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Abstract: To achieve continuous and efficient ortho-para hydrogen conversion during hydrogen liquefaction, a
catalyst-filled plate-fin heat exchanger (CFPFHE) was investigated using a combined experimental and numerical
approach. The flow resistance, heat transfer performance, and ortho-para hydrogen catalytic conversion characteristics
of the CFPFHE were systematically studied. Based on a cryogenic experimental test platform developed for the
CFPFHE, experiments on flow and heat transfer coupled with ortho-para hydrogen conversion were carried out under
different Reynolds number conditions with good thermal insulation, and the para-hydrogen volume fraction at the
outlet of the filled channel (hot-side) was determined using the heat balance method. In addition, a three-dimensional
numerical model of the CFPFHE was established to simulate the coupled flow, heat transfer, and ortho-para hydrogen
conversion processes, and the model was validated against experimental data. The results indicate that, with increasing
Reynolds number, the friction factors of both the hot and cold sides decrease gradually; the hot-side heat transfer-factor
first increases and then decreases reaching a peak at a hot-side Reynolds number of about213, while the cold-side heat
transfer factor decreases monotonically with cold-side Reynolds number; the outlet para-hydrogen volume fraction
first increases and then slightly decreases with increasing hot-side Reynolds number. The numerical results show good
agreement with the experimental data, with the average relative deviations of the friction factors, heat transfer factors,
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and outlet para-hydrogen volume fraction all within 7.15%. These results confirm the reliability of the proposed

numerical model and provide a reference for the engineering application of CFPFHEs in large-scale hydrogen

liquefaction systems.
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Fig. 1 Schematic diagram of the CFPFHE experimental setup
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Fig. 10 Comparison of experimental and numerical
results for ji, at different Rep,
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