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Analysis on Fluid Dynamics in the Cooling Tube
for Manufacture of Liquid Hydrogen
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Abstract >> We present a study of hydrogen liquefaction using the CFD (Computational Fluid Dynamics) program.
Liquid hydrogen has been evaluated as the best storage method because of high energy per unit mass than gas
hydrogen, but efficient hydrogen liquefaction and storage are needed in order to apply actual industrial. In this
study, we use the CFD program that apply navier-stokes equation. A hydrogen is cooled by heat transfer with
the while passing gas hydrogen through Cu tube. We change diameter and flow rate and observe a change of
the temperature and flow rate of gas hydrogen passing through Cu tube. As a result of, less flow rate and larger
diameter are confirmed that liquefaction is more well. Ultimately, When we simulate the hydrogen liquefaction
by using CFD program, and find optimum results, it is expected to contribute to the more effective and economical
aspects such as time and cost.
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Nomenclature pg : gravitational body force
: source term, g/s.em’

t :time, S E : energy, J
p  : density of gas hydrogen, g/ cm’ P : static pressure, Pa
Vo velocity of gas hydrogen, m/s ke @ effective thermal conductivity, J/m'K
T . stress tensor, g/cm2 T : temperature, K
1 turbulent momentum flux tensor, J/em’ hi : enthalpy of species i, cal/g
T Corresponding author : kkyoseon@kangwon.ac.kr ¢ diffsive o of speccs gl

P = ) oih@kist.re.kr gwon.ac. Yi : mass fraction of species i,
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R; : arrhenius molar rate of creation/destruction of

species i, mol/s
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Fig. 2 Change of gas temperature as a function of radial
distance for various axial distances
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Fig. 3 Change of axial gas velocity as a function of radial
distance for various axial distances
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Fig. 5 Comparison of gas temperature profiles for different
inner tube diameters at the axial distances of 1 and 30cm
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Fig. 6 Comparison of axial gas velocity profiles for different
inner tube diameters at the axial distances of 1 and 30cm
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>>

ot

Sk 9 AU} B

EEE R

E

o2l
1
H
rr
Ay
L

7F1em & wf 7]4)

ST} Bo ] b =
]

(Fig. 9). Wb
8] fgol A
o= ¢ gol Koj
2|7} 30 em ¢ wi=

Aart HollA 54 HOo7 A o]FsHA| Y=

25 B9l 3 2= 9lkFig. 10).

i)
>,
).

= 714

rlr
pacy
tlo
X
[-0
o
ok >
pacs
pacs
o
=)
Hx
hl

4.4 E

SaoluAL vjd) AERY W S 2
SHoR AgE A0 oA SR S
HEG AGOE Q% gt $AH o Fol
BAE HFsb] Ao FF PR g 5
o] oA ek TS WA ik Fke]
chFe A FolA sked Aol thE
WpEc B8 2 W g SN i S5
mEo] A4 Hgd 5 UL BEH Shols

i
E
T
1o
=
o
&
il
9
to
Ir
N
__)&‘
o r

‘_)‘J_J(

:Lo

b

rE

&

=

ta{l

=

£

[

i)

®

-

s

o |r o
T
o N Lo
ok L.
o,

Aol ofs mhaA W2k Ex SEslt Aol
¥ EAEE AYRE pste] LEHjolst Kot
WA Sme} SEHsp) i A Lol AL
3ol & 4 9k

HARARL RIS 0|43

c

Mo
1
5
_]>~
il
il



oleel - Btol 89l - Lpieil Qi+ 0218k - Al 307

4ol

7|

o] =F2 2015d% bR
&SR EHARE Y] A1
Y. Fedigha SEAFALEHIIE ol8sto] &

=
O AsH=] [e]
NE FsHE

E
?1_1‘
iz
2
(i
o
fu
1204

N
o

|=j
2{ d
4
ok
i
e
-

N

References

1. S. M. Acoves, F. Espinosa-Loza, Elias Ledesma-
Orozco, T. O. Ross, A. H. Weisberg, T. C. Brunner,
and O. Kircher, “High-density automotive hydrogen
storage with cryogenic capable pressure vessels”,
International Journal of Hydrogen Energy, Vol. 35,
2010, pp. 1219-1226.

2. G. Petitpas, S. M. Aceves, and M. J. Matthews,
“Para-H, to ortho-H, conversion in a full-scale

automotive cryogenic pressurized hydrogen storage
up to 345 bar”, International Journal of Hydrogen
Energy, Vol. 39, 2014, pp. 6533-6547.

. T.Das, S. C.Kweon, J. G. Chol, S. Y. Kim, and I. H.

Oh, “Spin conversion of hydrogen over LaFeOs/Al,O;3
catalysts at low temperature: Synthesis, characterization
and activity”, International Journal of the Hydrogen
Energy, Vol. 40, 2015, pp. 383-391.

. J.H. Baik, S. W. Karng, H. M. Kang, N. Garceau, S.

Y. Kim, and I. H. Oh, “Design and Operation of a
small-scale hydrogen liquefier”, Trans. of the Korean
Hydrogen and New Energy Society, Vol. 26, No. 2,
pp- 105-113.

. R. T. Tacobsen, S. G. Penoncello, and E. W. Lemmin,

“Thermodynamic properties of cryogenic fluids”,
Plenum Press, New York, 1997.

. S. Ubaid, J. Xiao, R. Zacharia, R. Chahine, and P.

Benard, “Effect of para-ortho conversion on hydrogen
storage system performance”, International Journal
of Hydrogen Energy, Vol. 39,2014, pp. 11651-11660.

. C.J. Geankoplis, “Transport Processes and Separation

Process Principles”, 4th, “Pearson education inter-
national”, U.S.A, 2003, pp. 193-209.

A26d A4E 20154 84



