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Abstract

Hydrogen is an eco-friendly energy source and is being actively researched in various fields around the world, including mobility
and aerospace. In order to effectively utilize hydrogen energy, it should be used in a liquid state with high energy storage density,
but when hydrogen is stored in a liquid state, BOG (boil-off gas) is generated due to the temperature difference with the atmosphere.
This should be re-condensed when considering storage efficiency and economy. In particular, large-capacity liquid hydrogen
storage tank is required a gaseous helium circulation cooling system that cools by circulating cryogenic refrigerant due to the
increase in heat intrusion from external air as the heat transfer area increases and the wide distribution of the gas layer inside the
tank. In order to effectively apply the system, thermo-hydraulic analysis through process analysis is required. In this study, the
condenser design and system characteristics of a gaseous helium circulation cooling system for BOG recondensation of a liquefied

hydrogen storage tank were compared.
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Fig. 1. Schematic of gas helium circulation system.
TABLE 1
SPECIFICATION OF ZBO STORAGE TANK.
Parameter Value
Volume of storage tank [m?] 7
Boil-off rate [%/day] 1
Hydrogen evaporation [g/s] 0.06
Required cooling capacity [W] 26
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TABLE 2
REFERENCE DESIGN CONDITIONS OF CONDENSER.
Parameter Value
Freezing point of hydrogen [K] 13.8
Boiling point of hydrogen [K] 20.324
Condenser inlet helium temperature [K] 18
Condenser outlet helium temperature [K] 19
Operating pressure of gas helium circulation system [bar] 10
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Fig. 2. Required condenser length by volume flow rate.
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Fig. 3. Pressure head by volume flow rate.
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Fig. 4. Heat exchanger pressure head.
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Fig. 5. Blower performance curve by volume flow rate.
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TABLE 3
GAS HELIUM CIRCULATION SYSTEM HEAT LOSS.
Parameter Value [W]
BOR of ZBO tank 26
Blower static loss 9
Blower dynamic loss @ 12,000 RPM 2
Heat loss in the connecting pipes 3
Heat loss in the circulation system 5
Total heat loss 45
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Fig. 6. AL630 cryocooler performance curve.
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