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Abstract : Helium heat exchanger is one of the most important heat exchangers in Pre-Cooled Com-
bined Engine. Helium heat exchanger can improve the working capacity of helium by utilizing the heat of
gas to maintain system circulation. Firstly, three novel types of mini-channel heat exchangers with ser-
pentine structures, tiled structures and radial structures were designed in this paper. Then, the flow and
heat transfer performance of the novel mini-channel heat exchanger was analyzed based on the commercial
software FLUENT15. 0. The calculation formulas suitable for flow and heat transfer inside and outside
tube of the mini-channel helium heat exchanger were examined by comparing simulation results with exist-

ing correlations. The results show that for the tube-inside, the existing classical correlations can calculate
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both convection heat transfer coefficient and flow resistance accurately with the average deviation below

8%. For the tube-outside, classical correlations can predict flow resistance accurately but the maximum

deviation is close to 50% for the prediction of convection heat transfer coefficient in comparison with the

simulation results. New correlations with average deviation less than 5% are fitted for tube-outside con-

vective heat transfer of mini-channel helium heat exchanger. In addition, the proposed serpentine mini-

channel helium heat exchanger achieves the highest convection heat transfer coefficient and comprehen-

sive performance in the three heat exchangers.

Keywords ; helium heat exchanger; convection heat transfer; flow resistance ; numerical simulation ;

structure design
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Fig.3 Schematic models of radial helium heat exchanger
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Fig. 4 Schematic models of tiled helium heat exchanger
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Tab.1 Comparisons of calculated results of different

turbulence models

T TR Pa GRS Pa
K-epsilon 978. 1 K-omega 990. 3
Realizable-K-epsilon ~ 975. 6 SST-K-omega 985.6
RNG-K-epsilon 976. 5 SCIG{H 983.0
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of the tube-outside serpentine helium heat exchanger
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