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USNC-Space is a wholly U.S. owned and operated 

company that was spun out of USNC to commercialize 

nuclear technology for space applications. USNC is a 

commercial company developing a terrestrial gas-cooled 

micro-modular reactor (MMR) for off-grid and rugged 

locations on Earth. The Pylon is a low-enriched uranium 

(LEU) fission reactor system utilizing the core technology 

of the MMR to provide electrical power and heat in 

locations such as the Moon, Mars, and open space. The 

reactor was designed to provides 1 MWth for a period of 10 

years at temperatures of 1150 K. A direct-cycle Brayton 

power conversion system was baselined for power 

conversion. For Lunar and space applications a radiator 

was used for heat rejection, while a convective design was 

used for the Mars concept. The Pylon was designed to have 

a mass under 5,000 kg and to be able to provide hundreds 

of kWth for ISRU operations at heat rejection temperatures 

and high-quality process heat at temperatures as high as 

1150 K. 

I. INTRODUCTION 

Nuclear energy provides not only the ability to survive 

in space environments such as the Moon and Mars, but the 

ability to thrive. The ability to provide energy in the 

permanently shadowed craters, or throughout a dust storm 

provides a necessary operational reliability. Nuclear 

energy is enabling for surviving the 354-hour Lunar night 

and for exploration in space far from the sun. In addition, 

nuclear energy provides an abundance of thermal energy 

available for processing local resources makes nuclear 

power enabling for sustained human presence on the Moon 

or Mars. 

Fission technology has been developed in the past for 

the NERVA and SNAP programs of the 1960’s for the U.S. 

government. Since the 1960’s, materials science, 

manufacturing and computational resources have achieved 

a high level of maturity and it is now within the ability of 

commercial companies to develop space nuclear systems. 

USNC is a commercial company that is developing a 

terrestrial gas-cooled micro-modular reactor (MMR) for 

off-grid and rugged locations on Earth. The MMR utilizes 

a novel refractory carbide nuclear fuel technology designed 

to optimize safety. The nuclear fuel technology is called 

FCM is the key intellectual property of the company. For 

many of the same reasons why the nuclear technology 

excels in remote terrestrial regions, it also excels in the 

space environment.  

The Pylon builds upon the terrestrial MMR and 

NASA’s recent development of Kilopower to provide a 

path for commercialization of fission surface power. By 

utilizing LEU the Pylon enables commerce for a future 

Lunar and space economy. In addition, the FCM fuel 

technology is a cross-cutting technology that can enable 

surface power, nuclear thermal propulsion, and nuclear 

electric propulsion all with the same fundamental high-

temperature fuel technology. 

II. CONCEPT 

The Pylon is a LEU fission reactor system utilizing the 

core technology of the MMR for electricity on the Moon, 

Mars and deep space. The Pylon uses near-term technology 

and builds upon the expertise and success of the MMR 

utilizing the FCM fuel technology. The temperature ranges 

are well-suited to utilize currently available directly-cycle 

Brayton energy conversion technology derived from 

automotive turbomachinery 

Three concepts for difference locations in the Solar 

System were analyzed as shown in Table 1. The reactor 

core and 1 MW thermal power level was the same for each 

design. Each location has unique challenges to heat 

rejection and shielding and that is reflected in the different 

electrical power levels and masses in Table 1. Figure 1 

depicts the Pylon-Moon concept. The Pylon-Moon concept 

was designed be delivered to the Lunar Surface on a large 

Commercial Lunar Payload System (CLPS) class lander 

such as Blue Origin’s Blue Moon. 

While the relatively low thermal efficiency of the 

Pylon systems may at first seem like a detriment, this 

means there is an abundance of waste heat. This heat is 

freely available for in-situ resource exploration and 

acquisition and can be used for activities such as volatile 

processing. Process heat at temperatures as high as 1150 K 

is available . The Pylon was designed to be delivered to the 

Lunar Surface on a large CLPS class lander such as the 

Blue Moon.  

TABLE I. Pylon System in Different Locations 

 

Design  Power  

[kWe] 

Mass  

[kg] 

 

Heat  

Reject. 

Thot/Tcold 

[K] 

Pylon-Space  150 4100 Rad. 1150/430 

Pylon-Moon 150 4500 Rad. 1150/430 

Pylon-Mars 320 4300 Conv. 1150/290 

mailto:m.eades@usnc.com


 

2 

In addition to the radiatively cooled system, a 

convectively-cooled system for the Mars environment was 

also evaluated which was able to achieve a higher 

efficiency and could produce 320 kWe with a mass 

comparable to the radiative design.   

 

Fig. 1. Pylon reactor core overview. 

 

III. REACTOR  

The Pylon core uses 19.75% enriched LEU as a fissile 

material. The Pylon reactor core configurations are shown 

in Figures 2-5. A combination of the hydride moderator 

and control drums makes the reactor very compact. The 

reactor was designed to achieve 10 years of operation at 1 

MWth. Neutron poisons are used to provide reactivity 

control over the lifetime. The USNC-Space developed 

CURSOR software was used to design and iterate over 

thousands of potential designs considering thermal, 

criticality, and burn up considerations. The reactor core 

including pressure vessel, control drums, and reflector is 

approximately 1,500 kg. 

 

 

 

 

 
 

Fig. 2. Pylon Fuel Element and Moderator Element 

Overview. 

 

Fig. 3. Pylon Reactor Core Overview. 

 

 

Fig. 4. Close Up of a Fuel Compact Showing TRISO and 

Fuel Channels. 

 
 

Fig. 5. Reactor Core in Comparison to a Person.  
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Fig. 6. Reactor Core in Comparison to a Person.  

 

The shield for Pylon is a 1 pi shadow shield and can 

be estimated to be approximately equal to the mass of the 

reactor. Additional work on the shield design is planned. 

The unique environments of the Moon, Mars, and open 

space as well as decisions about allowable doses and 

distance from the power source presents a wide range of 

shielding options and masses. For deep space a shadow 

shield and a reactor a long boom is optimal. For surface-

based systems, the Pylon is baselined as being buried in the 

ground with the 1 pi shield pointing to the sky to reduce the 

depth of the hole used for shielding. 

IV. THERMAL HYDRAULICS 

The FCM nuclear fuel is capable of operation at 

temperatures in excess of 1500 K however the hydride 

moderator has a maximum temperature of 1000 K. A two-

pass coolant solution was designed and is shown in Figure 

6. The colder gas entering the reactor is first passed through 

the blue annulus regions to cool the moderator, and then up 

through the red fuel region. A 1.5-dimensional thermal 

hydraulic model was used to calculate the temperature in 

the reactor. The results of the thermal analysis for the 

Lunar-Pylon is shown inf Figure 7. 

V. SYSTEM ANALYSIS AND POWER SCALING 

The Pylon system utilizes a recouperated Brayton 

Cycle. The cycle diagram for the Pylon-Moon baseline is 

shown in Figure 9 and described in [1]. The recouperator 

efficiency is kept lower than for a normal Brayton cycle to 

ensure that the temperature of the coolant coming into the 

moderator channels in the core is under 1000 K. This 

combined with the weight limitations of efficiency 

radiators pushes the efficiency to around 15 percent for the 

radiator designs. The turboset has a pressure ratio of 1.6 

and a temperature range of 1150 – 900 K on the turbine. A 

polytropic efficiency of 85 percent was used and the 

alternator had a 95 percent efficiency. This turbomachinery 

design is very similar in power, temperature, and pressure 

ration to many automotive turbochargers. The radiator 

technology is based on bare carbon fiber flexible radiators 

[2]. The major difference between Pylon-Space and Pylon-

Moon is that a view factor of 0.75 was applied on the 

radiator subsystem for the Moon. This means that a larger 

radiator was required for the Lunar system. 

The Pylon-Mars concept uses convection from the 

Martian atmosphere which is more effective than radiators 

at achieving lower hear rejection temperatures. The 

efficiency is double that of the radiatively cooled designs. 

This also allows for a higher recouperator efficiency. For 

this analysis a pressure fo 1 kPa and a temperature of 200 

K was used for the Martian atmosphere. However, the 

diurnal and annual cycles on Mars have an impact upon the 

Fig. 7. Reactor Temperature Profile. 
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Fig. 8. Mass Breakdown for the Pylon-Moon. 
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cycle as well as the altitude (an intercooler design can only 

operate at relatively low Martian altitudes with higher 

pressure and denser air). The intercooler design is a 

counterflow fin and tube design that is driven by 8 kWe 

fans. A system study model for closed Brayton systems 

across different maximum temperature and powers is show 

in Figure 11. Higher power Pylon systems can achieve 

lower specific masses. A 1 MWe design would be able to 

attain a specific mass of around 15 kg/kWe. 

 

II. MATERIALS AND MANUFACTURING 

The Pylon utilizes USNC’s SiC FCM as a nuclear fuel 

and it is shown in Figure 10. Other material in the reactor 

core include a coated hydride moderator and a BeO 

reflector. There is some research being done by USNC-

Space to determine the optimal moderator coating to 

prevent hydrogen loss. There is also current research by on 

manufacturing FCM into more complex geometries such 

as shown in Figure 2. The turbomachinery presents a 

temperature challenge. Inconel turbomachinery has been 

shown of being is capable of operating at temperature up 

to 1150 K. However, if necessary, steel can be used at 

temperatures around 950 K with a reduction in efficiency 

to 11 percent.  

II. CONCLUSION 

Nuclear power is a key technology for surviving the 

Lunar night. There are near term paths for proving kW-

scale power on the moon (and other locations) and for 

developing it in a way that can lead to sustainable 

commercial development. When humans are ready to 

explore the moon in the coming decade nuclear, USNC-

Space is in a position to provide the fundamental nuclear 

fuel technology to enable that exploration. 
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Fig. 9. Cycle Diagram for Pylon-Moon. 

 

Fig. 10. FCM Nuclear Fuel. 
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Fig. 11. Scaling Study for Pylon Space [1]. 

 


