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The desire to use power propulsion systems (PPS) of high power in space exploration has 
existed since the earliest stages of astronautics development and, over the time the need 
for their creation is becoming more urgent.  By means of high power PPS, it becomes 
possible to solve a large number of transport, transport and energy, and energy problems 
for the benefit of economy, science and global security. The creation of such PPS is ex-
tremely challenging and requires a thorough development of individual elements of the 
installation, as well as joint tests of different systems on the ground test bench and in the 
outer space during the flight test. The paper includes data on currently actual projects 
which are being conducted in the world in the field of high power nuclear PPS. The arti-
cle also gives general information about the basic PPS subsystems, composition and re-
quirements for the test bench base for developing the key PPS elements. Moreover, we 
examine potential composition and appearance of the test bench for powerful gas turbine 
converters, operating in a closed Brayton cycle. 

Keywords: outer space, Brayton cycle, power propulsion system, gas turbine conversion 
system, test bench base. 

REFERENCES 

[1] Yarygin V.I. Izvestiya Vysshikh Uchebnykh Zavedeniy. Yadernaya energetika —
Proceedings of Higher Education Institutions. Nuclear Power Engineering, 2013,
no. 2, pp. 5–20.

[2] Akimov V.N., Koroteev A.A., Koroteev A.S. Izvestiya RAN. Energetika —
Proceedings of the Russian Academy of Sciences. Power Engineering, 2012,
no. 1, pp. 3–11.

[3] Grishin S.D., Zakharov Yu.A., Odolevskiy V.K. Proektirovanie kosmicheskikh
apparatov s dvigateliami maloy tyagi [Design of spacecraft thrusters]. Moscow,
Mashinostroenie Publ., 1990.

[4] Legostaev V.P., Lopota V.A., Sinyavskiy V.V. Kosmicheskaya tekhnika i
tekhnologii — Space Engineering and Technology, 2013, no.1, pp. 6–17.

[5] Jansen F., Semenkin A., Bauer W., Worms J.-C., Detsis E., Cliquet E.,
Masson F., Ruault J.-M., Gaia E., Cristina T.M., Tinsley T., Hodgson Z.
MEGAHIT* Roadmap: Applications for Nuclear Electric Propulsion. RGEP,
Dresden, 2014.

[6] Konyukhov G.V., Koroteev A.A., Poluektov V.P.  Polet — Flight, 2001, no. 4,
pp. 26–32.

[7] Bondareva N.V., Glukhov L.M., Koroteev A.A., Krasovskiy V.G.,
Kustov L.M., Nagel Yu.A., Safronov A.A., Filatov N.I., Chernikova E.A.
Izvestiya RAN. Energetika — Proceedings of the Russian Academy of Sciences.
Power Engineering, 2015, no. 4, pp. 130–142.



[8] Mason L.S., Schreiber J.G. A Historical Review of Brayton and Stirling Power
Conversation Technologies for Space Applications. NASA/TM—2007-214976.

[9] Kenney W.D., et al. Brayton Isotope Power System Ground Demonstrator.
Eleventh Intersociety Energy Conversion Engineering Conference. American
Institute of Chemical Engineers, 1976, vol. 1, p. 201.

[10] Write S.A., Vernon M.E., Pickard P. Small Scale Closed Brayton Cycle
Dynamic Response Experiment Results. Sandia Report SAND2006-3485
(Unlimited Release)/Sandia National Laboratories – 2006.

[11] Hervol D.S., Briggs M., Owen A.K., Lavelle T.A. Experimental and Analytical
Performance of a Dual Brayton Power Conversion System.  NASA/TM—2009-
215511.

[12] Hervol D.S., Mason L., Birchenough A., Pinero L. Experimental Investigations
From the Operation of a 2 kW Brayton Power Conversion Unit and a Xenon
Ion Thruster. NASA/TM-2004-212960.

[13] Turner M.J.L. Rocket and Spacecraft Propulsion: Principles, Practice and New
Developments. Third Edition. Praxis Publishing Ltd, Chichester, UK, 2009.

[14] McGuire M.L., et al. Use of High Power Brayton Nuclear Electric Propulsion
(NEP) for a 2033 Mars Round Trip Mission. NASA/TM-2006–214106.

[15] Guimarães L.N.F., Camillo G.P., de Carvalho R.P. Preliminary Closed Brayton
Cycle Study for a Space Reactor Application. International Nuclear Atlantic
Conference (INAC). Santos, SP, Brazil, 2007.

[16] Guimarães L.N.F., Camillo G.P., Placco G.M., et al. Power Conversion for a
Microrreactor: a Nuclear Space Application. International Nuclear Atlantic
Conference (INAC). Rio de Janeiro, RJ, Brazil, 2009.

[17] Guimarães L.N.F. Nuclear Space Applications: A Brazilian View. The XVIII
Meeting on Nuclear Reactor Physics and Thermal Hydraulics (ENFIR). Recife,
PE, Brazil, 2013.

[18] Arbekov A.N., Leontyev A.I. Trudy MAI. Elektron. Zhurn. — Proceedings of
MAI, 2011, no. 43. Available at:
http://www.mai.ru/science/trudy/published.php?ID=24713

[19] Stend dlya ispytaniy moschnogo vysokooborotnogo agregata [Bench for testing
high-speed power unit]. Patent 2502975 RF, IPC G01М 15/00,
no. 2013103632/06б 2013. State Research Centre Federal State Unitary
Enterprise Keldysh Research Centre.

[20] Elektricheskiy nagrevatel gaza [Electric gas heater]. Useful model 119555 RF.
IPC H05B 3/40, no. 2011153459, 2012. State Research Centre Federal State
Unitary Enterprise Keldysh Research Centre.

[21] Lovtsov A.S., Selivanov M.Yu. Izvestiya RAN. Energetika — Proceedings of
the Russian Academy of Sciences. Power Engineering, 2014, no. 6, pp. 3–9.

Andrianov D.I., engineer, space engineering and electro-rocket engines, State Research 
Centre Federal State Unitary Enterprise Keldysh Research Centre. 

Zakharenkov L.E., Cand. Sci. (Eng.), leading engineer, space engineering and electro-
rocket engines, State Research Centre Federal State Unitary Enterprise Keldysh Research 
Centre. 

Karevskiy A.V., Cand. Sci. (Eng.), head of the sector, space engineering and electro-
rocket engines, State Research Centre Federal State Unitary Enterprise Keldysh Research 
Centre. 



Popov A.V., engineer, space engineering and electro-rocket engines, State Research Cen-
tre Federal State Unitary Enterprise Keldysh Research Centre. 

Popov S.A., head of the department, space engineering and electro-rocket engines, State 
Research Centre Federal State Unitary Enterprise Keldysh Research Centre. 

Semenkin A.V., Dr. Sci. (Eng.), head of the department, space engineering and electro-
rocket engines, State Research Centre Federal State Unitary Enterprise Keldysh Research 
Centre. 

Solodukhin A.E., Cand. Sci. (Eng.), leading engineer, space engineering and electro-
rocket engines, State Research Centre Federal State Unitary Enterprise Keldysh Research 
Centre. 

Terekhov D.N., engineer, space engineering and electro-rocket engines, State Research 
Centre Federal State Unitary Enterprise Keldysh Research Centre. 

Shtonda S.Yu., engineer, space engineering and electro-rocket engines, State Research 
Centre Federal State Unitary Enterprise Keldysh Research Centre. 



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut top edge by 76.54 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     735
     449
     None
     Up
     2.8346
     0.0000
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     Smaller
     76.5354
     Top
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     20
     19
     20
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut bottom edge by 76.54 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     735
     449
     None
     Up
     2.8346
     0.0000
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     Smaller
     76.5354
     Bottom
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     20
     19
     20
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut left edge by 96.38 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     735
     449
     None
     Up
     2.8346
     0.0000
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     Smaller
     96.3780
     Left
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     20
     19
     20
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut right edge by 96.38 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     735
     449
    
     None
     Up
     2.8346
     0.0000
            
                
         Both
         1
         AllDoc
         2
              

       CurrentAVDoc
          

     Smaller
     96.3780
     Right
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     20
     19
     20
      

   1
  

 HistoryList_V1
 qi2base



