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Devoted to the 25th anniversary of the world’s first 

flight test of Plazma-A spacecraft with TOPAZ nu-
clear reactor …  
 

Introduction: The jubilee landmark events in 
space power engineering using nuclear technologies – 
the 50th anniversary of the launch of the US Transit 
4A spacecraft with radioisotope thermoelectric gen-
erator  and the 25th anniversary of the flight test of 
Plazma-A spacecraft with TOPAZ nuclear power sys-
tem (NPS) – give occasion to performing a compara-
tive analysis of various types of space NPS (SNPS) for 
the near-term and medium-term missions in space, as 
well as searching for a place of nuclear technologies 
in the world market of space services.  

The paper is concerned with a sub-megawatt class 
(up to 1 MW of electrical power) nuclear thermionic 
power engineering, the project solutions for which 
have been already realized in the USSR and Russia in 
the first-generation thermionic SNPS TOPAZ and 
improved essentially in the projects of second-
generation systems which will be undoubtedly used in 
the solution of the following major tasks in near and 
far space: power supply for the energy-intensive space 
crafts and complexes, including Lunar and Martian 
outposts, advanced spacecrafts with nuclear power and 
propulsion systems (NPPS) etc. These systems afford 
physical and engineering opportunities for a modern 
thermionic technology of organizing the thermal to 
electric energy conversion with increased life time and 
efficiency of SNPS. 
 

Table 1. Efficiency of thermionic technology 
 

Efficiency, % Project name Year of realization 
8-10 TOPAZ SNPS 1987-88 
11-15 2nd generation SNPS Present time 
20-25 Innovation thermionic 

technology 
Advanced short-
term programs  

 

Topicality of discussed issues is also confirmed by 
the facts that by a decision of the Russian Presidential 
Committee on Modernization and Technological De-
velopment of Economy the space nuclear power tech-
nology was pointed out as one of main directions for 
innovative development (2009, “Project of creation of 
transport and power module with a megawatt-class 
nuclear power and propulsion system”), the NASA 

and DOE specialists declared the development of a 
lunar fission surface power system capable of generat-
ing 40 kW of electric power (WEL), the China re-
searchers – of a space NPS with WEL of ~10 kW. 

Concept of project solutions in the development 
of a thermionic fuel element (TFE) for the 2nd gen-
eration SNPS. It is based on the improvement of the 
design and technology of a multi-cell TFE approved in 
TOPAZ SNPS. Thermionic cell for this TFE was op-
timized for use in a low-temperature (max. emitter 
temperature ~ 1700 K) combined TFE. 

The combined TFE unites in one housing the pro-
ject solutions of a multi-cell TFE and a TFE with an-
out-of-core placement of fuel. It uses a ring fuel ele-
ment, the inner and outer shells of which serve as the 
emitters of a thermionic cell being a part of a multi-
cell TFE. Realization of these project solutions may 
allow increase in the emission surface by a factor of 
~2, separation of the fuel element cavity and interelec-
trode gap, decrease in the maximum emitter tempera-
ture down to ТЕmax ≃ 1700 K (and lower) on retention 
of the 10% efficiency, and thus the provision of the 
electrical power output of a fast thermionic reactor-
converter in a wide range of WEL up to ~1 MW, see 
Fig.1. 

 
 

Fig.1. Major characteristics of SNPS with fast thermionic 
reactor-converter and combined TFE: 

1 (10%), 2 (9%) –constant efficiency lines; wEL –  aver-
age density of TFE electrical power; A – Pt-VKh2U elec-

trode pair; B – WF(110)-WF(110) electrode pair. 
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Thermionic spacecraft NPS in the world market 
of space services. It is known that the current volume 
of the world space market, including national, interna-
tional, commercial program and services, value at 
more than US$300 billion. The submegawatt-class 
thermionic nuclear power systems will udoubtedly 
find their place as power-supply sources for advanced 
spacecrafts in the future short-term programs of ex-
ploring the Moon and geo-stationary orbit, interorbital 
transport operations etc. after the year 2020. In par-
ticular, researchers of RSC Energia are of the opinion 
that use could be made of approved engineering and 
technological solutions on the fast high-temperature 
thermionic NPS using Nb-Li technology developed for 
NPPS of a Gercules-type interorbital tug.  

Of the abovementioned missions with the use of 
thermionic SNPS, the necessity of cleaning up space 
debris and removal of 600 no-longer operational craft 
from the geostationary orbit becomes topical and prac-
tically important, see, for example, Fig.2. 

 

 
 

Fig.2. Tug for removal of no-longer operational craft 
from geostationary orbit in the scheme of using the 

spacecraft with thermionic NPS based on Nb-Li tech-
nology  

 

This spacecraft will serve as a tug for cleaning up 
the debris, have a weight of 7 to 10 tons, lifetime of 10 
to 15 years and a thermionic NPS with the electrical 
power between 150 and 500 kW. The commercial ef-
fect of the use of this tug is evaluated based on the fact 
that the current cost of one “place” in the geostation-
ary orbit is US$25-30 million. The share of Russia 
will make at least 25% of an annual world market 
volume of US$3 billion. Another same profitable mis-
sion of this SNPS will be the power supply for the 
global satellite communications system, reusable lunar 
tug, planet-based outposts, system of defence from 
asteoid and comet impacts etc.  

Comparative analysis of space power systems 
(PS) by the system criterion of the specific mass (γ, 
kg/kWEL) dependence on the values of the electric 

power output and efficiency (η, %). It continues the 
earlier system estimations of the efficiency of space PS 
with static (photovoltaic, thermoelectric, thermionic) 
and dynamic (gas- and steam-turbine, Stirling engine) 
converters, see Fig.3. Particular note should be taken 
of the point “NPS-1000” having the same γ ~10 
kg/kWEL when using the static (thermionics) and dy-
namic (gas-turbine plant on Bryton cycle) converters. 
 

 

 
 

   
 

Fig.3. Comparison of system criteria of PS with vari-
ous schemes of energy conversion 

 

Conclusion. Considering the system project pa-
rameter γ (kg/kWEL), dynamic characteristics (as a 
part of spacecraft), technological and physical 
groundwork, thermionics has certain advantages in a 
submegawatt range of the NPS and NPPS power 
changes as compared to other energy conversion 
schemes. 
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