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Optimal Design of Miniature Joule-Thomson Cryocooler
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(1.School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China;

2.Kunming Institute of Physics, Kunming 650223, China)

Abstract: The Joule-Thomson (J-T) cryocooler is widely used in a variety of infrared devices. Maximizing
the cooling capacity in finite structures is one of the foremost problems in J-T cryocooler miniaturization. In
this study, a one-dimensional model based on the thermodynamic properties of real gas and heat leakage of
components is established. The effects of three structural parameters (fin height, fin thickness, and fin pitch)
used in a helical finned tube heat exchanger on the performance of a cryocooler are calculated and optimized
using a genetic algorithm. The results show that the calculated data are in good agreement with the
experimental data. In the specific working conditions and structural parameters employed, an increase in fin
height and fin thickness would increase the entropy production and cooling capacity of the cold end of the
heat exchanger, whereas an increase in fin pitch would have the opposite effect. Optimal parameters exist for
maximizing the cooling capacity of the heat exchanger in this study. The analytical method established in
this study could provide a simple and effective means of optimizing and designing a J-T in engineering

applications.
Key words: Joule-Thomson cryocooler, finned tube heat exchanger, numerical simulation, optimized
structure
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(a) Workflow schematic diagram (b) Radial schematic diagram

(c) Axial schematic diagram
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Fig.1 Schematic diagram of J-T cryocooler
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Table 1 Parameters for single factor analysis

Optimization variables

Lower limit/mm  Base value/mm  Upper limit/mm

Fin height

Fin thickness
Fin pitch
Number of coil
Helix pitch

0.1
0.06
0.15

30

3

0.25 0.5
0.1 0.2
0.3 0.6
50 100
3.5 6

2 BG5S S 6 e X b

Table 2 Comparison of simulation results with experimental data

Massflow/(g-s %)

TC,OUt/K

Phi/MPa Tj,;n/K - - - Deviations/% - - - Deviations /K
Experimental data  Simulation data Experimental data  Simulation data

14.047 291.94 0.30164 0.32447 7.56 294.98 282.91 —2.07

14.966 292.14 0.32552 0.34103 4.76 284.9 283.26 —1.64

16.010 292.25 0.35511 0.35907 111 284.77 283.54 —1.23

16.986 291.04 0.38957 0.37573 —3.55 283.73 282.90 —0.83

17.912 291.49 0.4141 0.39049 5.70 282.57 283.09 0.52
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Fig.2 Single factor effect of geometric parameters on the performance of heat exchanger
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*£3 AFEITH RS RSE Table 3 Optimal structural parameters under different working conditions
B Entropy Production/
Phi/MPa  T,,;,/K  Massflow/(g-s Y Fin thickness/mm  Fin pitch/mm  Fin height/mm Cooling Capacity/W K-S
18 300 0.30 0.101 0.234 0.497 8.96513 0.054877
18 300 0.35 0.101 0.223 0.498 10.4007 0.07068
18 300 0.40 0.101 0.222 0.492 11.7887 0.088242
18 300 0.50 0.101 0.213 0.499 14.6317 0.129981
18 300 0.55 0.101 0.216 0.499 15.9055 0.151665
18 300 0.60 0.101 0.214 0.499 16.9515 0.177174
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