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Abstract - Recently, transportations using hydrogen energy is being researched for the alternative energy
of fossil fuels. To use them, processes of producing, storing and transferring are required. When carrying them
in liquid under 90 MPa pressure, it costs less than in a gas status. Thus, a hydrogen pump is necessary and in
this research we predicted the flow in the chamber using finite element methods (FEM) program ANSYS. As
a result, when the valve was opened by 3 mm, between the 1* chamber and the 2" chamber, the maximum ve-
locity was decreased to 8.111 m/s by 10.6% (without valve, 9.075 m/s). In addition, pressure was also in-
creased to 0.63 MPa by 1.6% (without valve, 0.62 MPa). When using these results, more efficient processes
would be possible in designing them in detail.
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5o ol ATH1-3]. 53] HFAAE o] &3h= S
ol & A2 B ¢FF 3 g, A w8 (Proton
Exchange Membrane, PEM) $1 571 %], PEM 7 x| &3]
A9} a4 AR Fo 2 FAE ] YT} H A
oA AE A7 & o] &l S T4 AR B
3ta] A 4skA AT}2). 3 Hlo] QU A~ E o] &=
e 9 7h2stE Yl 37, 4akAh E 2" 5
o]-83}e] 344712 (Syngas) & A= 5 St o719
= 4, o]4ke ek A, W gke} B84 (Hydrocarbon)
o] g A5 THEA HUH3].

A A FAE Ol T Y IS W A=)
A g ol A o] F& st A&eltt Iy o H e W
22 F397t 27] Wl o|F Wt ke 93
o] Ut} o] H s Y& A S8l FAE IYL
2 4= FEH R o] & s HH BV EoE0]
H| 8-S A0e 4 Q= Aol JtHe]. 53] 74 54
Ao 319 FAE AT o adk Ao] s
P e gFTlolth 5 Ao R ERE S A
B35 3 X (Reciprocating Pump), 4] 38 = (Centri-
fugal Pump), Tho]o]Z 3 9457] (Diaphragm Com-
pressor), A5 W2 =7] (Liquid-driven Com-
pressor), ] A W21 9+ 7](Tonic Liquid Compres-
sor) 5ol ATH1]. o] HA| A 2EL2 o]2LHo = 7}
228} I A B ~E Alol & A 2 H (Sealing) &8
o] g & 4 Q)

< Qiu T G55 129 Hslrh P F
A AA & FA S AAE HE3IH T o] =
A AdY Jylg AinlE o)A (Cavitation) S T & 4
= o}l B o] MAHFE F3F THS]. Shao &
2 Alpa PHazol 319k §Agshr] 8] YA H=
(Centrifugal Pump)E |43t AH5S HristdTh
[6]. 2 A3} 7hn] o] A (Cavitation) S &4 & 5 U

g
A7) WSS E25YT Seo 5 FaARA
) el F2 A, FHzoA ol T

2=

bW A7 B 39 F zholel o) o 4
o] = A3tol thgh B8 =33k A5 AEY
tH7]. Nam 5& FAZH AL FEA o W B o) 2}¢t
o o3t FEEAS FAMNH LR AT AHE
3T o] & Fall WHe] Aoty FH ol ot
%, 25H3} 55 ol &3t FFAITS F3HlE
o &3 A THSI.

B AFNA = A3 FAE FH L AT u F
83 1} W E ARSI A FFATE v =] A A
521714238 3] (SAE International)®] Fefo] wt=
o s a 0 A AL ~0.3 MPa, ~24.5K, 183l
2= AHF2bol 70 MPa 2 F7317] 918 4 2Ho)A
o] Eoj7HE 471 ~90 MPa, ~233 K2 A3
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Fig. 1. Reciprocating pump.
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Fig. 2. Liquid hydrogen pump.

7}~ 83 %] A28 E #2355 2024\ 69



7]:]

)

A -

dt

MPaE 452 % Q1A HAE WYt ol 93,

B =F A= 738484 (Finite Element Methods
(FEM)) & ©] 83 43}54 HEZ 2 & (Rod)2] € 2

T&ANE ST 23S HshaA Bk o) F 9]
S gl A E S o BN A ABFEE oA
3}, 184e] §g ol Aok SR T2 & s
9t} a8 I Aol A= 12} W (Chamber) 2} 231 A
W] 5 S S ek AshE Bl

Il. 2E RstAsN

okx] A3} 74;‘434

HIE 90 MPadll o] 2 L=

gtk 18 BE E Y Eg Q1 W-2lo] I g 3HA =,
o] & ¢13ll Fig. 2%} 7‘°1 T‘:}ﬂ] 23 *—73]"{— s =

A3HA = &

s, 124 X,HHMW 7?%‘3 f& =2 1:}/\] 232 Ash=

AE7A S FE FERENLD dA oIt S AT

21. sia HE 7
2

AN
.
. :
_ .
250°C 20°C
- I

505.0m

®

Fig. 3. Analysis results of (a) a temperature and
(b) a displacement.
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Fig. 4. (a) Hollow rod analysis model and
(b) the result.
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Table 1. Material Properties of SUS 316L (at
Room Temperature) [10]

E, Young’s Modulus 193 GPa
oy, Yield Stress 205 MPa
Poisson Ratio 0.3
35000
30000 m— Yleld Strength F1 EKN))
= = Crltical Force F2 (kN
Z 25000 Critieal Force F
£ 20000
<]
2 15000
£ 10000
@ 5000
0
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Rod Length (m)

Fig. 5. Rod strength vs. the length (L = 2.5 m).
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Fig. 6. Rod strength vs. the diameter
(Dyp = 32 mm).
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o Y T 94 D, =80 mm, W74 D, =53
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FA ymZ TG A0 7 =dr) AA X8
A= Z 9} giH ol E(gap)©l A7]3L o] Z A3 T
Aol st EZ o] 3k A4S Aol Hkgste]of
Ei3=3

a8 Hskea 39 HE 2 e AT
AL A H o7 AMSEITE AL =4
D=62mm®]3 4] LL0.3mo|Ah 1 23
AL 619 kN, HZ7A4 2 31.4 MNZ Y3th

TSk dolo} 214 A JMHA I HE B2
9] FEAT I JASHETS Al4HSFATE o] Akt AF
|5 22 ol e} A

3} 3
Ag

A7

o ox

of

F :(TyA (@))]
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o714 Fi2 575 (Yield Strength), o= 35
59 (205 MPa), A= @A A, F,= YAISHS (Critical
Force), c= 735 (°] A% 20.2), E= ©AASF, I=
Inertia, L= 2 ©] (0.3 m)°|TH11].
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B4 A QR348 A A2 gt 22
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A o] 55 AFst7] el Hsha4 319k F
2z AAY W9 A& st - WEIF gL,
H2E9 £ v = 0423 mfs, X HAHANA 50
mm A L W E o S5 Fig. 7 a4 =237 7
Az JeErATE 75 T3 f= 1.44 Hz, 3] 2=
EY AL L, =150 mmO|2E v =2L; x f=0.432
(m/s)7t Btk BAA 2 fAE B2 /M, E
S 0 =998 kg/m’, T UH-2 6 bar2 AT
FEM 3|4 ZA = Fig. 8(a)9t 2¢] H7} Sl ¢
o] Ao} £==9.075 mys, HH =2 Fig. 8(b)°ll Al
%19 0.62 MPa©] Ut}
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Fig. 7. Analysis model the chambers without a
valve.
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Fig. 8. Analysis results: (a) Flow velocity and
(b) pressure.
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Fig. 9. Analysis model of the chambers with a
valve.
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Fig. 10. Analysis results: (a) Flow velocity and
(b) pressure.
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