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Abstract:  With the development of space explo-
ration technologies and urgent demand for resources 
exploitation, many countries have made their plans to 
explore the moon in the next few years. China is carry-
ing out the moon exploration project - ChangE and has 
already made great achievements. In the foreseeable 
future, China will actualize manned lunar exploration 
and build a lunar outpost.  

For human missions, power requirements may vary 
from 10s of kWe to support initial human visits to 
100s of kWe for a permanent lunar base, especially if 
in-situ resource utilization processes are required. In 
such output power range, preponderant planetary sur-
face nuclear power is being considered because it can 
provide constant energy for human life-support sys-
tems, recharging rovers, mining for resources, and so 
on. Alternatives such as solar power systems are lim-
ited because the moon is dark for up to 14 days at a 
time and has deep craters that can obscure the sun. 

A lunar nuclear power system is different from tra-
ditional nuclear reactors because of the special applica-
tion environment. The system should be small, com-
pact, robust and low mass to satisfy the launch re-
quirement. The system should be simple and highly 
reliable because it is difficult, even impossible to 
maintain the reactor in the lunar surface. The system 
should be safe and easy to operate considering lack of 
professional operators. The system must be suitable for 
the lunar environment such as low gravity and near 
vacuum. Also, we hope the reactor system are a long 
life time and have no single point of failure. 

Considering the lunar reactor characteristics men-
tioned above, a lithium heat pipe cooled modular fast 
reactor (HPCMR) conceptual design has been devel-
oped to support future China manned lunar base appli-
cation. The system has a solid reactor core and is de-
signed to use static thermoelectric conversion to pro-
duce over 100kW electricity for up to ten years. Whole 
system efficiency is ~7% and has a mass of ~3.2 tons. 
Waste heat is rejected by potassium heat pipe radiator. 
HPCMR has advantages of low mass, long lifetime, no 
pumped liquid coolant, and no single point of failure.  

HPCMR (Figure 1) is comprised by three modules 
to easily satisfy China current launch vehicle load re-
quirement. Each module is comprised by 1 reactor core 
block, 1 shield block, 2 thermoelectric conversion 
modules, 2 Potassium heat pipe radiator panels and 
other support structures (Figure 2). The Potassium heat 

pipe radiator panels are folded during delivering pe-
riod. The maximum width and length of folded 
HPCMR module are 2.3m and 3.7m respectively. The 
HPCMR modules are launched to the moon separately 
and assembled to a whole system on the moon surface. 
Then the reactor core is either set into a lunar regolith 
hole of 1.8m deep, 1m diameter or regolith can be 
piled up around it. Lunar regolith is used to shield the 
radial radiation from the reactor to decrease the whole 
system mass. The Potassium heat pipe radiator is de-
ployed to a 45 degree angle with the lunar surface 
(Figure 3). 

The Lithium heat pipes penetrate the axial reflector 
and bend around (Figure 2) the shield above the reac-
tor core. The condenser section is connected to the 
thermoelectric conversion module by the heat ex-
changers, thus transferring the reactor core heat to the 
hot end of thermoelectric conversion module. Part of 
the heat is converted to electricity when it passes 
through the thermoelectric couple conversion module. 
The remaining heat (waste heat) is conducted to the 
Potassium heat pipe’s evaporator section connected to 
the cold end of thermoelectric conversion module, and 
is rejected to the environment by radiator. 

This system has following merits: 
1) Modularization design satisfies China launch 

vehicle load requirement. Launch criticality accident is 
avoided because a single module can not achieve criti-
cality.  

2) Such design with solid core reactor, heat pipe 
cooling and thermoelectric conversion has no moving 
or rotating parts for fatigue failure and no flowing 
cooling fluids that can leak, fail the whole system. 
Such design is also robust, simple and has high reli-
ability. 

3) Reactor core is cooled by Lithium heat pipes. 
Single Lithium heat pipe failure almost has no influ-
ence to the operation of whole system. Waste heat is 
rejected by potassium heat pipe radiator. Single or 
several Potassium heat pipe failures also won’t fail the 
whole system. Thermoelectric couple conversion also 
has the merit of no single point of failure. 

Preliminary HPCMR concept calculations have al-
ready been done. Detailed work and further optimiza-
tion will be done if the program is funded by the gov-
ernment in the future. 
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Figure 1.  DEPLOYED STATE OF HPCMR 

 

         
              A. FOLDED HPCMR                                                  B. 1 HPCMR MODULE 

Figure 2.  FOLDED STATE OF HPCMR 

 

 
Figure 3. VISION OF HPCMR 
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