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Design and Exergy Analysis for a Combined Cycle using LNG Cold/Hot Energy
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School of Mechanical and Automotive Engineering, University of Ulsan, Ulsan 680-749, Korea
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ABSTRACT: In order to reduce the compression power and to use the overall energy con-
tained in LNG effectively, a combined cycle is devised and simulated. The combined cycle is
composed of two cycles; one is an open cycle of liquid/sclid carbon dioxide production cycle
utilizing LNG cold energy in CO: condenser and the other is a closed cycle gas turbine which
supplies power to the CO: cycle, utilizes LNG cold energy for lowering the compressor inlet
temperature, and uses the heating value of LNG at the burner. The power consumed for the
CO:z cycle is investigated in terms of a production ratio of solid CO. The present study shows
that much reduction in both CO; compression power (only 35% of power used in conventional
dry ice production cycle) and CO: condenser pressure could be achieved by utilizing LNG cold
energy and that high cycle efficiency (55.3% at maximum power condition) in the gas turbine
could be accomplished with the adoption of compressor inlet cooling and regenerator. Exergy
analysis shows that irreversibility in the combined cycle increases linearly as a production ra-
tio of solid CO; increases and most of the irreversibility occurs in the condenser and the heat
exchanger for compressor inlet cooling. Hence, incoming LNG cold energy to the above com-
ponents should be used more effectively.

Key words: Liquefied natural gas(LNG, 33 d7t2), Cold and hot energy(*d£48), Closed
cycle gas turbine(dH ¥ 7k2EHl Alo] &), Liquid/solid carbon dioxide production
cycle(83t/313 ©4ba|ZALo]E), Compression power(§t% 5 ), Exergy(H A7),
Irreversibility (8] 71 8 A)

72l 449 Ex, dAMA AdF (kW]
Exos + AXA 28 [kW]
a D mEtgake] A4dEk [ton/hrl I CEA A (kW]
m D AZRF (ka/s]
t Corresponding author 1174 D28 kW]

Tel.: +82-52~259-2135; fax: +82-52-259-1680

E-~mail address: gslee@mail.ulsan.ac.kr



256 o]

1. A

M

92 39 dote A FAEge

g3 ot £ oy 2L 9T @
29 et Ao LA E o) Ea
e ¥ 2o AFeds Ve o]
th o)) we xFeds WA AFHARA
Adol A BaMe Rato] gd 270 A A
Adez gagm Yok

HA7t A (Natural Gas, NGE 334824 3
2o zbgg w3 glen E=g gojzEloely o
& dzhgt A3d A7t~ (Liquefied Natural Gas,
LNG)Z Autg o] &8 49 WA w&d A
A 23, U duixdoz 1 wFe) ¥
golA 3 I} o)A dgPdAst2e TeH @
£8to 2 LNGZE BHstn e Y4a(—-162TC
i 0C7ARA & 800kJ/kg)e T&3te Wt
e 29 AFAAETe gon, 9 4
g£dAd 9ok 53 242 AR RI}E QT3
= R Al2®o] LNGY Wdo] A4 o &
#Zolth AR e BEYo] RE=g ¢ g
AAe s B o LNG BLS o] 8@ o
AN2wlg dAsm Ae3tste slesiwe] A4
3},

wabd oux AHHEL uRE YA f5
9 AFH Y, JUANS FIyHoz oLt
U] Alx"le] HA olasigtie] wEH
TE HoZ AdAY & Y= LS
AFS FAel Ay Mol &
doll Al LAHE ol AR AS
3 E= usstd $E(HFSE
Y, dRFAe JlEux, 43
L2 A, AsA, BFA Ax 5
' AL Yrlege Aoz
Zolx: FAd ddgHoznk Fuizg diel
o Yy Zue ds/3s gt AzAade

N flo
R
oo 1R
> o & o
I 3
ol
> (i
P
X ¥0 ff 1x

2
2
>
(e}
ox,
o)

Ipe
IRy

2
[

2 o ok ¥ Lo o
o

A
)
2

S
-
op

ol
-

Fo 2mHE2 AFHALYE oA
Ml ol ZWelA AAHAE Re| wpEAaY,
£ ATAE AQBHAN WEHE olus
UAE URE & olAsur ds/nzd Az
Wol F2EWE FAYe2 dtd AW LNG

a3 Belo]E Afol22A FFulA
2 3847129 B2 AL LNGE 924
A negUoR AgshE, LNGS HEe
ol oMY 4E7] YTLEES BFo) ¢
el 22588 Foln HY 79 W2

A7) 479 A% duBFozH Y24

2dY. B olastes ds/ws A2

[*3
=

o ol wmu r AN oo

d3 AHTH)ol FUH AAF(Hg 4 2
Feahs & dUI2HNE Qisiez
U dHogE HEH7E o3t ueda o

A7) dHe Fastel ANx 58 TR 7
T473Xe H7I9A4E Hrlstd MARE AA

dnx @,

2.9 o

2.1 JtAE Y-l a st B M EEX

Fig. 19 7F=E¥l-Y3}/33t &4 AzA =¥
o MF=eg =AY Jt2EY &9 T-s A
T} dz/nzl g AZRA2de] P-h AEE
Fig. 2] ©AI8t gl
A8 ogga JlxE 29 gEF Fuz
AR F SF7A A3 HAN~E Yhd
L Wzkde] AR (1—a)ton/hre AFate Al
g2 5o, U™A g ton/hre 23
S Aaal= oz wulo AT sEEral

t F2dME 22 E 9 (throttling) A

AYALe 37 U2 Fo. Zd
g 28E d4L IGA Az 225 B
Tt A Frlo EIRAHZ doh £
7oA E8E 7 1ton/hre B ojitslers 7t
=9 FA AL EFdd KL=, a ton/hre

-

=
g
A ALE
3t
Al
=4

ol Ax glo ale

o [ off o= i orx £ oo



Aspeizke Y2 Eg ol Hgaolel AA 2 AlNA a4 287

(1-a)ton/hr LCO2 Pump
A Exhaust
Comp.1 Cooling water Comp.2 R NG Gas
1 Ton/hr LZW 3W JL 16 LIS LNG
I -
Make uplgozli%» Tank Fuel(NG)
'*'A'J 7 \*
Intercooler Intercooler
18
Condenser
13 4 7
HPEV

L b @——t 1 L

11 9 8 17

a ton/hr BT, o= ] LNG
Dry-ice 12 By @

Separator LPEV Flash drum

Fig. 1 Schematic diagram of a liquid/solid CO, production cycle with a closed cycle gas turbine,
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Fig. 2 P-h diagram for the liquid/solid COz production cycle and T-s diagram for the gas turbine.
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Table 1 Simulation conditions for a liquid/solid CO2 production cycle with LNG cooling

Liquid/Solid CO2 cycle

Gas turbine cycle

Variables Values Variables Values
Compressor/Pump efficiency, 7¢, 7p 85% Compressor efficiency, 7¢ 85%
Condenser pressure of COz, P co, 9 bar Turbine efficiency, 7, 90%
Intermediate pressure of COz, P co, 5.5 bar Regenerator efficiency, 7, 95%
Make-up CO temperature, T4 20C Compressor inlet temperature, Tg; 150K
Separator pressure, Py, 1.03 bar Compressor inlet pressure, Pg 1.013 bar
Cooling water inlet temperature, 73, 15T Turbine inlet temperature, Ty 1,000K
Cooling water outlet temperature, 79, 25T Turbine inlet pressure, Pgy 5~45bar
LNG inlet temperature in condenser, T); | —152.7C LNG outlet temperature in 973,15 K
LNG outlet temperature in condenser, Tj3{ —50T HXcomp, Ty
LCO:2 outlet temperature in precooler, Tg| ( Ts5,—5)C|{Lower heating value of LNG, Qg |50,000k]/kg
CO:2 outlet temperature in intercooler, T3 40°C
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COyhr) as a function of a.

Table 2 Results for design parameters when a=1

CO2 cycle Gas turbine cycle
=W m m m
Variable a ml7 LNG y W pot net CO, Ny f 7 LNG 7
[ton/hr] | [ke/s] | | kV/ke) | [kW/ton/hr)] | [kg/s) | [kg/s) [kg/s) o
Value 1.0 0.3064 | 19 | 306.06 69.3 0.2265 | 0.2507E—02 | 0.6815E-~01 | 0.553
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