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Surface Power for Human Exploration

• Astronauts’ habitat
• Oxygen
• Water
• Propellant
• Science equipment
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Project Goals

• Model and integrate Brayton cycle components
• Compressor
• Turbine
• Recuperator
• Radiator

• Optimize cycle for lowest mass 
• Radiator
• Recuperator
• Reactor

• Parametric studies
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Cycle Model
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Compressor Model
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Compressor Model
1. Set head coefficient
2. Peak line of Balje Contours
3. Specific speed, diameter, efficiency
4. Isentropic enthalpy change
5. Power, shaft speed, and outlet 

temperature
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Turbine Model

1. Curve fit Balje Contours
2. Guess outlet volumetric flow 

rate
3. Isentropic enthalpy change
4. Find efficiency and get power 

output and outlet temperature
5. Check volumetric flow rate 

convergence criteria
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Recuperator Model
1. Guess TH,out

2. Calculate overall heat transfer 
3. Split evenly to solve for temperatures 
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Radiator Model

1. Guess Tout

2. Radiator heat output
3. Panel temperature 
4. Outlet temperature
5. Check Tout convergence criteria
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Reactor Model

• Cermet fuel
• Thermal-hydraulics and neutronics
• Minimizes mass for given cycle 

parameters
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Optimization
Minimizing Mass – Reactor, Radiator, and 

Recuperator Tradeoffs
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Cycle parameters:
• p1 = 9,000 kPa
• T4 = 1,100 K
• PRc = 2 
• Tamb = 100 K 
• Apanel = 100 m2

Fluid: supercritical CO2
Property database: FIT
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Approximate Mass Correlations
• Microtube shell and tube heat 

exchanger1

• Gas cooled, uranium nitride fueled, 
pin-type reactor2

• Capillary pumped loop and conical 
thermal radiator2
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𝑚𝑚𝑟𝑟𝑀𝑀𝑟𝑟𝑟𝑟𝑀𝑀𝑟𝑟𝑟𝑟𝑟𝑟 = 5.8684 �
kg
m2� (𝑈𝑈𝑝𝑝𝑀𝑀𝑝𝑝𝑝𝑝𝑝𝑝 ) 

𝑚𝑚𝑟𝑟𝑝𝑝𝑟𝑟𝑢𝑢𝑝𝑝𝑝𝑝𝑟𝑟𝑀𝑀𝑟𝑟𝑟𝑟𝑟𝑟 = 0.0131 �
kg K

W � (𝑈𝑈𝑈𝑈) 

𝑚𝑚𝑟𝑟𝑝𝑝𝑀𝑀𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 0.00131 �
kg
W� (qreactor ) + 100[kg] 

100 150 200 250 300

Reactor Heat Output [kW]

0

200

400

600

800

1000

1200

M
as

s 
[k

g]

Cycle Power Output = 40 kW

Reactor

Recuperator

Radiator

Total

1 Breedlove et al., 2016
2 Lipinski et al., 2002



80 100 120 140 160 180 200 220 240 260 280

Reactor Heat Output [kW]

900

920

940

960

980

1000

1020

1040

1060

1080

C
om

bi
ne

d 
M

as
s 

[k
g]

Cycle Power Output = 40 kW

A  Large Recuperator

B  Large Reactor
C  Minimum Mass

B

C

A

20



Large Reactor

21

Cycle Efficiency 46 %

Total Cycle Mass 1061 kg

Large Recuperator
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Optimum Radiator Panel Area
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Minimum Overall Mass
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Looking Forward
• Parametric studies of cycle parameters 
• Test other working fluids
• Model other cycle configurations
• Integration and optimization with nuclear reactor model
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Other Project Contributions 
• Testing materials in sCO2

• Testing turbomachinery barings in sCO2
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