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Abstract

In order to store liquid hydrogen that has recently drawn attention as an eco-friendly energy source, a vacuum-insulated tank is
required. However, even if a vacuum-insulated structure is applied, evaporation occurs due to heat leak by room temperature and
it increases the pressure of the tank. In general, the pressure is relieved through a vent for stable storage. This method has problems
of economic loss and explosion of flammable hydrogen. Therefore, zero boil-off operation is required to re-liquefy the evaporated
gas. Zero boil-off (ZBO) operation in large-capacity storage tank is possible using a gas helium circulation cooling system and a
condensation pipe. In this paper, the condensation pipe of a 7m?® ZBO liquid hydrogen storage tank combined with a gas helium
circulation cooling system was designed and the simulation of the level change of the storage tank according to the operation
condition of the gas helium circulation cooling system was performed using the cryogenic thermal fluid program, Thermal Desktop.
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Fig. 1. Schematic of ZBO storage tank with gas helium
circulation cooling system.
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Fig. 2. Schematic of the 7 m® ZBO hydrogen storage tank.
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Fig. 3. Geometry of condenser tube.
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TABLE 1
COOLING CAPACITY AND PRESSURE DROP ACCORDING TO CONDENSER CONFIGURATION.

Length per tube

Mass flow per tube

Cooling capacity per Pressure drop

Parameter (m) (gls) tube (W) @ 1 bar, sat. (Pa)

Optimal single tube 14 45 26 5,559

Long single tube 24 45 48 9,944

3 distribution tube 24 15 32 1,454

5 distribution tube 24 0.9 25 595
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Fig. 4. Simulation model for helium distribution in
condenser tube.
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Fig. 5. Process simulation model of gas helium circulation
system for 7 m® ZBO storage tank.

TABLE 2
SIMULATION RESULT OF HELIUM DISTRIBUTION
Parameter Value
Mass flow rate of each tube (g/s) 0.9
Pressure drop of each tube (Pa) 600
Total pressure drop (Pa) 800
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system.
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