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Abstract

Based on the refrigeration goal of obtaining a refrigeration capacity of hundreds of milliwatts at
liquid helium temperature, the multi-stage heat exchangers of a throttling cryocooler have been
designed and calculated in this paper. The relationship between the heat exchangers and the load
of the pre-cooling and the compressor unit is analyzed. Besides, the design boundary parameters
such as the primary and secondary pre-cooling temperature, high-pressure working condition and
flow rate of the throttling cryocooler are given. A one-dimensional simulation calculation model of
the heat exchangers is established by Matlab. Taking the pressure drop along the low-pressure
side of the heat exchangers as the objective function, the optimization of the tube diameter and
length combination of the heat exchangers were made. So the optimal size parameter combination
of the three-stage heat exchangers is calculated. Finally, the accuracy of the calculation model was
verified through multiple open experiments. The experimental results show that the deviation
between the heat transfer efficiency of the heat exchanger and the calculated value is 0.31% to
1.04%. The deviation of pressure drop along the low pressure side is 5.5% to 11.9%, and the
cooling capacity of 97 mW was successfully obtained at 4.3 K.
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Figure 1. System diagram of cryocooler
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Figure 2. Pressure-enthalpydiagram
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Figure 3. Relationship between high pressure and system flow
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Figure 4. Compressor compression power diagram
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Figure 5. Cryocooler PV power diagram
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Table 1. Design objectives of heat exchangers
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Table 2. Table of related parameters of all levels of heat exchangers
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Table 3. Table of comparison between test results and simulation results
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