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Characteristics of boil-off-gas partial re-liquefaction systems in LNG ships
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Abstract: To protect the ocean environment, the use of liquefied natural gas (LNG) carriers, bunkering ships, and fueled ships
is increasing. Recently, Korean shipbuilders have developed and supplied a partial reliquefaction facility for boil-off-gas (BOG).
Despite reasonable insulation, heat leakage in vessel storage tanks causes LNG to be continuously evaporated as BOG. This re-
search analyzed the maximum liquid yield rate for various partial reliquefaction systems (PRS) and considered related factors
affecting yields. The results showed a liquid yield of 48.7% from an indirect PRS system (heat exchanges between cold flash
gas and compressed natural gas), and 41% from a direct PRS system (BOG is mixed with flash gas and discharged from a
liquid-vapor separator). The primary factor affecting liquid yield was heat exchanger effectiveness; the exchanger’s efficiency
and insulation characteristics directly affect the performance of BOG reliquefaction systems.
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Table 1: Analysis conditions for BOG re-liquefaction system

Items T (C) | P (bar)
BOG -130 1.013
Before compression(#2 in Fig. 1) 10 1.013
After compression(#3 in Fig.1) 30 300
Discharge of flash gas(#8 in Fig.1) 10 1.013
. 0 .
BOG composition (mole%) CHa 2;)/0’ N2
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a : LNG tanker, b: BOG compressor, c: NG cooler by

sea water, d :

Heat exchanger, e : Expansion valve, f :

Liquid and vapor separator.

No. 1 2 3 4
Fluid BOG BOG BOG LNG
P(bar) 1.013 1.013 300 300
T(C) -130 10 30 -105
flowrate(kg/h) 1.0 1.0 1.0 1.0
h(kJ/kg) 565.83 846.85 689.66 240.29
x(Quality) Superheat 0
Composition CH4:97%, N»:3% (mole%)
5 6 7 8
LNG+NG LNG NG NG
1.013 1.013 1.013 1.013
-162.2 -161.5 -165.6 10
1.0 0.48692 0.51308 0.51308
240.29 -0.55 415.78 743.89
0.51308 0 1.0 Superheat
CH4:97%., N2:3% CHy: 85.64%, N»:14.56%

Figure 1: Analysis of BOG PRS-A system

Figure 2: BOG re-liquefacti_(-)n cycle of PRS-A system on

T-s diagram of pure methane
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Figure 3: BOG re-liquefaction rate with BOG temperature
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Figure 4: BOG re-liquefaction rate with effectiveness of

heat exchange
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ature of flash gas
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a : LNG tanker, b: BOG compressor, c: NG cooler by
sea water, d :

Heat exchanger, e : Expansion valve, f :

Liquid and vapor separator.

No. 1 2 3 4
Fluid BOG BOG BOG BOG
P(bar) 1.013 1.013 1.013 300
T(C) -130 * 10 30
flowrate(T/h) 1.0 * * 1.0
h(kJ/kg) 565.83 * 689.66 240.29
X(Quality) Superheat
Composition *

5 6 7 8
LNG LNG+NG LNG NG
300 1.013 1.013 1.013

* -161.5 -165.6 10
1.0 1.0 * *

240.29 -0.55 415.78 743.89

0 * 0 1.0

* (*: Values are changing with each cycle step.)

Figure 7: Analysis of BOG PRS-B system
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Figure 8: BOG re-liquefaction rate of PRS-B system as di-
rect heat exchanging method
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Figure 9: BOG re-liquefaction rate with increase of return

gas flow-rate in PRS-B system
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