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ABSTRACT
Real gas properties impose profound effects on regenerators working at temperatures close to 

INTRODUCTION

real gas property, and generally induces profound heat losses at a temperature close to and below 
the critical point1 -

1-5

discussed in previous study6-8

based on the sources from open literature9

SIGNIFICANCE OF THE PRESSURE-INDUCED ENTHALPY FLOW
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4He11 and 3He12 has been calcu-
lated, when the pressure is 1 MPa, (1-T 4He11, and 

3He is smaller 
than that of 4

    (4)

If the status at the hot end of the regenerator is used as the reference, the pressure-induced en-

   (5)

The parameter [(1-T
typical cases of PTCs2, 13-15 are compared9

ENERGY BALANCE IN THE REGENERATOR
10

Figure 1. Dependence of parameter (1-T ) on 
temperature for 4He and 3He

Figure 2. Dependence of parameter (1-T )ZT 
on temperature for 4He and 3He
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Which factor of H

.
T cond dominates the responsibility of the energy balance? According to 

the calculation9

9 from the numerical calculation for PTC in reference2 and 
another PTC in reference16

FUNCTION OF THE REGENERATOR TEMPERATURE PROFILE

is proportional, which has been derived  in a previous study9

noted as kT

   (9)

H
.
p  and H

.
T , the governing 
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Figure 3. Calculated temperature distribution 
along the regenerator

Figure 4. Dependence of the relative COP of 
the refrigerator cycle on the cold end temperature
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PTC14

4

DERIVATION OF THE THEORETICAL COP
-

   (11)

-

    (12)
9

   (13)

   (14)

 
can be rewritten as 
 (15)

The relative COP, the COP divided by the Carnot COP, for 4He and 3He at the pressure range 

Note that the theoretical COP for 4He between a temperature below about 5 K and 20 K increases 

-

This calculation is in accordance with the analysis in reference6

of the pulse tube cryocooler is regarded to be dissipated in the calculation, the COP for the regen-

CONCLUSION
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