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Abstract— Lots of researches have been carried out on 

stirling type Pulse Tube Refrigerator. A stirling type pulse 

tube refrigerator operating at high pressure and having high 

efficiency than GM type pulse tube refrigerator.   Stirling 

type pulse tube Refrigerator is capable of producing very 

low temperature of low cooling effect. It has no moving part 

and hence it produces low vibration and low temperature. In 

stirling type Pulse Tube Refrigerator we can achieve the 

temperature of 20K and having vary compact size.  So it is 

more preferred than any other cryocooler. Dessertation deals 

to design stirling type Pulse-tube Refrigerator based on 

parametric design data obtained from computational 

techniques and to carry out theoretical analysis. A novel 

approach has adopted to analyze stirling type Pulse Tube 

Refrigerator to achieve better cooling effect.In this 

dissertation work, a computer aided model of stirling type 

pulse tube refrigerator is designed in CAD software . The 

present work aims to study the optimization temperature of 

stirling type pulse tube refrigerator. This research study 

attempts to simulate the actual conditions existing in Stirling 

tpe pulse tube refrigerator.CFD simulation has been carried 

out to predict the performance of the stirling type pulse tube 

refrigerator 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 and achieve the better cooling effect by optimizing the 

temperature. 
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I. INTRODUCTION 

Cryogenics comes from the Greek word “kryos”, which 

means very cold or freezingand “genes” means to produce. 

Cryogenics is the science and technology associated with 

the phenomena that occur at very low temperature, close to 

the lowest theoretically attainable temperature. In 

engineering, cryogenics can be best described as an 

application which operates in the temperature range from 

absolute zero to about 123K(-150°C). In particular, this 

includes refrigeration, liquefaction, storage and transport of 

cryogenic fluids, cryostat design and the study of 

phenomena that occur at these temperatures 

II. STIRLING TYPE PULSE TUBE REFRIGERATOR 

The pulse tube refrigerators (PTR) are capable of cooling to 

temperature below 123K.Unlike the ordinary refrigeration 

cycles which utilize the vapor compression cycle as 

described in classical thermodynamics, a PTR implements 

the theory of oscillatory compression and expansion of the 

gas within a closed volume to achieve desired refrigeration. 

Being oscillatory, a PTR is a non steady system that requires 

time dependent solution. However like many other periodic 

systems, PTRs attain quasi-steady periodic state (steady-

periodic mode). In a periodic steady state system, property 

of the system at any point in a cycle will reach the same 

state in the next cycle and so on. A Pulse tube refrigerator is 

a closed system that uses an oscillating pressure (usually 

produced by an oscillating piston) at one end to generate an 

oscillating gas flow in the rest of the system. The gas flow 

can carry heat away from a low temperature point (cold heat 

exchanger) to the hot end heat exchanger if the power factor 

for the phasor quantities is favorable. The amount of heat 

they can remove is limited by their size and power used to 

drive them. 

The fourth and the most recently invented PTR is 

the inertance tube pulse tube refrigerator shown in Fig. In 

this type of PTR the valve is replaced by a long inertance 

tube having very orifice small internal diameter and adds 

reactive impedance to the system. The implementation of 

this inductance generates an advantageous phase shift in 

pulse tube and produces an improved enthalpy flow. Studies 

show that use of the inertance tube is significantly beneficial 

for large-scale pulse tubes operating at higher frequencies. 

Pulse Tube Refrigerator Analysis Method 

Depending on the complexity of the problem and 

accuracy of the solution required for the pulse tube 

refrigerator there are three methods of analysis, which are 

given as  

A. First Order Analysis 

1) Surface Heat Pumping 

2) Enthalpy flow Analysis 

3) Phasor Analysis 

B. Second Order Analysis 

1) Thermodynamic Non-symmetry effect 

2) Approximate Model (Adiabatic and Isothermal 

Models) 

C. Third Order Analysis 

1) Numerical Methods 

2) CfD Analysis 

 
Fig. 1: Phasor representation of mass flow rate at the cold 

end for ITPTR [1] 
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Fig. 2: Phase shift relation for gas temperature and mass 

flow rate[1] 

(a) Out-of-phase by π / 2 (b) In -phase 

J.Y. Hua,*, W. Dai et al [2] Thermoacoustic theory 

is a powerful tool to understand the working mechanism of 

regenerative thermodynamic systems. In this paper, a 

modified thermoacoustic model is employed to design three 

singlestage Stirling-type pulse tube cryocoolers. The first 

one (PTC-10) is designed with in-line configuration and the 

second one (CPTC-10) is designed with co-axial 

configuration. Both of them are able to provide about 

10Wcooling power at 77 K with a relative Carnot efficiency 

of about 18.6%. The third one (PTC-20), designed with in-

line configuration, has a twice cross section area of the PTC-

10. It can provide more than 20W cooling power at 77 K 

with a relative Carnot efficiency of 22%. 

Ling Chen, Yu Zhang et al [3] has performed CFD 

assisted prediction The objectives of this paper are to study 

the thermodynamic cycles in an inertance tube pulse tube 

refrigerator (ITPTR) by means of CFD method. The 

simulation results show that gas parcels working in different 

parts of ITPTR undergo different thermodynamic cycles. 

The net effects of those thermodynamic cycles are pumping 

heat from the low temperature part to the high temperature 

part of the system. The simulation results also show that 

under different frequencies of piston movement, the gas 

parcels working in the same part of the system will undergo 

the same type of thermodynamic cycles. The simulated 

thermal cycles are compared with those thermodynamic 

analysis results from a reference. Comparisons show that 

both CFD simulations and theoretical analysis predict the 

same type of thermal cycles at the same location. However, 

only CFD simulation can give the quantitative results, while 

the thermodynamic analysis is still remaining in quality. 

Bakhtier Farouk, Dion Savio Antao et al [4] A 

numerical study is reported here for the investigation of the 

flow and heat transfer processes in a co-axial type single 

stage orifice type pulse tube refrigerator (OPTR). The OPTR 

is driven by a cyclically moving piston at one end of the 

system with helium as the working fluid. The regenerator 

and the various heat exchangers are modeled as porous 

media and a thermal non-equilibrium model is applied in 

these regions. The simulations reveal interesting steady-

periodic flow patterns that develop in the pulse tube due to 

the fluctuations caused by the piston and the presence of the 

inertance tube. When the secondary flow patterns are well-

developed, they help isolate the cold and hot ends of the 

pulse tube and create a thermal buffer zone at the center of 

the pulse tube, enhancing the performance of the OPTR. 

III. CONCLUSION 

Review of literature reveals that theoretical investigations 

carried out on the performance of the thermal stirling type 

pulse tube refrigerator 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 stirling type pulse tube refrigerator right from material 

used to suit for a particular cryogenic temperature, the 

phenomenon involved in the stirling type pulse tube 

refrigerator and the analysis to optimize its geometry. A lot 

of numerical and experimental studies had been performed 

for the fluid flow and heat transfer performances of STPTR. 

To optimize the performance of STPTR in literature by 

varying oerating frequency and by changing mass flow at 

different pressure is being study. to get maximum cooling 

effect to control phase angle between mass flow rate and 

pressure.so present work going on to get optimum 

temperature at CHX by changing various operating 

parameter and configuration of STPTR  
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