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Introduction

This presentation will address critical
thermal management challenges in
space settlements and stations,
focusing on effective insulation and
heat rejection strategies.

| will explore using cutting-edge
materials and systems to ensure
habitable environments in space
settlements, underlining their
importance in current space
exploration and future long-duration
missions.




General Information
Challenges

Exploration and Colonization of Space
Efficient thermal management represents a major
engineering challenge in the vacuum of space,
necessitating creative approaches for insulation
and heat rejection to protect inhabitants and
sensitive equipment from extreme temperatures.

Thermal Insulation

Space settlements face the challenge of protecting
inhabitants from the extreme cold of the cosmic
vacuum, where the average temperature is
approximately 2.7K.
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Purpose of the Project

The main objective is to analyze and compare
various thermal management strategies applicable
to space habitats, focusing on the efficiency and
feasibility of different insulation materials and heat
rejection systems.

Active Heat Rejection

An efficient balance of thermal management
involves both heat retention and efficient rejection
of excess heat, which accumulates from various
sources and can be detrimental to the habitability
and safety of the settlement.
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Thermal Insulation
Strategies

Efficient thermal insulation is crucial
for the survival and well-being of
inhabitants in space settlements.

Materials like Aerogel and Multi-
Layer Insulation (MLI) play a vital
role in protecting against the
extreme temperatures of space and
intense solar radiation. The
application of these insulation
materials needs to be strategically
personalized for different sections of
the space station, based on the
specific thermal challenges they
face.



Integration of Aerogel with MLI

Comparative Analysis and Implementation

Performance of Aerogel vs. MLI

Aerogel and MLI have shown promising results as
insulation materials, with a comparative analysis
revealing the strengths and limitations of each
material in varying temperature and pressure
conditions.

Innovative Integration

The strategic integration of Aerogel with MLI has
demonstrated transformative improvements in
thermal performance, particularly in scenarios
where MLI alone does not maintain its efficiency.

Comparative Thermal Conductivity
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Passive Heat Rejection Methods _ |
Radiative Heat Rejection and Carbon-Carbon Composite Heat Pipes

Radiative Heat Rejection

Using radiators and advanced Carbon-
Carbon Composite heat pipes with
potassium as a working fluid has proven to
be highly effective in rejecting excess heat
in the harsh space conditions.

Working Fluids

Potassium has been selected as the working
fluid for composite heat pipes due to its
favorable thermal properties, including high
latent heat of vaporization and good
thermal conductivity.
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Active Heat Rejection Methods

Mechanically pumped heat pipes and Louvres

Controlled thermal regulation

This system, based on a network of Heat
Pipes, uses a mechanical pump and
several bypass valves to redirect heat to

several points of interest throughout the
settlement

Louvres

They control the emissivity of the radiator
on which they are placed by controlling
the angle at which radiated particles have
to exit the assembly

Radiator (low «=, high ¢)
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Case Study: Theoretical Space Station

Thermal Management Challenges and Solutions

Population Size

The decision to have a population of 30,000
people on the theoretical space station is based
on the need for a substantial workforce for large-
scale space operations and the optimization of
the station for testing the capabilities of current
space habitat technology.

Sources of Heat

The primary heat sources in the space station
include metabolic heat from inhabitants,
domestic activities, scientific and industrial
processes, and operational activities such as
propulsion  systems and  space-industrial
operations.
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Case Study: Theoretical Space Station

Thermal Management Challenges and Solutions

Amount of heat

Etotal = Ebody + Ehuman+ Eequipment= 384W * 30000 +

2510W * 30000 + (384W =* 30000 + 2510W =
30000) * 350% = 390,69 MW

Specific Radiator Area

E

4
€ * 0 % Tradiator

Qi = 33760,59 m?
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Challenges and Future Prospects
Innovations in Thermal Management

Balancing Thermal Loads

The successful implementation of advanced
thermal management systems in space
settlements demonstrates the capability to
balance thermal loads and maintain habitable
conditions in a challenging space environment.

Lessons Learned

The complexities and challenges of thermal
management in space settlements provide
valuable insights for designing and operating
future space habitats and missions.

Future Applications

The innovative integration of passive and active
heat rejection methods and the strategic use of
materials offer promising prospects for the
sustainability of human presence in space
settlements for long-duration missions.

Importance of Thermoregulation

Further research and development in thermal
management technologies will be crucial for
overcoming the unique challenges of space
exploration and enhancing the sustainability of
human presence in space settlements.
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Conclusion

Efficient thermal management in space
settlements requires the strategic integration and
coordination of various components, including
innovative materials, passive and active heat
rejection systems, and advanced heat regulation
mechanisms. The adaptability and efficiency of
these systems are essential to respond to changing
thermal loads and the variable conditions of the
space environment.
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