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ABSTRACT
The regenerator is a critical component of all Stirling and Pulse Tube cryocoolers.  It generally 

modeling of the hydrodynamic and thermal behavior of different regenerator materials is crucial to 

CFD analysis to determine the pertinent hydrodynamic parameters, namely the Darcy permeability 

parameters should depend only on the geometry of the porous medium (for Darcy permeability) and 

previous investigations at ambient temperature conditions, and the relevance of room-temperature 
models and correlations to cryogenic temperatures are critically assessed.

INTRODUCTION

-

the regenerator.  While it is theoretically possible to model the entire PTC system including the 
porous material on a microscopic level by directly solving the conservation equations, such an ap-

of the medium.  The common approach is to convert the microscopic governing equations to the 

model equation (1)

(1)
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K  represents the Darcy permeability tensor and F  represents the Forchheimer inertial co-

closure parameters are needed for CFD-assisted optimization of the regenerator design.  

approach microscopic or pore-level CFD models of the regenerator are developed to determine 
the pressure drop characteristics by comparing the results to the macroscopic volume-averaged 
equations to determine the closure parameters.  This technique has been employed successfully by 

at room temperature for a range of frequencies, charge pressures, and gas velocities.  The Darcy 

at room temperature. In theory, hydrodynamic resistance parameters should not be affected by the 
-

cryogenic temperatures for a range of pressure and velocity amplitudes and compare the results to 
those obtained at ambient temperature conditions.

EXPERIMENTAL SETUP

 mean diameter and 

and 102A10) are installed in specially sides of the 
CHX and SV

vacuum of 10-6 torr.
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Fast Fourier Transform (FFT) 
-

that the surge volume is rigid and adiabatic. A simple analysis then leads to

(2)
V dPm
RT dtg

Figure 1.

Figure 2.

PERIODIC FLOW HYDRODYNAMIC RESISTANCE PARAMETERS 327



C19_057 4

square root of the permeability as the length scale.
 

(3)
 

for all samples. The center line represents a linear fit to the experimental data, and the bounding lines 
represent the upper and lower limits of the data based on the random uncertainty.

CFD ANALYSIS
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b   (m2) represents the viscous resistance tensor and C  (m-1) the inertial resistance tensor 
-
-

-

  (7)
 

 (8)

parameters are studied, for CFD simulations isotropic porous media are assumed.

using the values of 11 2b  and 1120000mC
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Figure 6.
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 perme-
11 2K

10 21.41 10 mb

RESULTS AND DISCUSSIONS

F

Figure 7. =0.26)

Figure 8.
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  (9)

-

CONCLUSION

11 2K -

-

materials, mean pressures, and frequencies.

KF

Figure 9.
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