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Abstract : Hydrogen is one of the most popular eco-friendly energy sources for reducing
global warming. To use hydrogen as a conventional fuel, liquid hydrogen plants should
introduce waste hydrogen treatment processes. A major safety issue of liquid hydrogen
plants is choosing the most suitable purge gas to use in case of an accident. A purge gas

prevents the formation of explosive mixed gases in the vent header. In general, nitrogen
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is the main purge gas used in chemical plants. Nitrogen has a freezing point of -210°C,
which is higher than the boiling point of hydrogen. Helium, with a freezing point lower than
hydrogen, is instead recommended as a purge gas of the vent header during hydrogen

liguefaction. However, helium is roughly 100 times more expensive than nitrogen. To
address this issue, this study uses simulations to investigate safe conditions for
introducing nitrogen as the purge gas during hydrogen liquefaction. The temperature
change from the safety valve to the vent header is evaluated when the external
temperature of the safety valve discharge pipe is at 5°C, 10°C, and 20°C. Additionally, the
most optimal length for a discharge pipe according to pipe diameter is investigated.
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Table 1. The physical and chemical properties of hydrogenS)

Molecular weight 2
Melting point 259°C
Boiling point 253C
Flammable range 4 ~ 76 vol%
Auto ignition temperature 535.5C
Vapor pressure 760 mmHg (-253°C)
Specific gravity 0.07

Shit BRALIFY (Department of Safety Engineering, Pukyong National University)
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Table 2. Boiling Point and Freezing Point of Helium, Hydrogen
and Nitrogen®>"™"?

Helium Hydrogen Nitrogen
Boling point 269C 253C -196C
Freezing point 272°C 259°C 210C
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Fig. 1. The brief scheme of a heat transfer on a pipe®.
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Fig. 2. The Schematic Diagram for a liquefied hydrogen tank including pressure safety valve(PSV) and vent system.
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Table 3. Specifications of a liquefied hydrogen tank

Item

Hydrogen tank

Size (IDXHXL)

INNER : 2.9 mx1.9 mx4.3 m
OUTER : 3.5 mx2.5 mx4.9 m

Operating temperature 253C
Operating pressure 3 kg/e’G
Design pressure 10 kg/em’G

Table 4. Specifications of a pressure safety valve

Item Pressure safety valve
Governing case Block outlet
Safety valve type Conventional
Set pressure 10 kg/em’G
Max. back pressure 1 kg/en’G
Rated capacity 55 kg/h
Disposal system Vent to atmosphere

Connected
Purge Gas =——m> Point
|I » Ventto
I/ M T T Atmosphere
Vent Header
From PSVs
Apply heat /]
b
Discharge Pipe 15 m
Safety Valve —

Discharge Pressure

from Tank 1 1.1 kg/em2A

Fig. 3. The scheme of pressure safety valve discharge and
vent header.
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Table 5. Temperatures at a connection point of vent header

) Temperature of applied heat
) Size Of. around discharge pipe
discharge pipe S ° ° .
5C 10C 20C 110C
1 inch 2292C | 2283C | -2264C | -2105C
1 % inch 213.1C | 2120C | -209.8TC -
2 inch 2022C | -2009C | -1984TC -
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Table 6. Minimum pipe lengths to meet a nitrogen freezing
temperature at connection point of vent header

Length of discharge pipe

Size of discharge Pipe

1 inch 19 m
1 % inch 16 m
2 inch 13 m
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Fig. 4. Temperature changes in case of 2 inch discharge pipe.
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Fig. 6. Temperature changes in case of 1 inch discharge pipe.
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