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MODELING ON FLOW CHARACTERISTICS OF INERTANCE PULSE TUBE CRYOCOOLER

S.H. Han,' KH. Lee,” J.W. Choi® and J.S. Kim®

"Dept. of Aerospace Engineering, Sunchon Univ.
"Dept. of Mechanical and Aerospace Engineering, Sunchon Univ.
*Dept. of Aecrospace Engineering, Chosun Univ.

The flow characteristics of inertance pulse tube cryocooler(IPTC) was investigated with a computational thermal
fluid dynamics for the reciprocating flow in IPTC including the piston movement of linear compressor. Two
dimensional axisymmetric modeling was applied for the flow in an IPTC with a clearance between the piston and
cylinder wall of linear compressor. The pressure, velocity, and temperature distribution were examined for the steady
state. These were compared with previous results to confirm the validity in the modeling and computational results.
The leakage between piston and cylinder wall affect the cooling capacity seriously. The dependence on mesh
numbers were also examined to obtain a proper mesh numbers to improve the accuracy of calculation, which
showed significant effect on the results. The user-defined function was used for the process of compression and
expansion of  piston.
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Fig. 1 Schematic Configuration of the Inertance Pulse Tube
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Table 2 Calculation Conditions[6]

. . WHX1 wall( %) 293
Table 1 Dimensions of IPTC[6] WHX2 wall( &) 203
Components Radius(mm) Length(mm) Regenerator material Stainless steel
Linear compressor 9.54 75 B(m?) 2.2529E-11
Transfer line 1.55 101.0 am”") 120,000
WHX 1 4.0 20.0 Regenerator porosity 0.692
Regenerator 4.0 38.1 WHX1, CHX, WHX2 material Copper
CHX 3.0 5.7 B(m*) 1.345E-9
Pulse tube 25 60.0 aAm™ ') 8147
WHX 2 4.0 10.0 WHX1, CHX, WHX2 porosity 0.68
Inertance tube 0.425 684.1 Initial temperature( %) 300
Buffer volume 13.0 130.0 Initial pressure(/Pa) 2.78
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Fig. 3 Temperature Distribution between WHX1 and WHX2

300 F

250 Present result
200\ — — Previous result

150

CHX temperature (K)

1001
0 10 20 30 40 50

Time (s)

Fig. 4 Temperature Variations at CHX for Previous[6] and Present
Results
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Fig. 8 Pressure Distributions without Leak and with Leak
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Fig. 10 Temperature Distributions without Leak and with Leak
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Note

This paper is a revised version of a paper presented at the
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