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ABSTRACT

 Space infrared detectors have put forward the requirements for pulse tube cryocooler (PTC) to 

to provide the required cooling capacity at 35 K, especially for a PTC with an inertance tube and 
reservoir as the phase shifter. An impedance matching model is built to optimize the performance 

PTC has been designed and manufactured. The prototype of the PTC is shown here and test results 
are presented. Customized stainless steel screens of the regenerator material are proposed and 
investigated. A low temperature of 26.9 K and cooling power of 2 W at 35 K with electrical input 
power of 222 W can be obtained, which satisfy the requirements of the space infrared detectors.

INTRODUCTION
  PTCs have been widely used in space and military applications and have inherent merits, 

such as high reliability, low cost and low mechanical vibration1,2. Most of the current applications 
and research focus on PTCs operating above 60 K. Also, few applications are reported for PTCs 
below 40 K using an inertance tube at room temperature as the phase shifter. This is because 

and because the phase shifting ability of the inertance tube, operating at room temperature, is not 
effective resulting in lower cooling power. 

  Shanghai Institute of Technical Physics (SITP) Chinese Academy of Science has designed and 
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MODELING AND DESIGN
The design of the compressor in the 35 K PTC is based on the previous compressor used in a 

3,4. The compressor with 
a total swept volume of 12.7 cm3 has two opposed pistons driven by a moving manger linear motor. 
The structural parameters of the regenerator and the pulse tube remain similar to the 40 K pulse 

in Fig. 1.

MANUFACTURE AND TEST SYSTEM
  Components for the PTC are designed and manufactured for long life operation. The prototype 

  The linear compressor is driven by an AC power supply to regulate the output of the frequency 

is used to measure the cooling temperature. The cooling capacity is determined by measuring the 

Figure 1. CAD model view of the compressor and cold finger 

Figure 2. Prototype compressor and the pulse tube cold finger
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RESULTS AND DISCUSSION

  Shown in Fig. 4 are the electrical input powers of the PTC at different frequencies for a constant 

A high frequency generally causes a large pressure drop and a low pressure ratio at the cold end, and a low 

Figure 3. Cool-down curves of the PTC

Figure 4. Input electric power vs. frequency
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where , , , , cp,  and  are the thermal penetration depth, viscous penetration depth, thermal con

regenerator should be accompanied by a decrease in hydraulic diameter and the hydraulic diameter 

  Simple stainless steel screen (SSS) is rarely used below 35 K unless the size is customized. 
# and 400#, that have been developed and manu

factured for use in the PTC; the test results are shown in Fig. 5. For different cooling power, the 
performance of the PTC using 400# SSS is better than that using 500# SSS. When the cooling power 

Figure 5. Comparison of the cooling efficiency of the PTC with 400# and 500# SSS

Figure 6. Measured cooling performance map of the PTC
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increases from 0 W to 2 W at 35 K, the electrical input power is increased from 95 W to 240 W 
using 500# SSS, but it is increased from 79 W to 222 W using 400#

Shown in Fig. 6 are the measured cooling performance of the PTC at different low temperatures. 

input power is 230 W, the cooling power is 1 W at 30 K and 6 W at 50 K (Table 1). 

CONCLUSIONS

screen (400#) with suitable wire diameter and porosity for 35 K is proposed to improve the regenera

detector application. 
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Table 1. rCOP of the PTC at different cooling temperature

Cooling capacity Electrical input power (W)
1W@30K 230
2W@35K 222 6.64
3W@40K 207 9.17
6W@50K 230
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