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Abstract: Objective: To compare the performance of cryogenic re-
frigeration system using LNG wasted cold and ammonia cooling.
Methods: The thermodynamic and economic models of the two
systems were established by MATLAB. Under the basic parame-
ters, the working medium concentration suitable for LNG low-
temperature refrigeration system was selected, and the cold stor-
age temperature and refrigeration capacity were changed respec-
tively. The thermal economy of the two systems was compared
and analyzed. Results: With the increase of ethylene glycol con-

centration, LNG mass flow, system power consumption and cold
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storage capacity increased, COP decreased, but ethylene glycol
mass flow remained unchanged; With the increase of cold storage
temperature, the system COP increased, while the working me-
dium mass flow and power consumption decrease. Similarly, with
the increase of refrigeration capacity, the mass flow and power
consumption increase, while the COP of ammonia low-
temperature refrigeration system remained unchanged and the
COP of LNG low-temperature refrigeration system increased. In
the range of 5~20 kW, the COP of LNG low-temperature refrig-
eration system was lower than that of ammonia low-temperature
refrigeration system, and the opposite was true in the range of
20~30 kW. The comparison of economic performance showed
that the investment cost of LNG cryogenic refrigeration system
was much lower than that of ammonia cryogenic refrigeration
system, Conclusion: Under the same working conditions, the ther-
modynamic and economic performance of the low-temperature refrige-
ration system using LNG wasted cold is better than that of the tradi-
tional ammonia low-temperature refrigeration system.

Keywords: refrigeration system; LNG; ammonia; thermal per-

formance; economic performanc

H Al BN AN R v 2 58 00 RS R £ B A
TABRTERMARTRY . T ANTE R T RN T
] F A FAEIR S TR b, Mostafa ) [ 4 T R404a Fi
R-454C FEA[R) ¥ B2 #1047 A1 ¥ Z0 7K 3 B R 1 %2 20 R
FIREFE ; 88 T I 2500 ) T8 FEIY R1270.R134a 7 7
H I PE S 80 388 R0 B L B /NI A i R Mk B AT T
SEATHT 05 B B RV R AT X s X T AR LR
W94 : Choudhari 21 % L R290 FI R22 Wil ¥ 7 . 38 &
WAL RS 10~25 °C L% SRR E Jy 45 C bR 2SR
AEOG IR AT AT VE 5 BB T R OR 6] v R T &R B Y
Ty RE s ok — Ut A A R B A A 0 R R Bl 1)

93



94

RREESERE

ey N AR R BV 2R SR AL COL 1R Ry il ¥ 7047 2 8 005
SR LA B0 o 3 b i S8 30 28 4 m L
SN RE S S BRAE R, 00 i 0 A A PR BT B R R,
B UL 8 AR T R T A R SRS — WK T AT
%owtﬁﬁﬁﬁﬁlﬁﬁﬁé%ﬁ1ﬂwm%$ﬁ
ARG R GE AW ) Z A B EER

45 ¥ FR G5 KE HL R R ) PR B P A TR )

WAL KRR UNmWﬁﬁ%|E%%§&ﬁmﬁmﬂ
AT T S KT i A 7 Ak i R P R K R
BOR 2E . BEFBAR I — AR LNG &% iR % &
S5, f g r LNG IR 4 % R AR, 8 o s £ R
OB A BNR R RGNS B SR S 2R %
ARG AT AT 02 T P X B DA R AR o AR R A R
RS 25
1B
1.1 R

LNG &I H1¥% R G540 9L LNG #0398 TAE 7
TR L AN 2 4350 k1% R G ) A D S R RAR B i P—
hE,

WE L s N LNG & W A ki LNG. 7% B
FHEZE R E C WA E B D 5858 7 434, 58 1l
Wb, FHREALE W LNG /I ER ., AT EE
A D IR B AR L B G E AR R E A A s S
AR F e e HE 3 G R R H R 1 b
52 BURIE

FIH LNG 2% WA ¥ R 40 48 B 2 fros .
Hr,1->2 5 LNG ERE N A EL#,2—>3 R LNG £
I R A A e A AR L 34 O LNG FE B R A N 4

TR W B i, 56 Sy 2098 R E Ve 20 & A JAS i 55 IR
W #ad *£v6”77&ﬁtji BREENNTELRE, 78 A&
Vo )3 3k O A R I S M R A AR L 85 R B I AE

C. i 2t 45 il [
G. & H. i

A LNG &R B #
F. % 3z i
A1 # M8 LNG#&
Figure 1

D. EW%itt E. %JE

/\ é’j /ﬁ& /:ﬂl% /\ % Q}E YN ;F}:E
Flow chart of cryogenic refrigeration system

using LNG wasted cold
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Figure 2 Pressure enthalpy diagram of cryogenic refrige-

ration system using LNG wasted cold
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Table 1 Physical properties of glycol solutions with

different concentrations

CBERAES R WEES/C WE/(kgem )
52 —38 1062
60 —50 1074
80 —47 1094

1.3 RSGRIE

(1) LNG 4t Be 4l

(2) 2B F[E] b 25 0 R, RGNS
AR,

(3) Zms A 5 BT 2 8] ) 4 58 $ DU I & T
ZhBE R

(4 DAECA I8 T — 9097 0 P 1) 58 2 % EIE 36 R
ST Rt LB
2 B

FE bR F G A R 3% 1 3 RE L DA ER ) R 2
A0 BE o B, B ST LNG IR IR 4 R G BCE R,
2.1 HEEBHMW
21,1 TJREL TRELMIFERN.

Woa =ming X (hy —hy) s (@)

K.

W ——TJRE 1 I . kW;
LNG i J5 2 3t 3 kg /s 5

M LNG



&M | Vol.38, No.l

hyhy——LNG RS S 1A 2 B9 .k / ke,
2.1.2 TJRFE 2 TRE 2 FER.
W, :m].;(;XHXgXp7 (2
M
KA

W, ——TLB%H 2 IIFE . kW;
mee—— S BN RE R &  ke/s;
g——E M m/s*;

o L % E kg/m’;

o SRR, Vs

H— % 2 {#H 7, m,

2.1.3 pEEHE R LNG M2 B 4 i 110
JEs W aod AR 34 g S 0 e L B
hy = hsys (3)
he = hg, )
K.
by hy LNG ZERE A 2.3 BAS1E kI /kg;
hy ks L:%fﬁ*£78%ﬁﬁkﬂwo
2.1.4 BHZESHMAE BHUSSHABHIRKE N

TRETEVR PR Ve 1
Q = muc(hg —hs) (5)
A
Q— ¥ H

hs hs

25 A A I e R KW
L RETEARAS S 5.6 MG {E kI / kg,
2.1.5 EH¥ 4 MRiEsEESFHEHIEM,LNG E£FR NN
WA S T L AR PE Y IS R 2 T RET
m=6) R,
Q, = mnc X (hy
A
Q. — EHE XM kW
hy——LNG 7R A 4 W38 ME k) / kg,

—h) =Q W, . (6)

2.1.6 RGMREHR REMMERRBEEX(DITE:
. _ Q
(/Ul’.l‘\(} - ‘471)l +sz ’ (7)
K
Corne — RGMERER K.

F— P P ) 58 4 v )6 BRGSOk
[8]8| 830
2.2 At

LNG IR % 2 55 19 S8 % 3% C o L H 18 A
R AR L % B 2% T L BR BT 2% T LA B s AT A,

(&) Fim.
Ciowt = Cixgiinv T Cine.t T Cingenw  Cineo » - (8)
X
C o — LNG I I ¥ Z2 G0 19 B 4% 28 . 00
Cingaim— LNG IR 878 R G0 10 B4 B2 L o0

THA4Z FARURASKRE SRS HIRESGS REHEETL

C v ——LNG MG 7 4610 T FB % 90 T 5
C i LNG {37 3R 5 0 R BE 90 7
Crnao—— LNG IR 7% RS 0936 7 RA TG
SR Y% 3R 52 48 BEVE 90T Co G0 B2 45 V8 0

I BEE 901 B AT 13O B
Coowz = Cammionsiny T Cammion.t T Cammion.o » )
SN

Cronz — AMRIMBNE R LB BT L. 05

Cammionsiny %ﬁmﬁﬁé%ﬁm%&% .ot
Cammiont— AARIRHNE RGM T R TR 0
(memmog——fzaﬂiﬁmﬁﬂ¢%/\,Lﬂﬁxs4rnkﬂx,iﬁo

Ho s e .

Ciy = 2.C, s (10)

K

Cow — WHE BB 0

C.,—LNG i 1 v & 50 A2 A% 5 H %
LR T

PRI ) v 28 48 1 B 45 £ % S T 20 30 51 1 3k 2
%3,

ARG K

%2 INGRBHARZRERARARE
Table 2 Investment cost equation of LNG cryogenic

system equipment
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Table 3 Investment cost equation of ammonia cryogenic

system equipment
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Table 4 Thermodynamic parameters of LNG cryogenic

refrigeration system

24 B gl
LNG kOB £ °C —162
LNG g JE S pa MPa 0.1
LNG 4 [ ¢4 °C —50
2 T po MPa 0.5
4IRS pa MPa 0.45
JRiR S & Z B ERIR 2 A C 10
R H m 50
A2 IAEMROR 7, % 65
WRNREE T C —25

HREIIEE R, CHERELENGZAERT. R
% COP M — Bl it B FHm i B AR, BB, 2 —
i O R 11 I O AR R R T R T 48
M. B RGLL 52% 2 ZEK BB AE R .
3.2 AEBREXEKBER SRR N

¥4 1R) Ik DR 7 6% 5% 40 2 1 AR T T B AR L 3k G R )
ARG NETERE . W 3~ 5 FioR . 4% L 8 g
T B, P AR G0 00 T3 R R AR R B UE 2R A B
8. R4 M COP Fhi . HBEFRSE COP E#h, LNG {IK i il
BRERTAMBHE R

T LNG R IR 7% R 8. ¥ )i ¥ Th . 2 BT
23R HR AR HE I S 25 1, S SO B R R 2
IHAE AR A5 35 0 B A, MBS LNG 72 854 8 o 18 0 43
FAEM AT HR R R 1 R AL, COP Ft
e X TR AR NI R G B A v R T v A R Y 25
J R BE TR FE A RN AR A B B0 L 0T R L Bl 0
ANe TIAb L FE R B R T BOE R E DT AR R 46 ML
LU RRARG BRI I R 45 LB AE k)N, COP B8

[ AR 5 B 4 ) 3L BE 1 T R L NG IR IR 1 74
F G0 BRI H) 25 S AR B 2 B R o L b 39 4% 9% 9%
YUl /b I HLAE S IR 11 ¥ 3R G0 v B T 45 B A0 ik 1R 2%
FAREAR LA 9% F X 08 i, el 6 4 DL 95 2% FH 20 05 B 4%
BEBR Y 77.08 %0 BT AR AA 2R R T Mk . anlEl 6 fr
ARSHELZ T S LNG R 2R G0 B 48 % 3 e iR T &

R5 AARESBZ_ETLNGREHLESEES BT

Table 5 Comparison of performance parameters of LNG cryogenic system with different mass fraction of glycol
RS/ BRI SE/  LNG FUR R/ Yi#E/ HISE/ COP
% (kg s~ (kg+s b kW k]
52 2.23 0.051 3 7.57 31.78 3.96
60 2.23 0.051 7 7.60 31.80 3.95
80 2.23 0.052 2 7.64 31.84 3.93
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flow of working fluid in the systems
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