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[ Abstract] In order to effectively utilize LNG (liquefied natural gas) cold energy and liquefy CO, in gas turbine exhaust gas, a new
process of LNG cold energy to liquefy CO, and CO, power cycle was proposed. In this process, Reheat cycle and regenerative cycle
were added on the basis of conventional Rankine cycle, and multi-flow strand heat exchanger was set up. Chemical process simulation
software was used to simulate the process flow and sensitivity analysis of reflux temperature, interstage cooling temperature and maxi-
mum circulating temperature and pressure was carried out to obtain the best operating parameters. Exergy efficiency, specific work and
CO, liquefaction rate of the system were analyzed and calculated by exergy analysis. Exergy efficiency of exergy was 54. 16% , specific
work was 335.9 kJ/kg LNG, and CO, liquefaction rate was 0. 621 7 kg/kg LNG in a new process. The evaluation indexes of the new
process were better than those of the existing process. As for the exergic efficiency, exergic efficiency of exergic was as the highest and
the temperature of CO, after liquefied was as the constraint condition, exergic efficiency of exergic was 54.28% and specific power was
337.5 kJ /kg LNG, so the system performance was further improved.

[ Keywords] LNG cold energy utilization; liquefied CO, ; exhaust gas reflux; rankine cycle; sensitivity analysis
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Fig. 1 LNG cold energy for CO, liquefaction and CO, power cycle process flow
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2.1 BSEIEE

{6 FHAL Tast PRIk T 25 AR AT AL AR
DA, % EE S YR AT 2455, T Peng-
Robinson ( P-R) IR X F RIRTHY T4
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PIRE , BB RE BT, B IR I 4 AR
1 80% , BZRKAILFEARHLI LE R R 90% |, e ihai
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ML AE IR, E S KRR CO, /RN 21,
BB R T BT L CO, , LNG 443 FE /R 43 B0k W 46
90.38% LKt 5.37% NKE4.04% AR 0.21% , E
1 CO, 1Y = A0 5 K 120 0.518 MPa, iR JE A - 56.6
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Table 1 LNG gasification process parameters

Wi R/ C JEJi/kPa JidR/(kg-h™!)
L1 -162 150 3100
12 -161.6 1 040 3100
13 -45 1 030 3100
14 -31.93 1 020 3100
L5 -18 1010 3100
NG 14.3 1 000 3100

x2 CO,RWLIRESH

Table 2 Parameters of CO, liquefaction process

ik R/ C FEJ1/kPa iR/ (kg-h™!)
Cl 600 150 3 500
2 238 140 3500
a3 205 130 3500
C4 93.5 120 3500
cs 42 115 3500
6 42 115 1984
c7 0 105 1 984
c8 0 105 1927
9 62 246 1927
c10 9 236 1927
Cl1 69.68 540 1927
c12 21.13 530 1927
LCO, ~55.49 520 1927
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Table 3 Cycle parameters
b4 R/ C JEJ)/kPa i/ (kg-h ')
R1 -83.5 130 3 500
R2 -78.55 15 000 3 500
R3 -15.69 14 990 3 500
R4 415 14 980 3 500
R5 169.1 1100 3 500
R6 216.3 1 090 3 500
R7 70. 64 150 3 500
R8 -60.89 140 3 500

x4 IZHEESH
Table 4 Process performance parameters

F P-1 IR/kW 2.078
P2 I /kW 14.31
JE4RHL K-1 T/ kW 28.66
JESRHL K2 T/ kW 28.22
BEREHL T-1 TR /kW 231.1
BEREHL T2 T/ kW 131.4
1/ kW 289.3
/[ k- (kg LNG) ~!] 335.9
Witk /[ kg~ (kg LNG) =] 0.6217
MR/ % 54.16

2.3 MEESHITLE

TEUM TE 2K ANE T —FFI A LNG
AREMAL CO,JF Hamd IE 3R Rl i) T 2R, AR S
MTZET ERA LA R ER, 380 7 B < el i
o, RES AL AL TZHETEAN T LRE,
HRCE | LT CO, M AL Z A KT,
T AMBAERIL T A1 5 127.73% 1L T2 2
P 3.602% T T Al T A 117 17.97% , tb
T2 E41.31% ;T TEMMCRE T A 15
49.08% ,lL T2 #2455 8.97%

*5 WEIEZIH
Table 5 Comparison of existing processes

" AL
24 TZ1 TZ2 -
LNG S fbJE J1/MPa 3 1 1
LNG H FHREE/C 37.17 15 14.3
SRS IR R/ C 630 600 600
gt e 1/ MPa 15 15 15
T i/ C 630 267 415
CO, Witk#% /[ kg (kg LING) '] 0.273 0.60 0.621 7
Heh/[ k) - (kg LNG) ] 284.74 237.7 335.9
R/ % 36.33 49.70 54.16
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Fig. 2 Influence of reflux temperature on exergic

efficiency and specific power of the system
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ik CO, R4EHLAYREFE . HIEBIA S E S A 50 h
ARGy, B 1R KA A TR AR A5 1 T ¥ EN S5 UKk
FERGTE | WA SCrP i as HEX-7 G 10 R ik
0 CL AR FEAEHL K-1 FURZE L K-2 (4 3F 1R
KA HT LRI X RS FE R

TEABUE FEAEHL K2 Ak R BE 20 T, oo AR
FEZRHL K-1 A 3F 135 B2 JRASCR A L D A2 fk dn &) 3
JRs AL B TR R i AR AL U] 4 T

tE 3 af LAE Y Bl FEAR B K-1 28 R Y
AT, 2R GE ISR AN L T ER A BT T B, JRECR
i 52.87% F [ %) 52.56% , tL P 1 319.6 kJ/kg
LNG T3 317.2 kl/kg LNG, i b % 15 5 (9 38
CO, Mt %35, i1 0.611 7 kg/kg LNG #2715
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Fig. 3 Influence of compressor K-1 inlet temperature on

system exergic efficiency and specific power
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Fig. 4 Influence of compressor K-1 inlet temperature on
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SR A B EES, AN,
FR BERE N2 B0 Hok & iR ARSI, Rl A 25 S8k
IR S5 AR T B B, s M R 46 ML K2, | e ml 0,
JEZEAL K-1 B9 R EE e RS 0 CHE, R S8 BIMHRCR |
LTI CO, ARk Bl e AE (A

FEFRGEAL K-1 2 R B 0 °C B, fR 47 R 46
B K-1 3 PR EEAN AR A R AR AL K2 1 o 01 3
KAHr BB HX R m, HaE R KA s
FR

M T EEALUE R EAE 8 °C B, FE4EALE 1 i
JE AR B 0. 998 9 23 ffi— R4 A 2k A 4
BL, X FEARHLE B 5, WOR AL K-2 A3 LR A
9 CIHUh, WK S I, A APl K2 HF 1R
ORI I R G - S| W = o B B A N S N
52.95% T 4% 52.87% , bWl 321 kl/kg LNG
%) 319. 5 kJ/kg LNG,, 1 Wi — B0 4 14 J5L A R #E
RO () 7 A 2 52 M IR 1 2 4 T EL ¥ 03 B
2 S ORGP REFERS N, (515 R 48 015 i
D FEURRCR R DN, BUREZE L K2 SRR
HEWREEHR9 C,

R BE/C
K5 RAEHL K-2 7 10 RE X R GEMAR K e T B 32 )

Fig. 5 Influence of compressor K-2 inlet temperature on

system exergic efficiency and specific power
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Fig. 6 Influence of maximum cycle temperature on
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H & 6 & 7 AL BT N 96 2 i
L R 420 CHE, e 2O ARIY CO, i Bk - 57. 83
C,ZHLT CO, 1y = AH R B, AL 451 26 1% ) it
15 000 kPa i}, A1) CO, T IEE/NT 56 C |, [RFE
T = AH SRR, WAOAS SO v A0 PR S5 e 1R e vy
BUR 415 °C 5 5 = F J1HC 15 000 kPa, G Y %
o il B R A R TR 7 S A DU AEL, D B B IR
54.16% , Lk Zi°h 335. 9 kl/kg LNG, Kl 6 &7 7]
A0 A o e IR A e v TR 1 S5 ARICR I IR A G
KFR, I H 0 R e o TR 1 8 2 o R 8 O AR
LIS, b iR N 5°C , o4
29 3.75 kl/kg LNG, 5 = 7 B34 10 500 kPa, HL)
Hafn#y 1. 3 kJ/kg NG,

3.4 SHEMEK

KA S B TR AL, TR S H sk
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R R KRBT, 29 5 R Bk 2 M R BRI SR AR Ak )
20 SR Original i AAAS SN T2 AR 10 2 400k
TriiAl, LA s R sscR ok H br R R, S5 116 P00 B
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AT - 56 CHERAH KA, S RIERRECH
100 ¥R, VoAb 28 5y Bl LA Je g SR L3 6, & Ak s
SRS IEP RSN 2.1 °C, JE45 ML K2 g iR
FEW 0.3 °C A AL B CO, i ARl - 55.97
C R 0.22% , LI HN T 0. 48%

Fzo6 MULER
Table 6 Optimization results
o EER K2 Wtkco,
ik WEC W mEc O
BR 420.0 9 — —
THR 410.0 8 -56.00 —
AT 415.0 9 —55.49 54.16
LR A 417.1 8.7 -55.97 54.28

4 it

(1) ASCEH T LNG % ReH T ik CO, Flk
R T2, % T LA AT L, - S8 T
S TR, BRI T ARG AR N
54.16% , 3k 335.9 kJ/kg LNG, CO, I AL 3 Ky
0.621 7 kg/kg LNG,

(2) FETHIHT 7, WF 58 7 IR | g la) v
R B R v R R TR N T R AR
SR DI, AFF 5T 2 B L AR AN L T B 2 M)

LI E T I R AR, B A R Aa AL O IR R ) T
REAR, I 25 108 B e o ik R e o TR 0 T s T i

(3) R 5t LRI B3 Original A0 X
Xt T BRI AL, &k DAk J5 15 e i 16 30
BERAIN 2. 1 °C, R4l K-2 #F RS> 0. 3 °C L fiff
AL CO, IR EAE R - 55.97 C, MR R &
0.22% , tb U425 0. 48%
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