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Research Scenario:  The utilization of fission 

reaction fragments for direct energy conversion has 

been considered in the past for its potential in terms of 

increase of power plant  efficiency (e.g. [1], [2] and 

references therein) and research on the topic was also 

supported by the US DoE Nuclear Energy Research 

Initiative (NERI) beginning in 2002 [3].  

 

This study considers a different approach for the 

direct energy conversion of charged fission fragments: 

previous concepts were focused on the direct 

conversion of the charged fragments utilizing high-

voltage DC electrodes. Here the possibility of a 

converting the particle kinetic energy into alternating 

current via a traveling wave coupling is investigated.  

This approach was first conceived for the 

application to fusion reactions with the development of 

the Traveling Wave Direct Energy Converter 

(TWDEC) [4], [5]. The traveling wave concept has the 

advantage of not requiring high-voltage electrodes, as 

it collects the energy of the beam through a series of 

electrode pairs, each at a smaller alternating potential. 

The electrodes are capacitively coupled to a density-

modulated (bunched) beam of charged particles: as the 

beam bunches travel in proximity of properly spaced 

electrodes, an alternating potential is induced.  

The potential impact of this approach on the 

nuclear energy generation for the electric utility 

industry is discussed: technology developments for 

Earth-based electric grid can in fact provide a 

reference path for space-based applications as well, 

both for power generation/quality and propulsion 

purposes. 

 

Technical Analysis:  The present study is focused 

on the exploration of converter configurations that 

could be implemented within a nuclear fission core, 

after collecting and collimating a beam of charged 

fission fragments. 

In particular, results from a feasibility analysis and 

a system-level conceptual design for the  conversion 

process are presented. In this approach, the the 

(positively) charged fission fragments are magnetically 

collected and focused into a beam of relatively low 

density, to avoid significant space charge effects. A 

density modulation (resulting in a beam bunching) is 

that introduced. The bunched beam than passes 

through a series of hollow eletrodes were in turn, an 

alternating potential is induced. This analysis reports 

on the requirements for the magnetic field trapping of 

the ions, on the design constraints for choosing the 

frequency of the induced potential and on the 

conditions for controlling the electron flow to 

maintaining the proper charge neutralization.  

The system level analysis is also supported by a 

particle-in-cell simulation model. Results of first 

simulation runs are presented where, for a given the 

distribution of the fragment energy [6], the model 

simulates the electrodynamic coupling between the 

bunched ion beam and the electrode structure and the 

effect of the flow of neutralizing electrons. 

The possibility of utilizing AC frequencies that are 

low enough to enable a direct utilization of 

transformers for power distribution is investigated. The 

possible reduction of the total nuclear activation of a 

fission power plant, as the fragments are left with 

much lower residual energy, is also discussed.   
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