| ”~ University of California, Davis
] ‘, -\ Department of Mechanical and Aerospace Engineering

HUMAN LANDER CHALLENGE

2026 NASA Human Lander Challenge

Evaporator-Based Potable Water Dispenser for Long-Duration
Environmental Control and Life Support Systems

Faculty/Staff Advisor:

Dr. Stephen Robinson (stephen.k.robinson@ucdavis.edu)
Professor, Retired NASA Astronaut

Subject Matter Expert:
Janine Moses (janinemoses96@gamail.com)

Thermal Engineer at Intuitive Machines

Undergraduate Students:

Project Co-Lead: Aidan Mateo Guerra (aimguerra@ucdavis.edu)
Project Co-Lead: Andres Mino Cortes (aminocortes@ucdavis.edu)
Project Member: Rachel Lilyanne Long (rllong@ucdavis.edu)
Project Member: Lianne R. de Leon (Irdeleon@ucdavis.edu)



mailto:stephen.k.robinson@ucdavis.edu
mailto:janinemoses96@gmail.com
mailto:aimguerra@ucdavis.edu
mailto:aminocortes@ucdavis.edu
mailto:rllong@ucdavis.edu
mailto:lrdeleon@ucdavis.edu

P’

2026 NASA Human Lander Challenge (HULC) “A/ COLLEGE or ENGINEERING
. . . 5 g . L r~
University of California, Davis: Evaporator-Based Potable Water Dispenser (EBPWD) h ¥ ) L\'
Theme Subtopic, Major Objectives & Technical Approach: Image/Graphic:
Theme Subtopic: Potable Water Dispenser 51?:; Gas Trap

Major Objectives:
¢ Design, analyze, and test a water dispensing system that has the capability of cooling
water with an evaporator.
. Identify and address pain points of previous dispenser iterations.
¢ Develop a system that prioritizes closed-loop architecture for long-duration missions.
Technical Approach for Each Objective:
e To achieve desired temperatures, water will come in contact with a heating circuit or
an evaporation loop with refrigerant R134a.
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e  Accurate dispense volume will be addressed by mechanically compressing a flexible Leald:Blexlder
bladder at a constant rate.
o Redundancy and ergonomics will be incorporated for safety and easy-access
TE— Water Outlet

maintenance of dispenser, such as a removable filter unit for decontamination.

Key Design Details & Innovations of the Concept: Summary of Schedule & Costs:
* Design Details and Innovations:
o First of its kind evaporation cycle with R134a circuit to cool potable water.
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o Removable Filter Replacement Unit containing microbial/deiodination filters Analysis Build
and UV lights to achieve potable water standards and easy maintenance.

o Fault detection and incorporation of data panel to monitor key performance
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1 Executive Summary

With the broadening spaceflight demographic and increasing push of human exploration
into Low Earth Orbit (LEO) and beyond, Environmental Control and Life Support Systems
(ECLSS) becomes increasingly critical. Increasing mission duration, crew size, and limited
resupply challenge the design of ECLSS systems. NASA has identified the need for
long-duration ECLSS systems to produce hot and cold water on demand for daily use by
astronauts, in order to rehydrate foods and prepare beverages'. Current potable water
dispensing systems are only capable of producing small amounts of heated water and no cold
water. To accomplish this, this proposal highlights the prospects of an evaporator-based potable
water dispenser to heat and cool ambient stored water to controlled temperatures for astronaut’s
food and beverage needs. Thermal management devices, fluid components, and
decontamination filters are incorporated into the proposed design to meet NASA's requirements
for temperature controlled water, potable water standards, and sustained lunar presence.

2 Introduction
2.1 Problem Statement and Background
The Potable Water Dispenser (PWD) was first developed as early as the 1960s—1970s
for the Gemini and Apollo Programs as a means to provide safe drinking water for in-space
applications in efforts to advance NASA ECLSS for human sustainability>. As human space
missions expanded in duration and complexity, reliable water delivery systems became
essential for crew health, hydration, and food preparation.

Figure 1: First PWD Flight Unit?".
Since its development, the PWD has gone through several iterations and has been found in
multiple spacecraft (e.g., Space Shuttle missions) and is currently used aboard the International
Space Station (ISS) as the primary means of drinking water and food/beverage rehydration
methods®. However, as missions expand beyond Low Earth Orbit (LEO), the importance of
reliability and capability becomes increasingly critical, especially for life support in Gateway, as
highlighted in NASA's Plan for Sustained Lunar Exploration and Development*. Current PWD
systems, although functional, are limited in their ability to dispense highly accurate volumes of
potable water and to provide water temperatures below ambient (20-25°C). Furthermore,
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existing PWD designs have experienced issues such as corrosion in the dispensing needle,
material degradation within internal flow paths, microbial accumulation in wetted components,
valve leakage, and seal wear over extended operational periods®. Despite these efforts, there
are currently no on-orbit solutions that provide both hot, cold, and ambient water for astronauts
simultaneously.

open

Figure 2: Leidos Exploration Potable Water Dispenser (xPWD)?.

Moreover, although evaporators have been used on the ISS and spacesuits historically,

they are not widely known or researched for uses such as potable water dispensing®.
2.2 Proposed Solution

As a result, the aim of the EBPWD is to improve upon existing designs of potable water
dispensers, such as the one on the ISS, by enabling water cooling below ambient temperature
ranges through the use of an evaporation cycle. Moreover, the project also aims to address the
shortcomings of previous dispenser iterations, such as inaccurate dispense volume and system
pressure loss®. These goals will be achieved with three methodological design objectives, which
drive the system and subsystem requirements.

Objective 1: Design, analyze, and test a water dispensing system that has the capability
of cooling water with an evaporator. To achieve desired temperatures, water will come in contact
with an electrical heating circuit or an evaporation loop with refrigerant R134a.

Objective 2: Identify and address pain points of previous dispenser iterations. Accurate
dispense volume will be addressed by mechanically compressing a flexible bladder at a
constant rate.

Objective 3: Develop a system that prioritizes closed-loop architecture for long-duration
missions. Redundancy and ergonomics will be incorporated for safety and easy-access
maintenance of dispenser, such as a removable filter unit for decontamination.

2.3 Changes From Proposal

Since the proposal, Objective 2 was modified to descope the redesign of the dispense
needle, as issues with corrosion and backflow were already previously addressed®. Additionally,
the scope of Objective 3 was adjusted to prioritize formulation of a closed-loop architecture for
long-duration operation. Additionally, the overall system architecture (see Section 3.2) was
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updated incorporating feedback from the initial proposal regarding gas trap location and ambient
water flow path.

3 Technology Approach and Concept
3.1 System Requirements

Table 2 outlines the top level system requirements for the EBPWD, which are derived
from the overarching needs of NASA's Artemis Program. These requirements translate the
project objectives into measurable, and verifiable needs that will guide all subsequent design,
development, and project management. Each requirement was formulated based on functional
expectations and customer constraints from the NASA HuLC, along with design considerations
from NASA technical specification documents’®. Verification of these requirements will be
accomplished through one of four methods. Inspection will be conducted through visual
examination of drawings and CAD assembly/part models. Analysis will be achieved through
hand-calculations and computer simulations (heat transfer, fluids, etc.). Demonstration and
testing will be performed by modeling system and subsystem performance under simulated
environmental conditions. Many of these requirements cannot be fully verified without physical
testing of prototypes to test their feasibility, as many components have not been used for this
particular application.

The EBPWD consists of the following subsystems: Thermal (TH), Electrical (EE),
Structural (SC), and Decontamination (DC). The tables, listed in the Appendix, outline the
subsystem level requirements for the EBPWD. These requirements will translate each
subsystem objective into measurable and verifiable needs that will meet the top level system
requirements.

3.2 System Overview and Architecture

The system and subsystem requirements above were used to develop a preliminary
design for the EBPWD, which is currently at TRL 2. Further hand calculations and computer
simulations will be conducted to further mature the validity of the design prior to manufacturing,
procurement, and testing.

The Piping and Instrumentation Diagram (P&ID) in Figure 3 displays how astronauts will
obtain potable water from the water supply (22.5 psig and 22.5 °C). The entire dispenser is
powered through a 28 Vdc auxiliary output, which will connect to ISS EXPRESS Rack 6. The
ISS EXPRESS Rack 6 can provide up to 2000 Watts of power (28 Vdc), and at most 20 amps'3.
A temperature transducer will be installed after the water supply to gauge the temperature,
compare it to the input temperature, and actuate the temperature selection valve to decide
where the filtered water will go via electrical actuation. The design also features a Filter
Replacement Unit (FRU), which consists of a deiodination filter, microbial filter, and ultraviolet
(UV) light. Check valves are incorporated to ensure one way transport of the water throughout
the unit. A pressure transducer and temperature transducer are incorporated after the FRU to
determine if the water needs to be heated or cooled, through a temperature selection valve. The
heater and evaporator will heat/cool the water stream. The evaporation system consists of an
evaporator, which feeds to a separate R134a refrigerant loop featuring a peristaltic pump, phase
separator, condenser, and expansion valve. A peristaltic pump was selected to push the
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refrigerant due to its low maintenance (no moving parts) and zero contamination/leakage.
R134a was selected as the evaporator working fluid as it is low cost, non-toxic, non-flammable,
and has the previous heritage of being used for water chillers and automobile air conditioning on
Earth'. Although ammonia is used on the ISS, it was not selected for this application as it is
toxic and flammable, which increases the risk of operation.
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Figure 3: EBPWD P&ID. See Appendix for P&ID Key.

As the water is heated/cooled, it feeds into a flexible bladder, which is then dispensed at
a volumetric flow rate of 500 mL/min through a needle at the exit interface using mechanical
compression to squeeze the water out. The design features Quick Disconnects (QDs) for easy
access maintenance in the event of a leak or filter replacement. When the FRU is
maintenanced, air may become trapped in the QDs, therefore a gas trap and gas vent were
incorporated before and after the FRU. Both gas vent and pressure relief valves release into a
gas trap reservoir/bladder.

If the water quality levels exceed 50 CFU/mL, then the FRU needs to be flushed. See
the ConOps section which discusses how often the crew should check the water quality levels.
For the flush case, the EBPWD will feature a storage compartment unit containing two Teflon
bags of 40 ppm |, solution and a microbial check device'. The FRU can be disconnected from
the EBPWD by closing the solenoid valves, where it will interface with one of the Teflon bags.
Sterile caps will be used to plug the quick disconnects in the dispenser to prevent
contamination. After flushing with iodine, the FRU will then be flushed with 10 L of water. The
water quality will be measured using the microbial check device before and after the iodine
flush, at the outlet of the FRU.
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For redundancy, within the dispenser’s housing storage compartment exists a backup
microbial and deiodination filter in the event that the pre-installed filters fail within 12 months of
first dispense. Moreover, the storage compartment will contain the necessary tools for
maintenance in the event of a leak or other system fault. Future design iterations may include
additional features such as ISRU compatibility, for example, water ice processing or filtering
water from lunar ice deposits.

D‘ UCDAVIS

Concept of Operations: Evaporator-Based Potable Water Dispenser

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 9

= Upon = Ramove

Figure 4: EBPWD Concept of Operations (ConOps).

The ConOps above shows how the EBPWD will be demonstrated to achieve the

methodological objectives and meet the system requirements throughout the mission lifecycle.
3.3 Assumptions

Assumptions were made in order to make this project realistic and flexible for future
adaptation. First, the design assumes that similar ISS EXPRESS rack technology for
payloads/experiments will be used on Lunar/Martian bases and space stations. Second, the
rack structure is assumed to be flight-qualified. For the heating and cooling calculations, the
following assumptions were made: constant water properties, constant material properties,
uniform coil temperature, perfect bladder mixing, one-dimensional radial heat transfer, negligible
radiation heat transfer, and constant heater efficiency.

4 Conceptual Engineering Design and Analysis
4.1 Heating and Cooling Design
The EBPWD thermal design is divided into two primary subsystems: the heating
subsystem and the cooling subsystem. Together, these subsystems allow the dispenser to
provide temperature-controlled potable water. The heating subsystem raises incoming,
compressed potable water to the required hot-water temperature range, while the cooling



P’

2026 NASA Human Lander Challenge (HULC) KA/ COLLEGE or ENGINEERING

subsystem lowers incoming potable water below ambient temperature using an
evaporator-based cooling loop.

Heater
and Hot Gas
Bladder Trap

1SS
FRU Water
Bus

Evaporation Loop and
Cold Bladder

\ Water Qutlet

Figure 5. Open test stand CAD model of the heating and cooling subsystems interfaced
with the feed system. The open lines on the evaporation loop represent the cooling
microchannels that will run to the unmodeled peristaltic pump and condenser.

The current configuration supports early testing and integration, and will later be
condensed into the dispenser housing after component sizing and validation. The thermal
design is evaluated using a spreadsheet calculator that models transient heat transfer, fluid
accumulation, and dispensed water temperature over time (See Appendix). The calculator
supports early sizing of the heater, cooling channel length, flow rate, compressible bladder
volume, and insulation requirements. It also provides a first-order method for checking whether
the system can satisfy the thermal subsystem requirements prior to higher-fidelity simulation
and prototype testing.

The main purpose of the heating and cooling calculator is to estimate the temperature of
water at the point of dispense. For both subsystems, the most important output is not only the
instantaneous outlet temperature, but also the average temperature of the water collected in the
bladder before release. This is important because the water that is ultimately dispensed is
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collected over time, so the final usable temperature depends on the transient temperature
history of the water entering the bladder. The calculator uses thermal resistance methods,
transient energy balances, and explicit time stepping. Thermal resistances are used to estimate
heat transfer through convection, conduction, insulation, and ambient losses. Energy balances
are used to update the water temperature in the heating or cooling section. Explicit time
stepping is then used to calculate how the temperatures, heat transfer rates, and bladder
volume change with time. A detailed equation breakdown is provided in the Appendix.

The thermal subsystem analysis is currently preliminary and is intended for conceptual
engineering design. The results will be used to guide component sizing, identify critical design
sensitivities, and support the selection of heater power, tube length, cooling channel length, flow
rate, and insulation thickness. The model will later be refined through higher-fidelity thermal-fluid
simulation and experimental testing.

4.1.1 Heating Subsystem

The heating subsystem is designed to raise ambient potable water to the required
hot-water temperature range for food and beverage rehydration. In the current concept, water
from the main supply is routed through a heated tube or coil that is thermally coupled to an
electric heater. Heat transfers from the heater surface through the tube wall and into the flowing
water before the heated water collects in the hot bladder.

The heating calculator models the heated tube as a transient control volume. It tracks
the temperature of the water inside the heated section and the average temperature of water
collected in the hot bladder. The model also accounts for heat transfer into the water and heat
loss to the surrounding environment through the insulated heater assembly. The main heating
inputs include the incoming water temperature, target hot-water temperature, target bladder
volume, heater power, heater efficiency, tube dimensions, insulation properties, water
properties, flow rate, and timestep. The most important sizing variables are heater power,
heated tube length, flow rate, and insulation thickness. Increasing tube length improves heat
transfer area and residence time, but also increases mass, packaging volume, and pressure
drop.

To size the heating subsystem, the calculator is used to vary the heated tube length
while holding the main design assumptions constant. The preferred length is the shortest length
that allows the collected bladder water to reach the required hot-water temperature range with
reasonable margin. This approach avoids unnecessary heater length while still satisfying the
thermal requirement.

The heating model is intended as a preliminary sizing tool. It assumes constant water
and material properties, a lumped water temperature in the heated section, negligible radiation
heat transfer, and well-mixed bladder contents. These assumptions will be refined through
higher-fidelity thermal-fluid simulation and prototype testing.

4.1.2 Cooling Subsystem

The cooling subsystem is designed to cool potable water below ambient temperature
before dispense. In the current concept, room-temperature source water is pushed through
selected square microchannels in a multichannel heat exchanger, while a peristaltic pump
circulates refrigerant through every other square microchannel. This alternating
water—refrigerant channel arrangement increases the shared wall area available for heat

10
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transfer. Heat is transferred from the water, through the shared channel walls, and into the
closed-loop refrigerant before the cooled water collects in an insulated cold bladder for
dispense. The cold bladder is modeled as initially empty. This means the bladder is filled only by
water that has already passed through the cooling channels. Therefore, the bladder temperature
is calculated as the running average of the cooled outlet water entering the bladder, rather than
as a reservoir of room-temperature water being cooled in place.

The cooling calculator estimates outlet water temperature, average cold bladder
temperature, heat removed from the water, heat rejected to the refrigerant, ambient heat leak,
and bladder fill volume over time. The detailed equation breakdown is provided in the Appendix.
In the current setup, the volumetric flow rate is 500 mL/min, so the bladder fill volume increases
with time until the target volume is reached. The main sizing variables are cooling channel
length, number of water channels, refrigerant-side boundary temperature, flow rate, and
insulation effectiveness. The optimal cooling length is the shortest channel length that allows the
average cold bladder temperature to meet the target by the time the bladder reaches the
desired dispense volume.

4.2 Structural and Mechanical Design

The structural and mechanical design of the EBPWD encompasses the dispenser
housing, interface panel, and compressible bladder assembly. CAD models were developed to
size these components based on provided ISS EXPRESS rack dimensions and dispense
volume requirements.

4.2.1 Dispenser Housing

The dispenser housing was designed to fit within two stacked ISS Shuttle Middeck
lockers, similar to the PWD and xPWD?*. The interface panel features two large handrails on the
side to allow users to perform maintenance on key components such as fittings and valves. This
interface panel can be removed from the main housing by rotating the knobs on each of the four
corners. The panel rests on a rail-system that allows the contents on the dispenser to slide out
for easy access. The internal volume houses about 4.06 cubic feet, with the entire housing
structure being 23.00 inches in height, 18.50 inches in width and 21.50 inches in depth.

11
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Figure 6: CAD Model of the EBPWD Housing with Interface Panel.
4.2.2 Interface Panel

The design for the interface panel was inspired by the designs of the existing PWD and
xPWD, combining the advantages of both designs. The interface panel incorporates inlet and
outlet fans to promote convective heat transfer, managing thermal loads generated by the
cooling loop condenser and the electronics mounted on the backside of the panel. For
diagnostics and commanding, a Fault LED identifies off-nominal behavior, while a Ground
Control LED indicates when ground operators have taken control of the dispenser during an
anomaly. Active system monitoring, which is crucial for long-duration missions, is facilitated by
an integrated data port; this port feeds telemetry to the rear electronics board, allowing the
onboard computer to detect faults and illuminate the diagnostic LED. Power interface is
established via J1, J2, and J3 outlets that plug directly into the EXPRESS Rack. Users can
select cool, hot, or ambient water via three dedicated control buttons, while water routing is
managed through a primary inlet water port and an auxiliary water port used to fill contingency
water containers (CWCs), which routes water exclusively through the FRU. The bottom right of
the panel features the removable FRU rack, which can slide out by pulling the handrails.

12
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Figure 7: CAD Model of Interface Panel.
4.2.3 Compressible Bladder Assembly
As traditional cylindrical and spherical tanks fail to manage fluids in microgravity, an
alternative storage method for the heated and cooled water was required. Drawing inspiration
from Washington State University’s Hydrogen Properties for Energy Research (HYPER)
Laboratory, a flexible bladder assembly was developed?.

Water Inlet

Linear
Electric Motor

Water Outlet

Bladder Housing

Figure 8: CAD Model of Flexible Bladder Assembly.
This system utilizes a linear electric motor to compress the flexible bladder, dispensing
the stored water from the water outlet once the bladder reaches the desired volume.

13
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4.3 Decontamination
The decontamination architecture consists of two filters arranged in series within the
EBPWD Filter Replacement Unit (FRU): an Activated Carbon/lodine Exchange (ACTEX) filter
and a 0.2-micron microbial filter®®32'®_ Incoming water from the ISS Water Bus contains residual
iodine, which is intentionally used as a biocide to prevent biofilm formation and bacterial
colonization within the internal plumbing of the EBPWD?. The water is typically maintained
within a concentration range of 1-4 ppm of I;; however, this exceeds the maximum allowable

concentration for potable water as defined by NASA health standards (0.2 ppm)?30-32,
Multi-Variable Constrained Optimization Window

o
(]

S
~

True Multi-Variable Optimum:
Diameter = 2.46 in
Length = 3.21 in
L/D =1.30
Fluid Velocity = 0.107 in/s
Validated Dwell = 30.0 sec
AP =0.1186 psi

S
N

)
®
<
=
o
<
a
o
S
(=]
o
S
=03
73
73
<
o
°
@
11]
™
o
)

(=]
N

1.5 2 25 ) 3.5
Bed Aspect Ratio (L/D Value)

Figure 9: Resin Bed Sizing, optimized L/D ratio, used legacy ACTEX as reference?

To address this requirement, the ACTEX unit reduces iodine concentration through
adsorption and ion exchange processes, utilizing granular activated carbon to adsorb molecular
iodine (l) and a strong-base anion exchange resin to remove iodide ions (I)*"%'¢. Additionally,
within the ACTEX cartridge are internal particulate filtration elements—specifically, structural
mesh screens responsible for retaining the media beds, trapping shedding chemical fines from
the carbon and resin matrices, and protecting downstream plumbing and the separate microbial
filtration stage from fouling and particulate accumulation?. The chemical resin bed possesses a
volume of 250 cc with an operational life of approximately 7-months, while the integrated
particulate filters maintain a projected operational life of 12-months?’. However, because the
ACTEX cartridge is serviced as a single, replaceable unit, the entire assembly must be replaced
within a 7-month interval despite the 12-month operational life of the particulate filters.

The separate microbial filtration stage provides the final microscopic particulate and
biological reduction prior to dispensing®’. This stage utilizes a 0.2-micron hydrophilic Nylon 6,6
membrane supported structurally by a rigid polypropylene housing®. Although the ISS Water
Bus is treated with iodine to prevent biofilm formation and bacterial colonization, microbial
organisms and other pathogenic contaminants may still persist even in the presence of biocidal
agents®®32. The exact microbial loading conditions of the ISS water supply are not explicitly

14
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defined in available literature in terms of colony-forming units per milliliter (CFU/mL); however,
potable water standards require that microbial concentrations remain below the maximum
allowable limit of 50 CFU/mL?63032_ Subsystem performance was modeled using an operational
Log Reduction Value (LRV) target of 3.0 for the microbial filtration stage, representing a
worst-case microbial loading scenario, to ensure compliance with water quality standards®®3°*2,

Design considerations addressed within the EBPWD are intended to satisfy the
requirements imposed by the International Conference on Environmental Systems (ICES), while
also mitigating previous issues known to hinder PWD performance, most notably pressure
losses throughout the decontamination subsystem and associated flow architecture?’. The
EBPWD, like its counterparts, will remain modular to allow for easy access and replacement of
filters within the FRU®2,

Furthermore, the ideal volume of the resin bed was calculated based on the total
expected mass of influent iodine (l.) and iodide (I") over the projected operational lifetime of the
subsystem (7 months)'®. The sizing matrix required a chemical removal efficiency sufficient to
reduce incoming biocide concentrations ranging from 1-4 ppm to below the required threshold
of 0.2 ppm. To achieve this efficiency, the dwell time of the incoming water within the packed
bed was calculated to be a minimum of 30 seconds, ensuring sufficient chemical contact time
for coupled adsorption and ion-exchange kinetics to effectively remove iodine from the water
supply?’. However, increasing resin bed length also increases pressure losses throughout the
subsystem'®?’. To mitigate these effects, the EBPWD evaluated and refined the resin bed
geometry (specifically adjusting the length-to-diameter, or L/D ratio) to minimize pressure losses
while still satisfying the required contact time constraints imposed by the pressure-driven
pumping architecture?’. An optimal resin bed geometry was therefore determined that achieved
the required decontamination efficiency without inducing excessive system strain or reducing
flow performance®. See Appendix for filter sizing equations, MATLAB code, and additional
references.

4.4 Controls and Electrical

A flow control diagram (Figure 10) was developed to outline the architecture of the main
control computer, which processes environmental telemetry and user inputs to manage the
EBPWD. These electronics will be mounted on the backside of the interface panel. This flow
control diagram was inspired by the flow control electronics developed by NASA engineers
during a troubleshooting investigation in mid-July 2009 when the original PWD began
experiencing inaccurate dispense volumes®. For long-duration missions, active monitoring of
systems such as the potable water dispensing become crucial.

On the input side, physical data from pressure, temperature, and mass flow sensors are
digitized via an Analog-to-Digital Converter (ADC) and fed into the Volume Control Module,
while physical control switches route the user commands to the Input Controls Logic. Inside the
main controller, these two modules work interchangeably with the Valves Control Module and
Filter Tracking Logic to continuously calculate dispense volumes, monitor filter lifespans, and
determine when to actuate fluid hardware.

On the output side, the Valves Control Module drives the physical hardware by signaling
Valve Drivers to actuate the system’s solenoid valves, while commanding the LED control
module to update status and fault indicators on the interface panel.
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Figure 10: EBPWD Flow Control Electronics Diagram.

System safety and redundancy are enforced by the internal volume control watchdog
timer that monitors the main control modulus and an external independent watchdog timer. This
independent timer tracks both user switch inputs and raw valve inputs, which allows it to
override the drivers and shut down the system if an operational anomaly occurs. A feedback
loop is incorporated from the linear electric motor to the ADC and pressure sensors to monitor
the accuracy of the dispense volume.

5 Technical Management
5.1 Risk Assessment and Mitigation

To analyze and mitigate any risks posed by the EBPWD, a 5x5 risk matrix (Figure 11)
was developed to track risk across the system’s development. The matrix compiles 5 relevant
critical risks to determine likelihood and consequences. These risks are (1) biofilm development
under stagnant conditions, (2) inaccurate dispense volume, (3) inaccurate outlet temperature,
(4) inaccurate dispense flow rate, and (5) unknown science behind fluid behavior in microgravity.
This matrix was built following the guidelines provided in the NASA Risk Management
Handbook (NASA/SP-2011-3422)"?. Risk posture (likelihood and consequence) will be refined
and reduced through further research, design, and simulation.
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5.2 Project Timeline and Budget Estimate

The following section describes scheduling, manufacturing, and testing plans for the
EBPWD project. The timeline for the EBPWD spans 5 years from January 2026 (TRL 1) to
December 2031 (TRL 7), detailing the structured phases essential to project success.
Team/Faculty Meetings will occur monthly, along with monthly documentation, design reviews,
and reporting. The Design Phase spans from January 2026 to December 2026 (raise to TRL 3),
with the Manufacturing Phase beginning January 2027 (raise to TRL 4). A full breakdown of the
project lifecycle and timeline can be seen in the Gantt Chart, which is listed in the Appendix.

Product Lifecycle Management will be used to manage the project’s journey from design
to manufacturing. Custom parts and COTS parts will all be assigned their own part numbers for
record keeping as the project matures. Furthermore, a Bill of Materials will be developed
including information on part number, descriptions, quantities, unit costs, and suppliers when the
dispenser design is finalized. To facilitate the production process, prototypes will be
manufactured and tested at the UC Davis ESDC and TEAM Lab.

To verify system and subsystem requirements, four performance metrics will be
evaluated: temperature accuracy, volumetric accuracy, microbial count, and flow rate accuracy.
Individual component tests will also be performed to characterize parameters such as pressure
drop across components. These tests will be conducted using thermocouples and flow meters,
and precision scales — for each component and the entire system fully integrated.
Comprehensive testing plans will be developed by Fall 2026 to ensure that the dispenser test
stand and procedures are compliant with the UC Davis ESDC safety protocols.

Environmental verification will follow the guidelines of the NASA General Environmental
Verification Standard (GEVS), GSFC-STD-7000B, and will be traceable to system and
subsystem requirements through a verification matrix'. As the EBPWD will operate only within
the pressurized cabin of a space station or space habitat, qualification will focus on internal
vehicle environments as opposed to the external deep-space environment. Thermal testing will
be conducted in a controlled-air environment to validate performance within cabin temperature
limits. Launch survivability will be verified through hand calculations, finite element analysis
(FEA), random vibration, shock, and structural loading tests consistent with current launch
vehicle environments. Radiation tolerance will be assessed through analysis and
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component-level testing appropriate for total ionizing dose levels for lunar/Martian transit and
surface environments.. Electromagnetic compatibility testing will also be performed to ensure
dispenser electronics are compliant with cabin electromagnetic interference requirements. Upon
completion of integrating the flight-unit, facilities will be identified to support thermal, structural,
radiation, and EMC verification. Moreover, all materials will be tested for flammability and arc
tracking for wires, following the guidelines of NASA-STD-6001".

Currently, the EBPWD project has received funding from Phase 2 of the 2026 NASA
Human Lander Challenge and the California Space Grant Consortium through the 2026 CaSGC
Student STEM Collaborative Project Award. The total funds ($11,500) from both sources will be
used to build prototypes and the dispenser ground unit whose results will inform the
development of a flight-ready unit. Table 1 (See Appendix) shows the Ground Unit Budget Table
for cost estimates. Upon completion of the Bill of Materials for the final dispenser design, the
development and operating costs of the flight unit will be projected using the NASA Project Cost
Estimating Capability (PCEC)*.

5.3 Conclusion and Future Work

The team has spent the last 5 months developing the design of the EBPWD through
extensive research, trade studies, and calculations, resulting in a preliminary design that
features the dispenser housing, a compressible bladder assembly to provide an accurate water
flow rate, and heating/cooling architecture to alter the temperature of the supply water.
Prototype development and testing will demonstrate the prospect of the EBPWD for
long-duration applications to lunar and Martian missions. Further design work, simulations, and
research will be conducted, especially to further understand the behavior of fluids in
microgravity. This work will constrain the final design of the EBPWD. Beyond the 2026 NASA
HuLC Forum, the team aims to continue development of the EBPWD through the use of the
CaSGC and HuLC Phase 2 funds. Next steps will include the following:

Housing and FRU rail system CAD modeling

Sizing and design of filters and UV Light in the FRU

Extend longevity of filters for longer duration missions

Research anti-fouling/omniphobic surface coatings for filter screens to prevent
particulate and microbial adhesion, minimizing pressure losses

High-fidelity simulations for heating and cooling loops in Thermal Desktop

Develop simulations and hand calculations for flexible bladder compression

Storage compartment design

Compacting fluid circuit into internal dispenser housing volume

Electronic circuit and PCB design for fluid flow control

Launch load and vibrational analysis of housing structure in Patran/Nastran

Power draw calculations from electronics, heater, valves, and other fluid components
The EBPWD team would like to extend its appreciation towards the National Institute of
Aerospace (NIA), NASA, and the California Space Grant Consortium for the opportunity to
technically develop a unique ECLSS research concept. The team would also like to recognize
the invaluable oversight of faculty advisor Dr. Stephen Robinson and subject matter expert
Janine Moses. Finally, the EBPWD team thanks the University of California, Davis, for its
dedication to space research, education, and support of student engineering design teams.
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Calculations
Heating Calculator Results

Setup
Water in coll — Pipe Wall Thickness - Heating Strips - Insulation = Ambient
Heating inputs Healing Derivations
‘Symbol Desciiption Value Units source [Symbol Description Value Units Equation
NASA-STD-300{A_ih Inner lateral m2
T_supplyh  Incoming water temperature: 225 degC surface area 003770 Aln=pi=d_ih*Lh
T_coilhi Initial coil water temperature 225 degC Aon Outer lateral surface area 005027 m'2 Aoh=pitdoh*Lh
T_res.htarget Target reservoir water temperature 225 degC NASA-STD-300{V_coil,h Coll water hold-up volume 0.05655 L V_coilh= 1000 pi* d_ih*2/4* L h
V_res,hfarget  Hot reservoi target volume i/ 5% margin 063 L hitps:/hwwwnasqm_resh, target  Reservoir mass 062874 kg m_resh, target = tho_w * V_res,h/ 1000
Elecirical heater power W using outer later|m_coil v Coll water mass 005644 kg m_coilh = ho_w " pi* d_Lh"2 /4 L_h
Heater efiiciency o7 - Janine P_heff Effective heater power 545300 W P_neff=eta n* P el
Ambient temperature 225 degC R_t.convih Inner convection resistance 0.05305 KW J{h_ih*ALh)
Inner convection coefficient 500 Wim"2-K Fundamentals of R_t.cond.th Tube-wall conduction resistance 0.00014 KW th=In(d_oh/d_ih)/(2*pi*k_th*L_h)
Outer convection coefficient to ambient 5 Wimr2-K Fundamentals o R_t.ch Thermal contact resistance 0.00000 KW =input contact resistance
Tube thermal conductivity 167 Wim-K aluminum 6061,|R_tw-s.h ‘Waler-to-strip resistance 005319 KW X R_tconvif+R_tcondth =R teh
Tube inner diameter 0.006 m R_tconvoambh Outer convection resistance to ambient (bare) 297887 KIW R_t.conv.o.amb,n=1/(h_o.amb,h * A_o.h)
Tube outer diameter 0.008 m A ins.on Insulated outer area 011310 m2 Ans.oh=pi* (@ on+2*Linsn) L h
Coillength 2m R_tcondinsh  Insulation conduction resistance 460841 KIW R_tcondnsh=In((d_oh+2* insh) /d_on) /(2 *pi*kinsh~L_h)
Thermal contact resistance 0.00000063534¢ KW R=yk"pi"dL, Ka| R _tloss.ambh  Total ambient-oss resistance 637780 KIW R_tloss,amb,h = R_t,cond,ins.n+1/(h_o,amb,n * A_ins,o.n)
Heater-side insulation thickness 0.005 m hitps:ihww buyd T_sh Heater strip surface temperature 5126427 C T_sh=(P_heff+T_coilh /R_tw-s,h+T_infh /R_tloss,.amb,h)/(1/R_tw-sh+1/R_tlossamb,hy
Heater-side insulation conductivity 0,014 Wim-K hitps:ifv buyd @_h->w Heat ransferred from coil water to heater sirip 540.7899 W ahew=(T_sh-T_colh}/ R tw-sh
Water density 998 kgim*3 loss==amb et lost from heater strip to ambient 45101 W _loss,amb = (T_s - T_infh)/ R_tioss ambh
Water specific heat 4184 Jikg-K
Volumetric flow rate 500 mU/min
Mass flow rate 0.0083 kgis
t time step 15

Heating with Time Piots (5 minutes)

Time, 5 Time, min m_resh(t) kg V_resh(),L  T_supplyh.C T_colh.C  T_sh.C ahw, W _loss.amb, W Heater check, W dT _coilidt, C/s T_resh, C Heating temperatures vs. Time

0.00 0.00 0.00000 000000 2250 2250000 5126427 54079994 451008 5453 220026

= T_supplyn,C = TCOIN G « T_ShC = Tresh C

1.00 0.02 0.00830 0.00832 2250 2479026 5353550 540.43381 436619 5453 185192 2479026

200 0.0 0.01660 001663 2250 2674217 5547136 54012020 516971 5453 166356 25.76622 8

3.00 005 0.02490 0.02495 2250 28.40574 57.12117 539.87161 542839 5453 141781 26.64606

4.00 007 0.03320 0.03327 2250 2082355 52.52725 53965115 564885 5453 120836 27.44043

5.00 0.08 0.04150 0.04158 2250 3103180 5072561 530.46325 583675 5453 1.02085 2815872 |

6.00 010 0.04980 0.04990 2250 206175 60.74604 52930311 599689 545.3 087771 280023 | £

7.00 042 0.05810 0.05822 2250 3293046 6161730 530.16663 613337 5453 0.74805 203006 | §

2.00 LES 0.06640 0.06653 2250 2268751 62.35025 520.05021 624969 545.3 063754 2929 | §

2.00 015 0.07470 0.07485 2250 3432508 6299152 53895118 634882 5453 054336 3042304 | §

10.00 017 0.08300 0.08317 2250 2486840 62.53038 529.86669 643331 5453 0.46300 30.86758

11.00 018 0.09130 0.09148 2250 3533148 63.98963 538.79468 650532 5453 0.39467 31.27339

12.00 020 0.09960 0.09980 2250 572616 6438104 52873231 656669 5453 023637 31.64445 o

13.00 022 0.10790 0.10812 2250 36.06253 6471463 538.63101 661899 5453 0.28668 31.98430 0.00 100 20 300 400 500

14.00 023 0.11620 0.11643 2250 3634921 6499804 538.63643 666357 5453 024433 32.29608 e, i

15.00 025 0.12450 0.12475 2250 3659354 65.24125 53 50244 670156 5453 020823 32.58258

800 a7 n 40 a7 280 800177 45 44778 528 5RAOA A71304 152 047747 0 naron

Cooling Calculator Results
Setup
Water source = Parallel water channels - ‘Shared wall / closed-loop refrigerant - Outer insulation around assembly = Ambient
Cooling Heat Transfer
Cooling goes o refrigerant o ambjq_w->5 + q_amb->5 = g_s->ref
Cold channel surface temperature | T_s ¢ = (T_tube/R_tw-5,c ~ T_ref.o/R_t.conv.o.ref.c = T_inf /R _tamb-s.6)/ (1IR_ty-5.c + R t,conv.o,refc ~ 1R
Cooling to water o _w->s = (T_tube - T_s,c) /R_tws.c
Bladder fil average T_bladg,avg is the collected average of cooled outlet water, V_bladd,c(t) is calculated from Q_vol over time until ihe target volume is reached
Channel energy balance, cooling |m_tube _p dT_tubeidt = -q_w->S + m_dot ¢_p (T_source - T_tube)
Cooling inputs Cooling derived quantities
Symbol Description Value Units Symbol Description Value Units Equation
ARt Water-side m2

T_sourcec  Source water temperature 225 degC heat-transfer area 0.05655 Ahtic = N_wch,c *f_contact.c * (4* A_chwc /D_hwe)*L_c
T_tube,ci Initial water in cooling channels 225 degC Ahtrefc Refrigerant contact area 0.05655 m#2 A htrefc= A htwc
T_bladd,c target Target bladder water temperature 10 degC V_tube.c Tube water hold-up volume 0.08482 L V_tube,c= 1000 * A_chw.c* Nowche* L ¢
V_bladd,c Cold bladder target volume 05 L m_bladd.c Bladder water mass 0.49300 kg m_bladd.c = tho_w * V_bladd,c / 1000
Tnfc Ambient temperature 225 degC m_tube,c Tube water mass 0.08485 kg ho_w * A_chw,c* N_wche”L ¢
T_rete Refrigerant-side boundary temperature 5 degC m_dot_w Mase flow rate 0.00822 kgis ho_w * Q_vol 166 / 60
nic Water-side convection coeficient 500 Wim2-K R_t.convc Water-side convection resistance 0.03537 KW 1/(hic” ANtwe)
h_refc Refrigerant-side convection coefficient 100 Wim*2-K R_t.cond,wall,c ‘Shared wall conduction resistance 0.00111 KW wiall.e/ (k wall.c ™ A_htuc)
h_amp,c Ambient convection coefiicient 5 Wim'2-K Water-to-surface resistance 0.03647 KW R_tw-5.¢ =R_tconvic + R_tcondwall,c

K_wall. ‘Shared wall conductivity 16 Wim-K R_t.conv.o.ref.c Refrigerant-side Gonvection resistance 0.17684 KW R_tconvo.refc=1/(h_refc* A htref.c)

Achw.c Area of one water channel 00000282743 m2 Alnsoc Insulated outer area 002628 m'2 Pinsoc*lc

D_hwe Hydraulic diameter of one water channel 0.006 m R_t.conv.0.amb.c Ambient convection resistance 7.07339 KW 1 (h_amb.c* A_ins 0.6)

Lec Single-channel length 05m R_t cond.ins.c Insulation conduction resistance 2.42087 KIW _t.cond,ins.c = Lins.c/ (k_ins.c * A

N_wehc Parallel water channels 6- R_tamb-s c Total ambient-to-surface resistance 11.49425 KW R_tamb-s.c = R_t,cony.o,amb,c + R_t,cond.ins.c
f_contactc  Effective refrigerant contact perimeter fraction 1- Tse Initial cold surface temperature 195156 C T_s c = weighted node temperature

P_nsoc Outer insulated perimeter of assembly 005655 m Qw-ss Initial heat removed from water 818242 W Q_w=>s = (T_tube,c-T_5,c)/R_Lw-s¢

tvallc Waterfrefrigerant wall thickness 0001 m amb->s Initial ambient heat leak to cold surface 02596 W q_amb->s = (T_inf.c - T_s,c) / R_tamb-s,c

tins.c Insulation thickness 0.005 m as->ref Initial heat rejected to refrigerant 8208381423 W Qs-=ref = (T_s,c- T_ref,c) / R_t.conv,o.ref,c

Knsc Insulation conductivity 0.04 Wim-K L1l bladd.c Bladder fil time 60s t il bladd,c = V_bladd,c / (Q_vol / 1000/ 60)

tho_w Water density 998 ko/m'3 A flow fotal.c Total water flow area 00001696458 m2 A_flow,total.c = A_ch.w,c *N_w.ch.c

o Water specific heat 4184 JhkgK Aht_per_m,c Heat-ransfer area per meter 01130972 m*2im A_ht_per_m.c =N_w.ch,c * f_contactc * (4* A_chwic/D_hwic)
Q_vol Water flow rate into biadder 500 mLimin T_bladd final ¢ Final bladder average temperature 207050 degC T_bladd,final,c = LOOKUP({_fil, time, T_bladd.avg,c)
t Time step 15 Target reached? Target check No-increase L_- IF(T_bladd final.c <=T_bladd.c target)

Gooling with Time Plots
Time, s Time, min Tf"'“"g‘“'“'c‘ L“"’E’g““e“ TscC awss, W gambas,W as>rel, W V_bladd,c,L  Bladderfiling?  dT_tubeidt, Cis Cooling Water Temperature vs Time
0.0000 0.0000 22,5000 22,5000 195156 81.0242 02596 22,0838 0.0000 Fillng -0.2310 = s acer
1.0000 0.0167 222690 222690 19.3246 807274 02763 21.0036 0.0083 Filing -0.2082 = Costng chsmnst ot
2.0000 00333 221664 220638 19.1549 797531 02910 200441 0.0167 Fillng 01823 temparature
3.0000 0.0500 220714 21.8814 19.0042 78.8875 03041 791917 0.0250 Filing -0.1620
4.0000 0.0667 21.9834 217195 18.8703 78.1186 03158 784344 0.0333 Fillng -0.1439 5
5.0000 0.0833 21.9019 215756 187513 77.4385 03261 717817 0.0417 Filing -0.1278 ¥
6.0000 0.1000 218262 214478 186456 76.8287 03353 771841 0.0500 Filling 0.1135 i
7.0000. 0.4167 217559 213343 185517 76.2897 03435 76,6332 0.0583 Fillng -0.1009
8.0000. 01333 21,6906 212334 18.4683 75.8108 03508 76.1616 0.0667 Fillng -0.0896 H
2.0000. 0.1500 216208 211438 183043 75.3854 03572 757426 0.0750 Filing -0.0796:
10.0000 0.1667 215733 21.0642 183284 75.0075 03629 753704 0.0833 Filling -0.0707
11.0000 0.1833 21.5206 20,9935 182700 7456718 0.3680 750398 0.0917 Filing -0.0628
12,0000 0.2000 214714 20.9307 182180 74373 03725 747451 01000 Fillng -0.0558 0
13.0000 02167 214255 208749 181719 74.1086 03765 744852 0.1083 Filing -0.0496: o (i
14.0000 02333 213826 208253 18.1308 738733 03801 742534 0.1167 Filing -0.0440
15.0000 0.2500 213425 207812 18.0045 736642 03833 740475 0.4250 Fillng -0.0391
16.0000 0.2667 21.3050 207421 18.0621 73.4785 03861 728645 0.1333 Fillng -0.0348
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Heating and Cooling Calculator Breakdown

1 Purpose of the Calculator

This calculator models the transient heating behavior of a potable water dispensing system using

a heated tube coil and reservoir. The spreadsheet estimates:

e Coil water temperature

Reservoir water temperature

Heater surface temperature

Heat transfer into the water

Heat losses to ambient

Reservoir mass and volume accumulation

The spreadsheet uses thermal resistance methods, transient energy balances, and explicit time
stepping to propagate the solution through time.

2 User Inputs

The primary inputs are entered under the “Heating Inputs” section of the spreadsheet.

Heating inputs

Symbol
T_supply,h
T_coil,h,i
T_res h target
V_res h, target
P_elh
eta_h
T_infh
h_ih
h_o,amb,h
k_th

d_ih

d_oh

L_h
R_tch
t_ins,h
k_ins,h
rho_w
c_pw
Q_vol
m_dot_w

t

Description

Incoming water temperature

Initial coil water temperature
Target reservoir water temperature

Hot reservoir target volume w/ 5% margin

Electrical heater power

Heater efficiency

Ambient temperature

Inner convection coefficient

Quter convection coefficient to ambient
Tube thermal conductivity

Coil inner diameter

Coil outer diameter

Coil length

Thermal contact resistance
Heater-side insulation thickness
Heater-side insulation conductivity
Water density

Water specific heat

Volumetric flow rate

Mass flow rate

time step

Value Units
225 degC
225 degC
225 degC
063 L
560 W

07 -
225 degC
500 Wim*2-K
5 Wim*2-K
167 Wim-K
0.006 m
0.008 m
2m
0.00000063534¢ KIW
0.005 m
0.014 Wim-K
998 kg/m*3
4184 Jkg-K
500 mL/min
0.0083 kg/s
1s

Figure 1: Heating Inputs Table
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3 Geometric Properties
The internal wetted area of the tube is:

Ajp=mdinLy

Substituting values:

Ay = m(0.006)(2) = 0.0377 m?

The external tube area is:

Ao.h = Trdu,th
Substituting values:

A, = w(0.008)(2) = 0.0503 m?

The internal fluid volume of the coil is:

Trdf h
Veoit,n = 1000 4' Ly

Substituting values:

7(0.006)>

choiLh = 1000 ( 4

(2)) = 0.0565 L

4 Fluid Mass Calculations

The target heated reservoir water mass is:

m =p K‘e.&.f{,ﬂul'get
lres,htarget — Pw ™ 157
’ 1000

Substituting values:

1
rrl/t,ﬂp‘q.h:fnrgpf = gggm =0.998 I’C!]

The mass of water inside the coil is:

2
Trdi,h
Meoil,h = Pw 1 Ly,

7(0.006)2
4

Substituting values:

Meoil,h = 998 ( (2)) = 0.0564 kg
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5 Effective Heater Power

The effective thermal power delivered by the heater is:

Ph,eff = TMPELIL

Substituting values:

Phepp=0.7(560) = 392 W

6 Thermal Resistance Network

Heat transfer within the system occurs radially through a set of thermal resistances. The resistances
are listed in the order they occur from the center of the flowing water outward toward the ambient
surroundings.

The full thermal path is:

Water — Internal Convection — Tube Wall Conduction — Thermal Contact — Insulation Conduction — Ambier

6.1 Internal Convection Resistance

The first resistance occurs between the flowing water and the inner tube wall.
The internal convection resistance is:

1

Ry convih =
’ lbi,hAi,h

Substituting values:

Rt,canv.i.h = = 0.0530 K/H/'

500(0.0377)

6.2 Tube Wall Conduction Resistance

After heat reaches the inner tube wall, it conducts radially through the tube material.
The cylindrical conduction resistance of the tube wall is:

Rt.cond t,h =
’ 2mky L

Substituting values:

In(0.008/0.006)

_ 4w
ariem) AT x0T R/

Rt.(‘on(i.t.h =
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6.3 Thermal Contact Resistance
After conduction through the tube wall, heat passes through the interface between the heater and
tube surface.

The thermal contact resistance is entered directly as:

Ry ., = user-defined input = 0.0000006353490742 for K apton

This resistance accounts for imperfect surface contact, air gaps, surface roughness, clamping
force, and thermal interface materials.
6.4 Insulation Conduction Resistance
Heat leaving the heater assembly then conducts through the external insulation layer.

The external insulation area is:

Ain&o,h = 7"'(dmh. + 2tins.h)Lh

The insulation conduction resistance is:

In((don + 2tinsn)/don)
Qﬂ'kim.h[/h

Rt,cmzd,zns.h =

6.5 Ambient Convection Resistance

The final resistance occurs between the outer insulation surface and the surrounding air.
The ambient convection resistance is:

1

Rt,conu.ﬂ,amb.h =
h Lo,amb,h A?‘,ns‘o,h

6.6 Total Water-Side Resistance
The total resistance between the heater surface and the water is:
Rt,w—s.h = Rt,conv,i.h + Rt.cond,t.h + Rt,c,h

6.7 Total Ambient Heat Loss Resistance

The total resistance between the heater surface and the ambient surroundings is:
Rt,loss,amb,h = Rt,rond,ins,h + Rt,t‘,om',o,amb.h

7 Heater Surface Temperature

The heater surface temperature is calculated using a thermal resistance balance.
At the heater surface:

Ph.,eff = Qh,%w + Qlo.ss,amb

Substituting resistance relations:
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Ts,h — Tcui[.h + Ts,h — Tx,h

Rl eff —
Rt,u}—s.h Rt,ioss.amb,h

Solving for heater surface temperature:

P + Teoil,h Too,h
_ heff T Ry Rt loss,amb,h
s,h = 1 1
Riw—sh Rt 1oss,amb,h

8 Heat Transfer Into the Water
The heat transfer rate into the water is:

Ton — Tc:oil.lz

Qh%w =
Rwas.lL

This quantity is recalculated every timestep because the heater surface temperature and coil

water temperature are updated every row.

9 Heat Loss to Ambient

The ambient heat loss is:

Ts,h - Toc,h

Q[oss,umb -
Rt Joss,amb,h

This quantity is recalculated every timestep because the heater surface temperature changes

over time.

10 Energy Balance Verification
The spreadsheet verifies conservation of energy using:

F’h:eff - Qhﬁw + Qtusx.umb

Minor differences occur due to numerical rounding.

11 Transient Coil Heating Equation

The transient energy balance on the coil water control volume is:

dTrm',l,h
dt
Solving for the temperature rate of change:

Meoil hCp = Qh—w + 1cp(Touppty,n —

Tcm‘lﬁ)

chrJil,i: o Qhﬁw + T.TLCp(T.supply,)L - Tcoil,h)

dt Meoil hCp
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12 Euler Time Stepping

The spreadsheet uses explicit Euler integration.
Each spreadsheet row represents one timestep:

2‘71+l =tn + At

where:

At=1s
The coil temperature is updated using;:

chozl h

At
dt

Troﬁ[.h(t + At) = Tcuil,h(t) +

This process repeats for every spreadsheet row.

13 Reservoir Mass and Volume Updates
The reservoir mass increases according to:
Mypes h(t + At) = Myesn(t) + mAL

The reservoir volume is then calculated from density:

1000m,.e5 1,

Pw

VT‘PS.h =

14 Reservoir Temperature Update
The reservoir temperature is calculated using a mass-weighted mixing relation:

MoldToia + “anuTnm’!,h
n'es.h(t + At) =

Miotal

This assumes perfect mixing inside the reservoir.

15 Transient Plot Generation

./ COLLEGE or ENGINEERING

The spreadsheet generates plots by recalculating all temperatures and heat transfer quantities at

every timestep.
The primary transient plots include:

e Coil water temperature vs. time

e Reservoir temperature vs. time

Heater surface temperature vs. time

e Heat transfer into water vs. time

Ambient heat loss vs. time
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e Reservoir mass vs. time

e Reservoir volume vs. time

Each plotted value is obtained from the updated equations in the corresponding spreadsheet
row.

15.1 Coil Water Temperature Plot

The coil water temperature plot shows the calculated temperature of the water inside the heating
coil at each timestep.
The plotted values come from:

chail,h

P At

Tﬁni[ﬁ(t + At) = Tf‘f’iiyh(t) +

15.2 Reservoir Temperature Plot

The reservoir temperature plot shows the mixed temperature of the water collected in the reservoir.
The plotted values come from:

Tyeun(t+ At) = Mol Toid + MenewTeoit i

Miotal

15.3 Heater Surface Temperature Plot

The heater surface temperature plot shows the calculated surface temperature from the resistance
balance.
The plotted values come from:

Teoil,h To .k
_ Phers + Riw—s,h ' Riloss,amb,h
s,h = 1 1

+
Rt w—s,h Rt 1oss,amb,h

15.4 Heat Transfer Into Water Plot

The heat transfer into water plot shows the instantaneous heating rate of the coil water.
The plotted values come from:

Ts.h - Tcoil.lz
Rt,w—s,h

Qhﬁw =

15.5 Ambient Heat Loss Plot

The ambient heat loss plot shows the instantaneous heat loss from the system to ambient air.
The plotted values come from:

Ts=h - Too,h

Qluss.amb =
Rt Joss,amb,h
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15.6 Reservoir Mass and Volume Plots
The reservoir mass and volume plots show the accumulation of heated water in the reservoir.
The plotted mass values come from:
nl/res,h(f + Af) = 'rn‘res,h(f) + At
The plotted volume values come from:

1000mes.n

Pw

res,h =

16 Important Assumptions

e Constant water properties

e Constant material properties

Uniform coil temperature
e Perfect reservoir mixing

One-dimensional radial heat transfer

Negligible radiation heat transfer

Constant heater efficiency

17 Conclusion
This spreadsheet models transient heating behavior using:

Convection

Conduction

e Thermal resistance methods

e Energy conservation

Explicit Euler time stepping

e Numerical transient updates

The calculator provides a transient estimate of water heating performance for a potable water
dispensing system.

30



r»
2026 NASA Human Lander Challenge (HULC) KA/ COLLEGE or ENGINEERING

18 Water Cooler Calculator

The cooling portion of the spreadsheet models the transient cooling behavior of water flowing
through a multichannel tube. In this system, room-temperature source water is pushed through
water channels in a multichannel tube. The neighboring channels contain closed-loop refrigerant,
which removes heat from the water through the shared channel walls. After passing through the
cooling length, the cooled water collects in an insulated bladder. The bladder is then emptied
through a nozzle after it reaches the desired fill volume.

Unlike the heating reservoir model, the cold bladder is assumed to be initially empty. Therefore,
the bladder temperature is not an initial water temperature. Instead, it is calculated as the running
average temperature of the cooled water exiting the multichannel cooling section.

The cooling calculator estimates:

o Water temperature inside the cooling channels
e Effective cold surface temperature

e Heat removed from the water

o Ambient heat leak into the cold section

e Heat rejected to the refrigerant

Bladder fill volume over time

e Average temperature of the collected bladder water

19 Cooling System Setup

The physical cooling path is modeled as:

Source Water — Multichannel Water Passages — Shared Tube Wall — Closed-Loop Refrigerant Channels — Inst

The thermal resistance path is modeled as:

Water — Water-Side Convection — Shared Wall Conduction — Refrigerant-Side Convection — Refrigerant

Ambient heat leak is also included through the insulation surrounding the multichannel tube
and refrigerant section:

Ambient — Ambient Convection — Insulation Conduction — Cold Surface

20 Cooling Inputs

The main cooling inputs are entered under the “Cooling Inputs” section of the spreadsheet.
Important cooling inputs include:

e Source water temperature, Tyource.c
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o Initial water temperature in the cooling channels, T}, i
o Target bladder water temperature, Thadd,c target
e Cold bladder target volume, Viiadd c target

e Refrigerant-side boundary temperature, Ty

e Area of one water channel, A4 ¢

e Hydraulic diameter of one water channel, Dy, ., .
o Number of parallel water channels, Ny, .,

e Single-channel length, L.

o Water-side convection coefficient, h; .

e Refrigerant-side convection coefficient, hyej. .

e Ambient convection coefficient, hgpp,

e Wall conductivity, ke

e Insulation conductivity, kips e

e Volumetric flow rate, Qo which sets the bladder fill volume over time

21 Multichannel Geometry

The total water flow area is calculated from the area of one water channel and the number of
parallel water channels:

Aflmujom[,r = NUJ,I'.’L,(!A(‘I) RN

The water volume inside the cooling channels is:

Wuhe,r = 1000Aﬂmu,mfa.l,c[fp

where the factor of 1000 converts cubic meters to liters.
The mass of water inside the cooling channels is:

Myube,c = puJAflouJ.Lutut.cLL‘

22 Hydraulic Diameter

For non-circular cooling channels, the hydraulic diameter is used instead of the circular tube diam-
eter. The hydraulic diameter is:

4A,

Py,

Dy =

where:
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A, = cross-sectional area of one channel

P,, = wetted perimeter of one channel

The hydraulic diameter allows the spreadsheet to use pipe-flow style heat transfer relations for
a non-circular channel.

23 Cooling Heat Transfer Area

The effective water-side heat transfer area is based on the hydraulic diameter, channel length, and
number of water channels:

Aw,c = Nw,ch.c"rDh,w.ch

If only part of the water channel perimeter is effectively exposed to the neighboring refrigerant
channels, a contact correction factor may be applied:

A(:onmrtm = fmnmm,cAU',f

where feontact.c 18 the effective refrigerant contact perimeter fraction.

24 Bladder Fill Volume Over Time

The bladder is assumed to start empty. Instead of assuming that the bladder is already filled,
the spreadsheet uses the volumetric flow rate to calculate how much cooled water has entered the
bladder at each timestep.

The volumetric flow rate is entered as:

Quot = 500 mL/min
This is converted to liters per second as:

Q _ ero]
vel.L/s ™ 1000(60)
Substituting values:
500
Qw)l,L/S - W(C\O)

The bladder fill volume at each timestep is:

=0.00833 L/s

W}lndn’,.v(t) = Qno.’,L/st

To prevent the calculated bladder volume from exceeding the target bladder volume, the spread-
sheet uses:

‘/ln’au!d.c(t) = min (‘/bladd,c:lur_qel,v QuoLL/at)

where:
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Vitadd,e.target = desired final bladder volume

This means the bladder volume increases linearly with time until the target fill volume is reached.
For example, if:

V;aladrtr,mrger =0.5L

and:

Quot = 500 mL/min = 0.5 L/min
then the bladder fill time is:

V})irzdd.ntargeﬁ

trin =
#i Qt:nt
0.5L
0.5 L/min
The 60 second fill time is not an optimization result. It comes directly from the selected bladder
volume and volumetric flow rate.

tra = =1 min =060 s

25 Cooling Thermal Resistance Network

Heat is removed from the water by passing through the water-side convection resistance, wall
conduction resistance, and refrigerant-side convection resistance.

25.1 Water-Side Convection Resistance

The water-side convection resistance is:

1

Rt.rom:,’i.r = h A
Li,cAcontact ¢

25.2 Shared Wall Conduction Resistance

The conduction resistance through the wall between the water and refrigerant channels is approx-
imated as:

twall,c
Rt.tond,wuil,c = k

'waH,r,Arontart,F

25.3 Water-to-Surface Resistance

The total resistance between the water and the cold surface is:

RL‘LU*S‘L‘ = RL.cmw,z.,(' + Rl,cund.wull.c
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25.4 Refrigerant-Side Convection Resistance
The refrigerant-side convection resistance is:

1

Ry conv ref.c =
' ' h‘ﬁ‘ef.CAL'UrlLLLELC

25.5 Ambient Heat Leak Resistance

The ambient heat leak enters through the insulation surrounding the cold assembly.
The insulated outer area is:

Aiu.ﬁ,u.a = L'u.ﬁ,u,ch

The insulation conduction resistance is approximated as:

tms C
Rt,(‘ondﬂius.c = % A
ins,c<lins,0,c
The ambient convection resistance is:
1

Rl,cmw,amb.c - n A
amb,cins,o,c

The total ambient-to-surface resistance is:

Rt,umb—s,c - Rl.t:uutl.ins.c + Rt.uanu.umb.c

26 Cold Surface Temperature

The cold surface temperature is calculated from a thermal resistance balance between the water,
refrigerant, and ambient surroundings.
At the cold surface:

Qw—)s + Qambﬁ.s = Qs—)rr:f

Using the resistance relations:

T‘iuhe,n - TG,(' + Toc,(' - Tq,(‘ o Tc,(' - Tref,r‘

Rt.urfs,rr Rt,a'mbfs,(: Ri.mmm‘ef.(‘

Solving for the cold surface temperature:

Tiube,c + Tref.c Too.c
T - Rtw-s,c ' Btconvrefic = Rtamb—s.c
$,¢ 1 1 1

Riw—s,c Rz.nmw,wj.c Rl.uvnb—s,c

27 Heat Removed From the Water

The heat removed from the water is:

Q _ Ttubar - Ts.r’
w—s —
R:‘.,’UJ7S.(‘

This value is positive when heat leaves the water and moves into the colder surface.
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28 Ambient Heat Leak

The ambient heat leak into the cold section is:

Toc,c - Ts,c

Q(Lmh%s =
Rt,a-mbfs‘c

This is unwanted heat gain from the surrounding room-temperature air.

29 Heat Rejected to the Refrigerant

The heat rejected to the refrigerant is:

Tse— T11':5]',(:

Qﬂﬁrﬁf =
Rt.COFlUJ'Cf.C

For energy balance consistency:

Q‘-aaref & Quss T Qamb—s

Small differences may occur because of spreadsheet rounding.

30 Transient Cooling Channel Equation

The cooling channel is modeled as a lumped water control volume with source water flowing in and
cooled water flowing out.
The transient energy balance is:

dTlub&g
dt

Solving for the rate of temperature change:

= *Q’m—}s + ﬁLm(fp (Tconrce,c - Eube,r:)

Mtybe,cCp

thube‘(,‘ o 7Qm%s + V}Lm(fp (anurn(‘,c - Ttube‘,c)

dt Mipube,cCp

The negative sign on Q,,HS indicates that heat is being removed from the water.

31 Euler Time Stepping for Cooling

The spreadsheet uses explicit Euler integration.
Each row advances by one timestep:
tn+l =1, + At
The cooling channel water temperature is updated using:

thube,c

Ttu.be.ﬂ(t + At) = ﬂube,c(t) + At

This updated cooling channel temperature is then used in the next row to recalculate the cold
surface temperature and heat transfer rates.
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32 Bladder Mass Accumulation

After the bladder fill volume is calculated, the collected water mass is calculated using the water
density:

Vbtadd,e(t)

Mpadd,e(t) = Puw 1000

where Vijaqq,c is in liters.
The target bladder mass is:

o W)!add,c,target
Mpladd,ctarget = Pw W

The bladder is considered filling while:

Vbladd,r:(t) < V}Jladd,n,m'rget

Once:

V()lad(l,r’(t) = Vblnrld,a,rm"get

the bladder is considered full.

33 Bladder Temperature Update

The bladder temperature is calculated as the running average of the cooled outlet water entering
the bladder. Since the bladder starts empty, the first water entering the bladder defines the initial
collected water temperature.

At each timestep, the new volume of water entering the bladder is:

AVhtadd,c = Quot,1)s At

The corresponding new mass of water is:

AVhiadd.c
1000
The bladder temperature is updated using a mass-weighted mixing relation:

Mpew = Pw

mordTord + 7’”115:1::1111&6,(:
Mold + Mpew

Thtadd,c(t + At) =
where:

Tyupe,c = cooling channel outlet temperature

This assumes that the water entering the bladder has the same temperature as the outlet water
from the multichannel cooling section.

Once the target bladder volume is reached, the calculator holds the bladder at the target fill
volume.
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34 Cooling Time Table

The cooling time table calculates all transient quantities at each timestep.
The main columns include:

e Time in seconds

e Time in minutes

e Average bladder water temperature
e Cooling channel outlet temperature
e Cold surface temperature

e Heat removed from water

e Ambient heat leak

e Heat rejected to refrigerant

e Bladder fill volume

e Bladder fill status

e Rate of change of cooling channel temperature

The most important design outputs are the average bladder temperature and the bladder fill
volume. Together, these show whether the system can collect the desired volume of water below
the target temperature before release through the nozzle.

35 Cooling Plot Generation

The spreadsheet generates plots by recalculating temperatures, heat transfer rates, and bladder fill
volume at every timestep.
The primary cooling plots include:

e Cooling channel outlet temperature vs. time
o Average bladder temperature vs. time

e Cold surface temperature vs. time

e Heat removed from water vs. time

e Ambient heat leak vs. time

e Heat rejected to refrigerant vs. time

e Bladder fill volume vs. time
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35.1 Cooling Channel Temperature Plot

The cooling channel temperature plot shows the water temperature inside the cooling channels at
each timestep.
The plotted values come from:

dz}ub?,r

Tiube.ﬂ(t + At) = Tlube,c(t) + At

35.2 Bladder Temperature Plot

The bladder temperature plot shows the average temperature of the water collected in the bladder.
The plotted values come from:

molclTold + 7nnew:lwtube,c

Thtadd.c(t + At) = .
“Ol ‘new

35.3 Cold Surface Temperature Plot

The cold surface temperature plot shows the effective surface temperature between the water chan-
nels, refrigerant channels, and ambient heat leak.
The plotted values come from:

Tyube,c + Tref,e Toc,e
T = Riw—s,c Rt conv,ref.c Rt,amb—s,c
sC 1 + 1 1
Ry w—s.c Ryt conv,ref,c Rt amb—s,c

35.4 Heat Removed From Water Plot

The heat removed from water plot shows the instantaneous cooling rate of the water.
The plotted values come from:

Q o Tt,ube.r —Tse
w—s — - 5
Rt.w—.s.u

35.5 Ambient Heat Leak Plot

The ambient heat leak plot shows the instantaneous heat gain from the surrounding air into the
insulated cold section.

The plotted values come from:
Toc,c - Ts,c

anb—>s =
Rt,amb—s,c

35.6 Refrigerant Heat Rejection Plot

The refrigerant heat rejection plot shows the heat that must be carried away by the refrigerant
loop.

The plotted values come from:
Te,c - Tre f.c

Qﬁ%r'ef =
Rtmnm.v,rpf.n
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35.7 Bladder Fill Volume Plot

The bladder fill volume plot shows how much cooled water has collected in the bladder over time.
The plotted values come from:

Viilacld.c(t) = min (‘/bla.dd,c,tar_qeta QuoI.L/.st)

This plot is important because it shows when the bladder reaches the desired release volume.

36 Important Cooling Assumptions
e The bladder starts empty.
e The bladder fill volume is calculated from the volumetric flow rate.
e The entered flow rate is Q,o = 500 mL/min unless changed by the user.

e The bladder temperature is the mass-weighted average of water entering from the cooling
channels.

e The cooling channel is modeled as a lumped control volume.

e The outlet temperature is approximated as the cooling channel water temperature.
e Water properties are constant.

e Refrigerant-side boundary temperature is constant.

e Refrigerant-side convection coefficient is constant.

e Ambient temperature is constant.

e Heat transfer is approximated as one-dimensional through an effective contact area.
e Radiation heat transfer is neglected.

e The bladder is insulated after collection.

e The nozzle release occurs after the bladder reaches the desired fill volume.

37 Cooling Calculator Conclusion

The water cooler calculator models the transient cooling of source water through a multichannel
tube and the collection of that cooled water in an initially empty insulated bladder. The model
uses:

e Multichannel heat transfer area

Hydraulic diameter

Thermal resistance methods

e Water-to-refrigerant heat transfer
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e Ambient heat leak through insulation
e Transient energy balances

e Explicit Euler time stepping

o Volumetric bladder fill calculation

e Mass-weighted bladder temperature accumulation

The calculator can be used to estimate whether a selected channel length, number of channels,
refrigerant boundary temperature, and flow rate are sufficient to fill the bladder with water below
the target temperature.
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Decontamination Breakdown

Decontamination Breakdown

Decontamination subsystem requirements

Consumable Iodine level < 0.2 ppm [2, 3]
Consumable CFU/mL level < 50 CFU/mL [2, 3]

Purpose of this study:

1.

2.

Compute and define system and hardware requirements required for
safe consumption of potable water on the ISS [2].

Provide an approximately sized Filtration system [1].

Assumptions used for this study:

Housing internal volume is held constant at 250 cc (15.2563 in?) based
on heritage 1SS hardware to evaluate changing L/D profiles over an
identical chemical payload footprint [1].

Water density remains completely uniform and unchanging throughout
the internal flow channels under low-pressure operating conditions [6].

Low fluid veloecity (500 mL/min) creates a pore Reynolds number well
below 1, allowing the kinetic/turbulent term of the Ergun equation to
be neglected [1,4].

Dynamic viscosity (u) is maintained at a constant value of 0.00008307 1bm//(in-
s), assuming a standard ambient spacecraft water bus temperature of
20°C prior to downstream thermal processing [2,7].

The interstitial void fraction (¢) remains fixed at a uniform value of
0.38 (38% void space) throughout the entire random packed bed [1,4].

Active resin beads are modeled as perfectly uniform, smooth, non-
deformable spheres with a mean particle diameter of 0.65 mm (0.02559 in)

(1]-

Calculations assume a clean “Day 1”7 operating condition with zero
internal carbon fines shedding, particulate loading, or microbial cake
formation [5,6].
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Governing Equations:

e Ergun Equation (Viscous Component): Used to evaluate packed
bed media sizing and fluid drag dependencies [1,4].

150 p-V-(1—¢)?
ge - di -3

AP=1L- (1)

e Empty Bed Contact Time (EBCT): Used to dictate dwell param-
eters required for design scalability [1,5].

EBCT — ~bed (2)

flow

e Purificational Efficiency (E): Used to define mass-transfer limits
against incoming volatile inputs [3,6].

5(1%) x 100 (3)

“influent

e Log Reduction Value (LRV): Used to process exponential sanita-
tion standards for safe water delivery [2,3].

LRV = 108;10 (Cinﬂucnt) (4)

<effline

Variable and Parameter Reference Framework:

AP = Total structural bed pressure drop (psi). Core modeling structure
derived from [1,4].

L, D = Length and Diameter of the packed resin bed (in), outlined in [1].

g = Dynamic fluid viscosity (0.00008307 lbm/(in - s)). Calculated us-
ing pure water properties at the ambient cabin temperature [2] and
tabulated in [7].

V' = Superficial fluid velocity (in/s), where V' = Qgow/Area. Fluid con-
tinuity transformation derived from [1,6].

¢ = Interstitial bed void fraction (0.38). Traced to random close packed
bead constants verified in [1].
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ge = Dimensional gravitational proportionality constant (386.088 1bm -
in/(Ibf - s?)), standard physical engineering conversion factor.

dp = Mean spherical particle diameter (0.02559 in / 0.65 mm). Traced
from [1].

Viea = Total internal bed volume (15.2563 in® / 250 cc). Traced to core
geometry boundaries established in [1].

Qfow = Volumetric flow rate (0.50853 in®/s / 500 mL/min). Traced to flight
system supply manifolds tracked in [1].

Cinfluent = Influent contaminant concentration level (ppm or CFU/mL).

Ceine = Effluent contaminant concentration level (< 0.2 ppm Iodine / <
50 CFU/mL Microbial). Traced to baseline safety requirements in [2]
and spaceflight performance data tracked in [3].

Decontamination System Computations

1. Iodine Removal Efficiency Calculation

0.2 ppm
E={1——— 100 = 80.0Y 5
( 1.0 ppm) X 100 = 80.0% 5)
_ 0.2 ppm B N
L= (1 50 ppm) x 100 =90.0% (6)

2. Microbial Log Reduction Value (LRV) Calculation

100,000 CFU/mL
50 CFU/mL

LRV = log,, ( ) = log;(2000) ~ 3.3010  (7)

3. Microorganism Removal Percentage Calculation
1 1

Decontamination System Sizing Geometry (L/D Ratio)

2
D 4 Viarget
Viarget = T - (E) - L — I = ﬂ—l’gi( 9)
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Table 1: Parametric Geometric Sweep for a Fixed 250 ce Filter Payload

Diameter (D, in) Length (L, in) Aspect Ratio (L/D) Pressure Drop (AP, psi)

1.75 6.342 3.624 0.3127
2.25 3.837 1.705 0.1144
2.45 3.236 1.321 0.0814
2.75 2.569 0.934 0.0513
3.00 2.158 0.719 0.0362

MATLAB Sizing Simulation Source Code

The simulation source code provides a systematic framework for calculat-
ing, sizing, and optimizing an ideal length-to-diameter (/D) ratio for the
ACTEX resin bed based on available information in literature. The code
simulates a resin bed to achieve the absolute lowest possible pressure drop
to further amplify the system performance of the EBPWD. For the script to
perform its primary function, a multi-variable constraint matrix evaluates
the interactive trade space. The code and how it optimizes the best L/D
ratio for our application is governed by the following constraints:

clear; clc; close all;
A% 1.) Physical System Parameters

V_target = 15.2563; % Target wvolume fized at 250 cec

Q_flow = 0.508563; 4 System volumetric flow rate
(500 mL/min)

dp = 0.02559; % Restin bead diameter (0.65 mm)

mu = 0.00008307; % Water dynmamic wviscosity at 20
c

epsilon = 0.38; /% Packed bed void fraction
space

gc = 386.088; % Gravitational unit conversion

constant
bottom_half = gc * (dp~2) * (epsilon~3);

A% 2.) Design Comstraints and Performance Targets
EBCT_design = V_target / Q_flow;

% Comstraint 1: Biological Safety Target (Chick-Watson
kinetics)

C_influent = 100000;

C_eff_max = 50;

Target LRV logl0(C_influent / C_eff_max);
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k_media = -log(C_eff _max / C_influent) / EBCT_design;

% Constraint 2: Mazimum Velocity Ceiling (Prevents bed
compaction)
V_shear_max = 0.120;

% Constraint 3: Minimum Aspect Ratio (Prevents flouw
channeling)
LD_safety_min = 1.32;

A% 3.) Parametric Sweep Loop

D_range = 1.50 : 0.01 : 5.00;

LD_ratio = zeros(length(D_range), 1);
dP_total zeros (length(D_range), 1);
EBCT_actual = zeros(length(D_range), 1);
LRV_achieved = zeros(length(D_range), 1);
Velocity_track = zeros(length(D_range), 1);

for i = 1:length(D_range)
D = D_range(i);
Area = pi * (D"2) / 4;
L = V_target / Area;

LD_ratio(i) = L / D;
Velocity = Q_flow / Area;
Velocity_track(i) = Velocity;

# Apply a dwell time penalty if the column gets too
shallow

if LD_ratio(i) < 1.0
channeling_factor = 1.0 - (1.0 - LD_ratio(i)) "2;
EBCT_actual (i) = EBCT_design * max (0.1,

channeling_factor);

else
EBCT_actual (i) = EBCT_design;

end

# Check biological kill performance based on
effective contact time

C_eff_actual = C_influent * exp(-k_media *
EBCT _actual (i));

LRV_achieved(i) = loglO(C_influent / C_eff_actual);

# Compute the wviscous pressure drop via Ergun
equation

a
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top_half = 150 * mu * Velocity * ((1 - epsilon)~2);
dP_total(i) = L * (top_half / bottom_half);
end

Ak 4.) Automated Constraint Selection
4 Isolate configurations that pass all 3 safety
thresholds simultaneously
valid_indices = find(LRV_achieved >= Target_LRV &
Velocity_track <= V_shear_max &
LD_ratio »>= LD_safety_min);

if isempty(valid_indices)
error(’DesignuSpaceuWarning:uNoudimensionsusatisfyu
all, safety margins.’);
end

/# Pick the safe configuration that minimizes total system
pressure drop

[, min_dp_idx_relative] = min(dP_total(valid_indices));

opt_idx = valid_indices(min_dp_idx_relative);

/4 Save optimal dimensions

D_opt = D_range (opt_idx);

dP_opt = dP_total (opt_idx);

LD_opt = LD_ratio(opt_idx);
Area_opt = pi * (D_opt~2) / 4;
L_opt = V_target / Area_opt;
EBCT_opt = EBCT_actual (opt_idx);
V_opt = Velocity_track(opt_idx);

Justification of System Constraints and Optimization Trade
Space

The sizing simulation is governed directly by the physical boundaries of
packed bed fluid dynamics, alongside constraints derived from the design
implementation and concept of the resin bed.

1. Derivation of the Lower Boundary (Media Compaction Limit)

To prevent bed compaction, the fluid’s superficial velocity (V') cannot exceed
0.120 in/s [5]. Given a fixed system flow rate of Qguyw = 500 mL/min (0.50853 in?/s)
[1], the absolute minimum housing diameter (D) is derived using fluid
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continuity:
Qflow ., 0.50853 in® /s
V= Aron — 0.120 in/s = W (10)
Diin = _OOU93 53057 in? — Dpin = v5.3957 = 2.323 in  (11)

©.120) - (5)

Dropping below 2.323 in causes high localized velocity drag forces. Ac-
cording to Ergun’s theorems [4], this risks bead crushing and structural
degradation. In turn, this degradation can induce increased pressure losses,
which is highly undesirable for this flight system architecture [2].

2. Justification of the Upper Boundary (Wall Channeling Limit)

Additionally, a minimum aspect ratio limit of L/D > 1.32 was selected in
consideration of the chemical residence time calculated earlier in this study.

If the column profile becomes too short and wide (low L/D), the fluid
can bypass the resin bed core and stream directly down through the loose
wall pathways. This phenomenon, known as wall channeling, ultimately
prevents the system from reaching the required chemical residence time.
Maintaining an aspect ratio of L/D > 1.32 forces stable plug-flow behavior
and prevents structural fluid bypassing caused by microgravity settling or
launch vibration profiles [1,2].

3. Mathematical Optimization Conclusion

Any wider diameter drops the aspect ratio below the 1.32 boundary, causing
fluid channeling failure. Thus, this specific geometry is the mathematically
proven optimum for achieving the lowest possible operating pressure drop
(AP = 0.0814 psi) without risking localized system failure. It is important
to note that the work provided in this section is with respect to ideal con-
ditions. More considerations as to properly sizing this component requires
more than what is viable in literature.

Below this section you will find an image of a legacy ACTEX filter used
for multiple devices. Provided the derived optimal L/ D ratio and the dimen-
sions derived, it is reasonable to use the legacy ACTEX for future modeling
and sizing for now.

Figure 1: Legacy ACTEX Filter used for flight-heritage system configura-
tions.
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~  fir Microbial limit (<= 50 CFU/mL)
A B c
Microbial limit (q.MicrobiaI worst ¢ LRV

1 50  1.698970004

2 150  1.875061263

3 250  1.920818754

4 350  1.942008053

5 450 1.954242509

6 550  1.962211439

7 650  1.967815317

8 750  1.971971276

9 850  1.975176416
10 950  1.977723605
1 1050  1.979796614
12 1150 1.981516594
13 1250  1.982966661
14 1350  1.984205733
15 1450  1.985276743
16 1550  1.986211716
17 1650  1.987035023
18 1750  1.987765544
19 1850  1.988418127
20 1950  1.989004616
21 2050  1.989534566
22 2150  1.990015779
23 2250  1.990454682
24 3687 2186461896
25 7800 2494154594
26 11913 2.661047794
27 16026 2773461374
28 20139 2.856879871
29 24252 2.922349562
30 28365 2975661533
31 32478  3.020227584
32 36591 3.0582243
33 40704 3.09112315
34 44817  3.119963865
35 48930  3.145507171
36 53043  3.168325578
37 57156  3.188860103
38 61269  3.207457195
39 65382  3.224393594
40 69495  3.239893568
4 73608 3254141161
42 77721 3.267289089
43 81834  3.279465324
44 85947  3.290778046
45 90080  3.301319429
46 94173 3311168574
47 98286  3.320393803
48 98286 3311250423
49 98286  3.302295581
50 100000  3.301029996

P(%)
098
09866666667
0.988
09885714286
09888888889
0.9890909091
09892307692
09893333333
0.9894117647
09804736842
09895238095
09805652174
0.9896
09806206296
09896551724
09896774194
09896969697
0.9897142857
09807297297
09897435897
09897560976
09897674419
0.9807777778
09934906428
0.9967948718
0.9978175103
09983152377
09986096628
09988042223
09989423585
0.9990455077
0999125468
0.9991892689
09992413593
09992846924
09993213054
09993526489
0.9993797842
09994035056
0.999424419
09994429953
09994506055
0999474546
09994880566
0.9995003331
0.9995115373
0.9995218037
0.9995116293
0.9995014549
0.9995

Log Reduction Value (LRV) Profile Under Bariable Challenge
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A B c D E F G H J

1 lodine concentration (ppm) outcome ( <0.2 ppm) equation Microbial limit (<= 50 CFU/mL) Microbial worst case (CFU/mL) LRV P(%)

2 1 02 08 1 50  1.698970004 0.98
3 2 1 2 150  1.875061263 0.9866666667
4 3 1 3 250 1.920818754 0.988
5 4 1 4 350  1.942008053 0.9885714286
6 5 450  1.954242509 0.9888888889
7 6 550  1.962211439 0.9890909091
’ ACTEX lodine Removal Efficiency 7 650  1.967815317 0.9892307692
9 125 8 750  1.971971276 0.9893333333
10 9 850 1.975176416 0.9894117647
1 100 10 950  1.977723605 0.9894736842
2 N /V 1 1050 1979796614 0.9895238095
13 s\; ors 12 1150  1.981516594 0.9895652174
14 g 13 1250  1.982966661 0.9896
15 S 14 1350  1.984205733 0.9896296296
16 2 050 15 1450 1985276743 09896551724
17 £ 16 1550  1.986211716 0.9896774194
18 = 025 17 1650  1.987035023 0.9896969697
19 18 1750  1.987765544 09897142857
20 0.00 19 1850  1.988418127 0.9897297297
21 ! 2 3 4 20 1950  1.989004616 0.9897435897
2 lodine concentration (1-4 ppm) 21 2050 1989534566 0.9897560976
23 22 2150  1.990015779 0.9897674419
24 23 2250 1990454682 09897777778
25 24 3687 2186461896 09934906428
2% 25 7800 2494154504 0.9967948718
27 26 11913 2661047794 09978175103
2 27 16026 2773461374 09983152377
29 28 20139  2.856879871 0.9986096628
30 29 24252 2922349562 0.9988042223
3 30 28365 2975661533 0.9989423585
32 31 32478 3.020227584 0.9990455077
3 32 36591 3.0582243  0.999125468
3 33 40704 309112315 0.9991892689
35 34 44817  3.119963865 0.9992413593
3% 35 48930  3.145507171 0.9992846924
7 36 53043  3.168325578 0.9993213054
38 37 57156  3.188860103 0.9993526489
39 38 61269  3.207457195 0.9993797842
40 39 65382 3224393594 0.9994035056
@ 40 69495 3239893568  0.999424419
a2 M 73608 3254141161 0.9994429953
a3 42 77721 3267289089 0.9994596055
a 43 81834 3279465324  0.999474546
45 44 85947 3200778046 0.9994880566
46 45 90060 3.301319429 0.9995003331
a7 46 94173 3.311168574 0.9995115373
3 a7 98286  3.320393803 0.9995218037
a9 48 98286  3.311250423 0.9995116293
50 49 98286  3.302295581 0.9995014549
51 50 100000  3.301029996 0.9995

Disclaimer: all computation and units were done with respect to inches and english units
Preliminary Budget

Table 1: Preliminary Budget for Dispenser Ground Unit. *denotes estimate

Category Line-ltem Description Amount ($)

Income Grant Funding CaSGC Grant $2,500.00

NASA Funding HuLC Phase 2 $9,000.00

$11,500.00

Expenses | Non-Personnel Costs
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*Bill of Materials

Cost of Development

$4,504.04

Travel: Flights, Hotel,
Ground Transportation

Transportation to HULC Forum for 3

Team Members

$5,351.00

Contingency Reserve

Reserve for unforeseen or unexpected

expenses

$1,644.96

System Requirements

Table 2: System Level Requirements

Req. ID

Req.

Rationale

Parent
Req.

Child
Req.

Verificati
on
Method

Req.
Met?

MG-1

Enhance life support
functionality through
safer water delivery
while considering the
integrated nature of
ECLSS within future
exploration
architectures.

Mission Goal

All

Analysis

Met

PM-1

The system shall
have targeted use
within 5 to 8 years, or
be ready between
March 1, 2031 and
March 1, 2034.

Customer
Constraint
(Schedule)

MG-1

Analysis

Met

PM-2

The system shall be
designed for a crew
of 4 for cislunar,
lunar, and/or Martian
environments as
applicable.

Customer
Constraint

SLS-SP
EC-159

MR-5.2,
MR-4

Analysis

Met

PM-3

The system shall be
designed for
deployment on or
implementation within
NASA/commercial
HLS lunar surface or
Mars transit assets.

Customer
Constraint

MG-1

MR-1,
MR-3

Analysis

Met
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PM-4 The budget for the System MG-1 - Analysis Met
system development Constraint
shall not exceed (Budget)
$11500 USD.
MR-1 The system shall Customer MG-1 | MR-1.1, | Analysis Met
have minimal barriers Constraint MR-1.2,
to NASA adoption MR-1.3
(e.g., low mass, small
size, low power, etc.).

MR-1.1 The system shall not System MR-1 - Analysis, In
exceed a total mass Constraint Inspection | Progr

of 15 kg. ess

MR-1.2 The system shall not | Size of Space | MR-1 - Analysis, In
exceed 0.47 m x 0.28 Shuttle Inspection | Progr
m x 0.55 m in stowed Middeck ess

configuration. Lockers and
previous
potable water
dispensers
designs.

MR-1.3 During operation, the Power draw MR-1 - Analysis, In
system shall receive from Test Progr
no more than 28 Vdc EXPRESS ess

of power. Rack 6 of
current ISS
Potable Water
Dispenser
MR-2 The system shall add Customer MG-1 MR-2.1 | Analysis Met
no additional risks Constraint
posed to crew.
MR-2.1 The system’s System MR-2 - Test Not
microbial water Constraint Met
quality limit shall be
less than or equal to
50 CFU/mL for
potable water.”®
MR-3 The system shall Customer MG-1 - Analysis, In
have the ability to Constraint Test Progr
survive launch loads. ess
MR-4 The system must Customer MG-1 - Analysis Met
have a mission Constraint
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operational life of
30-days for lunar
surface missions, or
1200-days for Mars
missions
MR-5 The system shall be Customer MG-1 MR-5.1, Test Not
able to safely and Constraint MR-5.2 Met
efficiently deliver
temperature-controlle
d water for
astronauts’ food and
beverage needs,
emphasizing
ergonomics and
throughput while
minimizing waste and
cleaning
requirements.
MR-5.1 Water shall be On the ISS, MR-5, - Test Not
dispensed at 25 mL | water is NASA- Met
increments.”8 dispensed in STD-30
fixed 01
increments to
properly
hydrate food
and beverages
without
overflow, while
aligning with
preparation
instructions
and meal
schedule
constraints.
MR-5.2 For hydration, the System MR-5, - Test Not
dispenser shall Constraint NASA- Met
provide a minimum of STD-30
2.5L (84.5fl oz) per 01
crewmember per
day.”®
MR-6 The system shall be System MG-1 - Inspection | Not
able to withstand Constraint Met
environmental effects
such as corrosion.
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Subsystem Requirements

Table 3: Thermal Subsystem Requirements

Req. ID Req. Rationale Parent | Child | Verificati | Req.
Req. Req. on Met?
Method
TH-1 The heater shall Subsystem MR-5.2, - Analysis, In
provide hot water at a Constraint NASA- Test Progr
temperature range STD-30 ess
between 68°C 01
(155°F) and 79°C
(175°F).
TH-2 The evaporator shall Subsystem MR-5.2, - Analysis, In
provide cold water at Constraint NASA- Test Progr
a temperature of at STD-30 ess
least 16°C (60°F). 01
TH-3 The evaporator and Subsystem MR-5.2, - Analysis, In
heater shall be Constraint NASA- Test Progr
capable of producing STD-30 ess
nominal/ambient 01
water at a
temperature between
18°C (64°F) and
27°C (81°F).
TH-4 The system shall be | Critical points MR-5 - Analysis, In
capable of monitoring that need Test Progr
and responding to temperature ess
temperature of the | measurements
water at critical points | are evaporator
throughout the pipe and heater
circuit. inlets/outlets.
Table 4: Electrical Subsystem Requirements
Req. ID Req. Rationale Parent Child | Verificati | Req.
Req. Req. on Met?
Method
EE-1 The system shall Subsystem MR-1.3 - Analysis Met
receive power from Constraint
ISS EXPRESS Rack
6.
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Table 5: Structural Subsystem Requirements

Req. ID Req. Rationale Parent Child | Verificati | Req.
Req. Req. on Met?
Method
SC-1 The system will Previous MR-2 - Analysis Met
incorporate check potable water
valves to prevent systems
backflow and ensure incorporated
one-way transport of check valves
water. to prevent
backflow and
potential
leakage.
SC-2 The system shall be Critical points MR-5 - Analysis Met
capable of monitoring that need
and responding to the pressure
pressure of the water | measurement
at critical points s are the
throughout the pipe inlets/outlets
circuit. of the heater
and
evaporator, as
well as the
dispenser
inlet.
SC-3 The system will Previous PWD | MR-5 - Analysis Met
incorporate a iterations have
temperature switch to utilized
ensure the temperature
designated water switches to
temperature is met. dispense
potable water
at desired
temperatures.
SC4 System components Allows for MR-5 - Analysis Met
that require easy access,
replacement will have | replacements,
quick disconnects and
(QD) for easy maintenance
maintenance and for vital
access. components.
SC-5 The system shall Previous PWD | MR-5 - Analysis, In
minimize pressure iterations had Test Progr
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losses to prevent complications ess
reductions in potable | with pressure
water flow rate and to dropping.
ensure accurate Resulted in
dispensing. inaccurate
dispense
volumes.

Table 6: Decontamination Subsystem Requirements

Req. ID Req. Rationale Parent | Child | Verificati | Req.
Req. Req. on Met?
Method

DC-1 The system shall Subsystem MR-2.1, - Analysis, In
include deiodination Constraint MR-5 Test Progr
and microbial filters to ess
ensure the water
quality limit is less
than or equal to 50
CFU/mL.

DC-2 The system shall be Subsystem MR-5 - Analysis Met
capable of replacing Constraint
the filters.

Gantt Chart

‘GROUND UNIT DEVELOPMENT FLIGHT UNIT DEVELOPMENT
D TASK NAME 2, 2021 alf 1, 202; alf 2, 202; alf 1, 202! alf2, 202! alf 1, 202 alf 2, 202 Half1, 2030 Half2, 2030

Thermal and Fluid Modeling Simulations

Subsystem CAD Modeling & Engineering Drawings

Preliminary Design Review (PDR)

Critical Design Review (CDR)

Component Procurement & Long-Lead Acquisition

3
4
s
6 Control System & Flow Board Electronics Routing
7
8
9

Machining & Hardware Assembly of Ground Prototype

0 Laboratory Subsystem Functional Testing

1 Test Readiness Review (TRR)

Final Design Optimization

23 Flight Unit Mechanical Packaging & Optimization
1 Environmental Compliance & Material Analysis Verification

15 Flight Unit Component Manufacturing & System Assembly

6 Environmental Stress & Environmental Testing Suite

17| Full Bio-Contamination Lifecycle Testing (Log Reduction Validation)
18 Quality Assurance Review & Flight Certification Documentation

Review (ORR)

ent & Integration Support

Note: X denotes completed task and O denotes in-progress task.
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P&ID Key
Microbial filter — ™ -
Quick Disconnect Gas trap/bubble separator — Cgo —
Manual valve Regulator Dﬂ%
Solenocid valve Water heater —_ -
Check valve Evaporator 1T T

Pressure transducer

Temperature transducer @ _@

Pressure relief valve

Three-way selector valve

Multiport mode selection valve Flow meter

gy § fo ]

Vent valve

Deiodination filter DI

58



	 
	Contents 

