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Abstract

The optimum size combination of heat exchangers in a Joule-Thomson(J-T) circuit for small
cryogenic systems has been sought analytically, when the circuit is combined with a two-stage
Gifford-McMahon(GM) cooler. Full thermodynamic cycle analysis was carried out to predict the
performance of the combined refrigeration system. Relevant convective heat transfer coefficients,
the computerized properties of helium, and the refrigeration capacity curve of a typical GM
cooler have been used in the analysis. The result showed that, by changing the configuration(heat
exchanger area ratio) of the system, the performance of the commonly-used GM/J-T refrigera-
tors could be optimized. For the maximum refrigeration performance, the optimum mass flow
rate of the refrigerant and the relative size between the heat exchangers have been obtained, when
the cooling load was 0.1W at 3.995K with the total heat exchanger area being given.
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(D Cooling coil for the 1st radiation shield
@ Precooling coil 1

(3 Cooling coil for the 2nd radiation shield
@ Precooling coil I

(® Joule-Thomson valve

® Evaporator

@ 1st stage radiation shield
® 2nd stage radiation shield
® Vacuum Dewar

@ 2-stage GM cooler unit
@ GM circuit compressor
@ J-T circuit compressor

Fig. 1 Typical circuit diagram of a two-stage GM/J
-T refrigerator
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Fig. 2 Refrigeration capacity of model 22C cryodyne
cryocooler used in sample calculations®
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Table 1 Conditions for sample calculations

high-pressure side, Py, 1,520 kPa
low-pressure side, P, 81.1kPa
ambient temperature, Tam 300 K
first stage temperature of 78 K

the GM cooler, Tem

mass flow rate of the 0.009~0.015 g/sec

refrigerant(Helium), m

0.0936~0.117 m*
(8.0~10.0 m)

total heat exchanger area,
Ao (length, Lio)
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Fig. 5 Coefficient of performance and cooling load
as a function of the J-T heat exchanger area
ratio (72=0.012 g/sec, A.,:=0.0996 m?)
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Fig. 6 Constant COP and cooling load contours as a
function of the heat exchanger area ratio and
mass flow rate of the refrigerant (A4, =0.099
6 m?)

Table 2 State properties at optimum COP condition
(@.>0.1W, Ti=T:=3.995K, %=0.0107 g/sec, Ac/Aw:=0.485)

e T (K) i(J/g) s(J/g-K) comments
1 300.0 1578 25.79
2 20.96 116.3 11.63 P=P,=P,=P,=P,
3 16.53 89.60 10.20
4 5.764 20.73 3.591
5 3.995 20.73 5.958 x=0.5548
6 3.995 30.12 8.616 saturated vapor
7 16.37 98.99 16.74
8 297.6 1560 31.83 P.=P,=F,=P5=P,
8i 300.0 1573 31.87
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