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Abstract: In order to conduct an in-depth study on the thermodynamic characteristics of the helium
turbine expander during the cooling process and under low temperature conditions, an experimental
system in the 80 K temperature range based on the ADS 500 W/4. 5 K cryogenic refrigerator is
constructed to conduct the low-temperature variable condition testing of helium turbine expander.
The main shaft diameter of the tested helium turbine expander is 12. 00 mm. The expander is supported
by compliant foil bearings, and can reach a maximum rotational speed of 252 130 r « min~'. The
maximum outlet temperature drop of the expander is 8. 1 K when the expansion ratio is 1. 88.
When the expansion ratio is 2. 07, the maximum isentropic efficiency reaches 71. 2%. The
numerical model of the tested helium turbine expander is established based on its dimensions and
test conditions. The thermal performance and cooling characteristics of the turbine are simulated

by using commercial software ANSYS CFX, and the corresponding theoretical temperature drop
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curve is obtained. The results show that the numerical model can predict the temperature drop

process of the expander well, and the maximum relative deviation between the experimental value

and the numerical calculation result is 0. 45%. The tested helium turbine has good thermal

performance and cooling characteristics, and the tested dynamic pressure helium gas bearing

shows good stability. The numerical calculation and experimental results can provide reference

for followed relevant researches and the application of large devices for scientific studies.

Keywords: helium refrigerator; turbine expander; cryogenic characteristic; gas bearing
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Fig. 1 Turbine expander rotor components physical picture
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Fig. 5 Installation of the helium turbine expander

on the cryogenic test platform
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Table 1 The error range of the directly measured parameters
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Table 2 Source and range of error of indirect measurement
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Table 3 Numerical simulation operating points
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MPa K MPa (r+ min ")
1 0.59 99.7 0. 39 136 120
2 0.62 94.1 0. 40 142 552
3 0.69 89. 2 0.43 165 160
4 0.77 86.1 0. 45 186 147
5 0. 86 80.9 0.47 205 934
6 1. 09 74.8 0. 54 221 450
7 1. 22 67.9 0.58 238 468
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Table 4 Grid independence verification
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Table 5 The wall roughness value of the expander
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Fig. 7 Variation trend of the turbine expander speed and inlet

and outlet temperature drop with expansion ratio
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temperature of the expander outlet
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