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Analysis of Cool-down Operation of Liquid Hydrogen Tank
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TCorresponding author :
yshan@kimm.re.kr Abstract >> This study analyzes the cool-down process of liquid hydrogen storage

_ tanks, which have advantages in terms of large-capacity transfer, storage, and
Eisies';’zd ;%23::;232;233 utilization as hydrogen demand increases. A hydrogen liquefaction plant is se-
Accepted 20 November, 2023  lected for analysis and an efficient tank cooling method is sought by comparing

the time required for the cool-down process with the gas consumption in con-
nection with the gassing-up process required for the operation of the liquid hy-
drogen storage tank. The results of this study can be referred to in the operation
process after the initial start-up and maintenance of the hydrogen liquefaction
plant.
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Country (location) Operated by Established Capacity (t/day)
USA (Colorado) NBS 1952 0.5
USA (Ohio) APCI 1956 1.0
USA (Painsville) Air Products 1957 3.0
USA (West Palm Beach) Air Products 1957 32
USA (Florida) APCI 1957 35
USA (California) Stearns-Roger Mfg. Co. 1957 1.5
USA (Painsville) Air Products 1957 3.0
USA (West Palm Beach) Air Products 1957 32
USA (Florida) APCI 1958 30.0
USA (West Palm Beach) Air Products 1959 27.0
USA (Mississippi) Air Products 1960 32.7
USA (California) Stearns-Roger Mfg. Co. 1960 7.0
USA (Ontario, CA) Praxair 1962 20.0
USA (California) Stearns-Roger Mfg. Co. 1962 26.0
USA (California) APCI 1963 325
USA (Sacramento) Union Carbide 1964 54.0
USA (New Orleans, LA) APCI 1977 34.0
USA (New Orleans, LA) APCI 1978 34.0
Japan (Amagasaki) Iwatani 1978 1.2
USA (Niagara Falls, NY) Praxair 1981 18.0
Canada (Sarnia Ontario) APCI 1982 29.0
Japan (Tashiro) MHI 1984 0.6
Japan (Akita Prefecture) Tashiro 1985 0.7
USA (Sacramento, CA) APCI 1986 5.0
Japan (Tane-Ga-Shima) Japan Liquid Hdyrogen 1986 14
Japan (Oita) Pacific Hydrogen 1986 14
Canada (Monterial) Air Liquide 1986 10.0
Netherlands (Rosenburg) APCI 1987 5.0
France (Waziers, Lille) Air Liquide 1987 10.5
Japan (Minamitane) Japan Liquid Hdyrogen 1987 22
Canada (Becancour Quebec) Air Liquide 1988 11.0
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Table 1. Continued

Country (location) Operated by Established Capacity (t/day)
Canada (Magog, Quebec) BOC 1989 15.0
French Guyana (Kouru F.) Air Liquide 1990 2.5

Canada (Monterial) BOC 1990 14.0

Germany (Ingolstadt) Linde 1991 44
India (Mahendragiri) ISRO 1992 0.3
USA (Pace, FL) APCI 1994 30.0
USA (Mcintosh, AL) Praxair 1995 24.0
China (Beijing) CALT 1995 0.6
USA (East Chicago, IN) Praxair 1997 30.0
Japan (Kimitsu) Air Products 2003 30.0
India (Saggonda) Andhra Sugars 2004 1.2
Japan (Osaka) Iwatani 2006 11.3
Germany (Leuna) Linde 2008 5.0
Japan (Tokyo) Iwatani 2008 10.0
Japan (Ichigara) Iwatani 2009 5.1
Japan (Shunan) Yamaguchi 2013 5.1
Japan (Harima) Kawasaki Heavy Ind. 2015 4.2
Germany (Leuna) Linde 2021 5.0
USA (La Porte, TX) Air Products 2021 30.0
China (Beijing) 101 Institute 2021 1.7
India (India) Asiatic Oxygen - 1.2
India (India) Andgra Sugars - 1.2
USA (California) Stearns-Roger Mfg. Co. - 62.5
USA (New Jersey) Air reduction Sales Co. - 6.0
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Table 2. Completion properties of inerting operation

Item Unit Value
Oxygen concentration % <0.1
Dew point K <223
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Fig. 2. Gassing-up methods (top or bottom filling)

Table 4. Completion properties of cool-down operation

Tank wall temperature Unit Value

Table 3. Completion properties of gassing-up operation (average)
Item Unit Value -80 K Ha (1st cool-down) K <-105
Hydrogen concentration % <99.999 -20 K H; (2nd cool-down) K <23
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Table 5. Simulation condition

Item Unit Value

LH; storage tank (V-100)

- Type - Vertical cylinder
- Volume m’ 18.05

- Size m 2.6 (D) x3.4(H)
- Operation pressure bara 1.01

- Shell thickness mm 10

- Heat capacity (Cp) kJ/kg: 0.5

- Density kg/m3 8,000

- Conductivity W/m-K 16

Tank insulation

- Shell thickness mm 300

- Heat capacity (Cp) kl/kg'K 0.75

- Density kg/m3 125

- Conductivity W/m-K 0.044
Gassing-up (inlet)

- Pressure bara 1.30

- Flow rate (ambient) kg/hr 20.83

- Flow rate (80 K) kg/hr 20.83
Cool-down (inlet)

- Pressure bara 1.30

- Flow rate (80 K) kg/hr 20.83

- Flow rate (20K LH,) kg/hr 20.83
Case A-1

Gassing-up (Ambient) - Cool-down (80 K) - Cool-down (20 K
LH,)

Case A-2

Gassing-up (Ambient) - Cool-down (20 K LH,)

Case B-1 (After completion of cool-down)

Gassing-up & 1st cool-down (80 K) - 2nd Cool-down (20 K LH>)
Case B-2 (After completion of Gassing-up)

Gassing-up (80 K) - Cool-down (20 K LH»)
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