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Abstract— The Cryogenic regenerator is one of the most 

critical components of a Cryocooler. It is a device which 

transfers energy between two fluids by storing it in a matrix.  

Thermal energy is temporarily stored and used to heat or cool 

a fluid flowing through the matrix. It is a compact periodic 

heat exchanger in which the fluid is in direct contact with the 

solid heat transfer area.  The practical realization of a 

Cryocooler is possible only with the development of efficient 

regenerators. The regenerator is the heart of the Stirling cycle 

Cryocooler, plays a major role in determining and 

subsequently obtaining the required temperature and 

refrigerating effect. In this dissertation work, a computer 

aided model of regenerator is designed in CAD software for 

Stirling cycle Cryorefrigerator. The present work aims to 

study the influence of regenerator matrix on its effectiveness. 

This research study attempts to simulate the actual conditions 

existing in the regenerator of Stirling cycle Cryocoolers. CFD 

simulation has been carried out to predict the performance of 

the regenerator and the results have been compared with the 

results of open literature. Once the results have been 

compared the design is modified to get minimum pressure 

drop maximum effectiveness. Wall storage effect is also 

simulated in CFD simulation which gives higher 

effectiveness than without considering the wall storage 

effect. One can fabricate it by using optimized data and 

evaluate its performance. Thus, the designed regenerator will 

surely give higher thermal performance as against lower 

pressure drop...  
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I. INTRODUCTION 

In cryogenics the cryocoolers are very important device to 

produce the temperature in cryogenic range. A cryocooler 

consists of a compressor, a heat exchanger, an expansion 

device and an evaporator. Cryogenic regenerator is the heart 

of a cryocooler. It plays a major role in obtaining lower 

expansion space temperature for cryocoolers. Out of four 

processes of Stirling cryocooler, two processes take place 

inside the regenerator. It is a storage type heat exchanger 

which is made from material having high specific heat even 

at low temperature. The design of cryogenic regenerator is a 

challenging task which calls for precision as well as proper 

judgment.  

II. REGENERATOR 

 A regenerator is a bidirectional storage type heat exchanger. 

The regenerator is essentially a porous matrix which transfers 

the heat between two fluids. The working fluid displaced 

from the expansion space cools the regenerator matrix and 

subsequently this cold matrix cools the hot fluid displaced 

from compression space to the expansion space in next cycle. 

The performance of Stirling cycle cryocooler largely depends 

upon the effectiveness of the regenerator.  For a well-

designed stirling machine operating in the temperature range 

of 300-75K, it can be shown that the loss of refrigeration 

effect is 21% when the regenerator effectiveness is 99% and 

that loss is about 42% when the effectiveness is 98%. A 

regenerator with effectiveness of 95.24 percent the loss of 

refrigeration effect is 100 percent i.e. no cooling effect is 

produced although all the other components are perfect. This 

calls for the use of regenerator of very high effectiveness. 

These are the efficient regenerator which made the practical 

realization of Stirling cycle machine possible. 

The regenerator is a periodic type heat exchanger in 

which the porous matrix exchanges the heat with the gases 

passes through it. The effectiveness of the regenerator is the 

ratio of actual temperature difference of the gas at the ends of 

the regenerator to the maximum possible thermodynamic 

temperature difference. Ideally the regenerator should able to 

lower down the temperature of the hot fluid to the expansion 

space temperature and to rise the temperature of cold stream 

to the compression space temperature without any pressure 

drop. Due to thermal losses in regenerator the gas leaving the 

regenerator leaves the regenerator at temperature higher than 

the regenerator cold end temperature.  

The effectiveness of the regenerator is mainly 

governed by the heat transfer coefficient, area available for 

heat transfer, mass of the matrix, specific heat of the matrix 

material, mass flow rate of the gas and the blow period. 

However there are several other parameters which influence 

the effectiveness such as void volume of regenerator, axial 

conduction effect, variable specific heat of matrix, pressure 

and flow cycling etc. 

III. REGENERATOR MATERIALS [1] 

The material used for regenerator should have high specific 

heat per unit volume at the temperature range where it is used. 

Copper and phosphor bronze (94.75 percent copper, 5 percent 

tin, and 0.25 percent phosphor) are found most suitable for 

the temperature range of 300 to 80K and can be used to cool 

down up to 60K. Copper is used in the form of wool or grains 

while phosphor is used in the form of wire mesh screen. The 

temperature below 65K the most suitable material is lead as 

it has high specific heat in this temperature range and used in 

the form of spheres of diameter 100 to 200 micron. For the 

temperature below 15K, materials such as Europium 

Sulphide and charcoal have been used. For minimum axial 

conduction the use of polycrystalline iron whiskers has been 

reported. Given that the cycle rate is not too high the use of 

plastic material such as nylon has also been reported. 

Stainless steel can also be used in higher temperature range 

as a regenerator in the form of wire mesh. Using these 

materials only temperature up to 10K can be achieved. Below 

10K the specific heat of all these materials drop drastically 

and that of helium increases significantly and the materials 

are no more able to cool down the fluid to the expansion space 
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temperature. The recent regenerator materials such as ErNi, 

ErYbNi etc. made it possible to achieve temperature of up to 

4K. These materials have a very high specific heat at their 

transition temperature and use of these different magnetic 

materials enables us to reach up to 4K.  There are wide 

varieties of application of cryocoolers. Some of them require 

cooling of only few watts at 80K. These cryocoolers are used 

to cool IR detectors. To achieve this few watts cooling at 

minimum compressor power, miniaturization of cryocooler is 

done. For such a miniature cryocooler a very precisely 

designed regenerator is required 

 
Fig. 1: Temperature range for different material [1] 

Modern cryocooler those used in space application 

require running at very low compressor power, to be lighter 

in weight, small in size, able to maintain desired temperature 

and maintenance free operation.  Therefore, new types of 

cryocoolers have been developed rapidly in recent years both 

in theory and practicality. The regenerator is a key component 

in the regenerative cryocooler, which can directly influence 

the efficiency. 

Y.B. Tao et al [2] carried out numerical analysis of 

regenerator considering the anisotropic porous media. 

Formulas for permeability and Forcheimer coefficient are 

derived which include the effects of regenerator 

configuration and geometric parameters, oscillating flow, 

operating frequency, cryogenic temperature. Then fluid flow 

and heat transfer performances of mesh regenerator are 

numerically investigated under different mesh geometric 

parameters and material properties. Kwanwoo Nam et al [3] 

investigated friction factor in oscillating flow condition at 

room temperature considering the cryogenic temperature 

effect. Cryogenic environment of helium gas is simulated by 

performing a simple room temperature experiment using a 

higher density gas.  The breathing factor in the mass balance 

equation is introduced to represent the mass dispersion effect 

in the regenerator due to its irregular pore geometry. R.K 

sahoo et al [3] has performed CFD assisted prediction of 

hydrodynamic parameters for some widely used regenerator 

wire mesh structures selected on the basis of different 

porosity, which can predict the same pressure drop and 

friction factor obtained from experimental correlation 

equation. A unique value of viscous and inertial resistance is 

obtained iteratively for each mesh screen structures over a 

range of mass flow rate. These data can be readily used as 

boundary conditions for CFD simulations of the test section 

The results obtained thus compared with Clearman et al’s 

work for pressure drop.  

K.K. Nielsen et al [4] suggested that the housing of 

regenerators may have a significant impact when 

experimentally determining Nusselt numbers at low 

Reynolds and large Prandtl numbers. A numerical model that 

takes the regenerator housing into account as a domain that is 

thermally coupled to the regenerator fluid is developed. The 

model is applied to a range of cases and it is shown that at 

low Reynolds numbers (well below 100) and at Prandtl 

numbers appropriate to liquids (7 for water) the regenerator 

housing may influence the experimental determination of 

Nusselt numbers significantly 

IV. CONCLUSION 

Review of literature reveals that theoretical investigations 

carried out on the performance of the thermal regenerators by 

various investigators considered only a few of the several 

parameters influencing its performance. Not a single analysis 

is available in open literature which takes into account all the 

influencing parameters. This is essentially due to complexity 

of the problem and perhaps to some extent a commercial 

secret 

Extensive literature is studied to understand the 

concept of the regenerator right from material used to suit for 

a particular cryogenic temperature, the phenomenon involved 

in the regenerators and the analysis to optimize the 

regenerator geometry. Metal mesh has become the preferred 

filler used in regenerator. A lot of numerical and experimental 

studies had been performed for the fluid flow and heat 

transfer performances of regenerator meshes in the past 

decades. The mesh regenerator is a typical porous media and 

the flow in it is oscillating flow. And due to the lack of 

friction factor correlation for the oscillating flow in porous 

media, in the past decades, it is difficult to perform accurate 

numerical calculation and optimization design for the mesh 

regenerator  
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