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To validate the methodology, the comparison of the 
cycle configuration with a previous research is carried 
out. Using the system conditions of MacDonald et al [2], 
the cycle efficiency is calculated as 11.77 %. The cycle 
efficiency of MacDonald et al’s calculation is 44.1%, 
and the difference between the results is 1.52%. The 
convergence criteria is set to 1.0×10-4. In the same 
manner, for the conditions of Dostal et al [1], the 
deviation is 1.75%. The feasibility of the computational 
method is confirmed. 

 
2.2 Identification of optimum design point 

 
For the KALIMER normal operating condition [4], to 

identify the optimum design point, significant system 
parameters must be defined. The compression ratio of 
the first compressor (1-2) and the turbine inlet 
temperature are the important system parameters. The 
lower temperature of the IHX must be smaller than 
339.0°C and the higher temperature of the IHX must be 
smaller than 511.0 °C. For varying parameters, the 
cycle efficiency is calculated as shown in Fig. 2. The 
maximum efficiency is calculated at the design point of 
the turbine inlet temperature of 510 °C and the 
compression ratio of 3.7, that is, the maximum pressure 
is 27.4 MPa. But, there is no experience with a 
component design and operating at such a condition. 
The maximum pressure of 20 MPa, i.e. the compression 
ratio of 2.7, is adopted from a previous cycle design. 
For the compression ratio of 2.7, the optimal design 
point is calculated at the turbine inlet temperature of 
460 °C.  

 
Figure 3. Calculations of Brayton cycle efficiency in various 

conditions 
 
 The mass flow rate of the CO2 is calculated as 

1241.69kg/s and the split mass fraction is 36.56%. For 
the optimal operating conditions, the cycle efficiency is 
about 37.91 percent. Subtracting the power for the 
primary coolant pumps (4.4MW) and intermediate 
pumps (3.4MW), a plant efficiency of 34.84 % is 
obtained. There are also other needs for an on-site 

power. For the current KALIMER design, the other on-
site needs are 2.0 % of the nominal core power.  
However, this value also includes the power 
requirements of the Rankine steam cycle and, therefore, 
represents an overestimation for KALIMER with an S-
CO2 Brayton cycle. The details of the operating 
conditions are presented in Table 2.  

 
Table 2. The properties of the optimal point of the cycle 

 T[°C] P[MPa] H[kJ/kg] s[kJ/kg-K]
1 31.25 7.40 359.58 1.523 
2 85.30 19.98 390.07 1.536 
3 176.42 19.96 564.28 1.974 
4 182.72 19.96 573.47 1.995 
5 330.00 19.94 764.72 2.360 
6 460.00 19.62 924.47 2.603 
7 355.93 7.46 817.52 2.628 
8 186.25 7.43 626.24 2.275 
9 93.38 7.41 515.71 2.006 

10 194.09 19.96 589.68 2.030 
 
 

3. Conclusion 
 

A computational program is developed for the 
configuration and the analysis of the S-CO2 
recompression Brayton cycle. The physical suitability 
of the code is shown through a comparison with 
previous researches. The optimal design point of the S-
CO2 recompression Brayton cycle coupled to 
KALIMER is obtained with a parametric study. The 
cycle efficiency of 37.91 % and plant efficiency of 
34.84 % are calculated. The validity of the coupling S-
CO2 recompression Brayton cycle to KALIMER is 
shown. In the future, a refinement of the code and a 
study on the components characteristics should be 
preformed. 
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