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Abstract: GM cryocoolers have been widely used in fields such as low—temperature superconducting magnets and
advanced scientific instruments due to their simple structure, reliable operation, and high cost—effectiveness.
However, the current cooling capacity is unable to meet the growing demand for low—temperature environments.
Therefore, the key factors affecting the performance of the cryocoolers were systematically studied using a
combination of numerical simulation and experiments. The numerical simulation results show that when the mass
flow rate at the cold—head increases from 22 g/s to 40 g/s, the cooling capacity increases from 4 W to 7.3 W,
exhibiting an approximately linear increase. In contrast, when the pressure increases from 1.35 MPa to 1.75 MPa (a
29.7% increase), the cooling capacity only increases by 7%, indicaling a weak dependence. The experimental
results indicate that the higher the charging pressure, the faster the system’s cooling rate. When the charging

pressure increases from 1.45 MPa to 1.65 MPa, the cooling rate increases from 5.38 K/min to 6.58 K/min. At 4.2K,
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this cryocooler provides 3.1 W and 5.4 W of cooling capacity at flow rates of 69 Nm’/h and 130 Nm'/h respectively,

with corresponding power consumption is 5.5 kW and 9.9 kW. Finally, the performance of the cryocoolers under the

condition of one compressor driving two cold heads with different charging pressures was studied. The results show

that when the power consumption is 8 kW, the cooling capacity at 4.2 K is 6.1W; when the power consumption is

9.5 kW, the cooling capacity at 4.2 K is 6.5W.

Keywords: liquid helium temperature region; large cooling capacity; high efficiency; numerical simulation;

experimental validation; optimal design
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KDE440SA Typical Load Map /50Hz (for reference)
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