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1. Introduction 

 
The HANARO, a multi-purpose research reactor of a 

30 MWth, open-tank-in-pool type, has been under 

normal operation since its initial criticality in February, 

1995. Thermal neutrons which are generated by the 

nuclear fission can be transformed into cold neutrons by 

using a moderator such as liquid hydrogen. In order to 

produce the cold neutrons continuously, it is essential to 

use the cryogenic refrigerator which has a role to 

adequately remove the heat of a moderator. This paper 

describes the cycle analysis of the cryogenic refrigerator 

implemented by a numerical method. Also, it represents 

the results of the optimal conditions for the respective 

state in the refrigerator. 

 

2. System Modeling  

 

For the cycle analysis of the refrigerator, it is 

assumed that the refrigerator is composed of two heat 

exchangers and two turbines containing a He compressor 

and condenser. Fig. 1 shows the system modeling of the 

cryogenic refrigerator  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. System modeling of the cryogenic refrigerator  

 

This system carries out the heat transfer process to 

the condenser, which transforms hydrogen gas into 

liquid hydrogen by using the cryogenic helium generated 

by the refrigerator. For the normal thermo-siphon effect, 

it is reported that the inlet temperature of helium at the 

condenser must be 14K±0.5K, outlet temperature of 

helium must be 18K±0.5K and the heat capacity should 

be over 1500W.  

3. Analysis Method  

 

3.1 Assumptions  

 

System variables are the effectiveness of the heat 

exchangers and adiabatic efficiencies of the turbines.  

The mass flow rate of helium, compression work and 

ratio and the initial state of helium are known. It is 

assumed that pressure drop at the condenser and 

dissipated heat due to the turbines is ignored 

respectively. State numbers are defined as the helium 

flow of the cycle process program. 

 

3.2 Numerical methods of the Cryogenic Refrigerator  

 

The system simulation program was created by a 

numerical method. This program consists of two 

programs that are a main and a sub program. Sub 

program calculates the respective helium state by the 

state postulate in the thermodynamics and the main 

program calculates all the results by using the results of 

the sub program. Fig. 2 shows the flow chart of the 

cycle analysis  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Flow chart of the cycle analysis program  

 

 

4. Analysis Results   
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By using the above method, system analyses for a 

cycle are simulated with the different values of the 

variables (effectiveness and adiabatic efficiency). For 

example, Fig. 3 represents the relation between COP 

and the adiabatic efficiency of turbine 2 in the case that 

the effectiveness of the heat exchangers are 0.965, 0.92 

respectively and the adiabatic efficiency of turbine 1 is 

0.7.   

 

 

 

 

 

 

 

 

 

 

 
Figure 3. The relation graph between COP and adiabatic 

efficiency of turbine 1  

 

This graph shows that the COP of the system is 

proportional to the adiabatic efficiency of turbine 1. But 

the temperature of states 5, 6 are more important than 

any other values of the states, the calculations are 

iterated many times in order to find the optimal 

conditions for the temperatures of state 5and 6. 

Therefore, the results are as follows     

 

 
Figure 4. The results of the states for the cryogenic 

refrigerator to the variable parameters 

 

For the above results, the first and second columns 

represent the adiabatic efficiencies of turbine 1 and 2 

respectively. Here, effectiveness of the heat exchangers 

are fixed (0.965, 0.96). As a result, for test numbers 6, 8, 

9, 10, the calculation results are very close to the 

optimal conditions. But in the case of No. 10, the COP 

value is lower than that of No. 6 in spite of the high 

efficiency of the turbines. Therefore it shows that the 

system COP is not proportional to the efficiency of the 

turbines. In addition to the results, the efficiency of 

turbine 1 has an effect on the temperature of state 5 

(without the efficiency of turbine 2) and in case of No. 7, 

the temperature of state 5 is not suitable for the system 

condition because the efficiency of turbine 1 is much 

lower than that of the other cases (No. 6, 8, 9, 10). 

As reference data, the calculation values of No. 8 are 

as follows  

 

 
 
Figure 5. The calculation results for the case of No. 8  

 

 

5. Conclusions 

 

In this paper, a cycle analysis was carried out to find 

the optimal condition by using a computer simulation 

method. And adequate values of the states for the 

refrigerator were calculated. Consequently, system 

variables (efficiencies and effectiveness) are so sensitive 

that they affect other values such as the temperature of 

state 5 and COP. It is estimated that all the system 

variables are not independent of each other and have an 

influence on the system via complicated functions. 
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