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Influence of Temperature Measuring Position at
the Cold End on Cryocooler Performance

ZHAO Wenli, SUN Hao, LI Renzhi, LI Haolan, XU Anbo, HUAN Jian, ZHANG Kai, QIAO Yong
(Kunming Institute of Physics, Kunming 650223, China)

Abstract: A mechanical cryocooler is the main equipment used to provide the low-temperature environment
required for an infrared detector. The temperature of the cold chamber is lower than that of the IRFPA as
measured by the diode. The temperature difference is related to the temperature measurement position of the
diode and heat transfer resistance. In this study, the influence of the diode position and difference in the heat
transfer resistance on the actual temperature of the cold chamber is theoretically analyzed and experimentally
verified. The influence of the actual temperature of the cryocooler cold chamber on its performance is further
examined via theoretical derivation and experimental testing. During the testing of the performance of the
cryocooler with the Dewar test, the following points should be considered. (1) An inherent temperature
difference exists between the position of the diode and the cold chamber of the cryocooler. The greater the
temperature difference, the lower the actual temperature of the cold chamber, and the worse the performance
of the cryocooler and test Dewar. (2) The temperature difference between the diode and cold chamber of the
cryocooler is affected by the thermal resistance of the Dewar module. The greater the thermal resistance, the
greater the temperature difference and the lower the actual temperature of the cryocooler chamber. (3) The
position of the diode affects the thermal resistance between the diode and cold chamber, thus affecting the
temperature of the cold chamber of the cryocooler. The position of the diode should be fully considered in the
design of the Dewar test to avoid the influence of simulation distortion on the evaluation of the cryocooler
performance.
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Table 1 Test results of temperature difference between cold

chamber and diode

Number of sample 1#  2#  3# 4#  S#

Temperature difference of A 1.76 1.60 1.81 1.81 2.19
Temperature difference of B 1.88 1.63 1.94 1.81 2.25

Note: Temperature difference=Temperature of diode -
Temperature of cold chamber;
Diode: Calibration accuracy 0.0l mV@50~300 K
Electric Resistance: 100Q 0.1%@77K
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Fig.3 Thermal resistance of structure A and B
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Table 2 Thermal resistance of test Dewar

Thermal Thermal
Thickness Area
conductivity resistance/
/mm /mm?
/(W/m-K) (K/w)
Cold platform  13.81 1.50 63.62 1.71
Glue 1 0.89 0.05 78.54 0.72
Heat block 386.00 2.90 201.06 0.04
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Fig.5 Comparison of steady state input power of cooler
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