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A Study on Refrigeration and Power Generation System
for LNG Fuelled Refrigerated Cargo Carrier using
LNG Cold Energy

Lee, Yoon Hyeok

Department of Marine Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

As a part of environment regulation reinforcements to deal with the
worldwide issue of climate change, environment regulations for marine
transportation are fundamentally getting strengthened without exceptions. In
the 70th MEPC meeting which took place in October of 2016, the
International Maritime Organization (IMO) decided to lower the Sulphur
Oxide(SOx) content limit for the ship fuel oil from 3.5% to 0.5%, starting
from January 1st of 2020. Also, in the 72nd general meeting that took
place on April of 2018, it was decided to reduce the vessels’ greenhouse
gas emission to approximately 50% of 2008’s figure by 2050. Due to such
strengthening of environmental regulations, LNG-fueled vessels that use
LNG as fuels are taking the spotlight. However, when the types of
LNG-fueled vessels that are currently in existence or being constructed are
classified, they are mostly passenger ships, LNG carrier and oil/chemical
tankers. Accelerations are taking place for merchant vessels as well, but
constructions and researches on refrigerated cargo carriers are non-existent.

- Vil -
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Refrigerated cargo carriers are used mostly to load groceries and conduct
mass transportation from the places of origin to the demand areas, and
they have refrigerating systems installed in order to transport refrigerated
cargos inside of cargo hold to maintain the freshness of payload.

According to the statistics from Clarksons, the UK. firm that specializes
in analyzing the market conditions for shipbuilding and marine
transportation, 342 carriers(42%) out of 799 global refrigerated cargo
carriers are more than 30 years old, and only 30 carriers are less than 10
years old. Also, while there are only 30 refrigerated cargo carriers that
were constructed during the past 10 years, 390 carriers were either
dismantled or lost due to deterioration, which shows precipitous decline.
Also, since such carriers are classified as cargo carriers, countermeasures
are urgent in order to satisfy the Sulphur Oxide(SOx) emission regulation

which goes into effect starting from January of 2020.

In order to deal with deteriorating refrigerated cargo carriers and
upcoming Sulphur Oxide emission regulation, this study proposes using the
liquefied natural gas(LNG) as fuel, and efficiently utilizing LNG cold energy
that was previously not used in existing LNG-fueled vessels for cooling
refrigerated cargo carrier’s cargo hold and applying the power generating
system that uses organic rankine cycle to LNG-fueled refrigerated cargo

carriers.

Also, in regard to the required power and generation system compared to
the cooling system’s existing compression cooling method, this study aims to
select 5 types of organic fluids, analyze the cycle’s performance depending
on the changes in the condensing temperature, pressure and degree of

superheat and apply the most optimal refrigerant.

KEY WORDS: LNG, LNG Fuelled Vessel, Refrigerated Cargo Carrier,
LNG Cold Energy, Organic Rankine Cycle
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Anticline petroleum trap 4 e

ail-water contact

2 2010 Enayclopsedia Britsnics, Inc,

Fig. 1 Anticline Petroleum Trap

(https://kids.britannica.com/students/assembly/view/53783)
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Table 104 e nlel o] = &k(Methane), ol ¥H(Ethane), = Z3HPropane),
H-eHButane) 5 ‘E‘rﬁ‘r—’Fi shet=o] FA4&Eoltt. 53] wg(Methane) o] 7}
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Table 1 Typical Composition of Natural Gas (&, 2002)

Composition Code Percentage(%)
Methane CHs 70 ~ 90
Ethane CaHs
Propane CsHs 0~20
Butane C4H1o
Hydrogen He Non

Carbon dioxide COz 0-~8
Nitrogen N2 0~5
Oxygen O2 0~02

Hydrogen sulfide H2S 0~5
Other gases A, He, Ne, Xe Low
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2.1.2 HEH A7 2] A9
o 3} 1 A7 2~(LNG, Liquefied Natural Gas)&, 7F2A(HDAA HFH T A A7F~
AA st A FFo] USRS of -162T AHjolA A3A ] A2 F
< He(Methane)ol® 4 - FH3 AH = LPGS o] Fs=do] 79
71E AR ET 24T~ wWjEo] AL T AAAEEN L F87T
A= FAIT

Qwd oz s)Ae) Rujt kol wldFo R RuE /1002 ZolHw 100
714(¢F, 100ban .2 d=HojoF stz 1/6002 =0°]7] {3 HAAVI2E 60071
(eF600ban) o= ¢f=sfoFgttt. stA| v AA] 100~6007]19e] th&=F AA @2 A
g B7hsstoh

HAAzkz=e] FA4EQ] WeEHCHYS EFHE0TC, 1 banoll Al B]F(SG, Specific
Gravity) 0.555(&7]=1.0) ¥} &(Specific Volume) 1.394m’*/kg ®#(Boiling Point)
-161.5C <] 7|A|lo]|B2 171l A -161.5C 2 WA Z|H HslEo] vl 0.415,
HI A A 2.418/kg(0.00241m*/kg)e] AA 7} o H7} 0C <] 7Aoo HIsf 1/578,
20C ] Z]Alel Hl8) 1/621=2 o= 600&2) 12 A4S Y. wElA Y3k
FajolA B2 &9 AA7IEE ARE = Adl A - BARE| AAH FF
& 2

S Qe AU PAoE HANAE gshel $EDT

ofN & ox
3 Hm
["O

N
-~
ol
L
k]

2.1.3 4z drkze] A

Nt H A7~ YAFH L Fig. 2 LNG A4 ZHE FAH RS A g9l &
T ATA Y] JFAH(HDANA e HAVIAE 13F o 2 Slug Catchers %3

&, Condensate, 7}2=2 ZdEH. o|&A &eld =2 Water Treatment

System& A AstdE JElE HH A Condensate= Stabilizers A #7%H

Ao AAAT) ojw) WA 7t~E Slug Catchers & VY& dA7F~9k 34

AA He=w dlE Thae HAVERET ollEr A8 EeEo] 4o Qo] HE

/\P*"’L%V]L FAdstr)o Hstetr] A dutd o=z HAe FAHS Sl BEeE
) 7

= AAT & d3 F8e AXA D&, 2016).
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Acid Gas

Enrichment
Unit ‘-‘
3

Sulfur Tail Gas
Sulfur se— - Recovery | Treating | Incinerator  e—) Sulfur
Unit Unit

t

Acid Gas Gas Mercury Natural Gas
Removal #| Dehydration »  Removal > NGLEicitownf #{ Liquefaction J—p
Unit Unit Unit Unit
[ 4
F
NGL === Ethane
Fractionation fep Propane
Unit = Butane
Off-Gas
4
Raw Gas From Well Condensate Condensate
Slug Catcher o Stabilization o Hydro treating Condensate
Unit Unit
\
MEG to :
MEG | Sour Water . | Water Treating
UPI;;EE:::] ¢ Regeneration "'\ Stripping Unit / Unit

Fig. 2 Offshore Plant FLNG Process Unit Schematic

2131 AAT &4

A FAolT UdA AFG3hule} o] Slug CatcherE Axl AA7IAE A3}
st7] A & 7t FELE HAVzd 2dE AP EeES AAste &
oz o)4Eeta(CO2, #F3FAHS)TS AAS= AH7F=A AR A (Acid
Gas Removal Unit)¥ 482 A A3}= Dehydration Unit, 18|31 22 A A3}

o o
>
=
Q
([@N

+ Mercury Removal Unito. 2 FAEAJT A HAZ LA 7F2A A
Gas Removal Unit)oll Al o]4FalekAa(CO2), 33l4-2HS) TS A AsI=dY g
=42 A S2dE Ao RS ope & o 53] o]4ksteh4(CO2) 9
739 A=A (Freezing Point)o] 1719} 71& -785CE HA7t2=9 FAER vt
(CH92] ¥ ™ (Boiling Point)X .t} 3] o} dslapgor AAo] Ad = o
H ole dustr] &S AAZ Bk oty LNGY d% F%

=
7122 WEAl AAs oY =Y, F3FiaHS)= W2 sERAARE FA 0

[0

iy
b
rot
X
ol
ol
>
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A3 YIEHoln A3t A A FAEZS o]AHE3HS02)S AATIERE A A
sitt, tgo g2 FEAAAX(Dehydration Unit)ol| A& kAl A3 AHA 712 A)
|

o}
FAoNA F7hE WA FEID 2] shao] ZFH b FE

2132 AA7t2Y AA F4

AaA712=(NG)e] 482 W EHCH4) 9] o §H(CaHs), Z=(C3Hs), FEHCsH10),
HAEHCsHi12) s EF7120lH o]F &4(C)7) 7] o4l ©3lsas FHes)s
2(HHC, Heavy Hydro Carbon)e]z} skt &3] ZZ2H(C3Hs), HHCaH10> %
204 714 Fel= EA5he AEHCsHiz) o]ike] 88lFis ALolA AA A
B2 EX5HA == ol AA7F=AINGL)o] & gt

2= FA2Y HFAANA i@ Tl A

o Al 2(Wax)E T 7= A vdo

WAstal LNGo #F4 s f1all A HojoF gt ojuff A AE NGL& LPG
1} 5 of W= AHEEHTV|E .

o,
W
o
2

o
i,
2
N [0
L]
ok
ol

No}FFe AAYTAHY AA72Y AATAH o] HAVF2 Fof| 23H
B A7 Azt £ Taga SR HATAAS A A7
1A e AAVAE oF -162C 2 Yzhste] AsA 7=
o] AAL oF 16002 o] AATF =5 gotA = ZAHo|th NFTA
W2 F2 v e(CHa), ol ¥H(CoHs), T ZFH(CsHs) 59 B3FaFot AaN2)
ol AHgHET, EFEME AEStE A3FAY A olEs AL EFES

Y2 AbE-e
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ZF2R(I A AR JA7kas BE 2ol oF 60~200bar =2 a9k A
Boltt. o2 @k eyt BEel HAZt=E oF -160C A= 2EE
A= X oAAo] Hasiey HATEATE 32C oA -150C7HA] &% -
HAAA -32CHE dF JA7E7F A3HM, -T4CHE = 25 A4 GH<d
Nl A7F2~7t fk SEARE, 50bare] AsPHAVIAE FPo R Y
0% H=7 7185 o] 9 =g INGE B7] JE ZAAECR Folly]
2ol HsHATL2e B] olFdT) o] § ol fE dAHAVAE 7
FHo 2 B A3t Fe AREIITHO g, 2017).

2

o
N
ol
S
£

Table 2 Classification of Refrigerant in Liquefaction Process

Classification Single Refrigerant Mixed Refrigerant
N2 Expender SMR
Purity of Refrigerant
Cascade Cycle C3MR, DMR, MFC
Combustibility of Refrigerant Nz, CO2 Ci, Cz, Cs, C4

HtFAH> W TR A)lF g, EFWH AR S, d3tase] wEt oy
A2 Ud ¢ Aok A3 F2 FAWN2)9F HEHCHa), ogHCaHs), ol 2 #M(CaHo),
Z 2 HC3Hg), FEHCeH10), HEHCsH)S Wl E AFREH o3 Wujrt AHRHERE
Z}zye] Aty gA AAEn. ditdow HAVIAE AT dIFAHCEE
A 7§2A o) =(Cascade), AaA7] 714k FA(N2 Expender-Based Process), &3y

o} 5137 (Mixed-Refrigerant Process) 37F4 34" ol Sl

Collectior

(D
)
—
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AAZ, Qe EFHA Y3 el JhA BAUYNE BF AolFe FA
of dA7t=E dFATIE FAY A=A Cl= Abo]Z(Cascade Cycle)d] 73
Mol BelE w5l Aolgr FAEC Jom wFuE o847 dwA

Azt s FHole & 4 Utk

%3
Z

ol 37HA @dWlul Z=Z3H(CsHs), g #;(CeHy), WEHCHYS W= AM8-3}
o 12t o2 ZE3 W Alo]EE AX AAE HAVIAE oF 0CAHE W
Zt & ogd APzt Aol FolA ¢F -100C WZsta Al HA Alo]Fo] AHEEHE
Heloj s SEAIZT iAo g wes YolE 83 Al HA Alo] Sl A
el Weryjrl BAASHEA HAA7FAE eF -162C 74 W@zl Ashd Azt

Z(ING=Z H3tst= 4ot

Q ropane Cycle Q Ethylene Cycle H Methane Cycle
@ % ™
—AMAAAAAY —AAAAAAAY
Natural Gas N i ? VoneonT i Lol Liquefied Natural Gas
LNG Tank

Fig. 3 Schematic Diagram of Typical Cascade Liquefaction Process
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rr
12
b
of
o
r o
»
v
o3t

EAR, Gy A suvte Gdue AHgs
7] 719t ¥ (N2 Expender-Based Process)e] 7

(Cascade) &AHYE #HRE FAS == QA H3 AFAHE| R
AR 7R, i, 283 I ZRSAT AHE AGSsit AAadETo A W
Ak 1%te] FAZSVE FUELG T QF7259 dHo ol F AEE ¢dHI

W%7](ExpandenE AXA Hth. WA 7|(Expanden+ 19t dAAVt2E 24
stAl He=dl o,

Cl =
A o]F dudr|E T HAVMAE W4 & 1:}/\] %7}; A <=35im o
o

Compressor

Cooler
Matural Gas

—l—

Expander

LNG

Fig. 4 Schematic Diagram of Typical Single-Expander N2 Process
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AR, q8 Wues EFste] YuE Algste EFdv AT Fo2=
G Alo]ZFE ALLEE AEF A<l SMR(Single Mixed Refrigerant)d 3}-g 4 3}
0% Ato]ZFE AMgstE H3F A0 C3MR(C3-Mixed Refrigerant), DMR(Dual

Mixed Refrigerant)a-A o] o] o]t}

o2 g AP HAVFE WAL wet oAy, A3, AP FIre
TEL & Jom gy FodAsE dA-E FAHolF HAVF2=E oF -35C HH
2 W4Es FHeE vy 24 EL 2 3H(C3Hg), H-THCaHio), 3 &
(CsHiZ T HT} o] %, AgFitoA] F=2 ogh(CHe), ZZH(CsHe) o2 &
a4 Y E ARt HAVMAE A3 & HF ARl A AN2) ) gHCH)
of oJa) LNGAAF =712 WzhE n 7-ebd B (Reducing valve)E &3] 7+9tH
o] HEAHoZ INGH I HA=EhKhan, M.S. et al. 2017).

Compressor Cooler

> > b —

> _..Ej—,
Matural Gas it il i LNG

Heatexchaner Heatexchaner

L J

Fig. 5 Schematic Diagram of Typical SMR Liquefaction Process
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LNG,

v

[
5
Propane
Cooler & A
™ — ——
S 8
-
Natural Gas & Propane
e Pre-Cooling
Light MR
@' b
Cooler g -H.ea:fy-MR

Fig. 6 Schematic Diagram of Typical C3MR Liquefaction Process

Liguefaction Refrigerants

Pre-cooling Refrigerants

v
- —

; 2
Natural Gas s LNG

Pre-cooling  Liguefaction

v

Fig. 7 Schematic Diagram of Typical DMR Liquefaction Process
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2.2 ING 3€9] 78 3 28d%

2.2.1 LNG <9 7H8

ING W2 ¢F -163TC ¢ LNG7F E3ta &= A2 UAZE LNG7F #A 29
AUAE 27 HE olfE U4 21 ASHATEALNG BATA oA ThEg
9 A2AGAM Sehe Hestzol R ofY BeEe FASE AHY
A4, 207 AECH) o4 B85S AASE A7tz AA
T4, 293 AFHS B oF -162CE Asiste] 1A Heje] AAsE
A R AR 39 uXE b B,

el A¢ slEhE, 3% 9n B 167/1F02RE LNG 4442 T3 s
AA7h2E =Qstel BE, A, B9, AH A% 449 LNG HUEE o] F3

2
2

she] e INGE +aA9l Wdasl BNzt FFH7] A bl Azt
2 R 8AA BReE AR Hie), ou H5E o] g3t e
of AATtAE 715 A7E SHelA WAHE W] A5 BV Foz @
AbE|o] oF 202kcallkgo] ¥ @ Th

INGE 93} 3o A EeRol AAH] Ax A FHELol A YA
gom, WeheEst w3 FE A U] Fol 44 HaHe] W ddsne
HEAE fES oUANYd WDe ol 8% TUE Aol shestiels
71,2015).
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222 ING ¥4 &83%

2221 LNG ¥E€<& &E&% 37|93} Boad

l

218 Bed 37 F Aac dad QL AE o] YAAL

2 HHNALAE YietE e DRt 4bAet AAE 77 -183T, -196C Oﬂ/ﬂ
>r=
o

f

25 Natural Gas
N2 Heater
Waste N2

Compressor -
Air —
g B
3 LNG
Compressor Heat exchanger
A
4 ™ LNG
Main
Heat exchanger
Liquid Nitrogen
e~
Fractionating
Tower
Liquid Oxgen

Fig. 8 Schematic Diagram of Typical Air Liquefaction Process
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LNG W¢g A *Jod% A% “AA A LNG Fd=" olgt= BHolgs +
ol A AH A Z INGE o] 4% FAol LNG ¥g<e 7}
A s AREShe %7} YELS 19749 A BHAE DS AA H=
o Y AEg A o]o] 2018 7]+ 16709 WELHAE Vst Ut

ING W& dze] 72Xl dE2+= LNGE 78N 7= AAHANA A=
W4dS g3 (Heat Sinke2 183 j4+E IYHeat Source)o2 A8t

™
E

ZIAbo1 S Ae] MHA 2RO R F2 AFfAlE T2HE AFEsa Qo
Fig. 9= o9 Osaka GasollA HE&sta Q= #IACIE W49 2555
ehac
SWin
|
‘ Evaporator
1 S.W out
s Propane
Q Rankin Cycle @
Turbine Pump
@ | @ Natural Gai
LNG Tank LNG Pump Heatexchanger He .ter
SW out

Fig. 9 Schematic Diagram of Generation System from Osaka Gas
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2223 LNG WE& &8¢ 9% - ¥4I A
W - YA LNGE o83t WAl WrEs AH 4 wFAA o] &3t
= Aol k. A MAZOZ ING ¥dS
& "o QdRo] wHry}A(Tokyogas)e] L Fatnt Eju)d ol A
PE=A2(F)9 12,0008 RO WasHIE 1974dFE dsta glom,
19973 &3 LB FF 7t AlolF 7k LNG 7|A <A+ LNG 5Ston/h®
=

FRE ARZlzAAYolge] edsti Urkan

H],2017).

Fig. 10& ING WS S8 WESD A28 Uual 5252 et
SWin
A g L/—E\ Natural Gaf
> < -
LNG Tank LNG Pump e - — Heater
| Heatexchanger
| S.W out
' =
v,
Brine
Pump
>

X

-50 °C Cold -20 °C Cold 0 °C Cold
Store Warehouse Store Warehouse Store Warehouse

Fig. 10 Schematic Diagram of Cold Storage using LNG Cold Energy
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2224 ING 345 283 qgadt 5l Egtojojol s Az 4

Attt Bl Befojotol e AHFRE, T, BAIAEH, AT, 8
s Bl AleF Fo2 FEHI itk Ao A EvtRe] YIAA, 2
I ) ARFIA, EGrbsae] XE7]A] 334 LNG W¥Eg o] 83t
AsperibS Alzsta lom ARtz A SAAGE LTR AL
T Efojotolzg WAAZ AHEH I ITHO ™ 5,2017).

Fig. 112 ING ¥ E<& 283 Hstehat 3 =efojofo]x AlzA|xwe] Unt
Al 3555 vehdth

—_—

SWin
:@ :{;\7! Natural Gai
. 4
LNG Tank LNG Pump < Heater
Heatexchanger
| S.W out
Compressor

€0z
Y G

Compressor

LCO2

N N
Fractionating  Dryer
Tower

LCOz Tank

Fig. 11 Schematic Diagram of Product LCO2 using LNG Cold Energy
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ING dgFxdutolgr Mute] Agzx ZFHHFO)7F ofd AshHA7
(LNG) =& F/E EF AMEste ARs 9usit. ols =
Fjord |- &4 A7 2000 48 #H g4l ‘Glutra’ &5 LNG F3
AARE AR AT GA =290 AR Ho] ot2rhE 7] 8 2 =(Fjord)
A A e Aol ol FASMA Ea FAo] fleolE Bty 2RO 4
o] A5 WA} T

ol# gt Aol thste] AN A AAXM, SEAH FOEEEH HEHE &
gt wj7)7b2sol] o3 AAUES WFI oo figHoR wm2do] HRAA=
Aukel] 71913 fof HiEIIAE Fr)F o 29 £ e L E

BEe YrFEe AP AUt

o
)
(o
il
Mo
ot
o]
o

-

b

Fig. 12 Natural Gas Fuelled Ferry ‘GLUTRA’
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o] %, 2018\ 4€¥ 7] A AlA LNGE d=2 FFQ Autd dxFd A
e oF 1214, 1263 o2 1 Hgo] WEA P ot AA =, INGE A
‘i.bl ARZE AT AS 71E FHHFO) Hla] F4stEEOx), dAGEZ

M AL wWiEHA FowH, oj4tE|rA(CO2) °F 25%, Hi4tst=(NOx)eF
85% Az 7hssted AAM AEA8= Zgar 9ltHCheenkachorn, K. et al.
2013). =Rh, X AR7E FAZE ASHL oy T - AT %7}%%—, AL 7t

& %%5—?1’%, LNG ?ﬂi—iﬂﬂé F7HEAR A 52 1HT w FF AUk

o I stips in operation Il Ships on order LNG ready

500 probably to be reached

110
110
110
110
110
110

in 2020 =

The big wild card: Sulphur
Rl cap 2020
100
R ij H
e o | s || -EEEEE

2000 2003 2006 2007 2008 2009 2010 20711 2012 2073y 2014 2045 2018 ' 2017 2018 2”19 2020 "031 2022 2023 2024 2025 2070
Updated 1 April 2018
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~
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I~ CO)|
= |
5
(o o~ [
0 : al
ks o Q Y > & ~
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Updated 1 April 2018

Fig. 13 LNG Fuelled Fleet from DNV - GL
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2.3.2 ING 955344 de3FAl2H

LNGA® AE7le2 1960 °]F 23 &t HHATFAING) FAle] A
27t 2~(BOG, Boil Off Gas)E A& @ 837 &l olv] AHgwo] gt}
AASE7E2ABOGT LNG sta® oM AdHez S 8l 7gst= dArt
= Augnh o= dF] AF HAF del tie LNG E42A4 LNGe %
28 3 Y T8 EAT AR el SRVFAIE SHEHW IR
ol H=sHA destd dEf el Ak olH e EAHe sdsky] S e

== O

2 of
e

Be-sgE Yo FAN2WS ASIHAL, AY B A5

(HFO)2} A7}~ % Agg AFR3S &= 9lo] BOG WA o) wal =&, H

t2s 83 T JAVt2E @A AHEste] EHiule F71E It AE
74,2005).
|_§Em_'
I r’!‘—] Gear Box
: pruﬂen' ' Liq;ia Fuel l\J—
Compress:ci _B6G_ Pfr:;:zlis::n

O e

Compressor

Vs . Y

Condenser

Fig. 14 Schematic Diagram of Steam Turbine System
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o
W

ANA Axle] ol=2&=

LNG Tank

ME-GI Engine (2 Stroke)

HP PUMP

Fuel Gas Supply System LNG Engine
|
:
1
I

HP LNG
(270~320Bar)

X-DF Engine (2 Stroke)
« MN=80

LNG Tank
(Type 'B' / Membrane)

1 (16bar,30£30°C)

DF Genset (4-Stroke)
* MN=>30
-

I
I
1
|
|
I
1
|
|
|
|
(.
| ' Fuel Gas
|
1
1
|
|
|
|
|
|
+

------

” I.-NG Tank
(Type 'C’)

Fuel Gas
{3.5~5.5 bar, 30 £ 10 °C)

ING 955N =52
LNGE Ha7tz=2 Wgste Az AEFFAX é.(FGSS Fuel Gas
Supply System), M7t~E AE=2 Adrs Fxlst7] g X2 FAEHH
g Aute] =7, 9, &=, ¥FAY Tl wet FAH 8LV @it

SR IE FAMAZITFIMO)ANA ZA SHIH dAFoE FE3HAL
A HEO A5 AA Fxo Eed FHE Q3rt2o A HH
ek Ax A 2 AFS tgo) wet Type A, Type B, Type C % 37FA] &4
o= FEsta vk Type A/B= 0.7 Bar olste] HAAdS FASGES 8L,
Type Ce] 7% 2.0 Bar ©]/e] AA ¢S FA=SE F&3ta dth
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IMO Classification of LNG Vessels

Independent Tanks ﬂl | ral Tanks
i = A 6. —
Type A Type B Type C Membrane Tanks
P = 700 mbar P =700 mbar P = 2000 mbar P = 700 mbar
Full secondary barrier Partial secondary barrier Mo secondary bamier Full secondary barrier

Based on classical
Ship structure
design rules

Based on first- Pressure vessels,
principle analysis based on pressure
and model tests vessel code

Fig. 16 IMO Classification of Cargo Tanks in LNG Vessel
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Table 3 Comparison of LNG Tank type (g

Z1, 2018)

Independent Cylindrical

Independent Prismatic

Tank Type Pressurized at ambient Fully Refrigerated at Atmospheric
temperature or lower temperature | Pressure
IMO Tank Type Type C Type A Type B
] Vacuum + Perlite / Poly Urethane | Poly Urethane
Insulation
Poly Urethane Foam Foam Foam
Secondary Barrier || No Requirements Complete Partial

Application

Small & Mid scaled vessel

Large scaled vessel

2.32.2 o798 AR

o]FAE <AF(Duel Fuel Engine)e] 4% LNG A5 FIAI=HoA FTFFHE=
25 ¥ ofgo] wet X, FUAR, AN E s ¢ o, Azl
ol et AEFFAILBEGSS)SY FAo] Gepxlth. akdxle] 75 MAN
D&Tjitol A 7|3 ME-GIdl R o] tjEA o)l sdadlR-e oF 300 bare 4#HE&
st FAA Y -5 WinGDjite] X-DF <lxlo] sjgd=m AbgetedS oF 1
barg Q73th mpA|Yto R A Fedlxl e AHEtE oF 6 barg 2735HH
Wirtsila, Rolls-Royces oAl A 2%+ DFDESIZI o] ool &f &=t

Table 4 Comparison of Engine type (&

z1, 2018)

Heater

ME-GI DFDE RT-Flex
Maker MAN MAN/Wrtsila/RR WinGD
Require Pressure 300 bar 6 bar 16 bar
LP Vaporizer + HC Booster Pump +
HP Pump + HP .
FGS Component ) Separator + LP Vaporizer + HC
Vaporizer

Separator + Heater

Heating Medium

Glycol Water / Steam

Glycol Water / Steam

Glycol Water / Steam

Applicable

VLCC/Con/BC/PC/Cruise

Car Ferry/Ro-Ro/Tug

VLCC/Con/BC/PC/Cruise

@K
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AA71HME Engine)ell 712~dA8E A}
Jb2A 85 oF 300 bar 11to

L
fru
Mz
™
>
ol
ok,
N
Ho
ok
i
ket
1o
z
m
o
i)
l=0
ol
ol
&
oY,

El

R
11|

TAl& Fig. 179] o A]e} 2t

S

INGH 28 = UF A4F=LP Pump)ell &3l ¢ 6~7 barZ 7}YE o] d53F
A 285 (FGSS Room)e.& o] & 3142 (HP Pump)el| ols] ME-GI 21z

A QT8 =l 300 bar 7-A 7Y ") o], JitE LNGE 11917]3H7]
(HP VaporizenN& E3l e Ad B3k AA 2521 45° C£10° C 714
7+4 A "h. AR AFKEngine Specification)o]] @ &%, 4HS JixE H
A7F2=(Natural Gas)= HFZH o= 7h2FFBAFU(GVT, Gas Valve Train) o
Z BUY A ME-GI Enginec] 283 & 2 d¥Hy} 255 Z4 3o Enginedl
394 "o ME-GI Enginee] 7% 4 Stroke Engined} ¥ Methane

NumberE 1T Z 7} it}

F7HH o2, FAxR Y 7§ gAAlo]Z(Diesel Cycle)= H83 gAze
2 8582 B el Bl AT dan AdH R 2EdeoE J3 da

B
o
i
z
o
>

) HiE&Fo] Frbsted 2016 1€ 19FH A= MARPOL Tier I+

A= WEetr] S B AnAAE A A& okt
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LNG Tank Area

Fuel Gas Supply System

Engine Room

GVT

»
L}
1
1
I
]
0.2 barg, -160°C I 300 barg, 60°C @ 300 barg, 45°C
1
" oY
: HP Compressor Gas Cooler
I
1
! @ B
7 bargl-160°C 300 barg, -160°C g 300 barg, 45°C
HP Pump HP Vaporizer

Collection @ kmou
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1
1
I
|
|
1
I
I
|
1
1
I
|
|
A

Fig. 17 Fuel Gas Supply System for ME-GI Engine
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A=MZE Win GDiit 9] 2384 (F <,

16 bar)¢l X-DFalz 3} 48 A (A <k, 6bar)Ql DFDE o2 JFolxH o|&L

Nlo

2 A8 4 9(Gas Mode) L EAO]Z(Otto cycle)o] A LxHm =F

=
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gy
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Fig. 18 Fuel Gas Supply System for X-DF Engine
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LNG Tank Area
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Fig. 19 Fuel Gas Supply System for DFDE Engine
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Fig. 21 Schematic Diagram of Refrigeration System using LNG Cold Energy

2 ApolA £ 4 SHe LNG WAL T8 AL WELwel 5B
% W7k Azde A7) Fig 215} 2om Fuagel SEHogs WEewA
413& =A8E A3 fgBRE Zdo] 150m v|yle] A AMulolmg Hgazxe
2% Mute] H§ 7bs3 4973 AN DFDE o] = gsich

ING 8839 A¢ £240 g F+x7 B7}o] 7}53ta 42 & 7](Pressure
AAE “C” Type B#3AE A&t @i FAEH= A4

FTUTLAE QXY e FEFHOE BFo] ¥y Vet vdadErI7 23EOH
T 4G Ao AIAEGR] 800142 WETLE F531]

At Bxow TG4 EY77F A EHoloF s LNGO 7|3} of A
=3 AA B2 wjA 2 &Estr] s et
22 Wl & s FAZ g gz o] A gtelt.

- 33 -
Collection @ kmou



Table 5 Main Equipment List of LNG Fuelled Refrigerated Cargo Carrier

Main Equipment of LNG Fuelled Refrigerated Cargo Carrier

Wartsila 9L20DF 4 Stroke

“C” | Design Pressure : 7 bar

: IMO Type

Type

LNG Feed Pump, LNG Vaporizer, Heavy Carbon Separator, Heater
[HM System, Brine Feed Pump, BOG Handling System, Gas Valve Unit

Main Engine

LNG Tank
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3,300 tong 9
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9L20DF * 3sets (1,665kW X 3=4,995kW)= %

ZH(SFGC, Specific Fuel Gas Consumption) ¢F 1,421kg/h(473.6kg/hx3)=E AFA
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Table 6 Characteristics of Brine Refrigerant

Inorganic Brine Organic Brine

- Anti-freezing Sloution

- Industrial Refrigeration . )
CaCl2 C2HeO2 - Freezing Point : -13C

- Eutectic Point : -55C ) ]
- Eutectic Point : -64C

- Food Refrigeration - Food Refrigeration
Nacl X . C3H802 X .
- Eutectic Point : -21C - Freezing Point : -59C
- Anti-freezing - Food Cryogenic
MgCl2 ) ] C2H50H . .
- Eutectic Point : -33.6C - Freezing Point : -114.5C

g
>~

ATl A

T oW E, (20179 A& F=xste] LNG d5+3 Fds2Htid e
WEda ¥48<l 23 ¥ Bejle JdEd=

2(CoHsOH) 2.2 A8ttt
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,300 tong ¥ & -&HHA Zz)0l WjX =& Fig. 229} fAFsio}
Z 4h9 E= 1109 WEHuE FHsta gloer ol oF 4,370m’e] A

o
of
ONI
w oE

o

-
[ Hod“A" Re. Holg I l. A Ret Hog | Nez.a" Ret. Hold [| Not. "A"Rel.Hold [{ ! |

NoZ. "B"Ref.Hold || Not."B"Ref.Hold |

S 4,370m® ¢ Ao ww oF 55C 9 EARAZ 60CE HA5
Sl 7A ol%sly] 9% HlFHQE UE
5 Ao wwe v :Lm 25§47
o= A1)} 2t

Quantityof heat (Keal/h)

. 3 — o 8y
Density(kg/m’) X Specificheat (kal/kgC) X AT

Qm’® =

lkg X At X Specificheat (kcal/kg®C) = 2 kcal 2)
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' 4,370m°2] A Z o] MAHE o HHC o FAFAZ A 7HA o] %3}
71 3l 4719 E= 109 sEHe H83 & WaEFS JEF W =
A)E AFA, BEEJ] X 18] AASE AFEHS f A= BN
221 A 3}A 4=(Stowage Factor)7} ¢F 7291 A& 7Heksted Table 73 o] 4k
A+ Aok

Table 7 Calculation of Required Heat

Quantity of heat for Reefer Carrier

Reefer Cargo Tank Capacity(m?®) 4,370
Reefer Cargo Tank Capacity(ft®) 154,362

Stowage Factor of Tuna(ft}/ton) 72
Gross Tonnages of Tuna(kg) 2,143,403
Quantity of Heat(Kcal) 4,393,976
Quantity of Heat(Kcal/h) 183,082
Quantity of Heat(KJ/h) 766,016

Quantity of Heat(KW) 212

Q3 F WIFe oF 183,082Kcal/hm ogdz2B el Ax 9 HgL
z+zb 789%kg/m®, 0.5Kcal/kg’C 183l dustr]oA BHegel JdFe% 50C =
LT -70CE2 EZA gA2HHeat Balance)eldt Halele] &3zo A7 21(1)

o 93] ¢F 23 m¥h(18,310 kg/h)E A4 5 QlTh
3313 LNG ¥¥& &4 WsA 28 TAHY

D 334 < A% 27|24 44

- =

sl e Eojord i dAdute) FAARYE Table 83 2t}
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Table 8 Initial Conditions for Process Analysis

Unit of Name Specification
Type of Cargo Tuna
Cargo Hold Capacity 4,370 m’
Number of Cargo Holds 4 EA
Model Wartsila 9L20DF
Number of sets 3 EA
Main Engine Type 4 Stroke DFDE
Output 4,995 kW
(1,665 x 3 Sets)
Fuel Gas Injection Pressure 6 bar
Methane(CH4) 90.91 %
Ethane(C2H6) 643 %
LNG Composition Propane(C3H8) 166 %
(Mole Fraction of Qatar Gas) [-Butane(C4H10) 0.74 %
Nitrogen(N2) 0.25 %
Methane Number 75
Mass Flow Rate of LNG 1522 kg/h
[nitial Temperature -163 C
Initial Pressure 1.0 bar
Feed LNG Pump Outlet Pressure 7.5 bar
Vaporizer Outlet Temperature -85 C
Engine inlet Temperature 45 C
Engine inlet Pressure 6.0 bar
Mass Flow Rate 18,308 kg/h
Vaporizer inlet Temperature abt. -50 C
Brine Circulation Vaporizer outlet Temperature abt. -70 C
Vaporizer inlet Pressure 3.0 bar
Vaporizer Outlet Pressure 2.0 bar
Pump Outlet Pressure 7.0 bar
Quantity of Heat abt. 212 kW
- 38 -
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_ RT a(7) 3)
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a(7) = molecular attraction parameter
b = molecular repulsion parameter
R = SR7|AST
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Table 9 Heat & Material Balance for LNG Fuelled Refrigerated Cargo Carrier

FG heater FG heat Brine Brine Brine Brine
STREAM NAME LNG in LNG vap in | LNG vap out . : .
in out Condenser in | Condenser out Cargo in Cargo out
Vapour Fraction 0.00 0.00 0.96 1.00 1.00 0.00 0.00 0.00 0.00
Temperature (C) -163.00 -162.70 -85.00 -85.00 45.00 -51.82 -70.00 -69.74 -51.82
Pressure(bar) 1.00 7.50 7.00 7.00 6.00 3.00 2.00 7.00 3.00
Molar
1.721 1.721 1.721 1.669 1.669 7.97 7.97 7.97 7.979
Flow(MMSCFD)
Mass Flow(kg/h) 1522 1522 1522 1421 1421 18310 18310 18310 18310
Liquid Volume
3 4.84 4.84 4.84 4.61 4.61 23.00 23.00 23.00 23.00
Flow(m”/h)
Heat Flow(kW) -2193 -2192 -1930 -1840 -1728 -31940 -32200 -32190 -31940
Separator : GW Heater | GW Heater GW Cir GW Cir .
STREAM NAME : HHC Drain : Steam in Steam out
in in out Pump In Pump Out
Vapour Fraction 0.96 0.00 0.00 0.00 0.00 0.00 1.00 0.00
Temperature (C) -85.00 -85.00 60.00 40.00 40.05 40.07 165.00 158.90
Pressure(bar) 7.00 7.00 3.00 2.50 1.00 3.50 7.00 6.00
Molar
1.721 0.05 3.19 3.19 3.19 3.19 0.2095 0.2095
Flow(MMSCFD)
Mass Flow(kg/h) 1522 101 7068 7068 7068 7068 188 188
Liquid Volume
3 4.84 0.22 6.48 6.48 6.48 6.48 0.18 0.18
Flow(m”/h)
Heat Flow(kW) -1930 -90.06 -16850 -16960 -16960 -16960 -688 -798
- 41
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Table 10 Boiling Point of LNG Compositions

Methane Ethane Propane Butane Pentane Nitrogen
Chemical
CH4 C2Hse C3Hs C4Hi1o CsHi2 N2
formula
Boili int
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Table 11 Initial Conditions for Process Analysis of R22 Refrigeration Cycle

Unit of Name Specification
Inlet Pressure 0.23 bar
Inlet Temperature -69 C
1%t Compressor
Qutlet Pressure 1.80 bar
Outlet Temperature 29 C
Inlet Pressure 1.80 bar
Inlet Temperature 18 C
2" Compressor
Outlet Pressure 13.6 bar
Outlet Temperature 124 C
Inlet Seawater Temperature 25 C
Inlet Seawater Pressure 3.50 bar
Outlet Seawater Temperature 37 C
Condenser
Outlet Seawater Pressure 2.50 bar
Outlet R22 Temperature RIIN
Outlet R22 Pressure 13.6 bar
Inlet Expansion R22 Pressure 2.20 bar
Economizer Inlet Expansion R22 Temperature | - 23 C
Outlet R22 Temperature -40 C
Inlet Pressure of 1% JT Valve 11.4 bar
Delta Pressure of JT Vale
Inlet Pressure of 2™ JT Valve 13.3 bar
Quantity of Heat 256 kW
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Table 12 Heat & Material Balance for R22 Refrigeration Cycle
. : " : : d Condenser Liquid R22 Liquid R22 Liquid R22 | Sub-Expansion
STREAM NAME | 1°° Comp in | 1* Comp out | 2" Comp in | 2" Comp out _ . _
out Econo in Econo out Sub-JT in R22 Econo in
Vapour Fraction 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.31
Temperature (C) -69.00 28.50 18.32 124.8 35.04 35.04 -4.48 35.04 -23.10
Pressure(bar) 0.23 1.80 1.80 13.60 13.60 13.60 13.60 13.60 2.20
Molar
1.204 1.204 1.574 1.574 1.574 1.200 1.200 0.3743 0.3743
Flow(MMSCFD)
Mass Flow(kg/h) 5184 5184 6781 6781 6781 5168 5168 1612 1612
Liquid Volume
3 4.222 4.222 5.522 5.522 5.522 4.209 4.209 1.313 1.313
Flow(m”/h)
Heat Flow(kW) -8440 -8360 -10950 -10820 -11280 -8600 -8670 -2683 -2683
Sub-Expansion Cooling Liquid R22 | Main-Expansion | Main-Expansion :
STREAM NAME : . : SW in SW out
R22 Econo out | R22(Sub-Eco) | Main-JT in R22 Cargo in | R22 Cargo out
Vapour Fraction 1.00 1.00 0.00 0.28 1.00 0.00 0.00
Temperature (C) -15.00 -15.00 -4.48 -69.00 -69.00 25.00 37.00
Pressure(bar) 2.20 2.20 13.60 0.23 0.23 3.50 2.50
Molar
0.3743 0.3707 1.202 1.202 1.202 35.75 35.75
Flow(MMSCFD)
Mass Flow(kg/h) 1612 1596 5178 5178 5178 32080 32080
Liquid Volume
3 1.313 1.300 4.217 4217 4217 32.15 32.15
Flow(m”/h)
Heat Flow(kW) -2612 -2587 -8687 -8687 -8431 -141600 -141100
- 46 -
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SWOut SW in
Q-1 Q-2
Material Streams
NAME 1st Comp in 1 2 3 4 5 SWiIn SW Out
Vapour Fraction 1.00 1.00 1.00 1.00 1.00 0.00 080 000
Temperature®@ -69.00 28.50 -15.00 18.32 12480 35.04 25.00 }
Pressure (Bar) 0.23 1.80 220 1.80 1360 13.60 3
Molar Flow(kgmole/h) 1.20 1.20 0.37 1.57 .57 1.57
Mass Flow(kg/h) 5184 5184 1596 6781 6781 6781 32080
Liquid Volume FAow(m3/h} 4.22 422 1.30 5.52 5.52 2 3215
Heat Flow(ki/h) -8440 -8360 -2587 -10950 -10950 -11280 | -141600
Energy Streams
NAME Q-1 Q-2
Heat Flow(k\W) 80.74 12420
Total Heat Flow(kW) 204.94

Fig. 25 Heat and Material Balance of R22 Refrigeration Cycle

FG out

LNG In

Brine In

Erine Out
bl LNG Vaporizer

Pump Out
Q-7
MMaterial Streams
MNAME LMNG In FG Out Bnne In Brine QOut | Pump Out

“Vapour Fraction 0.00 0.96 0.00 0.0 0.00
Temperature® -162.70 -85.00 -51.82 -70.00 -69.74
Pressure (Bar) 7.50 F.00 3.00 2.00 7.00
Molar Fow(kgmole/mh) .72 172 7.97 7.97 7.97
Mass Flow(kg/h) 1522 1522 18310 13310 183310
Liquid Volume Fow(m3/h) 4.84 4.84 23.00 23.00 23.00
Heat Flow(kl M) 2192 1930 -31940 -32200 -32200

Energy Streams

NAME Q-1
Heat Flow(kw) 6.51

Fig. 26 Heat and Material Balance using LNG Cold Energy
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o AFRAE Mok FHAEA, 2017,

2] A o] HEA, (2018)e] ATE HEdld IFAHAHA =W
oAl 2=Z53}3] X 4~(ODP : Ozone layer Depletion Potential)7} 0o]ar, A&t
3} 2] 5=<(GWP; Global Wrming Potentia)7} 2500 o]} 1831 o) 7] Z-F A ZHALT;
Atmosphere Life Time)o] 20 year ©|3}Ql Zr&-fAlE& A3y, kA =4
o A ASHRAE®S| Aol wzt SA43% 7taddo] @2 Al A2 159 AsFAE
A3ttt o714 ASHRAE QbHSwol & AR &2 R236ear F=4, 771
AN FAZE SN oeH de]FH o=, R245fae] 7H-¢  ASHRAE MA&F
Bl ©]| A9t Chen,H(2010), Qiu,G(2011) <A+ w=d 33 ZFFA+= ORC A
2" ZAFFARE e AREEE Wulel Js agste AEFAE AAES
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Table 13 Properties of Working fluids for LNG Cold Energy at latm

WE ODP GWP ALT ASHRAE Boiling T | Critical T | Critical P

[C] [C] [bar]
R134a 0 1300 13.8 Al -26.1 101.1 40.67
R142b 0 2400 19 A2 -9.0 131.1 41.23
R152a 0 124 14 A2 -14 113.0 45.17
R245fa 0 950 4.7 N.A 15.3 154.0 36.51
R236ea 0 1200 8 Bl -1.4 139.0 34.20
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Table 14 Saturation Temperature with Different Pressure

W.F Pressure [bar] Saturated T [C]
10 39.388
15 55.233

R134a 20 67.481
25 77.577
30 86.203
10 65.579
15 83.903

R142b 20 98.121
25 109.87
30 119.92
10 43.606
15 59.979

R152a 20 72.649
25 83.111
30 92.073
10 89.742
15 107.85

R245fa 20 121.85
25 133.38
30 143.20
10 79.915
15 97.740

R236ea 20 111.48
25 122.76
30 132.35
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Table 15& #&A 2&([R245fa 2 R235ea)e] HEEd WME 2%
™, Table 162 &= WHato] WE Zhg74 5Fo it Ato]Zo] A
ANE e

Table 15 Variation of Superheat Temperature with R245fa & R235ea

WE Saturated T at 30 bar Superheat T
[C] [C]
5 148.20
10 153.20
15 158.20
R245fa 143.2 20 163.20
25 168.20
30 173.20
35 178.20
5 137.35
10 142.35
15 147.35
R235ea 132.35 20 152.35
25 157.35
30 162.35
35 167.35
- 45 -
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Table 16 Analysis of Cycle Performance for Working Fluids with Superheat

. . Superheat Mass flow_ORC NG outlet T W, T, N Mass flow_Steam
Working Fluid ) )

[C] [kg/h] [C] [kw] %] [%] [kg/h]

5 757.4 -28.78 11.31 19.24 38.24 233.0

10 754.1 -27.63 11.69 19.44 38.75 2383

15 757.2 -26.11 12.15 19.64 39.28 245.2

R-134a 20 756.5 -24.93 12.53 19.81 39.74 250.6
25 753.4 -23.98 12.84 19.97 40.13 255.0

30 748.7 -23.19 13.12 20.10 40.47 258.7

35 754.7 -21.53 13.57 20.22 40.87 266.0

5 711.6 -27.31 14.23 22.62 45.12 267.6

10 718.0 -25.53 14.85 22.83 45.72 276.6

15 719.2 -24.24 15.33 23.01 46.23 283.2

R-142b 20 717.5 -23.25 15.72 23.17 46.66 288.4
25 713.7 -22.47 16.04 23.32 47.03 292.6

30 719.7 -20.84 16.57 23.44 47.46 300.6

35 713.1 -20.37 16.79 23.55 47.73 303.3

5 509.9 -30.00 11.97 20.50 40.64 248.5

10 499.6 -30.00 12.09 20.66 40.96 249.0

15 491.3 -29.90 12.72 20.82 41.28 2499

R-152a 20 486.2 -29.50 12.92 20.98 41.64 252.2
25 487.6 -28.39 12.82 21.15 42.07 257.8

30 487.2 -27.52 13.14 21.31 42.49 262.2

35 485.4 -26.85 13.43 21.48 42.89 265.8
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Heat source temperature is not enough
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Table 17 Initial Conditions for Process Analysis of Feed NG

Unit of Name Specification
Methane(CH4) 93.26 %
Ethane(C2H6) 5760 %
Separator out (Mole fraction) [-Butane(C4H10) 0.008 %
Nitrogen(N2) 0.027 %
Methane Number 84
Temperature -8 T
Feed NG Conditions of H.C
Pressure 7.0 bar
Separator out
Mass Flow Rate 1421 kg/h
Temperature 45 C
Feed NG Conditions of 2™ Heat
Pressure 6.0 bar
Exchanger out
Mass Flow Rate 1421 kg/h
Working Fluid R-142b
Condensate Temperature -30 C
ORC Conditions
Turbine Inlet Pressure 30 bar
Turbine Inlet Temperature 1549 C
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Table 18 Heat & Material Balance for LNG Fuelled Refrigerated Cargo Carrier

Brine Brine Brine Brine
STREAM NAME LNG in LNG Vap in | LNG Vap out | NG Heater in NG Heat out . :
Condenser in | Condenser out Cargo in Cargo out
Vapour Fraction 0.00 0.00 0.96 1.00 1.00 0.00 0.00 0.00 0.00
Temperature (‘C) -163.00 -162.70 -85.00 -85.00 45.00 -51.82 -70.00 -69.74 -51.82
Pressure(bar) 1.00 7.50 7.00 7.00 6.00 3.00 2.00 7.00 3.00
Molar
1.721 1.721 1.721 1.669 1.669 7.97 7.97 7.97 7.979
Flow(MMSCFD)
Mass Flow(kg/h) 1522 1522 1522 1421 1421 18310 18310 18310 18310
Liquid Volume
3 4.84 4.84 4.84 4.61 4.61 23.00 23.00 23.00 23.00
Flow(m”/h)
Heat Flow(kW) -2193 -2192 -1930 -1840 -1728 -31940 -32200 -32190 -31940
ORC ORC ORC ORC ORC
STREAM NAME Separator in HHC Drain . o : Steam in Steam out
Condenser in | Condenser out Pump out Turbine in Turbine out
Vapour Fraction 0.96 0.00 1.00 0.00 0.00 1.00 1.00 1.00 0.00
Temperature (C) -85.00 -85.00 24.52 -30.00 -28.65 154.9 24.52 162.0 133.5
Pressure(bar) 7.00 7.00 0.4095 0.409 30.00 30.00 0.4095 6.494 3.00
Molar
1.721 0.05 0.1425 0.1425 0.1425 0.1425 0.1425 0.3329 0.3329
Flow(MMSCFD)
Mass Flow(kg/h) 1522 101 7131 7131 713.1 713.1 7131 298.7 298.7
Liquid Volume
3 4.84 0.22 0.6343 0.6343 0.6343 0.6343 0.6343 0.2993 0.2993
Flow(m”/h)
Heat Flow(kW) -1930 -90.06 -988.3 -1043 -1042 -970.9 -988.3 -1094 -1222
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