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Abstract 

 

On the basis of a conventional 4 K Gifford-McMahon (GM) cryocooler, they developed a new 2 K GM crycooler, which can 

provide considerable cooling capacity and yet being highly compact in physical size. A series of experiments were conducted to 

confirm and show the cooling characteristic and cooling capability of this new cryocooler. Under no-load condition, the lowest 

temperature reached about 2.41 K on the second stage and the temperature oscillation displacement was less than ±20 mK. Even 

under a thermal-load of 1 W / 20 mW, temperature reached 45 K on the first stage Regenerator and 2.41 K on the second stage 

Regenerator. The temperature contours and pressure contours of the Regenerator were calculated and plotted using CFD. The 

materials for the study were decided to be Phosphorous bronze for its better conducting properties and fluid taken was helium. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

The regenerator is a critical component of all the cryocooler. The efficiency of the cryocooler is mainly depends upon the 

regenerator. 

Because the regenerator is a critical component in refrigeration system, we shall consider some of the factors involved in 

designing a high effectiveness regenerator. In ordinary heat exchanger the two fluid exchanging energy are separated by the hot 

fluid and the cold fluid, while the energy to be transferred is stored and released from the regenerator matrix. 

Obviously, the temperature of gases and temperature of the regenerator matrix are function of position within the regenerator 

and of time. After long period of operation, a sort of steady state operation called periodic flow is achieved in which the 

temperature distribution within the regenerator repeats itself during each cycle of operation. 

II. CALCULATION OF PRESSURE DROP 

For Diameter of Regenerator, Pressure Drop through the pipe is calculated. Major losses can be find out by the Darcy -Weisbach 

equation.  

ℎ𝑓 =
𝑓 × 𝑙 × 𝑣2

2 × 𝑔 × 𝑑
 

Where, L is Length (m), v is Flow velocity (m/s), g is Gravitational constant (9.81 m/s²), D is Regenerator inside diameter (m), 

hf is Head loss to friction (m).   

 Input Parameters 

 Highest Pressure (PH) = 24.5 bar,  

 Lowest Pressure (PL) = 8 bar  

 Helium Temperature (T) = 293 K, 

 Length (l) = 1 m, 

 Mass flow rate (m) = 0.4601 g/s, 

 Density of Helium Gas = 0.1785 kg/m3 

 Specific Heat of Helium Gas = 5190 J/kgk 

 Thermal conductivity of helium Gas = 0.0469 W/mK 

 Gas constant of Helium = 2076.9 J/Kgk  

Based on this Data, Pressure Drop through pipe for 1m length is plotted. 
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Fig. 1:  Pressure Drop in First Stage Regenerator 

 
Fig. 2:   Pressure Drop in Second Stage Regenerator 

In First Stage Regenerator, we can see that the value of dP/L is almost same after the nominal Diameter of 26 mm.Now, we 

approximately assume the Diameter of the Regenerator is 25mm; therefore we select the Diameter comparing the allowable 

pressure drop in Regenerator. 

In Second Stage Regenerator, we can see that the value of dP/L is almost same after the nominal Diameter of 15 mm.Now, we 

approximately assume the Diameter of the Regenerator is 15mm, therefore we select the Diameter comparing the allowable 

pressure drop in Regenerator. 

III. MODEL DESIGN OF REGENERATOR IN SOLIDWORKS 

In this model type of geometry in first stage regenerator is wire mesh screen and second stage regenerator is Spherical packing 

bed type because temperature below 25 K, where the viscosity of working fluid in a cryogenic refrigerator is low 
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 First Stage Regenerator Model:  

 
Fig. 3: First stage regenerator model 

 Second Stage Regenerator Model: 

 
Fig. 4: Second stage regenerator model 

 Determination of Regenerator material Schedule: 

Table – 1 

Material Selection in 2K Regenerator: 

Item Development object 

Highest Pressure 

Lowest Pressure 

Material 

First stage temperature 

Second stage temperature 

24.5 bar 

8 bar 

Bismuth 

45.7 K 

2.46 K 

Table – 2 

Material Selection in this paper: 

Item Development object 

Highest Pressure 

Lowest Pressure 

Material 

First stage temperature 

Second stage temperature 

24.5 bar 

8 bar 

Phosphorous bronze 

45 K 

2.41 K 

IV. CFD ANALYSIS OF REGENERATOR IN SOLIDWORKS 

 Boundary conditions imposed for first stage analysis: 

Table – 3 

Boundary conditions on first stage regenerator 

Item Development object 

Inlet boundary 

Mass flow rate 

Pressure 

Temperature 

Outlet boundary 

Pressure 

 

0.4610 g/s 

24.5 bar 

293 K 

 

14 bar 



CFD Analysis of Regenerator of Gifford McMahon Cry Cooler at 2K Temperatures  
(IJIRST/ Volume 3 / Issue 11/ 049) 

 

 
All rights reserved by www.ijirst.org 280 

 Pressure Distribution: 

 
Fig. 5: Pressure variation 

 Temperature Distribution: 

 
Fig. 6: Temperature variation 

 Cut plot in Pressure Distribution: 

 
Fig. 7: cut plot in pressure variation 
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 Cut Plot in Temperature Distribution: 

 
Fig. 8: cut plot in temperature variation 

 Boundary conditions imposed for second stage analysis: 

Table – 4 

Boundary condition second stage 
Item Development object 

Inlet boundary 

Mass flow rate 

Pressure 

Temperature 

Outlet boundary 

Pressure 

 

2.2535 g/s 

14 bar 

45 K 

 

8 bar 

 Cut plot in Pressure distribution: 

 
Fig. 9: cut plot in pressure variation 

 Cut plot in Temperature distribution: 

 
Fig. 10: cut plot in temperature variation 
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V. RESULT AND DISCUSSION 

 Pressure distribution profile: 

Here prime concern is to check pressure distribution from inlet of Regenerator to outlet of regenerator. Fig shows pressure 

distribution from first and second stage regenerator inlet to outlet. It is seen from figure first stage regenerator will produce 14 

bar pressure at outlet and second stage regenerator will produce 8 bar at outlet, which fulfills required condition 

 Temperature distribution profile: 

Here prime concern is to check Temperature distribution from inlet of Regenerator to outlet of regenerator. Fig shows 

temperature distribution from first and second stage regenerator inlet to outlet. It is seen from figure first stage regenerator will 

produce 45 K Temperature at outlet and second stage regenerator will produce 2.41 K at outlet, which fulfill required condition. 

VI. CONCLUSION 

The CFD analysis of the regenerator material is done by selecting new material for same temperature drop which have low cost 

compared to current developed GM cryocooler.  
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