the best location is on the first 

level. It allows for easy access to the Aquapod, especially for recovery from 
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spaceflight or from physical activity on the surface. As mentioned in the Areas of 

Research chapter, the Aquapod is situated in a location where its operation is closed-

loop. In other words, there will minimal water loss. 
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6. AREAS OF RESEARCH 

This chapter covered the three key areas of research that provide the foundation for 

developing the solution to using AT on Mars. The chapter on Exercise Performance 

discusses the ability to perform various types of exercises that make up the needs for 

being physically fit. Habitat Compatibility describes the requirements needed to make 

the Aquapod exercise unit integrate with other systems and components. This was 

especially important if such a tool is meant to be part of the entire habitat design. In 

other words, having the Aquapod is essential and needed to be incorporated into 

habitat design along with other major components. Design requirements explained the 

process of developing the Aquapod unit as far as its mass and volume properties, built 

in features, user-friendliness and human centered design (HCD), and most importantly 

how it is used before, during, and after operations. The three areas of research were 

essentially the design drivers that govern the path to the final design. Following the 

research chapter is the section on Research Integration, where the three key areas are 

combined to develop the backbone for the exercise solution. Finally, special 

consideration was placed on handling water on Mars. This was very important 

considering that water is the absolute essential that cannot afford to be lost. 

 

Exercise Capability 

The goal of the Aquapod aquatic therapy unit was to be able provide enough 

capability to perform numerous types of exercises. The exercises should meet the 

requirements of maintaining a healthy and fit body. The Aquapod’s use is two-fold. It 
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is meant to be used as the daily exercise machine for strengthening the body as well as 

the recovering tool after performing physically daunting tasks. The benefits from 

using the Aquapod should be in line with any typical aquatic therapy practice or unit 

here on Earth. Exercises must comprise both static and dynamic workouts which 

strengthen both the cardiovascular and musculoskeletal systems. A common rule is to 

perform strength building workouts followed by cardio exercises. Aquatic exercises 

allow for an excellent combination of strength and cardio workout. The following are 

examples of such aquatic exercises. 

 

Running  

Even as a land-based exercise, running has always been considered to be one of 

the best forms of exercise for conditioning and training. A running workout can be 

modified to focus on endurance, speed, strength, or a combination of all three. 

Applying the same exercise techniques to water further increases the gains. Water 

being denser than air creates a harder workout which therefore increases the calorie 

burn rate. Once again, the harder a person performs an exercise, the better the result 

and in doing so having no added stress to joints. Specifically, this exercise is 

beneficial for the knees, hips, and low area of the back [24].   

 

Squats 

Rather than being an exercise that works the entire body, squats focus on building 

and maintaining muscles and bones that make up the lower end of the spine and the 
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legs as depicted in Fig. 12. This exercise promotes strength to the lower extremities 

which experiences the most pull of gravity. It can be a rather painful process for the 

body when transitioning from space to the surface. Water squats can ease the pain 

during the transition period.  

 

 
 

Fig. 12. The start and end positions of a water squat [39]. 

 

Additionally, water squats assist in the acclimation period as well as preparing for 

strenuous activities such as EVAs. The entire body still reaps the benefits of balance 

and stability. In fact, having a sound breathing allows control in and out of squats, that 

is, exhaling as the knees are bent and inhaling as the knees extend. In general, squats 

can either be more static to build muscle or more dynamic to include cardio into the 

workout. 
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Upper Body  

These exercises focus on building and maintaining strength in the upper part of the 

body, which includes arms, chest, and back (Fig. 13). Exercises include bicep curls, 

flies, chest press, tricep push, and rows. The upper body exercises provide the 

compliment to the lower body exercises found in doing squats. This form of exercise 

can be done without having to use the lower part of the body. In other words, this 

exercise can be performed while sitting or being supported against a solid surface.  

 

 
 

Fig. 13. From left to right, shoulder rotations, tricep pushes, and chest flies [40]. 

 

To provide more resistance, underwater dumbbells and plates can be used and 

manipulated to create a tougher workout. These types of equipment are made of 

lightweight foam that absorbs the water to make it heavier to simulate the land-based 

counterpart; and this is an added feature that was considered for the Aquapod design. 
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Habitat Compatibility 

In order for the Aquapod to successfully operate with all its capabilities, it must be 

compatible with habitat designs. Currently, all habitats proposed for long-duration, 

planetary missions are in the development phase. The only known habitat designs for a 

surface mission on Mars are analogs here on Earth. Compatibility requirements, for 

these reasons, are generalized to fit the basic habitat layout. These requirements are 

also part of the underlying assumptions stated earlier in this paper. 

• Climate Controlled Environment (CCE) - The most important part of using a 

water demanding system was to make sure that there is no water loss. This also 

meant controlling the environment relative to the habitat’s ambient 

atmosphere. To this, the Aquapod system was designed to be close-looped 

such that it does not change the surrounding environment settings. The water 

used for the Aquapod remains at a relatively warm temperature that allows for 

user comfort and minimizes water loss due to evaporation. However, as 

metabolic rate increases from exercising, so does the water temperature. 

Constant air flow driven by fans forced water vapor to be circulated, 

condensed, and returned to the Aquapod reservoir. The Aquapods design 

allowed for enclosure by the habitat’s built-in partitions to create the internal 

environment. 

 

• Systems and Operations Interference Prevention (SOIP) - The Aquapod was 

designed such that its presence and use does not affect other surrounding 
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critical systems and does not obstruct any other concurrent activities. With the 

same objective as the CCE requirement, any water loss or environmental 

change would not create issues for other mechanical or electrical components 

that could otherwise result in potentially catastrophic consequences. Therefore, 

the Aquapod system has its own dedicated space as part of the habitat design 

that also includes being placed with all other hygiene and water-related 

systems.     

 

• Systems Integration and Loading (SIL) - The Aquapod system shared the same 

power and utilities as any other system and in some cases have a direct 

interface with them. However, the Aquapod system was designed to not put 

additional load on other electrical or mechanical systems such as the 

Environmental Control and Life Support System (ECLSS), which is 

responsible for the generation and preservation of air and water within the 

habitat. The simplicity of design allowed for minimal power consumption for 

controlling lighting and the integrated control display. Additionally, the 

mechanical process for pumping water in and out of the Aquapod could be 

varied according to the power demand. Water could be filled and drained with 

a minimum powered pump keeping in mind that less power meant a longer 

fill/drain time. However, the Aquapod would never fully drained unless 

activities for that day are completed. It gave some flexibility in choosing the 
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pump with the right flow rate.  The following equation for the fill-drain time 

was 

𝑡𝐹/𝐷 ≈
𝑉𝑚𝑎𝑥

�̇�
  ,     (5) 

 

where Vmax is the maximum volume of the water for the Aquapod, V-dot is the 

minimum volumetric flowrate. The actual volume was determined using the 

Solidworks engineering and modeling software. The calculation was 

approximated considering factors such as pumping with or against gravity, 

pipe diameter and flow resistance, and replaceable filters. As described in the 

Design Concepts chapter, the final four-foot high concept had a maximum pool 

height of 3.5 feet. The Vmax for the final design was 497 gallons (1.88 cubic 

meters). Since the water level is adjustable, the calculation included minimum 

and mid-range pool heights. The fill-drain is shown in Fig. 14 [41]. The 

numerical chart can be found in the Appendix A.   
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Fig. 14. Fill-drain times for given water levels. 

 

Design Requirements 

Among the design features included in the final design, the Aquapod system 

considers the following key points: 

• The design shall contain features and amenities that enhance both quality and 

experience of exercises 

• The design shall function and operate well in Martian gravity 

• The design shall utilize astronaut anthropometry in order accommodate all 

body types 

• The design shall minimize water loss due to exercise and moisture 

development 

• The design shall be maintained with automated cleaning process 

• The overall design shall be physically appealing such that it promotes 

exercising  
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Research Integration 

The Aquapod unit was optimized applying the three research areas. This research 

placed emphasis on the Aquapod design but was influenced by the two other areas as 

shown below in Fig. 15.  

  
 

Fig. 15. Aquapod dependence on the three research areas. 

 

The process started with introducing a concept for design. The design would then 

be reviewed and improved to account for performance and habitat compatibility 

requirements. The goal was to maximize each area to ensure design robustness. 

Ideally, it would be favorable to top out each requirement to theoretically have the 

most robust design. Realistically, the design process minimized any risks and 

complexity that would otherwise deem AT to be an improper solution. The Aquapod 

design is meant to address physiological issues without creating additional problems 

Design 
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or challenges. The next chapter presented the design concepts and gives the final 

design for the Aquapod. Before proceeding, the final section of this chapter offers a 

special consideration to water and its behavior in partial gravity.   

 

Managing Water on Mars: A Special Consideration 

One of the biggest challenges to aquatic therapy on Mars or any reduced-gravity 

environment is behavior of water. As seen countless times in space, water or any fluid 

tends to keep a spherical shape. This is because there is no external force of gravity or 

buoyancy acting opposite to surface tension which keeps water molecules together. 

Otherwise, in 1G, water will be compressed into a puddle or pull, and that particular 

shape depends on the molecular adhesion to the surface. This property of water can be 

described in fluid mechanics as the Bond number (Bo). This non-dimensional number 

is a ratio of the gravitational forces to surface tension forces as described by the 

following expression 

 

Bo =
gravity

surface tension 
=

𝜌𝑔𝑑0

𝜎
,     (6) 

 

where ρ, g, d0, and σ are the water density, gravitational acceleration, radius of 

curvature of a water drop, and surface tension respectively. How water will actually 

behave between 0G and 1G is yet to be seen. Mars being three-eighths of Earth gravity 

will cause water to have more spherical tendency as described by Bond number. In 

addition, the less the gravitational force, the greater range in projectile motion as 
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shown in Fig. 16. Should a spill or splash occur, water may end up in places that 

would lead to damage or loss if not recovered.  

 

 
 

Fig. 16. A comparison in trajectories on Earth, Mars, and the Moon. 

 

For these reasons, it is important to understand how to handle water in an activity 

or situation. Understanding water behavior may be a topic that could be introduced 

into crew training. Specifically, for this research, it was important that the Aquapod 

design accounted for water behavior such that there would be no losses or damage 

even in a dedicated closed environment. 
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7. DESIGN CONCEPTS AND SOLUTION 

This chapter discussed the process of developing the Aquapod exercise tool. The 

first part took a look at the three types of concepts: the deployable design and two 

types of fixed designs. Additionally, this chapter explained possibilities of integrating 

Commercially Off-the-Shelf (COTS) products to any habitat design and considers the 

features and amenities that enhance the aquatic therapy capability and overall 

experience. Each concept was explained by looking at its notable features, its concept 

of operations, and its benefits and shortcomings. The designs were evaluated using a 

qualitative score with 1 being the worst and 10 being the best. This qualitative analysis 

was subjective and was based on the three areas of research: Exercise Capability, 

Habitat Compatibility, and Overall Design. Quantitative values such as the dry and 

wet mass of the Aquapod and its usable volume are also considered. The second part 

of chapter presents the final Aquapod design. The choice for the design came from 

taking the best attributes and considerations from the initial concepts. Its features, 

amenities, and overall appeal have been influenced by COTS products.  

 

Design Concept A 

The first design iteration with dimensions of 1.93 m by 0.965 m by 0.9144 m 

placed emphasis on deployability, mobility, and storability.  The idea was that the 

Aquapod can be deployed anywhere in the habitat where water access was available. 

The Aquapod would set up almost similar to a camping tent in which the unit was 

built with a supporting frame that had telescopic legs to raise the height and an 
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expandable bladder that contained the water (Fig. 17). The water would be filled and 

drained using the same hose attached to a water dispenser. Water was to be filled over 

the top or through a specially created access point in the bladder, depending on where 

the water supply was located in the habitat. After use, the bladder would be dried out 

and packed, the frame would be collapsed and folded up, and the entire Aquapod 

would be placed away in dedicated storage.  

 

 
 

Fig. 17. The deployable Aquapod concept. 

 

Selling Points 

The first advantage to this design was that Aquapod would occupy space in the 

habitat only when used. Its ability to be stored meant that it did not interfere with other 

systems or concurrent operations. The second advantage was that Design A could take 

any shape depending on where it was deployed as depicted below in Fig. 18.  
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Fig. 18. Two versions of Design A deployed in two different sections.  

 

The structure consisted of a frame which was made of lightweight steel or 

aluminum alloy, and a semi-rigid bladder which was designed to expand as it was 

filled with water. The bladder itself was an area of research which would require 

further understanding the material that would be elastic and tough to hold a large 

amount of water. A low-fidelity prototype of Design A was developed to demonstrate 

the design’s deployability as well its sturdiness (Fig. 19a). Fig. 19b shows the 

prototype deployed in open space and in a mockup habitat. 

 



 

48 

 

 
 

Fig. 19a. Design and fabrication of the low-fidelity prototype. 

 

The frame was built using half-inch polyvinyl chloride (PVC) pipes, and the bladder 

was fabricated using vinyl sheets and was attached to the using carabiners. 

 

 
 

Fig. 19b. Aquapod prototype with ambient lighting. 
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In addition to its deployable and mobile design, was the lightweight feature. From 

a cost standpoint, the Aquapod would have a very small launch mass, and would only 

become heavy when filled with water. Simple analysis was done to compare the 

maximum wet mass of the Aquapod to a habitat design which had a total mass of 

52000 kg [42]. The breakdown of the habitat’s mass including Design A is shown 

below in Fig. 20. 

 

 
 

Fig. 20. Mass distribution of the habitat system including Design A.  

 

With the maximum wet mass of 1600 kg, the deployable Aquapod design comprised 

about three percent of the total mass. The loading additionally did not alter the center 

of mass of the habitat 
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Concept of Operations 

The Aquapod setup began with unfolding the frame such that the legs were facing 

perpendicular to the floor. The bladder was attached to the frame with hooks. The user 

would then stand in the center of the frame and on top of the bladder and would 

proceed to raise the frame to the desired height (the legs would lock using built in 

notches). Finally, the Aquapod would be filled from the nearby water source. At this 

point, the user can proceed to perform the exercises.  

 

The breakdown would begin by draining out the water using the same hose that 

filled the Aquapod. Any remaining amounts of water after draining could be recovered 

in storage. The user would then lower the height using the notches on the legs, 

followed by unhooking the bladder. The bladder and frame at this point is able to be 

folded up and stored. 

 

Shortcomings and Limitations 

One the main restrictions found in building the prototype was the limited volume. 

Consequently, this limited the type exercises and exercise intensity. This can be shown 

with the following figures. A model of a person with a height of 1.93 m was used to 

show the limitations to do the design (Fig. 22).   
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Fig. 22 Anthropometric analysis of the deployable design. 

 

Another design limitation discovered was that the design lacked neccesary rigidity 

and sturdiness, which was present once the bladder was attached to the frame. This 

result demonstrated that additional weight and support was needed to keep the frame 

from swaying, and that would be very critical during its use. From observation and 

inference, it was determined that the bladder would provide additional disturbances to 

already unsteady water movement. The sloshing effect could cause water loss. To 

counter this problem, a transparent covering would enclose the top of the Aquapod 

during the time of exercise (Fig. 23). However, adding a covering over to already a 

limited design limits the amount of allowable height.  
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Fig. 23. The deployable concept with attached doors and retractable covering. 

 

The unknowns to designing the bladder was the compatibility and durability of the 

material towards water and the human contact. The material should not create any 

allergic reaction or related physical response once in direct contact. It also should not 

create any chemical reaction or provide grounds for developing water-derived mold. 

The bladder had to be durable enough to manage numerous cycles of expansion and 

contractions from fill, drain, and exercise use before it had to be replaced. The 

consequence could be catastrophic if the bladder ripped or developed a void allowing 

water to leak. This was also evident in creating an opening for a fill/drain cap as 

cutting out a hole would compromise the material integrity. Additionally, the user 

would have to put extensive loading on the bladder depending on the exercise 

intensity. As final limitation, the setup and drain process would take a considerable 

amount of time. It would be especially challenging to drain and breakdown the 

structure in the event of an emergency. An idea of attaching access doors to the 
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bladder was considered, but, once again, cutting into the material would compromise 

bladder integrity. 

 

Design Concept B 

As supposed to Design A which was designed to be mobile, Design B was fixed to 

the habitat and has its own dedicated space. The idea was inspired by the current rack 

systems aboard the ISS where. Each system incorporated a modular design such that 

replacement required replacing an old rack with new one that was supplied from 

Earth. While Design B was not meant to be replaceable, its dimensions (2 m high, 1.05 

wide, and 0.59m deep) were derived from International Standard Payload Rack (ISPR) 

framework and allowed for easier maintenance [43]. Compared to Design A, which 

has very limited shape, Design B allows for more area for more exercise capability 

(Fig. 24). As a side note, the ISPR dimensions were similar to COTS products, which 

made sense since any industrial items must be able to fit through doors and access 

points. 
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Fig.24. Design B geometry (left) and its attachment to a rack space (right). 

 

The structure was designed to be rigid and made of material such as fiber glass or 

a low-density plastic that was both lightweight and strong. The material would be 

compatible with water and human contact as well as have no potential for off gassing. 

The linear portion that Design B adopted the depth and width of the ISPR had a 3-foot 

semicircle section. The thought process behind characteristic mushroom shape was to 

extend the exercise capability by giving more water area. The linear section would be 

used for exercises such as running or walk where the inner habitat would act as a 

barrier for any water splashing. The rounded section would be ideal for static exercises 

and stretches that allow a user to take advantage of the available area.  
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Selling Points 

The design also improved of Design A stressing the importance of water depth. As 

state earlier in this paper, effective aquatic therapy requires the body to immersed in 

water that is at least half its height. For that reason, Design B had a height of 4 feet to 

allow for a maximum depth of 3.5 feet. Since certain exercises, focus on certain areas 

of the body, the user can adjust his or her height by either being fully or partially 

immersed in water. It is important to note that part of the Aquapod would be built into 

the floor to allow for easy access, but this poses some challenges listed in the next 

section. Design B, also is completely active system that has a user interface for fill and 

draining and water level as shown below (Fig. 25). The dedicated space ensured 

interface capability along with features such as an interactive display for workouts and 

media.  

 

 
 

Fig.25. Design B with its user interface (left) and dedicated space (right). 
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This aqeduate amount of volume allowed for exercise tools and machines. Basic human 

driven treadmills or stationary backs could be used for cardio exercise.  Water dumbells 

could be used as a part of strengthening exercises. These styrofoam dumbells got their 

weight once immersed in the water.  

 

Concept of Operations  

Because Design B was partially built into the floor, the user could enter and exit 

the Aquapod with little to no effort as shown in Fig. 26. 

 

 
 

Fig. 26. Design B Ingress. 

 

Design B had a ladder built on both sides that would assist with climbing in and out. 

The user could either hop in or climb down into the Aquapod. Using the control panel, 

the user ccould adjust the water level for the desired workout. After exercise is 

complete, the user would climb out and dry of any excess water. The water did not 

have to be drained out after use allowing for quicker user to user transition and 

reducing overall exercise operations. Periodically the water could be drained so that 

the Aquapod can undergo cleaning and maintenance. With the built-in capability, 
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Design B could autonomously perform cleaning using ultraviolet (UV) water filters 

and UV cleaning systems similar to the technology used on the latest aircraft to clean 

lavatories. This technology was ultimately incorporated into the final design. 

 

Shortcomings and Limitations 

Although the selling point of having a dedicated space argues towards the absolute 

need for the Aquapod and aquatic therapy, it required having the design built into the 

floor. It was not certain that future habitat designs allow for removable floor panels, 

but perhaps it was ideal since most major consumable storage. The other problem 

came with user comfort. Operating in the linear section was similar to be enclosed in a 

small closet space. Being confined in such an area may not be favorable to astronauts 

who already have live with the confines of the habitat. The addition of a splash 

protection cover added to the limited space. Additionally, supplying power to the 

Aquapod to operate controls and display might come as a challenge since it is not 

known how the habitat systems are laid out. In summary, installation might not be as 

simple as having the Aquapod prebuilt with the rest of the habitat systems. 

 

Design Concept C 

Design C was based on Design B’s fixed concept. However, Design C was now 

meant to be built entirely into the floor. Similar to an in-ground pool, the user would 

simply have to climb into the Aquapod without any difficulty. This design allowed the 
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Aquapod to be stored in the floor and accessed by opening up two dedicated floor 

boards (Fig. 27).  

 
 

 Fig. 27. Design C Aquapod system (left) and dedicated space (right). 

 

Selling Points 

In this design, the ISPR dimensions were used as reference values for space 

allocation rather then having to assume that a rack system would be incorporated into 

future habitat designs. Design C took the width of two ISPRs with a depth of 3 feet 

and built-in height of 4 feet. Additonally, the UV water filtration and cleaning systems 

were located below the floor. Once the Aquapod is closed, the floor panels above 

provided extra usable space. These floor boards also acted as splash deflection walls 

during use. Instead of a built-in screen, a projector could be used for panoramic 

display against the habitat wall (Fig. 28).  
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Fig. 28. A rendering of Design Concept C. 

 

 Design C allowed for more volume which, once again, gave more exercise 

capability. Design C gave way for adding a more relaxing experience. As part of 

recovering, the crew could use the Aquapod for downtime and relaxation. The ambient 

light and overall design appeal would give a more therapeutic experience for the 

astronauts. 

 

Concept of Operations 

The user would open the floorboards to reveal the Aquapod. The user would then 

either slide down or climb down using the ladder as shown in Fig. 29. 
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Fig. 29. Aquapod Design C access. 

 

Similar to Design B, Design C also contained features of controlling water level for a 

particular exercise as well as addons of exercise tools and machines. After completing 

workouts, the user would exit by climbing out with the ladder. Design C did not have 

a cover or canopy that covers the Aquapod, but rather a set of partitions that enclose a 

section of the habitat. All water that was either lost to splashing or evaporation is 

captures and recirculated back to the main water supply. This schematic was detailed 

in the final design.   

 

Shortcomings and Limitations 

The biggest challenge implementing this design was having it built into the habitat 

floor. The only possibility would be to have the Aquapod prebuilt with all other 

habitat systems. It must be incorporated with other systems that use or contain water. 

If the Aquapod was meant to be ideally situated for easy access, then designers would 

have to consider its dedicated space apart from other critical systems. Additionally, 

maintenance would require having to access the area below the floor which could be a 

potentially difficult task.   
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COTS Consideration 

So far in this research, designs that were proposed have been purely conceptual 

and original with engineering analysis and architectural consideration. This paper now 

looks into COTS products that have already been shown to meet the needs of users 

that require or recreationally use aquatic therapy. The following products that were 

discussed have been on the market for either personal use or in rehabilitation centers 

and sports training facilities. 

 

Product 1: Water Walker & Steed Pro Athlete 

The Water Walker is a product that has multiple use for training, rehabilitation, 

and relaxation. It comes built with a speed adjustable treadmill, handrails, and 

waterjets to actively massage muscles. Its unique shape gives the Water Walker an 

attractive appeal (Fig.30). 

 

 
 

Fig. 30. Water Walker & Spa Steed Pro Athlete.[44] 
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This model has a large touch monitor to control the settings for the function and a 

tablet for any kind of video or media. It promotes safety with an emergency stop 

feature to turn off the treadmill and immediately drain the water. Upon other features, 

it capable of filling the tank within for minutes. It also comes built with a foldable 

chair that could be used for certain kinds of exercises. This particular was tailored to 

meet the needs of athletes or for those who demand a more vigorous workout. The 

following table (Table 1) captures the basic specifications of the Water Walker. 

 

Table 7.1. Water Walker basic specifications [44]. 

 
Water Walker & Spa Steed Pro Athlete 

Dimensions L: 2.383 m, W: 1.2 m, H: 1.801 m 

Mass (Dry) 300 kg 

Mass (Wet)* 3589 kg 

Fill time 4 min 

* Estimation based on mass based on values from reference. 

 

The key benefits are shown below (Fig. 31) 
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Fig. 31. Water Walker aqua training benefits [45]. 

 

 

Product 2: Hydroworx 350 

This product represents the latest in the Hydroworx line of aquatic exercise tools. 

Compared to the Water Walker, the Hydroworx 350 is primarily used as a physical 

rehabilitation, wellness, and athletic performance tool. In fact, the design roughly 

looks like the Water Walker without the additional features and amenities (Fig.31). 
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Fig.32. Hydroworx 350 [46]. 

 

As point of emphasis the Hydroworx 350 focuses on gait training which promotes 

earlier replication of proper ambulatory biomechanics and reduces the accumulated 

damage of land exercise [47]. Below are the basic specifications of the 350 model. 

 

Table 7.2. HydroWorx 350 basic specifications [46]. 

 
Water Walker & Spa Steed Pro Athlete 

Dimensions L: 2.286 m, W: 0.889 m, H: 1.801 m 

Mass (Dry) 748 kg 

Mass (Wet) 3113 kg 

Fill time* 3.5 min 

*Based on 200 model [48] 
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COTS Integration 

The main differences between both models are the features each one offers. 

However, both products require three main things: a water supply, plumbing, and a 

power supply. Applying the approach similar to the final Aquapod design, integrating 

the COTS products would require their own dedicated space that would be closed off 

to prevent water loss and damage. Indeed, such products would prove valuable to 

astronauts physically wellbeing. The Aquapod design adopted some of the features 

seen in this product to make it not only the best tool available for physical but also the 

best tool for the Mars Aquatic Therapy Experience. 

 

Design Evaluation 

The feasibility to integrate the initial designs and the COTS product was 

determined using qualitative reasoning. Subjective scoring was giving to each attribute 

that was used to evaluate each model and design. The attributes belonged to each area 

of research as described in an earlier chapter. Each attribute was given a score from 1 

to 10. A score of 1 represented a poor attribute where as a score of 10 represented the 

most excellent attribute. The values were then summed and averaged to give a score 

for each area of research. The following table shows the mean score for each area for 

each model and design. 
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Table 7.3. Design evaluation. 

Design 
Exercise 

Performance 

Habitat 

Compatibility 
Overall Design 

Concept A 3.33 5.86 3.25 

Concept B 6.78 3.29 5.63 

Concept C 7.33 3.14 6.88 

Water Walker & Spa 5.89 2.57 3.25 

HydroWorx 350 6.22 2.57 3.88 

 

The details of the attribute scores can be found in Appendix C. It would be ideal to 

have perfect scores for each research area. Realistically, it was not possible, but it 

would be desirable to strive for the maximum score. To get the best score was to have 

balance between each research area. If a concept was over designed, then it may 

hinder the ability to be habitat compatible and vice versa. That limitation would 

ultimately come from the constraints given in a habitat design; and this could be seen 

in the scores especially with Exercise Performance and Overall Design. The COTS 

products clearly had relatively low scores in Habitat Compatibility and Overall Design 

because they were not meant for partial gravity. 

 

Final Design 

The Aquapod, The Mars Aquatic Therapy Experience (MATE) took the best 

attributes from the original design concepts plus similar features incorporated into the 

COTS products. The result was a sleek design that has enough space for the majority 

of aquatic exercises as well as recovery from strenuous activities (Fig. 33). 
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Fig. 33. The Aquapod MATE during the day (left) and night (right) in its dedicated 

space. 

 

 The pod-like shape gave the Aquapod its overall design appeal that resembles 

COTS products as well as commercial and personal water tubs and jacuzzis. 

Additionally, the ambient light feature gave an aura that would represent relaxation 

perhaps during the end of the mission day. 

 

Selling Points 

 The first noticeable parts of the Aquapod were the transparent water shield and 

ladder. The rim of the shield along with the ladder was molded into the Aquapod shell 

(Fig. 34). 
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Fig. 34. The Aquapod water shield and ladder.  

 

The transparent material in the shield was a flexible, environment friendly plastic 

that allowed viewing from inside and outside the Aquapod. On the main face was the 

Aquapod logo which could be turn on along with the internal ambient light. Inside the 

Aquapod were the main features including an underwater treadmill, a set of water 

weights, a texture floor that was designed be used for foot stimulation and anti-

slippage, and a user-friendly touch screen for controlling the water level and the lights 

(Fig. 35). 
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Fig. 35. The Aquapod with the treadmill, water weights, textured floor, and touch 

screen display in day (upper) and night (lower) modes.  

 

The treadmill is a simple conveyor belt that required the user to apply a force to 

put in in motion. The weights were made of lightweight foam material that get its 

weight when soaked in water. The weights were kept on the inside wall so that any 

excess water can drain out through the Aquapod. Both the treadmill and weights came 

standard with the Aquapod, and any additional tools could be added for multipurpose 
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exercise use. The textured floor worked by simply putting pressure on the bottom of 

the feet which thereby stimulates the nerves. Apart from the built-in features were 

external projectors that aimed at the main and adjacent walls. These projectors would 

display video that is either used for exercise or for recovery and relaxation (see 

Concept of Operations below). 

 

Dedicated Space 

The final design used the ISPR dimensions as way of determining how must space 

was needed. The Aquapod took the length of two racks but varied the width according 

to its shape (Fig.36).   

 

 
 

Fig. 36. The Aquapod in the habitat layout. 
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The dimensions were given in the Design Evaluation section. It was not necessary to 

have part of the Aquapod installed into the floor, and so the reason for including a step 

ladder. 

 

Concept of Operations 

This section briefly highlighted on how the Aquapod is accessed and used. As 

mentioned earlier in this thesis, designing the Aquapod included making sure that it 

was easy to operate in all areas. Described below was how the Aquapod is accessed 

and operate in both exercise and recovery scenarios. 

 

Access 

Let’s give the scenario of an astronaut returning from an EVA as shown in Fig. 37. 

 
 

Fig. 37. Aquapod access from the airlock. 

 

The astronaut would first doff the suit used for the surface activity making sure it has 

been cleared of external debris. Then after removing internal garments, the astronaut 
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would change into a wet suit in preparation for entering the Aquapod. The astronaut 

would then enter the Aquapod using the step ladder. The Aquapod would have already 

contained water, unless prior maintenance was performed. The astronaut can now set 

the water level and begin the exercise conditioning or recovery. 

 

Scenario 1: Exercise 

Astronauts who choose exercise would be following a certain workout program 

that focuses on strength and endurance. In the earlier stages of the mission, the 

astronauts would be using the higher water levels to help with the acclimation period. 

As the mission proceeds, astronauts could choose various water levels for different 

exercises. A typical workout contains either a strength or an endurance component. 

The aquatic exercises allowed for both components to be satisfied. Along with the 

exercise, the astronauts had the option of using the interactive display that projected 

videos to enhance the workout Fig. 38. 
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Fig. 38. Exercising with an interactive video. 

 

Using the video feature allowed for different exercise simulation such as a long 

distance run through a forest or a fast sprint on a track and prevents mundane 

exercises. Additionally, the video feature could be used for static strength workouts 

such as chest press or squats. 

 

Scenario 2: Recovery 

This scenario continued off the previous section about accessing the Aquapod. 

After performing a task as strenuous as an EVA, and astronaut would require some 

recovery time. Typically, EVAs would last about eight hours and require a lot of 

energy when working in a suit. NASA standards require a food system to provide 200 

kilocalories per EVA hour [49][50]. Thus, an exhausted astronaut should be required 

to have downtime to take care of any soreness experienced in the body, particularly 

associated with the bones and muscles. As part of recovering in the Aquapod, the 



 

74 

 

larger video display would provide a more tranquil and relaxing atmosphere as show 

in Fig. 39. 

 
 

Fig. 39. A recovering and relaxing scene in the Aquapod. 

 

The astronaut can perform lighter recovery workouts while watching videos that 

would make a more pleasant experience. Once again, astronauts would have the 

freedom to play videos or movies while relaxing. 

 

Maintenance 

The Aquapod would contain water the majority of the time. Periodically, the 

Aquapod would require cleaning and maintenance. The Aquapod was designed to 

perform self-cleaning. As described earlier, the UV technology used in the latest 

aircraft lavatories were also used for the Aquapod (Fig. 40). 
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Fig.40. Aquapod depicting UV cleaning. 

 

This form of light can wipe out skin cells, bacteria, and any other microscopic 

contaminants that originates from the human body. Similarly, the grey water used UV 

technology to filter the water. This process would be performed independently of the 

habitat’s ECLS system. 

 

Closed Loop Water Recovery 

The Aquapod was designed to minimize water loss from dripping, splashing, or 

evaporation. Explained below were two forms of water recovery employed by the 

Aquapod. Instead of adding a complete canopy or cover over the Aquapod which 

would restrict area, Aquapod and its allocated space would be closed off with 

retractable partitions.  
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Active Water Recovery (AWR) 

The AWR would be used when for moisture or water that rises with heat in the 

form of vapor. Water vapor comes from metabolic processes when astronauts perform 

exercises. The following figure depicts how moisture and water vapor is circulated 

from the Aquapod back into the main water supply. 

 

 
 

Fig. 41. The AWR circulation. 

 

The vapor-moisture would be circulated using fans that draw it through pipes located 

in the walls and ceilings. It is in the pipes where the water would be condensed into 

liquid form using heat exchangers.   

 

Passive Water Recovery (PWR) 

This process would be always employed during Aquapod use. Water that splashes 

or spills out of the Aquapod during exercise or during its access in or out would be 

collected through drains located on the floorboards. The figure below shows the path 

of the water.  
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Fig. 42. The PWR circulation. 

 

The PWR used gravity to pull the water down through the drains and through the pipes 

which are directly connected to the main water supply.  

 

Design Evaluation 

The final Aquapod design was evaluated similar to the previous concepts by 

giving qualitative scores in each of the three areas of research. Table 7.4 below 

detailed the Aquapods specifications. 

 

 

Table 7.4: Aquapod specifications and properties. 

 

AQUAPOD MATE Specifications 

Dimensions L: 1.83 m, W: 1.39 m, H: 1.22 m 

Dry Mass 132 kg 

Wet Mass (max fill) 2012 kg (3.7% of total mass) * 

(xxm,ycm) (3.31 m, 0.023m) 

Materials AQUAPOD Shell: Hexcel AS4C 

Water Shield: Plexiglass 

* Based off the Mars austere habitat design (mSHAB = 52000 kg) 
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The final design scores were compared with the earlier concepts and COTS products 

in Table 7.5 shown below. 

 

Table 7.5: Design evaluation comparison. 

 

Design 
Exercise 

Performance 

Habitat 

Compatibility 
Overall Design 

Concept A 3.33 5.86 3.25 

Concept B 6.78 3.29 5.63 

Concept C 7.33 3.14 6.88 

Water Walker & Spa 5.89 2.57 3.25 

HydroWorx 350 6.22 2.57 3.88 

AQUAPOD MATE 7.44 4.71/6.6 7.88 

 

 

It was expected the scores were higher than any of the concepts and products 

previously analyzed. The reason for the two Habitat Compatibility scores was because 

of the two attributes, portability and storability. In this case, it was not accurate to 

provide zero values that factored into overall score. However, for consistency, both 

scores were provided. 

 

Auxiliary Use 

The Aquapod is expected to be a high demand tool for astronauts. However, it is 

possible to have alternative functions. The following list are some of the many uses: 

• Relaxation and downtime – The Aquapod could be used for entertainment or 

for sending video messages back to Earth. A possible upgrade is to add water 

jets to give a jacuzzi-like experience. 
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• Temporary Storage – The Aquapod could hold a good percentage of water 

while the main reservoir undergoes cleaning or maintenance. 

• Emergency shelter – It its expected that the habitat will have some level of 

protection against solar storms and cosmic radiation. The Aquapod could be an 

extra layer of protection give its material and the amount of water. The 

challenge would be to house the entire crew in the Aquapod for several hours. 

 

Shortcomings and Limitations 

From the design evaluation, it was observed that even combining the best 

capabilities and features did not result in completely higher scores. The main 

contributing factor came from the individual attributes in each research area. Clearly, 

more work needs to be done to increase the scores, whether it’s by adding more 

features or creating a more habitat compatible design. More technical analysis is 

needed to show the Aquapod integration with the habitat. This would include knowing 

the exact habitat design. Additional improvements would also come from the testing 

by developing a low- to mid-fidelity model to demonstrate the three areas of research.  
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8.0 RECOMMENDATIONS 

This chapter concluded the research with some suggestions and remarks that 

would be applicable to further continuation of this research. Part of design should also 

include the robustness of every component connected with the Aquapod design: 

• Design Robustness – It would be ideal to investigate the robustness of the 

pumps and systems used to deliver water from the water supply to the 

Aquapod and vice-versa. 

• Part Minimization – Specifically, maintenance of the entire Aquapod system 

should require the fewest replaceable parts and components. 

• Testing and Validation – Developing diagnostic feedback that looks at 

exercise, recovery, and water safety would greatly assist design improvement 

and fabrication. This feedback would be evaluation upon performing ground 

testing. However, the challenge in diagnostic feedback is simulating partial 

gravity conditions. 

• Design materials – Perhaps the Aquapod could be built on Mars using parts 

that are no longer needed, i.e. depleted water tanks or lander components. 

However, it requires the crew to assemble at least a portion of the Aquapod. 

• Medical Evaluation – Branching off testing and validation, demonstrating that 

aquatic therapy could replace landed-based exercises would provide a stronger 

argument. This also includes data comparison, i.e. caloric burn rate, VO2 max 

(maximal oxygen uptake), exercise duration and intensity, etc.   
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• Addressing Partial Gravity – There is little to no information about the true 

nature of partial gravity on the human body. Further work is needed to address 

exercise requirements as a function of gravity. 

 

This research was, in essence, an exercise to evaluate the feasibility of translated a 

commonly used technique on Earth to the extreme environment of Mars. Moreover, 

the design process and development of the final design was an example to show the 

adaptability of aquatic therapy in a closed and isolated, partial-gravity environment. 

Empirical data of long-term exposure on Mars over a course of 10 to 15 years will be 

required in order to develop a true solution to address the physical challenges; and 

perhaps aquatic therapy, may in some form be part of the solution. This research also 

showed the use of existing techniques and technology that could possibly reduce the 

amount of research and development time for a wholesome solution. As final thought, 

this research could also bring advancement into aquatic therapy utilization for all types 

of users on Earth. 
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APPENDIX A: POOL PUMP FLOW RATES 

Table A.1. Selected flow rates [41] for various water levels, mass and volumes. 
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APPENDIX B: ACRONYMS 

ACL – anterior cruciate ligament 

AT – Aquatic Therapy 

AWR – Active Water Recovery 

CCE – Climate Controlled Environment 

COTS – Commercially-Off-The-Shelf 

ECLSS – Environmental Control and Life Support System 

EDL – Entry, Descent, and Landing 

EVA – Extravehicular Activity 

HCD – Human Centered Design 

HRP – Human Research Program 

ISRU – In Situ Resource Utilization 

ISS – International Space Station 

LEO – Low Earth Orbit 

MATE – Mars Aquatic Therapy Experience 

MCL – medial collateral ligament 

NASA – National Aeronautics and Space Administration 

PVC – Poly-Vinyl Chloride 

PWR – Passive Water Recovery 

SIL – Systems Integration and Loading 

UV – Ultraviolet 
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APPENDIX C: ADDITIONAL CALCULATIONS 

Table C.1. Design evaluation attribute scores: Exercise Performance. 

 

Table C.2. Design evaluation attribute scores: Habitat Compatibility. 
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Table C.3. Design evaluation attribute scores: Overall Design. 
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