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Abstract - Natural gas, one of the cleanest fossil fuel, is liquefied to reduce its volume for the long distance
transportation. Small size floating liquefied natural gas plant has small area that safe issue is highly considered.
However, Dual Mixed Refrigerants (DMR) process has fire potential by using flammable refrigerants and N2
Expander process has low compressed energy efficiency which has high inherent process safety. Therefore,
safe process with high compressed energy efficiency is constantly needed. This study suggested an alternative
refrigerants to existing DMR process by using Hydrofluorocarbon which has high safety due to its non-flam-
mable properties. As a result, it showed 34.8% lower compressed energy efficiency than DMR process that
contains fire potential whereas 42.6% improved compressed energy efficiency than Single N2 Expander
process. In conclusion, this research proposed safe process for small size floating liquefied natural gas plant
while having high efficiency.
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Table 1. Efficiency comparisons of the liquefac-
tion process based on specific work[8]

SMR C3-MR DMR N2
expander
Specific
work 1,253 1,054 1,080 2,376
(KJ/kg)

Fig. 1. Schematic flow sheet of N2 Expander
process.
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Fig. 2. Schematic flow sheet of DMR process
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Table 2. Properties of Hydrofluorocarbon refrige-
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Table 3. Feed and product conditions of natural

rants gas
R-14 R-134a R-410A Nitrogen Feed (NG) Product (LNG)
. CH,F,, Temperature
Chemical CF: | CHFCF, | C.HFs N» (©) 37.00 15820
Name
(1:1)
Pressure
5,000 126
Molecular (kPa) ’
102 4 2
Weight 88 0! 7: 8
Flowrate
Normal (ton/h) 1142
Boiling -127.8 -26.3 -48.5 -195.6
Point (C) Composition (mass fraction)
Critical Nitrogen 0.0031
Temperature -45.5 101.1 72.8 -146.7
Methane 0.8213
<)
Critical Ethane 0.0910
Pressure 3.74 40.6 4.86 3.40 Propane 0.0519
(Mpa)
i-Butane 0.0163
Latent heat
of 1357 | 2159 275 1992 n-Butane 00163
vaporization
(J/kg) .
32 SHY dof xA
Safety Al N2 Expander, DMR, HFC-DMR 2} 4@ 2 A}
Group 48 Wi oo 2o w94 712 340 N2

Aot A g8 2 AAAS =o]7] 98] HFC-
DMR ZA oA Aeld HFCE R-14, R-134a, R410A
ol BE nrtAAdelr & X 47} 0% U
AP FET QU9 o) 5 Wujet Ao A
28 Table 29 YeEAT

. MA ZA}

31 38 2A}

Ttz A FE2H HAAVIAE A5t IMTPA
w9 2% FLNG ZWEE 422 Aspen Hysys
v.8.0& ol&dl F 3719 ASFFAH(N2 Expander,
DMR, HFC-DMR)S 717 ®AFSFSI T

H AFolA AHGE Wulel HA7EE BT Peng
Robinson Equation of Stateoll 2J3l] Al4t=] 3]0 H,
AA7tz=e] H8lee 975% 2 AAsIG T =3 2
A A Qe SHANA ZF 45719 AEHI7T F
g 35 YA ¥EE FFATh 38 BAbl ARE
2 HA71229] Feed ¥ Product <%, ¢4, 73,

ZA]S Table 3] YERNATH
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£ 77} Table 59 YERIAT.

7y 2] Wl streamd Hoj 4E ¥ HAUES
Table 69 YERSIT 3+ ZE LNG heat exchan-
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Table 4. Types and composition of refrigerants

A 83 DMR %lzé ;q] o}

pal

DMR HFC-DMR
N2
Expander Cold Hot Cold Hot
cycle cycle | cycle | cycle
Fzz)wn/rﬁ;e 1303 | 227 | 325 | 955 | 777
Composition (volume fraction)
Nitrogen 1 0.14 - 0.3 -
Methane - 0.35 0.01 - -
Ethane - 0.41 0.47 - -
Propane - 0.1 0.06 - -
i-Butane - - 0.16 - -
n-Butane - - 03 - _
R-14 - - - 0.5 0.05
R-134a - - - - 0.75
R-410A - - - 0.2 02

Table 5. Inlet and outlet
changers

temperature of heat ex-

N2 Expander DMR

HFC-DMR

In

Out In Out

In

Out

Temperature( C

)

LNG heat
exchanger 1
(NG)

37

-78.3 37 -35

37

-39

LNG heat
exchanger 2
(NG)

-78.3

-156 -35 -156

-156

LNG heat
exchanger 1
(Refrigerants)

-138

335 -38 31.4

LNG heat
exchanger 2
(Refrigerants)

-161

-138 | -162 -38

-160

-43.3

Minimum
temperature
approach
(Overall)

Cooler outlet

37

)
Shs

Al
A

il

Table 6. Maximum and minimum pressure of
refrigerants stream

DMR HFC-DMR

N2
Expander | Cold Hot Cold Hot
cycle | cycle | cycle | cycle

Pressure (kPa)

Maximum 3,600 5,500 | 2,400 | 5,000 | 1,800

Minimum 370 315 380 680 101.3

gerol| A9 k& 7de} g2 th53 2Th NG stream?]
8 738H= 200kPa, Cold stream?] & 733H= 20kPa,
Hot stream®] 42 7}8}+= 150kPa, Cooler?] &7+
3l= 40kPa® A A s Th

V. 2A} Z3f 9 &

follA AFE 3FF2 LNG dst34S 48 &
ZE 2l Aspen HYSYSE 53l Ao 24 ¢
%719 dUA] 22FS 7 AP Bludigon,
°l& NG 1kgE H3A|7]eH 2ol AR
specific work 7|02 HW3IHTE BAF AAE
Table 7 YERA AT

g ALY AXNES LNGS H4kel7] Y&l 7]
2o g AAZ FA o, A4 AU 570k
W71 A=A o] A st g 2 A=A
%3kt N2 Expander 342 4%7] 3718 B3]
171, DMR #7382 cold cycleo] 457 271$} hot
cycledll +=7] 271, HFC-DMR &4l A& cold cy-
cledll 471 271¢} hot cycledl 4571 3707F HQ
stth. ®A A3 HFC-DMR 339 749 1,462
KJ/kg2] specific workE 7} 0. 24 2,538Kk] /kg2
specific workE Z+= N2 Expander 33 1Th 42.6%
e yA E&S YeEh e, 1,080k]/kgel
specific workE 71Xl DMR 374 BUh= 34.8% 74
" duyA E&& BYS & F Utk

T3 HZo] =Y¥ 3 A= Dual N2 Expander
FA 7 vwste] & HFC-DMR &80 B UL ol
A E&S Holal Uth Khane] T4 EAbel| w=H
N2 Expander 3782 1,803k]/kg®] specific workE
7FA 2 QHh[10] ©]= HFC-DMR ¥#H°] o|xth
193% 49 B35 RIS ofu| &tk

HFC-DMR &7 °] DMR &4l Hla o @2
VA& AME3H= o] Table 4914 YERA A Y
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Table 7. Compressor energy consumption

DMR HFC-DMR
N2
Expander | Cold Hot Cold Hot
cycle | cycle | cycle | cycle
Compressor
46.16 9.200 | 5.344 | 9.553 | 7.834
1 (MW)
Compressor
3435 9.729 | 6.831 | 1391 | 8.097
2 (MW)
Compressor ) 3192 ) ) 6731
3 (MW) ' ’
Total (MW) 80.51 34.296 46.230
Specific
work 2,538 1,080 1,456
(kJ/kg)
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I HEe BF AT EN dudt 585 5
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‘%!74/\171% A, DMR 340l da dd 2%
£ o] &3t} & 59 DMR 34 220l W
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