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Fig.1 Schematics of three cylindrical heat exchange
structures for hydrogen storage reactors
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Fig.2 Comparison of simulation results for different numbers

of grid cells
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Fig.3 Comparison of experimental and simulation data for
three temperature measuring points during hydrogen
absorption process
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Fig.4 The evolution processes of alloy bed temperature and
gravimetric hydrogen storage density during hydrogen
absorption process in hydrogen storage reactor with

central heat exchange tube structure
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Fig.5 The evolution processes of alloy bed temperature and

gravimetric hydrogen storage density during hydrogen
absorption in hydrogen storage reactor with external

heat exchange jacket structure
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Fig.6 The evolution processes of alloy bed temperature and

gravimetric hydrogen storage density during hydrogen
absorption in hydrogen storage reactor with embedded heat

exchange ring structure
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exchange structure in the hydrogen storage reactor
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region area of the inner and outer bed layers and the position
of the heat exchange structure in the hydrogen storage reactor
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absorption in hydrogen storage reactor with embedded

heat exchange ring structure
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reach different gravimetric hydrogen storage densities for
hydrogen storage reactors with three types of

heat exchange structures
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Optimization study on hydrogen absorption performance of metal
hydride hydrogen storage reactor based on cylindrical heat exchanger

Huang Jing', Cheng Tengfei', Fang Wanggang', Li Xiao', He Liqging', Ren Xinghai', Xu Yishu?,
Cheng Xiaobei®

(1.Hefei General Machinery Research Institute Co.,Ltd., Hefei 230031, China; 2.School of Energy and Power
Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In this study, a multi—physical field coupling model of metal hydride hydrogen storage
reactor (MHHSR) based on cylindrical heat exchanger was established. The influence of the
geometric shape and position of the cylindrical heat exchanger on the hydrogen absorption
performance of the reactor was investigated, and the mathematical model was developed. The
optimal position of the heat transfer structure was obtained, and the characteristics and intrinsic
mechanisms of heat and mass transfer in the alloy bed during the hydrogen absorption process were
explored. Additionally, based on the area of the temperature differential zones among different
layers, the uniformity of heat transfer in multi —layer beds was analyzed. The research results
showed that when the embedded heat transfer ring was located at 0.62R of the alloy bed, the
hydrogen storage reactor achieved 90% hydrogen capacity within the shortest time. By comparison
to the central heat exchange tube structure and the external heat exchange jacket structure, there
was a time reduction of 76.3% and 60.7%, respectively. Different types of heat exchanger structures
caused differences in the thermal mass transfer characteristics of the alloy bed, which changed the
evolution modes of the bed’s reaction interface area and moving speed, ultimately affecting the
reactor’s hydrogen absorption performance. When multiple independent reaction bed layers existed
in the reactor, a smaller temperature difference region area among different bed layers resulted in
more uniform heat and mass transfer and higher energy efficiency of heat exchanger structures.

Keywords

metal hydride hydrogen storage reactor; cylindrical heat exchange structure;

hydrogen absorption performance; heat and mass transfer; bed layers
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