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M3 A7} A(liquefied natural gas, LNG), A4
2(LH) 2} 22 SA42 A= v 4R 4|

Abstract >> In this research paper, we investigated the cryogenic line chill down
characteristics of liquefied natural gas (LNG). A numerical analysis model was
established and verified so that it can calculate the precise cooling character-
istics of cryogenic fluid for the stable and safe utilization especially such as LNG
and liquid hydrogen. The numerical modeling was programmed by C++ as an
one-dimensional homogeneous model. The thermohydraulic cooling process
was simulated using mass, momentum, energy conservation equations and ap-
propriate heat transfer correlations. In this process, the relevant heat transfer
correlations for nuclear boiling, transition boiling, film boiling, and single-phase
heat transfer that can predict the experimental results were implemented. To
verify the numerical modeling, several cryogenic line chill down experiments us-
ing LNG were conducted at the Korea Institute of Machinery & Materials (KIMM)
LNG and Cryogenic Technology Center.

Key words : Liquefied natural gas(t 3} M %1 7t A), Cryogenic engineering(2 X 24
Sy, Cryogenic line chill down(=2 X 2 i & H 2}, Heat transfer(@ M &),
Numerical analysis(4-X| 3 M)
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Fig. 1. Heat transfer regime and flow pattern in cryogenic line chill down process
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Table 1. Instrumentation information of the experiments

. Model .
Inustrumentation . Error Unit
(corporation)
Temperature D1-670-SD
P (Lake Shore 0.5 K
sensor .
Cryotronics)
Explosion proof PIR-1026-Pt100-4.
temperamreiensor 8 (150)-PtI2-A | 015 K
P (iSensorKorea)
FP2000 % of full
Pressure sensor 0.1
(Honeywell) scale
CMF025M, 5700 0.1 % of
Mass flow meter | (Emerson Micro | (liquid) | measure
Motion) 0.35 (gas)| ment
Temperature 218
pel (Lake Shore 0.01  |%of10A
monitor .
Cryotronics)
. NI-USB-6216
Data acquisition .
(National - -
system
Instruments)
By-pass line

]

s+ precooling

mass flow meter

Valvel
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1 Valve2
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Fig. 5. Installation of mass flow meter, pre-cooler, explosion
proof temperature sensor, pressure sensor
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Fig. 3. Schematic diagram of LNG line chilldown experiment equipment
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Table 2. LNG Line chill down experiments case conditions

Average mass | Average Average .
Case flux (kg/m?) | Pin (kPa) Reynolds | Insulation
number

1 17.18 111.3 38,900 PIR

2 21.36 112.0 48,400 PIR

3 24.93 107.0 56,500 PIR

4 25.46 117.1 56,500 PIR

5 26.42 108.7 59,800 PIR

6 28.81 107.7 65,200 PIR

7 30.32 115.2 68,700 PIR

8 38.45 106.1 87,100 PIR

9 42.36 110.7 96,000 PIR

10 52.07 133.8 118,000 PIR

11 26.62 107.9 59,800 |Rubber foam

12 27.70 106.2 62,700 |Rubber foam

13 32.50 115.9 73,700 |Rubber foam

14 51.56 126.8 116,800 |Rubber foam
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Fig. 6. Experimental results of case 2
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