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ABSTRACT
Finite element analysis using COMSOL MultiPhysics® is used to study the relative performance 

The design of large cryogenic systems needed for superconducting power devices require large mass 

INTRODUCTION
-

expensive versions of the cryogenic systems are necessary for realizing the dream of safe, secure, and 
-

-

cryogenic gaseous circulation systems is that the pressure drop across the heat exchangers attached 
to the cryocoolers and the superconducting applications are high and the circulation pumps cannot 

multiple cryocoolers and circulators is necessary for cryogenic helium circulation systems needed for 
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MODEL DESCRIPTION
Finite element method was used to analyze the cryogenic helium circulation system (CHCS) 

®

pHX

Cryorefrigerator in which the cooling capacity is a function of the temperature of the cold head as 

Figure 1. Schematic for one CHCS unit.

Figure 2. (a) Static pressure performance curve for CryoZone Noordwind CryoFan operating at 21,000 
RPM.  (b) Capacity curve for Cryomech AL325 cryocooler..

CRYOCOOLER INTEGRATION AND APPLICATION LESSONS 530



C19_003 3

unit

unit, and multiple units were added in 

-

MODEL VERIFICATION

the impeller of pi = 2 MPa, the model resulted in an increase in static pressure across the impeller of  
o - pi

                                                                 (1)

where R is the gas constant of helium, and T

Figure 3. Examples of different configurations analyzed.
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(2)

where  m
i  3

V
.
i x10-4 m3

rate corresponds to an increase in static pressure of  p 
Another verification that was made was on the compressibility of the helium gas in our op-

erational range.  

                                                                                                                              (3)

For the previous operational conditions, this results in a density after the impeller of  o  
3 

-

Finally, heat transfer was included in the model to verify the effects on the temperature of the 

at a constant value of Q
difference through the heat exchanger of THX = 

                                                                  (4)

m Cp = THX = 

RESULTS

Figure 5 (a) shows how including nominal friction affects the increase in static pressure through 

Figure 4. Increase in static pressure due to the impellers neglecting friction through the pipe.
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heat load applications require a flow rate of more than 8 g/s and the 
(2) configuration is the optimal choice.  This shift occurs because having 2 impellers in parallel 
doubles the cross-sectional area of the flow channel providing less constriction and reduces the 
mass flow rate by half in each path.  As the mass flow rate increases as in Figure 5 (a), the differ-
ence in the pressure drop between the (1-1) and (2) configurations increases exponentially.  This 
is because the pressure drop due to friction is proportional to the square of the velocity.

The following section presents the results that include heat transfer and friction for the various 

cryocoolers, when turned on, are removing heat from the helium gas and lower the temperature, which 

through the parallel section first where its 
density is increased more than that by a single CHSC, and this allows the following two CHCS units 
in series to produce higher static pressure.  On the contrary, total temperature drop by the cooling 
system does not change with the configuration of CHCS units as long as the mass flow rate and the 
number of CHCS units are the same as shown in Figure  6 (b).  In conclusion, the impeller performs 
better by decreasing the temperature first, but the ultimate temperature achieved by the cryogenic 
system remains unchanged regardless of the configuration of CHCS units.  

Figure 5. (a) Increase in static pressure vs. mass flow rate through cooling system with friction of the 
(1), (2), and (1-1) configurations (solid lines) compared to that without friction from Fig. 4 (transparent, 
dashed lines). (b) Increase in static pressure vs. mass flow rate through the cooling system for the four 
impeller configurations with friction (dashed lines) compared to the configurations with friction from Fig 
5 (a) (transparent, solid lines).  Note that this data is excluding the effects of heat transfer..
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DISCUSSION

m
of p T = 50 K, and the 

T
T m

p m

Another important factor to consider when designing a set of multiple CHCS units is the fric-

-

Figure 6. (a) Increase in static pressure vs. mass flow rate through cooling system for the four CHCS 
configurations including heat transfer through the heat exchanger (solid lines) compared to those without 
heat transfer (transparent, dashed lines). (b) Change in temperature of helium gas through the cooling 
system vs. mass flow rate for different CHCS unit configurations.
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Figure 7.  Physical system schematic used for experimental validation of CHCS FEM model.
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