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Abstract:  CNES, the French space agency, along 

with AREVA, has been leading studies in the past few 
years on space nuclear power generation systems for 
exploration missions. The goal of these studies is to 
evaluate technologies that could be relevant for vari-
ous power levels and to assess their specific mass and 
readiness level in France and in Europe. The study 
started with a trade-off at 100kWe. Two options were 
selected for a preliminary design: liquid metal cooled 
reactor with thermo-electric conversion and gas cooled 
reactor with Brayton conversion [1]. Both options lead 
to a specific mass of less than 35kg/kW. 

The scope of the study was then enlarged to mega-
watt power level. Indeed, on the long range, megawatt 
level nuclear electric propulsion could have various 
applications like manned Mars missions or sample 
return missions from giant planets moons.  

At this power level, radiator size becomes highly 
critical because thousands of square meters can be 
needed depending on radiator temperature and conver-
sion system efficiency. Accordingly, trade-off efforts 
have been focused on the conversion cycle and on ra-
diator technologies more than on the reactor itself. 
Various conversion cycles, radiator technologies and 
general architectures have been assessed.  

Concerning conversion cycles, numerous options 
have been considered in a first place: thermoelectric, 
thermoïonic, AMTEC®, thermophotovoltaïc for static 
conversion, along with Stirling cycle, thermoacoustic, 
Brayton cycle (including two optional designs: use of 
supercritical fluid and use of a magnetohydrodynamic 
generator instead of a turbine), and Rankine cycle (in-
cluding an optional design using a magnetohydrody-
namic generator instead of a turbine) for dynamic con-
version.  

Performances of each cycle in terms of mass, radia-
tor area needed, assembly, reliability, operations, com-
plexity of electrical energy distribution for propulsion 
engines, and uncertainties concerning technical feasi-
bility were evaluated for each conversion technology. 
Each of them was given a grade, allowing a global 
ranking. 

Among them, Brayton option was preferred be-
cause of its good performance and large scalability but 
also especially because, unlike Rankine cycle, it can be 
tested on the ground in a representative way. 

Stirling option is also attractive because of its 
modularity and instrinsic redundancy. It could be con-
sidered as an alternative candidate. However, our 

evaluation, based on extrapolation of US studies, 
shows that, for megawatt level, its specific mass is 
higher than the Brayton option. Moreover its layout is 
complex and needs a system to efficiently distribute 
heat to the numerous modules.  

For Brayton, various redundancy schemes have 
been evaluated in order to try to find a solution that 
would limit the impact in term of specific mass.  

For instance, for a direct Brayton 5MWe system, 
table 1 shows that having 6 conversion lines of 1MWe 
could be a good compromise between specific mass 
and complexity.  

Both direct option with gas cooled core and indi-
rect option with liquid metal cooled core and a heat 
exchanger have been preliminary assessed and com-
pared at 5MWe. Results tend to show no major differ-
ence in term of specific mass for both configurations 
when using the same hot temperature. 

References: [1] Cliquet E. et al. (2010), Study of a 
100kW space reactor for exploration missions, Space Pro-
pulsion 2010. 

 
Redundan-
cy option 

Mass per 
line of  

conver-
sion 

Total mass  
(conver-

sion, 
PMAD, 

structures, 
start-up 

unit) with-
out redun-

dancy 

Total mass 
(conver-

sion, 
PMAD, 

structures, 
start-up 
unit) in-
cluding  

redundancy 
11 x 10% 4,1 t 54,6 t 59,8 t 
6 x 20% 7,6 t 52,5 t 61,9 t 
4 x 33% 12,2 t 53,2 t 68 t 
3 x 50% 17,7 t 55,8 t 77,1 t 
 

Table 1 -  Direct Brayton mass for various redun-
dancy options (at 5MWe, Thot = 1600K, Tcold= 

480K). Reactor and shield mass not included. 
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