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Abstract: The design and calculation of air temperature heat exchanger in liquid hydrogen supply system
and the numerical simulation of flow heat transfer performance were carried out from the view of heat and
mass transfer and fluid pressure drop in this paper. A new method for discrete design of temperature in-
terval for air-temperature heat exchangers was proposed, and a correlation between heat transfer phenome-
na and pressure drop behaviors pertinent to transcritical heat transfer processes was established. The over-
all structural parameter design of the air-temperature heat exchanger was completed under designated con-
ditions and related constraints. Meanwhile, a three-dimensional numerical simulation model elucidating
flow and heat transfer in heat exchangers was established, a judicious simplification of the model was con-
ducted, simulation research on air-temperature heat exchangers under different operating conditions was
conducted to obtain the change law of key parameters such as fluid temperature, fluid pressure drop, and

heat exchanger tube temperature during heat transfer processes of air-temperature heat exchanger. The re-
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sults show that the designed air-temperature heat exchanger effectively fulfills requirements pertaining to

self-pressurization and gasification of liquid hydrogen medium under the actural operating conditions of

air-temperature heat exchanger. Furthermore, comparative analyses between design calculation scenarios

and actual operational conditions unveil instances of temperature interference between the self-pressurizer

of heat exchanger and the fins of the gasifier, thereby offering guidance for the practical engineering re-

finement of air-temperature heat exchanger designs.

Key words: liquid hydrogen gasification, heat exchanger design, numerical simulation
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Fig. 1 Schematic diagrams of liquid hydrogen supply

system and air-temperature heat exchanger
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Fig.2 Schematic diagram of discrete design method for temperature intervals
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Fig. 5 Three-dimensional model of a heat exchanger
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Tab. 1 Air-temperature heat exchanger design

calculation parameters

Z M RN AMER SRR
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Tab. 2 Calculation results of the program with different helical fin heights and pitches

%/ mm BRE/mm BRI K/m AASEK/m RSV AMAVER BREEER/mm S
25 20 4.108 7.801 4.235 8.043 72 14
22.5 20 4.346 8.310 4.480 8.567 67 14
20 20 4.628 8.913 4.771 9.188 62 15
17.5 20 4.962 9.627 5.115 9.925 57 16
15 20 5.358 10.476 5.524 10. 800 52 17
25 17.5 3.808 7.157 3.925 7.378 72 12
22.5 17.5 4.035 7.643 4.159 7.879 67 13
20 17.5 4.306 8.223 4.439 8.478 62 14
17.5 17.5 4.631 8.919 4.774 9.195 57 15
15 17.5 5.021 9.754 5.177 10.056 52 17
25 15 3.486 6.469 3.5% 6.669 72 11
22.5 15 3.699 6.924 3.814 7.138 67 12
20 15 3.956 7.473 4.078 7.705 62 13
17.5 15 4.267 8.139 4.399 8.390 57 14
15 15 4.645 8.949 4.789 9.226 52 15
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Tab. 3 Air-temperature heat exchanger structure

parameter table

Z A AR SR
A FENE d, /mm 22 22
B iE B AME dy/mm 24 24
e R Hy, /mm 17.5 17.5
YEIER )R B d,/mm 2 2
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BKEE L/m 4.267 8.139
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