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TCorresponding author :
tamuchoi@dau.ac.kr Abstract >> During the hydrogen fueling process, hydrogen temperature inside

' the compressed tank were limited below 85°C due to the allowable pressure of
giszgzd ;;gzt;zr:z;’zgg; , tank material. The chiller system to cool compressed hydrogen used R407C,
Accepted 11 October, 2021 greenhouse gas with a high global warming potential (GWP), as a refrigerant. To

reduce greehouse gas emission, it should be replaced by refrigerant with a low
GWP. This study proposes a chiller system for fueling hydrogen with R290, con-
sisted in propane, by applying the C3 pre-cooled system use d in the LNG lique-
faction process. The proposed system consisted of hydrogen compression and
cooling sections and optimized the operating pressure through exergy analysis.
It was also compared to the exergy efficiency with the existing system at the opti-
mal operating pressure. The result showed that the optimal operating pressure
is 700 kPa in 2-stage, 840 kPa/490 kPa in 3-stage, and the exergy efficiency in-
creased by 17%.
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Fig. 1. Schematic drawing for hydrogen cooling system (a)
R407C conventional, (b) R290 2-stage, (c) R290 3-stage cycle
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Table 1. System boundary condition

H, in H; out |Cooling water in
Pressure (kPa) 5,000 | 35,000 200
Temp (°C) 25 -33 32
Component (mole %) H, H, H,O

Table 2. Equation of exergy destruction and efficiency of the
components

Exergy destruction | Exergy efficiency
[kW] [%]
Compressor | Ex;, + W— Ex,,, u
w
. . Exou
He.:at exchanges, Br, —Fr,,, t
mixer, J-T valve m out Exm
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Table 3. Compare exergy efficiency and COP of system

Conventional system| Proposal system

(parallel system) (serial system)
R-407C | R290 2-stage | 3-stage
Exergy
. 2 .1 4 .
efficiency (%) 67 68 75 78.8
Ccop 0.118 0.119 0.148 0.162

#3248 #|5% 2021 108



Hlo] oAz mhy] @ F&S vERTE A AAH|
1}7)= 580 kWolH, o] = HEX-1027} 99 kW= 7}
% A3, HEX-101 (90 kW), COM-102 (82 kW),
COM-101, CONDENSER (78 kW), MIX-101 (67 kW),
COM-202 (30 kW), COM-201 (28 kW), VLV-102
(18 kW), VLV-101 (11 kW) =02 Uepgth 5, 4
w7 AlzE H7EAde] TP 2 S &
AUtk A JEo] 7P FE M= VLV-1012
97%0¢]™, HEX-101, HEX-102 (95%), COM-202 (85%),
CONDENSER, VLV-102 (84%), MIX-101 (83%),
COM-101 (82%), COM-201, COM-102 (81%) =2
= U

Fig. 7(b)= 3-stage ¥ZAI2=¥l9] COM-202 2
COM-2039] St o] 242k A 2475121 840 kpa,
490 kpad w, A28 93 o] A By gl
a55 YeRdT] 3-stage YZHA 2B 2-stagedl] H]
3l ] dlAx] st gke] AL A gRIE 4 qlay,
A AMA] T3)= 18% 74T 477 kWolth o] 5,
HEX-103°] 61 kW= 7} =31, HEX-102 (60 kW),
COM-103 (59 kW), COM-102 (56 kW), COM-101
(55 kW), HEX-101 (36 kW), CONDENSER (31 kW),
MIX-102 (25 kW), COM-201 (21 kW), COM-203
(19 kW), COM-202 (17 kW), MIX-101 (10 kW),
VLV-103 (8 kW), VLV-101 (7 kW), VLV-102 (5 kW)
O VERITE 3-stage A SR E A4
718 Qugkr|o] n7tAdel 7HE & Ae ElE
T At} AMF] mEo] 7HY £& AHE HEX-101,
VLV-101, VLV-1022 98%0°]™, HEX-102, MIX-101
(97%), HEX-103 (96%), CONDENSER (93%), VLV-103
(91%), MIX-102 (87%), COM-203 (82%), COM-101,
COM-102 (80%), COM-201, COM-202, COM-103
(79%)5= 0= LEFST:

0] & 3l 2-stage, 3-stage YZHA| 2Bl A D gl
71¢] A=A 37} 7 2 A )
AA A28 AAss AI717] SEiM e Dalshr]
o] AN A7} Tashs 2S¢ Adrh

Table 3-> T4 SH4 WZHA|2=Hle] HA| A=

)=
78 9 COPE Yehdth A% 493} COPE 7|

Vol. 32, No. 5, October 2021

0% COM-202 % COM-2032] Fuhele] 7
83t A}, #HA eAHL T3 AL F
AL TE SRS 710 WA 2 E
R-407CE R290°.Z thA|g 79, drMz] g&2
1.3%, COP+= 1.1% 7k, & Aol A Akgh €3

pre-cooled A|2=ES 288 79~ 2-stage UIH] 3-stage

WZkA| gl o] A 2] G8-2 4.5%, COPE 9.6% 7
Seth B3 7|E AT WZAIAE gy
R290S %83 3-stage YZPAI=EIS] - AR

s1%e}

a5 17% Fedhs g1ed 4= 9l

o #N

4.3 2

B Ao A= R2902 A8} C3 pre-cooled Al
2HS A5k 4 FHA] WA LS AAE)
Stk AlQke AJ2=ELS FJ3H= gn)e] A %] s3]
2§58 HAsk] S HAseglal, Al2=E
o] AAMA| &5 vluste] tha} 22 2ES Ul
gt

o] 17% &t

2) WA 2EY] k= YA7} 2-staged 7%,
COM-2022] Fe3telo] 700 kPad wj 4 n] 7l
A o] x| #}7} 580 kW= A7} E]H, 3-stage
Al z=Elo] Z§- COM-202 2 COM-2032] Ftt ¢}
& 77} 840 kPa, 490 kPad uwll Ix1#] 3127} 477 kW
2 F Aot}

3) AF71e] Fak oheel whEh 7b pRhelAle] o
A sh] sk ol tiA4 s Anglr) o]
M| Tk Wskgo] Ak

4) HAsE A el AxH] F27} 7H

ol sk 2, dadhy] A sa)o] JF

=€
& Fu 3 Wl oe F7H4e a7k Aas
o}

N

5) R290-S Eb 7jso] i FF 2] 37l
g A7k Des

Transactions of the Korean Hydrogen and New Energy Society <<



References

1. J. Chen, Y. Fei, and Z. Wan, “The relationship between the
development of global maritime fleets and GHG emission
from shipping”, Journal of Environmental Management,
Vol. 242, 2019, pp. 31—39, doi: https:/doi.org/10.1016/
j.jenvman.2019.03.136.

2. S.Y. Kim and D. K. Choi, “Hydrogen Liquefaction and
Storage Technology and Its Application”, Korean Industrial
Chemistry News, Vol. 21, No. 3, 2018, pp. 20—28, Retrieved
from https://www.cheric.org/research/tech/periodicals/
view.php?seq=1636441).

3. D. Melideo, D. Baraldi, M. C. Galassi, R. O. Cebolla, B. A.
Iborra, and P. Moretto, “CFD model perfomance benchmark
of fast filling simulation of hydrogen tanks with pre—cooling”,
International Journal of Hydrogen Energy, Vol. 39, No. 9,
2014, pp. 4389—4395, doi: https:/doi.org/10.1016/;.jhydene.
2013.12.196.

4. J.C. Lee, N. K. Ku, J. H. Hwang, M. L. Roh, and K. Y. Lee,
“Optimal Design of Liquefaction Cycles for LNG FPSO”,
Society for Computational Design and Engineering, 2012,
pp. 214—229, Retrieved from http://www.dbpia.cokr/journal/
articleDetail?nodeld=NODE02358587).

5. F. Botticella, F. de Rossi, A. W. Mauro, G. P. Vanoli, and L.
Visito, “Multi—criteria (thermodynamic, economic and
environmental) analysis of possible design options for
residential heating split systems working with low GWP
refrigerants”, International Journal of Refrigeration, Vol.
87, 2018, pp. 131—153, doi: https:/doi.org/10.1016/ jrefrig.
2017.10.030.

6. H. Zhao, T. Yuan, J. Gao, X. Wark, and J. Yan, “Conventional
and advanced exergy analysis of parallel and series compression—
ejection hybrid refrigeration system for a household
refrigerator with R290”, Energy, Vol. 166, 2019, pp. 845—861,
doi: https://doi.org/10.1016/j.energy.2018.10.135.

7. H.Li, F. Cao, X. By, L. Wang, and X. Wang, “Performance
characteristics of R1234yf ejector—expansion refrigeration
cycle”, Applied Energy, Vol. 121, 2014, pp. 96—103, doi:

>> PHGLPANA 33 =84

https://doi.org/10.1016/j.apenergy.2014.01.079.

8. LK Lee, K. J. Tak, W. S. Lim, I. Moon, H. S. Kim, and K. G.
Choi, “Case studies for optimizing energy efficiency of pro—
pane cycle pressure levels on C3—MR Process”, Journal of
the Korean Institute of Gas, Vol. 15, No. 6, 2011, pp. 38—43,
doi: https://doi.org/10.7842/kigas.2011.15.6.038.

9. C.S.Lee, J. Y. Lee, H. J. Kim, and C. C. Park, “An exergy
analysis of refrigeration system in small—scale gas liquefaction
process’, The Society Of Air—Conditioning And Refrigerating
Enginners Of Korea, 2011, pp. 495—498, Retrieved from
http://www.dbpia.co.kr/journal/articleDetail’nodeld=N
ODE01691488).

10. H.C.Lee, J.Y.Yi C. H. Bae, J. H. Heo, and J. Y. Jeon, “The
study of comparison of cooling system for H2 discharge
station”, Transactions of the Korean hydrogen and new
energy society, Vol. 30, No. 2, 2019, pp. 163—169, doi:
https://doi.org/10.7316/KHNES.2019.30.2.163.

11. K H. Lee, K. M. Koo, C. H. Rye, and G. J. Hwang, “Study on
cooling of hydrogen gas for the pre—cooler in the hydrogen
refueling station”, Transactions of the Korean hydrogen
and new energy society, Vol. 30, No. 3, 2019, pp. 237—242,
doi: https://doi.org/10.7316/KHNES.2019.30.3.237.

12. D. Marmolejo—Correa and T. Gundersen, “A comparison
of exergy efficiency definitions with focus on low temper —
ature processes , Energy, Vol. 44, No. 1, 2012, pp. 477—489,
doi: https://doi.org/10.1016/j.energy.2012.06.001.

13. J. H. Choi, “Development of partial liquefaction system
for liquefied natural gas carrier application using exergy
analysis”, International Journal of Naval Architecture and
Ocean Engineering, Vol. 10, No. 5, 2018, pp. 609—616, doi:
https://doi.org/10.1016/j.ijnaoe.2017.11.001.

14. J.Y.Yiand C. Lee, “The aralysis on exergy loss and its reduction
methods in steam desuperheating and depressurizing process’,
The KSFM Journal of Fluid Machinery, Vol. 18, No. 6, 2015,
pp. 19—26, dai: httpy/dx.doi.org/10.5293/kfma.2015.18.6.019.

15. W.R. Cho, H. Y. Lee, B.R. Ryy, and H. K. Kang, “Design and
assessment of reliquefaction system according to boil off gas
reliquefaction rate of liquefied hydrogen carrier’, Journal
of Navigation and Port Research, Vol. 44, No. 4, 2020, pp.
283—290, doi: https:/doi.org/10.5394/KINPR.2020.44.4.283.

16. J.1. Yoon, C. H. Son, D. L. Yang, H. U. Kim, and H. S. Lee,
“Exergy analysis of R717 high—efficiency OTEC cycle”,
Journal of Advanced Marine Engineering and Technology,
Vol. 37, No. 8, 2013, pp. 829—835, doi: https:/doi.org/10.5916/
jkosme.2013.37.8.829.

#3248 #|5% 2021 108



	R290 냉매를 이용한 수소 충전소 냉각시스템 엑서지 분석 및 공정 최적화
	Abstract
	1. 서론
	2. 연구방법
	3. 결과 및 고찰
	4. 결론
	References


