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Abstract: To achieve continuous and efficient ortho-para hydrogen conversion during the hydrogen
liquefaction process, the flow resistance, heat transfer performance, and ortho-para hydrogen
catalytic conversion characteristics of a catalyst-filled plate-fin heat exchanger (CFPFHE) were
systematically investigated using a combined experimental and numerical approach. Based on the
established cryogenic experimental test platform for the CFPFHE, experiments on flow, heat
transfer, and ortho-para hydrogen conversion were conducted under well-insulated conditions at
various Reynolds numbers. Furthermore, the para-hydrogen volume fraction at the outlet of the

packed channel (hot side) was calculated using the heat balance method. Additionally, a three-
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dimensional numerical model of the CFPFHE was established to simulate the flow, heat transfer,
and ortho-para hydrogen conversion processes, and the model was validated by the experimental
results. The results indicate that with an increase in the Reynolds number, the friction factors on
both the hot and cold sides decrease gradually; the heat transfer factor on the hot side increases
first and then decreases, reaching a peak at a hot-side Reynolds number of approximately 213,
while the heat transfer factor on the cold side decreases monotonically with the cold-side Reynolds
number; and the outlet para-hydrogen volume fraction increases first and then decreases slightly
with an increase in the hot-side Reynolds number. The numerical simulation results are found to
be in good agreement with the experimental data, and the average relative deviations of the
friction factor, heat transfer factor, and outlet para-hydrogen volume fraction are all less than
7.15%. The reliability of the established numerical model is verified by the research results, and
a reference is provided for the engineering application of the CFPFHE in large-scale hydrogen
liquefaction plants.
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Fig. 1 Schematic diagram of the CFPFHE experimental test platform
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Fig. 2 Test specimen structure and temperature measurement
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Table 1 Fin parameters on the hot and cold sides

& #WhH  h/mm 0/mm s/mm [/mm J,/mm
wa A 6.0 0.3 2.10 10
B HE 6.0 0.3 1.85 9.5 10
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Fig. 3 Continuous cooling curve under N, conditions
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Fig. 4 Thermal insulation performance of the specimen
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