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INTRODUCTION  

  
 Enhancing the economic competitiveness of Nuclear Power Plants (NPP) is a major objective of the 

advanced reactor designs. In the past, most of the work and efforts had been directed towards simplification and cost 
reduction of the nuclear island. Similar efforts are required towards redesign and reduction of turbine island cost as 
it constitutes ~30 % of the total cost of NPPs, Dostal [1]. Besides, the most effective way to improve economic 
competitiveness of NPPs is to enhance its efficiency which has remained static at around 33% since the first 
commercial LWR came into operation. In order to achieve the high efficiency of electricity generation, following 
methodologies are being considered: 

a. Optimisation of traditional steam cycles: super-critical and ultra super-critical 
b. Closed cycle gas turbine: helium and super-critical carbon dioxide   

World-over, Super-critical CO2 based Brayton Cycle (SCBC) for power generation is an important R&D area. The 
main advantage of the SCBC is its comparable efficiency with the helium Brayton cycle i.e. 45%-48%, at 

significantly lower temperature i.e. 500 ⁰C instead of 900 ⁰C. Thus, SCBC is well suited to any type of nuclear 

reactor with core outlet temperature above 500⁰C.  Figure-1 shows the efficiencies of the power cycle as a function 
of source temperature, Wright [2].  

New generation reactor designs including the six Gen-IV 
reactor concepts aim to increase the NPP efficiency to 
almost 50%. In many advanced reactors, this is proposed to 
be achieved by high temperature designs using Brayton 
cycle based power conversion systems instead of the 
traditional Rankine cycle systems prevalent in current 
commercial LWRs.  

High efficiency SCBC based power conversion system is 
being considered for power generation in many of the 
advanced reactors, including Indian Molten Salt Reactor 
(MSR), Indian High Temperature Reactor (IHTR), Gas 
Turbine Modular Helium Reactor (GT-MHR), Very High 
Temperature Reactor (VHTR), Gas-cooled Fast Reactor 
(GFR), Sodium-cooled Fast Reactor (SFR) and Korean sodium-cooled fast reactor (KALIMER-600).  

Specific advantage of Supercritical CO2 is its high density, which is comparable to liquids resulting in low 
compressor work and component sizes. The sizes of SCBC components are considerably lesser than that of 
traditional Rankine cycle, Helium Brayton cycle and Gas turbine power plants. To sum up, SCBC is simple, 
compact, less expensive and have shorter construction periods, thus improving overall economics. 

SCBC for Compact High Temperature Reactor and Thus, super critical carbon dioxide based Brayton cycle was 
studied as an energy conversion cycle for electricity generation for various source temperatures, catering to the 
requirement of power generation for Compact High Temperature Reactor (CHTR), Indian Molten Salt Breeder 
Reactor (IMSBR) and solar applications. 

SCBC FOR COMPACT HIGH TEMPERATURE REACTOR (CHTR) AND INDIAN MOLTEN SALT 

BREEDER REACTOR (IMSBR)   

 
CHTR is a 233U-Th fuelled, lead-bismuth cooled reactor. CHTR is being developed to operate at 1000 ºC, as a 
technology demonstrator for development and demonstration of technologies associated with high temperature 
reactors. On the other hand IMSBR is proposed to operate at 850 °C. As discussed above, SCBC is well suited for 
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Fig.-1: Cycle efficiency v/s Source temperature 
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these temperatures. Thus, SCBC was analysed for 100 kWth CHTR and 1890 MWth IMSBR to optimise the process 
parameters and efficiency. The scoping studies were carried out with different parametric conditions like compressor 
inlet pressure, pressure ratio and turbine inlet temperature. The properties of super-critical CO2 were taken from 
NIST database, Lemmon et. al. [3]. 
 

RESULTS AND DISCUSSIONS 

 

     The results of the analysis for both cases are shown in figure-2 and figure-3. Based on the results, suitable 
process parameters were selected considering maximum system pressure of 200 bar. The cycle was analysed with 
the selected process parameters as shown in figure-4. 

 

 CONCLUSIONS 

 
 The results of the analyses indicate that cycle 

efficiency greater than 50% is achievable for turbine 

inlet temperatures in the range of 800 °C to 900 ⁰C, 
hence S-CO2 based Brayton cycle is a promising and 
efficient option of power generation for upcoming 
Indian high temperature reactors as well IMSBRs.  
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Fig. 2: Efficiency v/s max. system pressure for MSBR 

 
Fig 3: Efficiency v/s Max. system pressure for CHTR 

 
Fig 4: Brayton cycle for CHTR 


