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Simulation study on performance of the cold storage using LNG cold energy

DONG Jiankai, HUANG Shun, LI Shuo,YAO Yang,JIANG Yigiang

(Institute of Heat Pump and Air Conditioning of Technology, Harbin Institute of Technology, Harbin 150090, China)

Abstract; To use LNG cold energy in cold storage system effectively, a new cold storage system using LNG cold
energy was designed from the perspective of cascade utilization of LNG cold energy, which achieved cascade
utilization of LNG cold energy in the LNG exchanger and the cold storage terminal. In addition, the thermodynamics
and economy performance of the system were simulated and analyzed by HYSYS, respectively. Results indicated that
COP of the cold storage system was 1.82 and the exergy efficiency was 80.2%. Besides, the exergy loss of LNG
exchanger was the largest, which constituted 79.8% of the total exergy loss in the system, and it decreased with the
LNG inlet temperature rising. Moreover, as the LNG inlet temperature and gasification pressure increased, both COP
and exergy efficiency of the cold storage system rose. The system had good economic benefits, with the payback period
of 4.77 years. It was quite obvious that LNG cold energy was a new cold energy source for cold storage system and
adding cold-storage equipment and pressure pump in LNG inlet terminal could improve COP and exergy efficiency.
Keywords: LNG; cold energy utilization; exergy loss; HYSYS; cold storage
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Fig.1 Process of cold storage system using LNG cold energy
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Tab.1 LNG components and the corresponding critical pressure

and temperature

Mo ©/% It . 71/ MPa Il LR EE/°C
CH, 88.77 4.64 -82.45
C,Hy 7.54 4.88 32.28
C4Hg 2.59 4.26 96.75
S C,Hy, 0.45 3.65 134.95
iE C,Hy, 0.56 3.80 152.05
N, 0.07 3.39 -146.96
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Fig.3 p—h diagram of cold storage system using LNG cold energy
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Tab.2  Logistic parameters of cold storage system using LNG

cold energy
- v p/ W/ 15/ i/ i
Ui
C  MPa (kg:h™") (Kikg™)  (K-(kg'K)™) (Kekg™)
LNG -100.00 7.00 2 005.0 -4 864 -9.757 740.5
NG 0.00 6.99 20050 -4353 -7.416 553.6
1 -10.60 0.28 713.7 -4 109 -11.660 333.2
2 -10.60 0.30 7137 -4 109 -11.660 333.2
3 -9.75 0.29 140.5 -2779 -6.606 156.3
4 -29.60 0.12 573.2 -4 109 -11.640 327.2
5 -=31.40 0.11 573.2 -2815 -6.291 26.4
6 52.00 0.29 573.2  -2647 -6.157 154.5
7 40.00 0.29 713.7 -2 673 -6.238 152.6
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Tab.3  Energy flow parameters of cold storage system using LNG
cold energy
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Tab.4 Exergy loss and exergy efficiency of cold storage system
using LNG cold energy and its equipment

B Ex,, . /kW Mo/ %
LNG ffe iy 68.300 84.6
x 0.008 100.0
KR 0.980 92.4
FERR2 9.900 81.0
JFEZEHL 6.500 79.1
N MK i 0.960 98.2
EX 86.600 30.2
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Fig.4 Exergy loss distribution of cold storage system using LNG

cold energy
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Fig.8 Exergy efficiency of cold storage system under different
LNG gasification pressure
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Fig.9 COP of cold storage system under different LNG gasification
pressure
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Tab.5 K, K,, K, parameter values of each equipment

B At X K, K, K,
LNG #udi2s  #HMmE/m> 46656  -0.1557 0.154 7
F(—H—%) WATFE/LW  3.3892 0.0536 0.153 8
ZERMIM2 HBGER/m? 46656 -0.1557 0.1547
FE4E AL AR /KW 26259 1.4398 -0.177 6

FAEAEALEY S AT F LR 3, HYSYS RS
HABZS AR S B BRSRARUE, (A, i g i
TR B TR, ARG SCHR[ 14 ] et R B Al 3
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MERHI 2 000 W/ (m>K) , AT LNG e fids |
KAy 1 MZEA AR 2 HAAam R 2.27 3.7 F
10.3 m?. I (17) AR A AN, W2 6.

*k6 HEHENMHEE
Tab.6 Estimated values of each equipment cost
W LNG i ®OERM R RGN
GH/ T 27.54 5.13 27.37 30.00  13.55
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