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Abstract: In this paper, we carried out the basic design of 36 MTD ratgas BOG re-liquefaction system

to recover the generated natural gas during performandeofeENG pump and natural gas compressor. The
re-liquefaction process of natural gas is designed to ha&@0 kg/h of liquefaction rate with reverse Brayton

refrigeration cycle. With the designed process, the vianabf liquefaction rate is calculated for various inlet

conditions of feed gas. From results, the liquefaction retemore sensitive for inlet temperature than gas
composition. The specifications of equipments such as daweb, natural gas compressor, cryogenic heat
exchanger and nitrogen compander are determined on the bésthe designed process. The requirement of
power consumption and cooling water are also determinedutfir the basic design.
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Table 1 Test conditions of test facilities for NG compressor and LIGmp

Test item Flow rate Test conditions

BOG compressor | 1,500 kg/hr : I(glLﬁ}etl\gOGOTC ~/114CC~ ; %Ja?er

e |Inlet: 30 ~ 40C / 1 barA
e Inlet: 40C / 4 ~ 7 barA

LNG cargo pump | 3,000 NPhr . Sgg? %%ssmure : 10 barA

LD compressor 1,500 kg/hr

Test compressor
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tank
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(b) LNG cargo pump

Fig. 1 Schematic diagram of test facilities with using LNG as wogkifluid
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Table 2 Composition of LNG, mol%

Component Typical Pump gas Rich
N2 0.04 0.92 0
CH4 89.26 99.06 85.12

C2H6 8.64 0.02 8.63

C3H8 1.44 0 4.14
i-C4H10 0.27 0 1.1
n-C4H10 0.35 0 0.9
i-C5H12 0 0 0.1
n-C5H12 0 0 0.01

Table 3 Description of design case and simulation case

Pressure, barA Temperature, C Composition
Design case 1.03 -60 Typical
Simulation case #1 1.03 -60 Pump gas
Simulation case #2 1.03 +50 Typical
Simulation case #3 1.03 -60 Rich
Simulation case #4 1.03 -100 Pump gas
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Table 4 Process description - state of each point

1 2 3 4 5 6 7 8 9
Fluid CNG | CNG | CNG| CNG| CNG| CNG| LNG| LNG LNG
T, C -60 -41 -45 35 179 40 -155.1 -155]1  -155
P, barA 1.03 1.3 1.3 1.15 6.9 6.8 6.7 6.7 3.2

Flow, Nm’h 1876 | 1876 | 1896 | 1896 | 1896 | 1896 | 1896 | 1876 | 1876
10 11 12 13 14 15 16 17 18

Fluid LNG LNG | GAN | GAN | GAN | GAN | GAN | GAN | GAN
T, C -155.1| -157 33.5 205 40 -108.2 -1606 335 37
P, barA 9.6 1.3 9.6 40.6 40.4 40.3 9.83 9.68 9.615
Flow, Nm’/h 20 20 25777 | 25777 | 25627 | 25627 | 25627 | 25627 | 150
@ Aftercooler |
| C-174 -
80G N2icompressor ¢ i
Aftercooler compressor ! i
: Cooling water
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Fig. 2 Process flow diagram of designed 36 MTD BOG re-liquefactsysten
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Table 5 Required specifications of NG blower and NG compressor.

NG blower NG compressor
Type Roots 2 stage/centrifugal/oil-free
Flow (Nm?hr) Max. 2088 Max. 2093
Suction P. (barA) 1.03 1.15
Inlet T. () -60 (-95 ~ +50) 35 (-20 ~ by vendor)
Discharge P. (barA) 1.3 6.9
Main voltage 440 V / 60 Hz 6600 V / 440 V / 60 Hz

Table 6 Required specifications of 4 stream cryogenic heat exadrang

Type Brazed Aluminum Heat Exchanger

Fluid 9950 Gt | 99.5% CHY 1 100% N2 100% N2
Flow rate (Nm3/hr) 2093 2093 25613 25613
Density (kg/m3) 1.11/0.72 4.26/415.6 43.4/102.9 35.5/10.6
Viscosity (cP) 0.008/0.011 0.011/0.10 0.019/0.013 0.009/0.018
Spec. Heat (kJkg-K) 2.11/2.24 2.29/3.53 1.12/1.50 1.30/1.06
Therm. Cond. (W/m-K) 0.025/0.035 0.036/.177 0.028/0.020 0.012/0.027
Temperature (C) -45/35 40/-155.1 40/-108.2 -161/33.2
Operating P. (barA) 1.3 6.8 40.4 9.83
Allowable P. drop (bar) 0.15 0.1 0.1 0.2
Design P./Test P. (bar) 5 10 55 15

Design T. (Min/Max) -196/65 -196/65 -196/65 -196/65

Table 7 Required specifications of nitrogen compander

Type 3 stage centrifugal and oil free
Fluid 100% N2
Compressor Flow (Nm’/hr) Max. 25,763

. Suction P. (barA) 9.615

side Inlet T. (C) 37 (-20 ~ by vendor)
Discharge P. (barA) 40.6
Main voltage 6600 V / 440 V / 60 Hz
Flow (Nm/hr) 25,613

Turbine Temperature C ) -108.2 (inlet) / -161 (outlet)

side Pressure (barA) 40.3 (inlet) / 9.88 (outlet)

Density (kg/m) 102.85 (inlet) / 35.68 (outlet)
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Table 8 Utility requirements - power consumption and cooling water

: : Flow Heat
Power consumption (kW) Cooling water M) (kW)
N2 Comp. Lube Oil Heater 5 N2 Compan. intercooler 1 55 642
N2 Comp. Aux. Lube Oil Motor 3 N2 Compan. intercooler 2 55 642
N2 Comp. Motor 2100 | N2 Compan. aftercooler 55 642
NG Comp. Motor 300 | N2 Compan. motor cooler 7 82
NG Comp. Lube Oil Heater 5 N2 Compan. lube oil cooler 7 82
NG Comp. Aux. Lube Oil Motor 3 NG Comp. intercooler 1 12 140
NG Blower Motor 30 | NG Comp. aftercooler 12 140

NG Comp. lube oil cooler 3 35

Tota 2450 Total 206
* Comp. = compressor, Compan. = compander
** Cooling water temperature = 32/ (in/out)

=+ intercooler 1 = between I and 2° stage / intercooler 2 = betweed“2and 3" stage
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