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Development of Boil-Off Gas Reduction Technology for Liquid Hydrogen Tanks (Third Report)

—Demonstration of Boil-Off Gas Reduction System —
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Abstract

This study concerns the research and development of an automotive liquid hydrogen fuel
cell system capable of storing boil-off hydrogen gas into a metal hydride ("MH") tank and
releasing the stored hydrogen gas for power generation by using the waste heat from the fuel
cell cooling system during the driving of the fuel cell vehicle. To assess the validity of this
automotive liquid hydrogen fuel cell system on a prototype level, an experimental MH tank
was manufactured together with a hydrogen tank and a pressure regulation system. This MH
tank was combined with the stack simulator into an optimized fuel cell system, and a test was
conducted on boil-off gas collection and release by the MH tank. It was verified that the
newly developed system of collecting boil-off gas from the liquid hydrogen tank was able to
supply the collected boil-off hydrogen gas for power generation. This developed system is
able to use the hydrogen stored in liquid hydrogen tank for as long as one week without

releasing it into the atmosphere.
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Fig. 1 System conception diagram of boil-off gas reduction
system
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Table 1 MH tank specification

Ti25V35Cr40
-35.5 [kd/mol H:]
0.574 [kel
32 [kgl

Hydrogen storage alloy
Heat of formation : AH
Hydrogen storage capacity
Weight of hydrogen storage alloy

Table 2 Setting items and set point for hydrogen release test

Setting Item Set Point
Calorific value / released hydrogen flow |5[kW/100L/min]
rate (considerable generation output) (10 kW)
Regulator setting prlessure(l iquid 100 [kPaG]
hydrogen |ine)
MH tank release starting pressure :P1 200 [kPaG]
MH tank release stopping pressure :P2 130 [kPaG]
Coolant water outlet temperature of heat
generation device starting hydrogen =55[°C]
release from MH tank line :T1
Coolant water outlet temperature of heat
generation device starting hydrogen <50[°c]
release from LH tank line :T2
MH tank temperature stopping hydrogen >650°C]
release from MH tank line :T3 -
Coolant water outlet temperature of 650°C]
radiator :T4
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Fig. 2 Hydrogen release behavior from MH tank
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Fig. 3 Schematic image of boil-off gas reduction system
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Table 3 Conditions of hydrogen recovery test

Hydrogen tank initial pressure 0 [MPaG]
Hydrogen recovery starting pressure 0. 6 [MPaG]
Boil off rate 2[%/day]

Test temperature 20~25[°C]
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Fig. 4 Hydrogen release behavior from MH tank
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Fig. 5 BOG recovery and release test
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