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Abstract The regenerator filled with solid matrix is one of the major components in the PTC (pulse tube cryocooler). In
this paper, a new source/sink model instead of porous medium assumption, which is merely applicable for low frequency
apparatus, is established to simulate the flow and transport in the regenerator. The new model also is a non-therm:
equilibrium model. Based on some assumptions, the analytic solution of the filled solid temperature can be obtained.
The new model can reduce the computational workload because the model does not require the establishment of tt
energy equation of solid. We also propose a method to calculate the value of convective heat trafiisiento@der the
alternating flow conditions. According to the comparison with the experimental data, the new model is verified. Then the
model is used to analyze the heat transfer mechanism between the working fluids and the solid fillers in the regenerato
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The regenerator heat transfer performance are optimized under different mesh screen geometries and properties wi
numerical simulation.
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Fig.1 Schematic diagram of wire screen
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Fig.2 Effect of frequency on the temperature amplitude at the surface of

the wire screen
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Fig.3 Temperature distribution within the inner plate stack
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Table 1 Dimensions of ITPTR

Components Diametefmm Length/mm
water chilling heat 25 11
exchanger(WHX)

regenerator

9 25 70
(REGEN)
Id end heat
cold end hea 25 20
exchanger(CHX)
pulse tube (PT) 12 60
hot end heat
12 10
exchanger(HHX)
inertance tube (IT) 2 2000
gas reservoir (GR) 200 90
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Table 2 The parameters of mesh matrix for th&edent

regeneratdi*!
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wire diametefum 61 50 406 30.6 30.6 25
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Fig.8 The dfect of mesh number on cooling capacity
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Fig.9 The dfect of wire diameter on cooling capacity
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Table 3 Heat penetration and cooling capacity fedént

thermal-physical properties

Case ci:pi:ki ca/(kIK1m2) C;:;:E?W
N1 1:1:1 0.847 12.04
N2 05:1:1 0.597 10.92
N3 2:1:1 1.198 12.86
N4 1:05:1 0.597 10.82
N5 1:2:1 1.198 12.81
N6 1:1:05 0.597 12.18
N7 1:1:2 1.198 11.37
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Table 4 Regenerator withfiiérent parameters

Case Mesh size Material Frequency/Hz
N8 250 copper 30
N9 250 steel 30

N10 300 steel 30

N11 250 steel 60
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Fig.10 The regenerative loss rate withfdrent parameters
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Table 5 Heat exchange per cycle of unit mass working gas

under diferent frequencies in regenerator

Periodic exchange heat unit

Frequenyg/Hz mass/(Jkgl)
30 41573
40 37562
50 33725
60 29593
70 25743
80 21856
90 18824

11 VA WL TGS AN B v 45 P B A7 JBC R T ELAR I W) A ) i
iR

Fig.11 Variations of the minimum temperature and heat transfer per

unit time and mass with frequency
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Fig.12 Variations of cooling capacity and phase angle at the inlet of

WHX with the phase angle
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