Journal of Hydrogen and New Energy, Vol. 35, No. 5, 2024, pp. 515~522 .IHNE
DOI: https://doi.org/10.7316/JHNE.2024.35.5.515 pISSN 1738-7264 * eISSN 2288-7407

5 TPDE +2%=IE 3F US7| HAEHE 27 R Al=2{|0|4

= = 2 3 = 2 1 1 =1 1 1 3
HEA . Q517 0|HOP - M7 Us0 - AN - 27| - UHE - oML 0|MR" - ui7 1 -
O|=ZF - o|ZEeH"

A AT PeFAL7 AN F AT, FrhshaL S5t (F)ollololdix ol

Design and Simulation of a Helium Compressor Testbed for 5 TPD
Hydrogen Liquefaction

BYEONGCHANG BYEON', HA-JUN YOON?, JUNGMIN LEE®, JUNG UNG CHOI?>, DONGMIN KIM',
MO SE KIM', GI DOCK KIM', JUNG HUN KIM', SANGYOON LEE', SEONG WOO LEE", KIYOUNG BAIK®,
CHUL-JIN LEE2 KEUN TAE LEE"

'ING & Cryogenic Technology Center, Korea Institute of Machinery and Materials, 80-140 Golden root-ro, Juchon-myeon,
Gimhae 50969, Korea

’Department of Chemical Engineering, Chung-Ang University, 84 Heukseok-ro, Dongjak-gu, Seoul 06974, Korea

3sA Engineering, 40 Sinildong-ro 67beon-gil, Daedeok-gu, Daejeon 34324, Korea

TCorresponding, author :
ktlee@kimm.re.kr Abstract >> This paper describes the design and modeling processes for a test-

_ bed developed to evaluate the performance of helium compressors, essential
Ezsz‘e’zd 3;2’;}?2:22525;4 components in a 5 TPD hydrogen liquefaction plant. The compressor operates
Accepted 11 October, 2024 under inlet of 7.0 bar and 293.1 K, and outlet of 25.9 bar and 315.1 K, and re-

sulting in a specific energy consumption of 11.42 kWh/kgLH». The testbed is de-
signed to supply gas, cooling water, and other utilities necessary for compressor
operation. Furthermore, the testbed design was validated through static model-
ing using Aspen HYSYS, which included the compressor’s performance curves,
surge protection systems, stage-wise speeds, and detailed geometries of inter-
coolers and aftercoolers. The modeled calculations showed agreement within a
5% error compared to the testbed’s design values.
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Fig. 1. Schematic diagram of He-Brayton cycle for hydrogen liquefaction
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Table 1. SEC calculation of hydrogen liquefaction plant

Item Value
He comp power 2,487 kW
Expander-1 power 56.67 kW
Expander-2 power 52.40 kW
Net power 2,377.93 kW
H, flow rate 208.3 kgLHy/h
SEC 11.42 kWh/kgLH,

Net power consumption (k W)
BC(kWh/kgLH,) =

SEC(kWh/kgLH,) LH, capacity (kgLH,/h)

_ W eomp™ DVE.\‘DamIer<k W)

" LH, capacity (kg LH,/h)
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Table 2. Specification of helium compressor under develop-
ment

Item Value
Compressor type Centrifugal (oil-less)
Working fluid Helium (gas)
Compression stage 8
Mass flow 2.2 kg/s
Inlet temperature 20C
Inlet pressure 7 bar. A
Outlet pressure 26 bar.A
Seal leakage per stage 3.5¢g/s
Tip speed 485.7 m/s
Rotation speed 37,206 rpm
Cooler 3 intercooler + 1 aftercooler
Specific power 1,184 kWh/(kg/s)
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Fig. 2. Helium compressor (left) and compressor skid package
(right)
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Table 3. Design specification of helium compressor testbed

Item Design specification
Compressor inlet pressure 9 barA
Compressor inlet temperature 18C
Mass flow rate 2.4 kg/s
Compressor outlet pressure 30 barA
Compressor outlet temperature 46C
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Fig. 4. Aspen HYSYS static modeling of a compressor testbed
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HMB  Calc  Emor(%) [HMB  Calc  Emor(%) |HMB  Calc  Eror(%)|[HMB  Calc  Emor(%)|[HMB  Calc  Emor(%) |[HMB  Calc  Eror(%) |[HMB  Cale  Emor(%)
Stream No. Unit He-1-1 &l 13 a3 4 S 6
Description K-100 BEF K100 2 K101 56 0-401 55 K102 SEF K103 S 0-402 =
Temperature rq 200 201 0% 478 46.5 0%] 756 744 0%] 420 420 0% 698 700 0% 97.1 971 0%] 420 420 0%]
Pressure [barA] 70 70 0% 85 84 RS Y] 100 %100 99 0% 119 19 0% 140 139 RS INEE) EY) 0%|
Flowrate (Total) |[kg/s] 22 22 0% 22 22 0%] 22 22 0%] 22 22 0% 22 22 0% 22 22 -1%] 22 22 -1%]
Helium kg/s] 22 22 0% 22 22 0% 22 22 0% 22 22 0% 22 22 0% 22 22 19 22 22 19
30 vol% Glycol Wikg/s] 00 00 0%| 00 00 0%) 00 00 0%| 00 00 0%| 00 00 0%| 00 00 0%) 00 00 0%|
| | | |
Mole Frac 4
Helium 1,000 1.000} 0% 1.000]  1.000) 0%| 1000 1.000] 0% 1.000] _ 1.000] 0% 1.000) 1.000} 0%  1.000]  1.000] 0% 1000 1000 0%
30 vol% Glycol Water 0.000] 0.000] D%l 0.000] 0.000| 0%] 0.000| 0.000| U%l 0.000| 0.000] D%] 0.000] 0.000] D%l 0.000] 0.000| 0%] 0.000| 0.000| 0%]
| I | | | I |

Volumetric flow ‘[m"!/h] 6913| 6913.373) 0% 6255| 6284.077] 0%] 5706| 5731.316| 0%] 5210| 5250499 -’\E‘l 4746  4785.57| -1%] 4361| 4416.881 -1%] 3743]
Density [tkg/m~3)|__1.15] 1.145606 1.26] 1260328 0% 1.38] 1381882 0% 1447 1508428 -4%|  1.66 1654975) 0% 18[_179312] 0% 21

ibility factor 1.0034| 1.003279 o 1.0037| 1.003565 0%] 1.004| 1.003858| 0%] 1.0045| 1.0049| 1.004636) 0% 1.0052) 1.0062
[€3 [0/kgK] | 5.1934] 5.192074] 0%| _51933[ 5.1918%8] 0% 51931 5191717 51931] 5191568 0% 51929 51934
Cv [kJ/kg-K] 31177 3.116836) Dﬁl 51175‘ 3.1169?8{ 0%] 3118 3.11698| 3.1184| 3.117276) )% 3.1186| 31191
Enthalpy K/kg 15298] 1524772 0%| _16748] 1662701 1%|__18198] 1807.845 1790| 1785682 %] 19324 1646.3| 1640874/ 0%
Entropy kJ/kg-K 23.88| 2548383 -7%] 23. 95‘ 25. 554349‘ -7%] 25.62304| . 23.59| 25.20755 - 22.83| 244521 B‘ -7%]|

HMB_ Calc  Emor (%) [HMB _ Calc _ Ermor(%) |[HMB  Calc  Eror (%) [HMB _ Calc _ Emor(%) |[HMB _ Calc Emor (%) [HMB
Stream No. Unit 7 8 9 Ll cl1
Description K104 561 K105 SEF 0-403 2 K-106 € K107 S
Temperature rq 69.3 69.1 0% 9638 963 0%] 420 420 0%] 676 67.9 0% 930 939 0% 420
Pressure (barA] 165|163 o193 191 1% 102|190 T 225|204 0% 260 261 0% 259
Flowrate (Total) |[kg/s] 22 22 -1%] 22 22 -1%] 22 22 -1%] 22 22 -1%] 22 22 -1%] 22
Helium kg/s] 22 22 1% 22 22 19 22 22 19 22 22 1% 22 22 1% 22
30 vol% Glycol W[kg/s] 00 00 0% 00 00 0%] 0.0 0.0 0%] 00 00 0% 00 00 0% 00
Mole Frac
Helium 1000 __1.000) 0% 1000 __1.000| 0%[ 1000 0% __1.000] __1.000] 0% __1000[ 1000 0% 1000 __1.000) 0%
30 vol% Glycol Water 0.000| 0.000] 0% 0.000] 0.000| 0%] 0.000| 0.000| 0%] 0.000| 0.000] 0% 0.000] 0.000] D%l 0.000] 0.000| 0%]
I |

Volumetric flow ‘[m“S/h] 3416] 3471.11 -2%] 3143| 3207.216| -2%] 2695| 2747.775| -2%]| 2487| 2527.095) -2%] 2310] 2339.193] -1%] 2015557 #DIV/0!
Density [tkg/m?3]] 23] 2281691 1%) 25| 2469432 %[ 291] 2882332 19 3.15[ 3.134034] 1%) 3920434] #DIV/0!

ibility factor 1.0067| 1.006411 0% 1.0072| 1.006879 0%] 1.0086| 1.008224| 0%] 1.0092| 1.008842| 0% 1.011254[ #DIV/0!
[€3 [/kgK] | 5.1931] 5191196 0%| _51928[ 5190913 0% _51935] 5191087 0%[__51931[ 5190701 0% 5190565] #DIV/0!
v [k/kg-K] | 3.1194[ 3.11793g] nﬁl 3.1196] 3.118041 09%|  3.1204] 3.118694] lﬁ| 3.1207] 3118841 0%} X ﬁl 3.11984] #DIV/0!
Enthalpy K/kg 17887] 1782631 %[ _19328] 1924317 0% 16481 1642561 %[ __1781.9] 1777.999] 0%| 19152 1913951 0% 1644811] #DIV/0!
Entropy l/kg-K 22.91] 2452955 7%| 24.6022] 2215] 2378349 79| 2223 2385445 794 2392162 | 23.13445[ #DIV/0!

D/ [calc. [emor ) [ors [calc[error e [ors [calc.[eror @) [o/s [calc. [emor @) [ors [calc Jeror o) [o/s [calc_[error 8 [ors [cale.[eror @) [o/s [calc [emor o)

Equip. No. Unit K-100 | K-101 K-102 K-103 | K-104 | K-105 K-106 | K-107
Description 1 stage 2 stage 3 stage 4 stage 5 stage 6 stage 7 stage 8 stage
Areo power kW 3190 3034 5% 3185] 3193] 0% 3180 3213] A% 3117]  3112] UE{ 3112]  3119] 0%{ 3145] 3117 1% 2017] 2980] 2%|  2000] 2991 -3%)
Rotational 37206] 37206 0%|  37206] 37206 0%| _ 37206]  37206] 0%|  37206] 37206 0%| 0183 40183 0%| 40183 40183] 0%| 40183
Isen. Efficiency 83%| 84%) 1%]  83%|  84%| 1% 83%|  83.16%| 0%] 83%| 82%| 1% 83%| 81%| 82%]  81% 1%) 80%|

Fig. 6. Static model validation - comparison of HMB data and HYSYS modeling calculations

ot

>>

ol
rr

Ho

FaAUHKI

H 35T HMb5E 2024 10



=]
tional speed, efficiency, H|¥g, AEH Fo| 5% o]y
o] @2} Aspen HYSYS ZElZo] HMB Hlo|E€ S
v A 2 "AlF A o35S

3. 8

rhu

2 =2ollA= 5 TPDH Hshpa
IR AE G=719 AsE7HE ¢
T A 2T} ofof oigt a2 A
A& 71Eskgin) 2 AR vpgoR dxy
HEs 35 SOl Jlow 5 4= 5 A
dlolelel A dlole 9] vl dAFE & A=

A3Ye o golet. & HAEHE AA AE thedt
Zro] Qokst 4= it}

1) 3HF SE9 AAeAE Y = Qe EHE
o] 34 AAV FE o FAEkstaAL sk ¢
Z719] Afeo] AU BES YulE RSk
He-Brayton cycleo|w Wl o] 552 2.2 kg/so|th ¢F
%719] - 24L 7.0 bar, 293.1 Ko &L 24L&
25.9 bar, 315.1 Kot} 9}%7]9] 48 S22 2,487 kW
olm Ns}si ZWE O] SECE 11.42 kWhikgLH, &2
EEE 9

2) 9JollAl 71&3t %%7194 N A & a7
= 45E7HE SIR
< ol&sto] =715 As Al' g 4 Qe At

ol EAEHA] ¢h= VAR =714

Ir

B HiEEs 44 9 CESS]
MlEE Q%] 08 3 7l WAL Tle 49
°F 10%

3 AR ) A8 2 e

speed 52 ‘1035}3‘1 U% intercooler @ aftercooler2]

Vol. 35, No. 5, October 2024

71 - 2

- O|HXl - 0|28 521
I

718¥8H4] 2] = Hiel "5}?13}. 9k ofujzt Aot
P&ID Y isometric DWGE 7|50 & AlA)] wlo]Za}
219} Zol, &4, ‘H , &, AAR7ER] Hhed = et
o|PA Rl ALk HIAEH =S HMB A7
H 5% ool A= yEhfigich

for

7|

H A= 2022d % 7]E]
do= :?EJLEJ}SW]E%J%%QJ PARaR-S 1:}__1-0 23
%l QHRS-2022-00155807, A8 A4 ZHE
& 4571 AAIE N H Aol Aol At

uch

.‘

II'IO

References

1. H.You, B. Choi, K. Do, T. Kim, C. Kim, M. Kim, and Y. Han,

“Analysis of Cool-down Operation of Liquid Hydrogen Tank”,

Journal of Hydrogen and New Energy, Vol. 34, No. 6, 2023,
pp- 641-649, doi: https://doi.org/10.7316/JHNE.2023.34.6.641.

2. B. Byeon, H. You, D. Kim, K. T. Lee, M. S. Kim, G. D. Kim,
J.H.Kim, S. Y. Lee, and D. Y. Koh, “Design of BOG re-lique-
faction system of 20,000 m’ liquid hydrogen carrier”, Progress
in Superconductivity and Cryogenics, Vol. 25, No. 3, 2023,
pp. 49-55, doi: https://doi.org/10.9714/psac.2023.25.3.049.

3. H.Kim, Y.]. Hong, H. Yeom, J. Park, J. Ko, S.J. Park, and S.
In, “Thermal analysis of a cold box for a hydrogen lique-
faction pilot plant with 0.5 TPD capacity”, Journal of
Hydrogen and New Energy, Vol. 31, No. 6, 2020, pp.
571-577, doi: https://doi.org/10.7316/KHNES.2020.31.6.571.

4. T.Kim, B.I. Choi, Y. S. Han, and K. H. Do, “Thermodynamic
analysis of a hydrogen liquefaction process for a hydrogen
liquefaction pilot plant with a small capacity”, Journal of
Hydrgen and New Energy, Vol. 31, No. 1, 2020, pp. 41-48,
doi: https://doi.org/10.7316/KHNES.2020.31.1.41.

5. S.Park and J. Hwang, “Analysis of droplet formation under
sloshing phenomena in liquid fuel tank”, Journal of the
Korean Society of Visualization, Vol. 21, No. 2, 2023, pp.
102-110, doi: https://doi.org/10.5407/jksv.2023.21.2.102.

6. H.J. Kim, B. H. Song, S. S. Tak, H. Y. Joe, and S. K. Kang,
“Establishing the safety of the hydrogen industry through
the revision of domestic liquefied hydrogen safety standards”.
Journal of the Korean Institute of Gas, Vol. 25, No. 6, 2021,
pp- 98-105, doi: https://doi.org/10.7842/kigas.2021.25.6.98.

7. M.J. Park, H. M. Kim, Y. J. Gu, C. H. Jeong, B. M. Kang, S.

Journal of Hydrogen and New Energy <<



522

v
v

5TPDF +AUIS UG ©57| HAEHE 97 2 NS0

W. Ha, and D. W. Jeong, “A study on fostering plan for the
hydrogen industry in Changwon City”, Journal of Hydrogen
and New Energy, Vol. 31, No. 6, 2020, pp. 509-521, doi:
https://doi.org/10.7316/KHNES.2020.31.6.509.

. Y.Biand Y. Ju, “Design and analysis of an efficient hydrogen

liquefaction process based on helium reverse Brayton cycle

B
ag
!

-~

ro
4>
loi
rr
Mo
j10a]

= VENE

integrating with steam methane reforming and liquefied
natural gas cold energy utilization”, Energy, Vol. 252, 2022,
Pp- 124047, doi: https://doi.org/10.1016/j.energy.2022.124047.

. Z.Hu,]J. Li,and H. Tan, “Helium screw compressor for 5tpd

large-scale hydrogen liquefier”, Cryogenics, Vol. 141, 2024, pp.
103890, doi: https://doi.org/10.1016/j.cryogenics.2024.103890.

H 35T HMb5E 2024 10



	5 TPD급 수소액화용 헬륨 압축기 테스트베드 설계 및 시뮬레이션
	Abstract
	1. 서론
	2. 본론
	3. 결론
	References


