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 A nuclear battery based on a direct energy conversion of the fission products is presented. 

The principal behind direct-charging or direct-conversion [1] is based on the direct conversion of 

fission product energy into electrical energy, using a high voltage potential. The kinetic energy of 

the fission products is thus converted to potential energy and the charges collected in the 

conductive electrodes create an electrical current.  

High-power nuclear batteries are important due to the fact that they have almost no moving parts. 

As a result, maintenance problems (especially important in outer space) are considerably reduced.  

Such energy conversion is possible by using a nuclear reactor with ultra-thin fuel elements of 

0.2µm of 242mAm. The amount of nuclear fuel is 376g and the dimensions of the battery are 

m4.24.24.2 ×× (including the vacuum spacing), with a BeO moderator and Be electrodes. The 

total power of the reactor is 10.6 MW and the electrical power is 0.672 MW.    

The reactor is composed of  242mAm as a nuclear fuel with a thickness of mµ2.0  and a moderator 

of cm4 of BeO and two cm5.0 thickness electrodes of Be, as presented in  

Fig. 1. The moderator-to-fuel-volume ratio is 000,250/ =fm VV .  

The infinite multiplication factor for this design is [2] 8.1=∞k . 

In order to obtain an actual reactor, we have considered the form of a cube with x-y dimensions 

of m4.24.2 × and with 24 electrical units, as presented in Fig. 1. Ignoring the He coolant 

channels, as well as the vacuum for the buckling calculations, we have an actual cube of 

m4.24.24.2 ×× , with a buckling of 241014.5 −−× cm .    
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Using the BOXER code system [3], we have calculated two parameters. The first parameter is 

effk ; the value of 477.1=effk . In order to reduce effk to 1=effk during operation, we need control 

rods, which will be inserted into the moderator. 

We have determined the neutron thermal flux to be scmneutrons 213 /105× . As a result, the 

power of one unit will be 441.5 kW and of the reactor 10.6 MW (th). 

The voltage is V=2.024MV and the electrical field is thus 0.506 MV/cm, which is well below the 

upper limit of 1MV/cm for electrical fields of electrodes in a vacuum [1]. 

The total power of the reactor is 10.6MW and the electrical power is 0.672MW. We need to 

remove 9.928MW of heat, or 0.414MW per one unit. To remove this amount of heat, we have 

considered Helium cooling in the moderator, as demonstrated in Fig. 1.  

The Helium coolant is cooled in the radiator by radiating its heat to outer space. The total area of 

the radiator is:  

 

  

 

 
26.100 m  is a lower limit value. The actual area will be larger.  
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