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Introduction — Problem Statement

Astronauts currently have access to hot and ambient water, but
not chilled water. Due to thermal management and microgravity
challenges, providing temperature-controlled potable water in
space is complex. Our project develops a reliable system capable
of delivering both hot and cold water on demand.
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Introduction — Mission Requirements

Design requirements were derived from standards used in
NASA’s ECLS architecture for crewed spacecraft and
planetary habitats

Key Engineering Requirements Use_ Temperature Range Cunst_ra?nts and Rationale
i ) Rehydration | Maximum of 15.6°C (60°F). For missions longer than 3 days
of cold Cold water temperature between
Temperature Control Range - Cold temp needsto be ata drinks 2°C (35.6°F) and 7°C (44.6°F)
Rehydration | Between 68.3°C (155°F) and Temperatures were selected for better
target temp of 15.6 C, Hot temp of above 60 C. of fgod and | 79.4°C (175°F) rehygration of food and beverages and to
hot drinks maintain food temperature during the
Energy Efficiency — Operate with minimal power rehydration process so that the completed

food product does not require additional
heating. 79.4°C (175°F) water also allows the
temperature of the food to remain above

consumption to meet spacecraft power constraints.

Mass and Volume - System must be compact and 68.3°C (155°F) to prevent microbial growth.
. . . . . . Personal Between 29 4°C (85°F) and Supports body cleansing
lightweight for integration into space habitats and hygiene 46.1°C (115°F)
spacecraft. Medical Between 18°C (64.4°F) and 28°C | This temperature range will prevent thermal
(82.4°F) injury and discomfort to tissues during
irrigation.

Reliability - Continuous operation capability with

minimal maintenance and high durability. Figure 1: NASA Requirements
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Introduction — Design Constraints

Constraint

%~ Microgravity

“e Hot Water

%+ Cold Water

Y Power
Mass

& Volume

§ Safety

v Reliability

Requirement

Reliable fluid storage and dispensing
= 60°C

< 15.6°C

Minimize energy consumption
Lightweight system

Compact footprint

Potable-water compatible materials

Long-duration mission capable
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Figure 3: Hot Peltier Side

/ \\~
Peltier Module /
Transfer Heat from one side to the other using Peltier effect

Figure 4: Peltier Module

» Solid-State Cooling

» Hot & Cold Operation

» Electronic Temperature Control
» Compact Design




College of Engineering
& Computer Science

Solution — Thermal Management - Configuration

Thermal Management Configuration
» 4xTEC1-1215

» 1x 4 Array

» Aluminum Water Blocks

» Liquid Cooling and Heating Loop

» Temperature Adhesive Paste

Figure 6: Prototype Exploded View

Figure 5: Water Block Flow




College of Engineering
& Computer Science

Hot Loop

Dispenser
Hot Tank
Power Supply

Peltier Module
Waterbox

Cold Loop

w
- —
Dispenser
¢ Cold Tank

Water =———>
Current

Figure 7: Flow Diagram
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» First stage of water treatment

» Removes sediments and particles

» Carbon filtration reduces chemical
contaminants, along with odor and

taste

» Protects downstream components

10

Figure 8: Inline Water Filter
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Water Treatment Solution — UV-C Disinfection (Inline UV Unit)

Innovative UVC LED Technology

Reduce Up to 99.99% Harmful Contaminants from Water

» Final Stage of filtration

> |Inactivates bacteria and Water Out
Watgr In 0

microorganisms e
» Chemical-free disinfection method

» Provides a final microbial safety barrier

Figure 9: UV-C Inline Filter
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Solution — User Interface

» Displays hot, cold, and ambient tank
temperature monitoring

» Shows sensor link status, runtime, and
last update time

» Provides clear system feedback:
ONLINE, WARNING, or ERROR

» Serves as the crew-facing control layer
for STREAM

TEMPERATURE MONITORING

HOT 24.562C =>
COLD 24.437C -
ANBEENT 24.487C =>

s ) = A

= -
-t I TN m M0

MONITOR. PROTECT. PERFO

IMONITORING ACTIVE
SENSOR LINKs ACTIVE
LAST UPDATE: Os
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RM.

PHASE 2 FLOW

FLOW'RATE

VOLUME

FLOW STATUS

Figure 11:
Temperature Sensor
Input
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Figure 12: Amount Water Available

> Allows selection of hot, cold, or ambient water source
» Provides target volume selection before dispensing
» Displays dispense progress using volume and percentage feedback

» Prepared for future integration with pumps, solenoid valves, and flow
Sensors

Figure : 14
ESP32
Control
Node
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> Detects invalid or unavailable

sSensor readings STREAM ERROR .:lysten:. so‘t;‘:_el:lE
> Displays a clear ERROR state e — ' e ormat:
!nste.ad of continuing with SENSOR ERROR ¢ Caution: WARNING
invalid data e
> Keeps sensor link and system Fault: ERROR
status visible for
troubleshooting pass2riow Crew Action: Check
> Supports crew awareness FLOW RATE sensor connection/status

VOLUME

during abnormal operating
conditions

FLOW STATUS STANDBY

Figure 15: Display Error

Error-state display showing invalid sensor data
feedback while maintaining system status
information.
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Solution — Tank Insulation

OUTSIDE ENVIRONMENT AEROGEL INSULATION TANK WALL WATER IN TANK

Aerogel Insulation

Low thermal conductivity
(~0.013-0.02 W/mk)
* High thermal resistance at low thickness
(10mm) Jgo
* Lightweight and structural adaptable
* Performs wellin vacuum environment
* Supports dual-mode operation (heating
and cooling)

CONDUCTION CONDUCTION
(through aerogel) (through tank wall)

Figure 16: Aerogel Insulation

15
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Verification and Validation — Test Setup

»
£
L

Figure 17: Prototype Setup
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Radiator "
Power Supply

Pump Power

Figure 18: Power Supply Setup
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Verification and Validation — Experimental Results — Flow Rate

Test Objective

» Determine whether selected flow rate allows
simultaneous heating and cooling

» Evaluate thermal system efficiency under continuous
circulation

Findings

» Increasing flow rate improved heat transfer
performance

» Flow rate chosen maintained continuous water
circulation while allowing system to achieve target
temperatures

» Demonstrated a balance between the heat transfer
performance and system power requirements.

17

Heat Transfer Rate Q (W)

Effect of Flow Rate on Heat Transfer Rate

2879
2490
2179
1999
1787
1535

0.0389 0.0444 0.0500 0.0556 0.0611 0.0667
Flow Rate (kg/s)

Figure 19: Heat Transfer Rate vs. Flow Rate
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Verification and Validation — Experimental Results
— Heat Exchanger

Hot and Cold Tank Temperature vs Time

Hot Tank
—e— Cold Tank

Testing Results Lowest Tomp: 13.500°C
Hot Change: +38.750°C
» Hot tank temperature o e

increased from 21.4t060.1C

» Cold tank temperature decreased
from 20.5t0 13.5

» Simultaneous heating and cooling
was demonstrated

Y

Temperature (°C)
[7)

w

owest = 13.500°C

80 100
Time (minutes)

Figure 20: Temperature vs. Time
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Verification and Validation — Experimental Results
— Filtration System

Verification Results:

» Confirmed proper flow path through
filtration and UV-C stages

» Verified integrity of tubing and fittings

» Confirm UV-C light activated through
water pressure

Validation Results:

» Water remained within acceptable pH
range (6-7)

» System delivered continuous potable
water flow Figure 21: Filtration Setup

> Filtration and sterilization architecture
functioned as intended

19
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Verification and Validation — Experimental Results
— Filtration System

Both Filters Inline Water Filter Tap/ Garden hose

UNIVERSAL PH TESTING FOR ALL LIQUIDS UNIVERSAL PH TESTING FOR ALL LIQUIDS

UNIVERSAL PH TESTING FOR ALL LIQUIDS

Figure 22: pH Figure 23: pH Figure 24: pH

Strip for Both Strip for Inline Strip for

Filters Water Filter Tap/Garden
Hose

Ph stayed the same ( Ph 6-7 ) since there is no additives and only disinfecting microorganisms

20
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Verification and Validation — Performance Assessment

Performance Assessment
» Peltier based heat exchanger provided stable thermal control while reaching the required

temperature.
» System achieved the requirement for hot water and cold water and can achieve high temperature

changes with optimization
» Temperature trends remained consistent throughout t testing as the heating and cooling were stable

» This Peltier based Heat exchanger demonstrated the ability for a dual temperature results from one
component

21
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Planning — TRL

TECHNOLOGY READINESS LEVEL (TRL) DEVELOPMENT ROADMAP

Phase TRL Description

TRL 1: Basic Principles Observed and Reported.

TRL 2: Technology Concept and/or Application Formulated.

TRL 3: Analytical and Critical Experimental Proof-of-Concept Demonstration.

TRL 4: System/Component and/or Breadboard Validation in Laboratory Environment.
TRL 5: System/Component and/or Breadboard Validation in Relevant Environment.

TRL 6: System Model/Prototype Demonstration in Relevant Environment.
TRL 7: System Prototype Demonstration in a Space Environment.

- TRL 8: Actual System Completed and ‘Flight Qualified’ Through Test and Demonstration.

Phase 3

TRL 9: Actual System ‘Flight Proven’ Through Successful Mission Operations.

22
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Planning — Path to Flight

PROJECT TIMELINE

Q3 2027: Q1 2028:
TEST UNDER HARSH E1X \T/ START INSTALLATION
ENVIRONMENTS IN THE SPACE STATION

Q2 2027: Q3 2027: Q4 2027:

TEST UNDER HARSH START INSTALLATION
HESIING ENVIRONMENTS AWS SIS N THE SPACE STATION
Begin structural build Perform functional Simulate extreme Analyze test results and Begin deployment and
and component checks and system temperature, vacuum, implement necessary integration on orbit.
integration. s verification. » and stress conditions. modifications. °

© 2 © 2
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Planning — Budget

PROJECT BUDGET BREAKDOWN

Nesearchthe quality and most affordable
materials to N?ce the sys:?m efficient.

Total Cost: 1,070,000

24
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Planning — Risk Management

PROJECT RISK ASSESSMENT
"o | vossmiemsc | sverewarreoted| memoo | puw

1

2

Pump Failure

Water Contamination

Display Failure

Tank Insulation
Failure

Peltier Failure

Dispensing Mitigate
Filtration Test

Dispensing Mitigate
Insulation Research

Heating/Cooling Mitigate

25

Ensure the pumps are properly powered
and prevent any possible damage to them.

Constantly test the water to make sure
the filtration system is working properly.

Ensure the highest quality display is
installed, so it can display the condition of
the water dispenser.

Research different materials that will
achieve great results in conserving both
cold and hot temperatures in the tanks.

Ensure the best quality Peltiers are
installed and make sure they are placed
corresponding to their hot and cold sides.
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Summary — Conclusion

> Developed a temperature-regulated potable water
dispenser

> Achieved hot and cold-water delivery using Peltier
modules

> |ntegrated filtration, dispensing, and user interface
systems

> Validated thermal and flow performance through testing

> STREAM demonstrates potential for future lunar habitats

26

Figure 25: Complete
Prototype Assembly
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Summary — Future Work

> |Improve thermal efficiency through enhanced insulation +

> Reduce system power consumption and mass —. L

> Conduct extended reliability and endurance testing —
I

> Evaluate performance in lunar-like environments EE—

> |ntegrate with future habitat life-support systems

27
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Thank you
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