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Effect of fin structure on flow and heat transfer characteristics of a 2 K
superfluid helium plate—fin heat exchanger
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Abstract: As a critical component in large—scale particle colliders’ superfluid helium cryogenic systems, the 2 K
negative—pressure plate—fin heat exchanger directly determines overall operational efficiency. To elucidate the
effects of flow maldistribution on the performance of plate—fin heat exchangers within the superfluid helium
temperature regime, this study employs numerical simulation techniques. A full-scale three—dimensional model of a
plate—fin heat exchanger is developed integrating the porous media approach, while accounting for the variations in
helium’s thermophysical properties across the 2 K - 4.5 K range. Systematic investigations are conducted to
evaluate the impacts of thermal-hydraulic coupling, fin pitch, and fin type on flow distribution and heat transfer
characteristics. Results indicate that the thermal-hydraulic coupling effect substantially enhances flow uniformity
through a temperature—density-resistance feedback mechanism, reducing the flow maldistribution index on the low—
pressure side by 67.6% relative to the non—coupled condition. Fin pitch exerts a significant influence on flow
distribution, with optimal uniformity observed at a pitch of 10 mm. Heat transfer efficiency increases with
decreasing fin pitch, albeit accompanied by a marked elevation in pressure drop. Among the fin types examined, the
serrated fin achieves the highest heat transfer efficiency but incurs the largest pressure drop, the perforated fin

exhibits the minimum pressure drop yet lower heat transfer efficiency, and the wavy fin demonstrates intermediate
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performance. Considering the engineering constraint of an outlet pressure drop below 100 Pa for superfluid helium

cryogenic systems, the perforated fin or serrated fin with a larger pitch is recommended to achieve favorable heat

transfer performance while meeting the pressure drop requirement. These findings offer a theoretical foundation for

the efficient operation and optimal design of large—scale superfluid helium cryogenic systems.
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Fig.1 Physical model of flow and heat transfer characteristics of a 2 K superfluid helium plate—fin heat exchanger
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Table 1 Fin types and specific parameters
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Table 2 Porous media parameters for low—pressure side fins
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Fig.2 Pressure drop and heat transfer efficiency as a function of the number of grids
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Fig.4 Impact of thermal coupling on flow distribution
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