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Abstract :

Xi’an Jiaotong University, Xi’an 710049, Shaanxi, China)

An integrated process for air separation and liquefaction of natural gas was presented, and based

on such an original idea a novel combined-cycle using nitrogen expansion refrigeration unit and producing

LNG in addition to nitrogen and oxygen was proposed. Process simulation and second law analysis were

performed to reveal the influence of flow rate ratio through expanders g on heat transfer temperature

difference and consequent exergy loss, and thus the optimal 8 under different operation conditions was

obtained. Hence, the change of temperature difference distribution and exergy loss in the heat exchanger

could be investigated conveniently and effectively through the principle of exergy analysis in combination

with energy composite curves. Such information is valuable for optimal design of practical cryogenic

systems.
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Fig. 1 Flowsheet of novel combined-cycle
using nitrogen expansion
1—air compressor; 2—purifier; 3—main heat exchanger;
4—distillation column; 5—sub-cooler;
6—nitrogen heat exchanger; 7——cycling compressor;

8, 9—booster; 10, 11—expansion turbine; 12—LNG storage
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Fig. 2 Heat load composite curve
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Influence of g on performance parameters

RBAM, BRI T . —& O T 2K &
Z W AFTEACAE Lo o TE KRR WAL B R 100
m’ « h "TH T, JER/MHRIEERN 2K
W, MRS AR IIR 2S5 B C R L, 2
H1.69, HEM, B8 Froan i /NEEFEZY 0. 682
kWehem?’,

9 Fontile RE M ERER . RIREKELS
FRAR WAL B A9 XS R &R o 24 K AR AT B3
Bon BEZ BN, EORH B T EE, LR 2.0, K
BRAR TR BN, TEFR ARG WA K IR IR
I 3 DAyl ] R B R R AR Ve i, BT DU TR K
BLAL 07 A 2 % 22 AR X 98 B v Ak T B 8. 2
RERA I B e, 3% R 3 A A& A
TR TR AR AT i e e V% o o S T o 8 L ] 1
B s Bop AT 38 25 1Y A0, 24 R SR O K 2k 1 i
TEER R GE 77 Az B R 70 v i 0 42 1t 25 K AR UM
. B B i R E(E .



. 2502 1k T 2 Eiid %59 &
2.5
300
12.0
250
y \ 1 1.50}
£200 | %
11.0
150 +
105
100
0
50
2.5
300 t 300 [
12.0
250 250
y X 115
\ M
EZOO 3 =200 + Q
11.0
150 ¢ 150 F
v 4 0.5
100 ¥ 100
0 10 20 30 40 50 5
O/kW
() p=1.5
5 X4 P A 1 52 i
Fig. 5 Influence of B on heat-exchange process
el 15.0 10
| 4 exergy loss
40 ¢ AT 12.5 = exergy efficiency 0.9
L] ATmin 10 51 1
v 30t a ATn E ’ 3
Ea &5 75 L 1 08 <
20 \ <
\ . il \
10.7
10 A
PR e 25} ~
2.0 \“"\ i
0 05 10 15169 20 25 0 05 10 15 20 25
Vil s
B 6 B X% $ R 25 1 5 B 7 X K e R85 1 32 i
Fig. 6 Influence of 8 on temperature differences Fig. 7 Influence of 8 on exergy loss and exergy efficiency
3 # $p TV ER A, R T SRR A
‘n T

ASCHE T M 25 23 AR % IR R AR R
AT BT LR TS AL R R AN TR S
9 LNG Mr g7 . R T &0 K il
W a . BAREREMR. ENAMTIZITRETIME. RS

[

BT AR BT IR, R VR AR B R e
e A B IR B AL I ZRHEAT T TR . Bl E
T R R K R LG 8 x4 B v A BT 2 KA R E
BURHYSE LA . DR A AR . 0 g A A T



% 10 #1 B AL wR A8 SRR A & 167 « 2503 -
0.9 Do R NERLR, X
0—FH
B . T fatx
§0.8 ettt C— Bk
ot -1 fH
é 0.7 max % KAH
= i‘\‘\- min e /ME
| HEPR S
005 05 10 151® 20 25 References
Pl 8 B X REAERI R M [1]  Finn A J. Johnson G L. Tomlinson T R. Developments in
Fig. 8 Influence of 8 on power consumption natural gas liquefaction. Hydrocarbon Processing s 1999,
78 (4): 47-56
[2] Barclay M A, et al. Thermodynamic cycle selection for
L distributed natural gas liquefaction. Adwances in Cryogenic
> Engineering , 2004, 710 (1); 75-82
“ [3] Cao Wensheng (¥ 3CPHE), Lu Xuesheng (% F ), Gu
- Anzhong (Bl % M. )., Wang Rongshun CJE 2% JIi ).
<3y Simulation of small-scale gas liquefaction flows in skid-
mounted package. Journal of Chemical Industry and
Engineering (China) (6 T 2% 4R), 2006, 57 (6):
10 1290-1295
LU L ;50/ 5?}9, 2R LU U [4] Tan Hongbo (# % ), Li Yanzhong (JF E ).
NG /M
]9 g5 R AL % R Preliminary discussion of stirling engine utilizing LNG cold
Fig. 9 g for different LNG viclds energy. Journal of Chemical Industry and Engineering
(China) (T3>, 2007, 58 (6): 1366-1370
I PGS T B KAL PGR 22 F-P I R 22 flif5A4% [5] Pu Liang (#35), Sun Shanxiu (#h3% %), Li Yanzhong
PR 22 1 o0 A S A1, TN A A RE I A . 4 (G ), Tuo Hanfei C(Jii# %), Zhao Min (& .
%ﬁm%%&i%o E{%iﬁﬁ'ﬁd\{gmﬁ%ﬂgﬁﬁ%‘ﬁ‘, Calculation and thermodynamic analysis on liquefaction
%Eufﬁl T%f&{ﬁﬁ%ﬂﬁ}ﬂﬁﬁ 14 EI"J ﬁ!} ’ﬂj{ﬁ ,Qom i Iﬁj EH- él/fl\ processes of natural gas with expanders. Journal of Xi’an
T A By 5 KSR TRAL B I XTI G 2R Jiaotons University (FESHRAETER - 2007 41 (9
1115-1118
F = % B [6] Tan Jianyu (EZEF), Wang Li (F#[), Li Suyan (%
#), Li Hongyan (ZE 47 #1), Jia Linxiang (5§ Ak #£).
Exq—Whti, kW - kg™ Optimization of natural gas liquefaction in the nitrogen two-
p——HJ1. MPa expanders cycle.  Journal of Harbin Institute of
Q— RS, kW Technology (W R Tl K % % ). 2006, 38 (3).
AQ—fh#hi, kW 370-373
qu s qe 3B BRGNS SRR, kW [7]  Gu Anzhong (JBi% ), Lu Xuesheng (%), Wang
d¢— Mot ., kW Rongshun (£ %% Ji ), Shi Yumei (& K 2). Lin
T—E, K Wensheng (bk ¢ #E). Liquefied Natural Gas Technology
AT— IR % . K GRALF RS A). Beijing: China Machine Press, 2004
Ve REBAUiE, m* « b [8] Cornelissen R L. Hirs G G. Exergy analysis of cryogenic
Ve, FREKE . m® - h! air  scparation. Energy Conversion and Management
Ve, — KK HE, m’+h! 1998, 39 (18). 1821-1826
AW — B GEk, kW » kg ! [9]  Zhang Zhiyou (3k#t#), Shi Bingsan (f13F =). Principle
w— AR R REFE, kW e hem™? and Equipment of Cryogenics (fIf 15 £ A J§ B0 15 2% ).



¢ 2504 - e T e 1 %559 &

Beijing: China Machine Press, 1986 (8): 2081-2091
[10] Li Yanzhong (JFEE), Yan Na (HE#), Tuo Hanfei (Jiii [14]  Feng X, Zhu X X. Combing pinch and exergy analysis for
# ). Small-scale gas liquefaction process using air process modifications. Applied Thermal Engineering ,
separation refrigeration unit; CN, 200610104466. 1 1997, 17 (3): 249-261
[11]  Jean-Pierre Tranier, L’ Hay-les-Roses (FR). Combined [15] Audun Aspelund. ez al. An extended pinch analysis and
air separation natural gas liquefaction plant; US, 7143606 design procedure utilizing pressure based exergy for
B2.2006-12-05 subambient cooling. Applied Thermal Engineering ,
[12] Linnhoff B. Pinch analysis—a state-of-the-art overview. 2007, 27 (16), 2633-2649
Trans. IChem. E., 1993, 71 (Part A, 9). 503-521 [16] Remeljej C W, Hoadley A F. An exergy analysis of small-
[13] Linnhoff B, Dhole V R. Shaft work targets for low- scale liquefied natural gas (LNG) liquefaction processes.
temperature process design. Chem. Eng. Sci., 1992, 47 Energy, 2006, 31. 2005-2019

ERSIAl (EMRKETE TIRE

AP Ffe2E TR CUH FD J& iy B M0l R 45 . op EAREREBE AR = 1k 2% T A58 B =900 . 1 g [
AN TE RAT I A E A AL TAT W EEAR SR . Ad JFAC, 56 BT, WIITH 6. 00 J6. WEAIL S 28-205,
E N5 CN 32-1768/S, ISSN 1673-5854, (AEW I b2 TAE) H4 58 M BRI T 45 o T e 1 19 Bp
k. EEE () (CAY WOGRBITRL, o = P4 SO8s 7 b ORI TR 27 . 0 7 8k
B AR FIRE” . “CEPS wh3Ci FIA PR S5 7 & SCle st Pl < o [ 22 R R 25 A 0 508 8 G2t 1)
AT (CAJ-CD HLa) $ATRFE T, 2 L2081,

HHIRE INERATER WA LT BOR, NAWFERMS . sk EEY Tk Tl m kR
IR 55

DHIFEE I SEBEAS S, ARG, IR . R T kR,

WIERNE W] AR A AT AR AR AR P IR Ak i TS AR AR A Y R A A e A B
b BAC2E LA AE W e A TG Pk e s KA 2F Rl s 4R AR W IR K A . AR B ba A o AT, A
WEm . e ER IR AT, R TR, AR AF AR 7 DA B A BRI R SR 7 ) S
THT 14 350 B U 58 2R .

FEEE HRME . SGRIFe. TP, Bk, BRI,

FEEWSE ETNFAYFAAET ., ATk, ol L, HFT. BBE. BT, kL. 3
B B2, . B, B, ARG NERIE . k. A, @F . B TSR AL,

WA ARARIEAG . FIRIT AR RAR DK R ) k55!

TR iE  WR)m &AT. HEEAS 28-205, B 25 HHAR. BMEm 6.00 J6, 44F 36.00 JG. J8Al H
P ) A T G B BB T 1

Hidlk: 210042 pg LT BI4 FA 16 5 AR TR TN

SRITIEIC R & EAMO B2 6 58 Be Ak ™ Ak 22 Tl ik 58 B M-S : 4301012509001028549

FAIT: LRIHRATH ARG B AL BiE: (025) 85482492  fEE: (025) 85482493

http: //www. bce. ac. cn E—mail: bce@vip. 163. com



