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Abstract : In this study, the heat transfer characteristics - in accordance with the operating conditions -
of the heat exchanger for re-liquefaction of LNG storage tanks is analyzed. The heat transfer
characteristics and structural stability were analyzed for each of the sub-cooler and pre-cooler, which
uses an LNG fluid and an N, fluid respectively. The N, fluid is used in the actual experiment.
Considering the efficiency and cost of the calculation, 1/25 and 1/49 reduced models were used for the
number of pipes; the temperature difference among pipes at the outlet was less than 5%. Hence it was
confirmed that the analysis of the reduced model was reasonable. Comparing with the one-dimensional
analysis results, a discrepancy from 2.2% to 7.4% could be confirmed. By visualizing the flow field
through the computational fluid cynamics (CFD) analysis, the cause of inefficiency could be identified.
The analysis results will be helpful in understanding the exact performance of the heat exchanger by

predicting the design variables in the future.
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Fig. 1 Process Diagram of LNG reliquefaction
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Mass Flow rate kg/h 17.35 17.35
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Design bar G 10.34 154
Press -
Operating | bar G 0.59 10
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Table 3 Heat transfer information and outlet
temperature of Pre-Cooler (Total Heat

Flux= Heat Flux*area*98)

Heat Total | Outlet Temperature
Flux area Heat [c1
[Wim?] [m?] Transfer
m [kW] | Shell | Tube
Analysis | 510.083 1.58 78.98 18.6 -1312
Design 84.94 31.6 -135.0
40 \ ==Tube 1
20 —Tube 2
0
Tube 3

Temperature [°C]

=

0

2 4
Tube Length [m]
Fig. 7 Temperature change according to the tube of

Pre-Cooler
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Fig. 10 Temperature field of Sub-Cooler

Table 4 Heat

transfer

information

and outlet

temperature of Sub-Cooler(Total Heat Flux=

Heat Flux*area*25)

- Total | Outlet Temperature
Fﬁf;: area Heat [C]
[Wim?] [m?] Transfer
(kW] Shell Tube
Analysis | 336.31 1.71 14.38 -144.3 -171.9
Design . 14.56 -143.6 -173.7
-135
140 | —Tube 1
—Tube 2
g - Tube 3
@ -150 ube
2 155
g
E -160 :
F -165
-170
-175
0.0 1.0 3.0 4.0

2.0
Tube Length [m]

Fig. 11 Temperature change according to the tube
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Table 5 Material Properties of SA312-316L

Properties Values
Density (kg/m?) 8030

Elastic Modulus (MPa) 190,600
Poisson’s Ratio 0.31
Yield Stress (MPa) 151.8
Allowable Stress (MPa) 115
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computational structure analysis

boundary

Table 6 Material Properties of SA240-316L

Properties Values
Density (kg/m’) 8030

Elastic Modulus (MPa) 195,000
Poisson’s Ratio 0.31
Yield Stress (MPa) 172
Allowable Stress (MPa) 115

conditions for

Fig. 13 Sub-Cooler

computational structure analysis

boundary
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H Mo AHLE FE=E ASME Section VIII
Div.2 Part5¢]™, 38X o 213 2.

Pm < S ©6)
PL+Pb < 1.5S @)
PL+Pb+Q < 3S ®)

7] 4], Pm< General Primary Membrane Stress,
PL-2 Local Primary Membrane Stress, Pb+= Primary
Bending Stress 12|31 Q<= Secondary Stress®|T}.
Tz H7} YX= ASME Section VIII Div. 2
Annex 5.A'"Moll W} SCL(Stress Classification Line)
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Fig. 14 Deformation of Pre-Cooler heat exchanger
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Fig. 15 Equivalent stress

exchanger
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Fig. 16 Location of allowable stress for Pre-Cooler

Table 7 Evaluation of design criteria for Pre-Cooler

Path | Design Criteria }Ef/?;lat]s St?;;gw[?\?lllfa]
Pm < S 13.583 115
A Pm+Pb < 1.58 14.031 172.5
PL < 1.5S 2.5379 172.5
B PL+Pb+Q < 3S 50.231 345
PL < 1.58 2.1754 172.5
¢ PL+Pb+Q < 3S 34.208 345
PL < 1.5S 4.0156 172.5
P PL+Pb+Q < 3S 32.273 345
PL < L.5S 1.3055 172.5
. PL+Pb+Q < 3S 9.8723 345
PL < 1.5S 1.2236 172.5
F PL+Pb+Q < 3S 9.0816 345
PL < 1.58 1.791 172.5
N PL+Pb+Q < 3S 2.2872 345
PL < 1.5S 2.7982 172.5
H PL+Pb+Q < 3S 3.6385 345
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Fig. 17 Deformation of Sub-Cooler heat exchanger
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Table 8 Evaluation of design criteria for Sub-Cooler

of  Sub-Cooler heat

. —_— Results Allowable
Path | Design Criteria [MPa] Stress [MPa]
A PL < 1.58 13.068 172.5
PL+Pb+Q < 3S 27.624 345
B PL < 1.5S 16.81 172.5
PL+Pb+Q < 3S 25.157 345
C PL < 1.5S 22.143 172.5
PL+Pb+Q < 3S 32.678 345
D PL < 1.58 25.023 172.5
PL+Pb+Q < 3S 38.086 345
E PL < 1.5S 3.133 172.5
PL+Pb+Q < 3S 4.0457 345
F PL < 1.58 2.2585 172.5
PL+Pb+Q < 3S 3.7423 345
G PL < 1.5S 1.7011 172.5
PL+Pb+Q < 3S 3.1066 345
H PL < 1.5S 1.3274 172.5
PL+Pb+Q < 3S 2.2752 345
| PL < 1.5S 1.0549 172.5
PL+Pb+Q < 3S 1.8202 345
fl A&} AolstAl FE AT Y8 EF 9F F
I8l 9% AAY FRAA F2 Ho| #
xg3}§ e & F Atk &Sl g M=
ool olg AT @ Table 8ol AeISHAL
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