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Concentration optimizations on small scale auto-cascade natural

gas liquefier using rectifying column

REN Bin, CHEN Fusheng, WANG Hui, SONG Qi, WANG Qin, XU Xiangguo, CHEN Guangming

(Institute of Refrigeration and Cryogenics . State Key Laboratory of Clean Energy Utilization .
Zhejiang University , Hangzhou 310027, Zhejiang, China)

Abstract: The unconventional natural gas is very abundant in China. Small scale natural gas liquefiers can

be effectively used for the extraction of the unconventional natural gas with a very promising future. In

this study, a small scale auto-cascade natural gas liquefier using a rectifying column was simulated by

HYSYS @,

The influence of compositions of refrigerant mixtures on the energy consumption for the

liquefaction of per unit LNG and the discharge temperature of the liquefier, was analyzed. Concentrations

of the refrigerant mixtures were optimized and the optimum concentrations for the specified operating

condition were obtained. The temperature profiles of three recuperators in the system with the optimum

concentrations were also investigated to analyze the efficiency elevation of the system.
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Fig. 1 Flowchart of auto-cascade natural gas liquefaction

system using rectifying column
A—compressor; B—condenser; C—rectifying column;
D—first recuperator; E—second recuperator;
F—third recuperator; G—evaporator;

H—vice throttle valve; K—main throttle valve

b = R s SR T A A RS T
Ve BETR ok . 1m0 O SRS G A I AR AR R A T
oAl 20 23 2 B RS TR G ) V4 7R 20 A A R A T
PR RS . DR IR AR 0B 13 AR HE A 2
Beihgm MA 3 B ar B A, FRE AR XY R
(5175 G T W L (3587 (39 A 7 N i A )
TR E A 7% R i vh 58 R R IR A i R v e A1 B2
v S AR . AR AR UGR T E A 2 3 e B RS 1
A v B0 AR A AR I PV A AL I o T A V4 5 K K
Ko BEIE S5 2 M I IR RARIR A, IRE
Ja BT AR AR UL B A . SR 1 e A v e
SV R, B e E AR AL A . 58 U
{IEEZN

2 mEER

ARSCRH HYSYS ® 3%t 3 Gt i B2 i 47 g A
8. HYSYS ® 8y — 3 ih R AR A Tl #
IR, SRt T — it E A, AR AR
LA RS . AL EE 16000 A>3 HAE H 2 40R
1500 A&y o gt . B 2 S R HYSYS © Boff
AR A 2 & KRR RS T

TEFEAT HYSYS ® BIpit&Ent, Rah i g0
Bl 193k i B 0 B LY Compressor #E3,
Valve tHe, Vo &E &0 I Cooler B, MR
4 F #4411 Distillation column A, &4 [A] 44
A U F A4 ) LNG Exchanger #3,  H 38 8 %k
ATLVATIRE . TRAGREEEG, THHRE
MRS REBREFMNT . O RS R



55 s2 )

fEMAE . KA A2 &/ R RS RS LA AL

o 171 -

LNG

2 MWWAAZSRRBAFRG M HYSYS )7 i f2
Fig. 2 HYSYS flowchart of auto-cascade natural gas

liquefaction system using rectifying column
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Table 1 Thermodynamic properties of components

in mixed refrigerants

) Boiling point Critical temperature Critical pressure
Refrigerant

/C /°C /MPa
N, —196 — 147 3.4
CH, —161.5 —82.6 4.6
C,Hy —103.8 9.2 5.0
R290 —42.1 96. 7 4. 25
R600a —11.7 134.7 3.6
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Table 2 System performance parameters with different compositions of mixed refrigerants

Composition N; CH, C, Hy R290 R600a w/kW « h kg ! Tas/C
M1 0.2 0. 25 0.15 0.15 0. 25 0. 909 147. 4
M2 0.18 0.23 0. 14 0. 14 0.31 0. 784 110. 3
M3 0.22 0. 27 0.16 0.16 0.19 1. 857 168. 4
M4 0.18 0.23 0. 14 0.22 0.23 0. 846 135.5
M5 0.22 0. 27 0.16 0. 08 0. 27 1.132 150. 8
M6 0.18 0.23 0.22 0. 14 0.23 1.075 154.1
M7 0.22 0. 27 0. 08 0.16 0. 27 1. 031 126. 8
M8 0.18 0. 31 0. 14 0. 14 0.23 1. 262 154. 5
M9 0.22 0.19 0.16 0.16 0. 27 0.929 124.2
M10 0. 26 0.23 0.14 0.14 0.23 1. 322 155. 4
M11 0. 14 0. 27 0.16 0.16 0. 27 0.708 137.2
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Table 3 System performance under different concentrations of mixed refrigerants

Composition N; CH, C, Hy R290 R600a w/kW « h e kg™! Tas/C
Y1 0. 14 0. 26 0.16 0. 17 0. 27 0.705 132. 6
Y2 0.13 0. 26 0.16 0.17 0. 28 0. 689 125.2
Y3 0.13 0. 25 0.16 0.18 0. 28 0.706 118. 6
Y4 0.12 0. 26 0.16 0.17 0. 29 0. 688 111.3
Y5 0.11 0. 26 0.16 0.17 0.3 0.671 104. 1
Y6 0.11 0. 25 0.17 0.17 0.3 0.672 107. 9
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Table 4 System performance with optimal concentration

of mixed refrigerant

LNG flow rate Overhead flow

/kg+ h™! /kW ratio

Compression power

3.00 2.018 0.6114

] PR AR ARy 2R G0 00 BRI A
L DL R GERRE XA B OCHE BRI,
K 39 Zgerh 3 A RS v Ui UK T EE B 45 4 i 1 )
fiv o HREE AT AR S B9 AL 5> S BT XA Y
[ PR A B 23 AT AR A 1 IR L 2R 2 [l R A I
ZWHMEAL 0 ML K, (HRAER 3 [l g5,
Y5 i 22 B /N T ML BRI R IR 22 . B AR B
P56 3 Il FA AR R RS IR R, Rk, i HLAR
FRARIRIX I LU X 24~ 28 48 9 e R o A 1 4 2%
EEEEREWEN, el YsS . RERIK
B ERE L M1 4F .

5 % #

A SCRPRE R L A 2 B R R G PR A
Y R 2R 43 IE FE EAT TR AR SE . BT R B TR
[F) 25 70 %k 22 G 4 MR RE A S me MR . i b R AL o0 BE
AR AR R A8 ML HE IR - /N i . {3
JE b A 2 2 S EURR LR W, T E IR R
A6 ML rp e O S BE GE S 3 [ A B BoK
Mg, HHCHI RIS s AR R R PRIE R S
M. o8 R R A 09 E 2y . (B H A 2
SRR GHURE S . AR AT 2 B 1Y
K I AR B 54 23 B9 LE 491 07 2% A ORI 2R S8 BE AL
RIRAWRT§E TR

TE5r BT 20 43 52 i i) Be il b DU PR R AL Dy
HEAGIERE 9 B AR s B AR T e p 4l 19
BCEE . JF 0BT TR IR H T R G4 S8R A DL K
[ P4 48 B RS B0 . X EE T 3 A [l B B0 I R 2y
i LW T Z B LT R G845 O P BE A B Y
JEIA

temperature profile /°C
(=]

=307(300 1000 1500 2000 2500
heat duty /kJ-h™"
(a) the first recuperator

30
vt
20 Y5NG
% MI.H
s 10f MI.L
= MING
S or o3
g :
2
3 -10
s
L
20}
g—
[
= 30

_4 A A L L
—900 500 1500 2500 3500

heat duty /kJ-h™'
(b) the second recuperator

el
£ v
2
=
g
o
o
= Y5.H
2 Y5IL
5 Y5.NG
& MT.H
E MIL
= MING

-180

0 2000 4000 6000 8000 10000

heat duty/kJ-h™
(c) the third recuperator

B3 R 3 A4S E o A
Fig. 3 Temperature profiles in three recuperators
H-—high pressure refrigerants; LL—low pressure

refrigerants; NG—natural gas

# = W A
H—— 5 R B v 541
L% s JBe il ¥ 77

LNG— L RIRR
NG— K%K
To—HXRE,C

oA, kW - he kg™!



« 174 - b T % %65 &

Qin (F #). Experimental study on a small-scale liquefied
References natural gas apparatus [J]. Journal of Zhejiang University :
Engineering Science CHi V1. K2 2= #. T2 M), 2008, 42
(11): 1973-1978
[6] Wang Qin ( F #y), Wang Jiangpu ( £ 7L 3 ). Chen
Guangming ([ Jt B3 ), Zhang Aimin (7 Z R ), Chen
Fusheng (F&% #& k). Auto-cascade gas liquefaction system
using a rectifying column [P]: CN, 102147162A. 2011
[7] Wang Qin (E£#)), Liu Rui (X]8i), Chen Fusheng ([£1&
M), Wang Jiangpu (EVTi#), Han Xiaohong (##il¥40),
Chen Guangming (% )% ). Experimental studies on an

[1] LiJianzhong ( 2= # ), Zheng Min (¥ K ), Zhang
Guosheng (3K [E4:), Yang Tao (#%#). Wang Shejiao (£
#*#0), Dong Dazhong (# K M), Wu Xiaozhi (R B,
Huo Hui (E#)., Chen Xiaoming (B&BHH). Potential and
prospects of conventional natural gas resource in China []J].
Acta Petrolei Sinca (41{1Z 41 » 2012, 33 (1) 89-99

[2] Wang Qin ( F #1), Wang Jiangpu ( T 7L #i ), Chen
Guangming (6 B), Zhang Aimin (3§ % K )., Liu Rui
(X 4% ). Auto-cascade gas liquefaction system using a
rectifying column [PJ]: CN, 1102141317 A. 2011

[3] Chen Guangming (Bf )t W), Zhang Shaozhi (3K 24 &),
Wang Jianfeng ( T 8] 1§ ), Feng Yangpu (5 i ).
Cryogenicrefrigerator [P]: CN, 2364403Y. 1999

[4] Zhang Aimin (3% ). Theoretical and experimental study

variable compositions auto-cascade refrigerator operating with
a rectifying column [ ] 1. Journal of Engineering
Thermophysics (T.REHY 4R, 2014, 35 (1) 6-9
[8] Wang Qin, Liu Rui, Wang Jiangpu, Chen Fusheng, Han
Xiaohong, Chen Guangming. An investigation of the mixed
) ) ) position in the recuperators on the performance of an auto-
on a small-scale unit for liquefying natural gas [ D ]. . . . L
cascade refrigerator operating with a rectifying column [J].

Hangzhou: Zhejiang University, 2010
Cryogenics, 2012, 52, 581-589

[5] Zhang Aimin (3¢ ), Chen Guangming (%), Wang



