
ABSTRACT
A high-capacity single-stage coaxial pulse tube cryocooler operating at around 60K has been 

developed for infrared sensors. The design considerations are presented, and the optimizations on the 

of the regenerator length on the optimal frequency are obtained. The results show that decreasing the 
regenerator length can increase the optimal frequency of cryocooler. The experimental model of the 
cryocooler provides a cooling power of 5W at 60K with an input power of 160W, which achieves 

cryocooler has been developed, which 
provides the cooling power of about 7 W at 60K with 250 W electrical power rejecting at 300K, and 

INTRODUCTION
The HgCdTe infrared detectors designed for LWIR (Long Wave Infrared) applications operate 

best at around 60K. Pulse tube cryocoolers (PTCs) have the advantages of long life, low vibration, 

Thus, the PTCs have already become the new generation of space cryocoolers.
The past decade has witnessed a boom in the development of PTCs in China, and many high 

Our group has conducted the research on PTCs for over twenty years. A number of coaxial 
PTCs have been manufactured, and all of them have worked well for years. In this paper, based on 

PTC working at 60K using a Sage model. The design goals and the design details are presented. 
The experiments were also carried out to measure the operation performance of the PTC. At the 
end, the performance of some engineering models are presented. 
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DESIGN OF PTC

Design Goals
Table 1 gives key development goals of the PTC for long wave HgCdTe infrared detectors. 

The cryocooler is required to provide 5W at 60K with an input electrical power less than 250W. 

PTCs have more compact structure, which is more attractive for the space infrared applications. As 
for the phase shifter, only the inertance tubes and reservoir are used as the phase shifter.

Design of Regenerator Length

-
ing the restriction on the frequency, in this part, the optimization of the frequency will be discussed 
in details.

    (1)

where  m.
h m.

c i is the imaginary unit, f  is 
frequency, P is the dynamic pressure,  rgA  is the cross sectional area of regenerator, rgL  is the length 
of regenerator, R is the gas constant per unit mass, and rgT  is the mean temperature of regenerator. 

rgA , rgL  and rgT  are constant, and P  changes little when the input 
power to a given compressor is constant. Then, according to Equation (1), it can be concluded that 
the m.

h  m
.
c. In that case, the magnitude of the regenerator 

rg rgA L  must be reduced when 
the f increases. 

area. Thus, the optimal frequencies at different regenerator lengths were simulated by a SAGE 
model and the results are illustrated in Figure 1.

Figure 1 shows the simulation results of COP (cooling power/PV power) changing with the 
frequency at four regenerator lengths. It should be noted that, for each regenerator length, there 
is an optimal frequency for maximum COP.  The optimal frequency is increased with decreasing 

regenerator length is shorter than 60mm. However, the COP decreases as the regenerator length 
shortens. Therefore, when both the COP and the optimal frequency are considered, 60mm is chosen 
to be an optimal regenerator length.

Table 1. The design goals of the PTC
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EXPERIMENTAL OPTIMIZATIONS
Next, an experimental apparatus was built, and some experiments were carried out. The 

which is convenient to conduct experiment with different regenerator lengths. The phase shifter is 
a three-segmented inertance tubes and a gas reservoir.

Optimization of Cold-Finger Length 
To validate the results of the theoretical analysis, three regenerator lengths were manufactured. 

Figure 2 shows the cooling powers and optimal frequencies of the three regenerator lengths; 55mm, 

predictions. The PTC with longest regenerator length has the highest cooling power and lowest op-
timal frequency Considering both frequency and cooling power, , 60mm was chosen as the suitable 
regenerator length. However, the PTC with 60mm regenerator length has a cooling power of 5.2W 
at 60K. Considering the loss of converting the PTC from an experimental model to an engineering 

Figure 2.  Experimental results of cooling power and optimal frequency at different regenerator length

Figure 1.  Simulation results of COP varying with the frequency at different regenerator length
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Optimization of Compressor

was designed and manufactured. As shown in Figure 3, 1# compressor is  the original compressor and 
2# compressor is the re-designed compressor. When the PTC was coupled with the new compressor, 
the cooling power of the PTC was increased from 5.2W to 7.2W at 60K with  an input electrical 
power of 250W. Currently, this experimental PTC is  capable of  providing a cooling power of 5W 

ENGINEERING MODELS
-

engineering models is approximately 7W at 60K with an electric power of 250W. This indicates 
that the design and fabrication are relatively mature. The cooling powers of the engineering models 
are a little lower than the experimental model. The reason being that the connection-tube length of 
the engineering model is a little longer than that of the experimental model.

Figure 3. The performance of PTC with two kinds of compressors

Figure 4.The photo of engineering model of PTC
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CONCLUSIONS

cryocooler requirements  for infrared sensor applications, a coaxial PTC model was built using Sage 

-
mental optimizations, the experimental PTC model achieved a typical cooling power of 5W at 60K 

the experimental results show that all of the engineering models have almost the same cooling abil-
ity as the experimental model. This indicates that our design and fabrication are relatively mature. 
Other engineering works of this kind of PTC are still underway.
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Figure 5.
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