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Abstract : In this study, the effects of changing the seat diameter, taper angle, and needle diameter on the flow of
high-pressure hydrogen gas inside the valve were analyzed by numerical simulation for the purpose of deriving the optimal
geometry of the hydrogen shut-off valve. Applying the real gas equation for hydrogen fluid behavior, the velocity,
temperature, and mass flow rate were analyzed, and it was found that under all conditions, the temperature at the outlet
increased according to the Joule-Thomson effect and the flow rate increased according to the pressure drop in the nozzle part.
Changing the needle diameter, and seat taper angle increased the velocity at the outlet, and increasing the seat diameter
resulted in a 4.8 K temperature difference between the inlet and outlet, based on an inlet hydrogen temperature of 233 K. The
seat diameter of 4.5 mm affected the flow performance with a 12.91% increase in mass flow rate compared to the base

geometry.

Key words : Flow characteristics(-3-5 £-4J), Hydrogen shut-off valve(<=4~ APt #1H), Hydrogen fueling protocol (<74 &
A T2 EF), Joule-Thomson effect(E-5<= A}), Mass flow rate(ZZF -7-3F), Temperature distributions(-=2- 1 5-3L)
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Table 1 Dimension variables of shut-off valve at base

condition
Description Value

Inlet diameter (mm) 11.9
Outlet diameter (mm) 12.1
Total length (mm) 150

Seat diameter (mm) 5
Volume part Needle diameter (mm) 25
Seat taper angle (°) 130

Fig. 1 Geometry of shut-off valve
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Valve needle body

Fig. 2 Geometry in shut-off valve with different spool shape

Table 2 Dimension variables of shut-off valve with different

spool shape
Valve seat Valve needle
Case Diameter Taper Diameter (mm)
(mm) angle (°)

Case 1 5 130 2
Case 1-1 5 130

Case 2 45 130 o5
Case 2-1 55 130 25

Case 3 5 140 25
Case 3-1 5 120 2:5

(a) Velocity and temperature distribution measurement plane for
shut-off valve with different spool shape

(b) Velocity and Temperature result measurement plane for
shut-off valve with different spool shape

Fig. 3 Measwrement plane of shut-off valve in analysis
result
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Table 3 Analysis boundary conditions in shut-off valve with
different spool shape

Contents Conditions
Working fluid H2
H, aposnee (K) 233
Inlet pressure (MPa) 70
Qutlet pressure (MPa) 60
AP (MPa) 10
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Fig. 4 Grid dependency result of shut-off valve at outlet

Fig. 5 Grid of shut-off valve
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(a) Measurement plane of shut-off valve
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(b) SRK-EOS density results compared to NIST density
database results

Fig. 6 Comparing of analysis result to nist density database
(Pintet = 70 MPa, Ha Temperatwe = 233 K, AP = 10 MPa)

3. 2% Y 03

31 ¥ B0 OE 75 % 9 24

Fig. 72 4 W70 w2 44 2 o8 E¥EE Y
BRI BE 2104 #2 W3 o] Zadhs 13
+Z F9dM FA% 48 Asrt HAslaL f50] 4
o, 27 YYo= WEEE F49 5] s
= A% Ao] Yelgtt ol g Tl = <18
5 e 2 AES3 F9S N7 AU E {5 5
B9 /7712l €7 999 IR E fF 55
o] HEE= Zo2 HohH) Fig 8as XF W 35
mm 77 A12] 2 mm (FE o2 197]9] S4 X & Y
EMIR1 3L, Fig. 8(b)E BE 34 210049 49 daE
UehAt) Fig. 82l 4= el A4, BE F =
AdA =ZF 999 2 AH 4= A% FA% 4
73817} wAYs AT 3L, Case 2, Case 2-1 2719 74,
718 g4 2717 vlaste] 242+ 2.19 % $71 3.95 % 7
28 Ao et o] Fig. 79 €49 #¥x= A3
£ 58, Holy 4= 2 UE AE ¥ =19 vwst
o] AEQ A ¥AL AT shdolA] B T
22 48 A3t 9 & 2o E e, o]o me}, A
E A& W7ol 2E oy Aol 838 9L 7]
= A4 QA= ddd

Vol. 33, No.2, 2025 151




FHU . 25F - AR - M
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Fig. 7 Velocity streamline and pressure distribution in
shut-off valve with different spool shape at xz plane
(Pintet = 70 MPa, Hs Temperanre = 233 K, AP =10 MPa)
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Fig. 8 Pressure result at measurement plane to the x
direction of shut-off valve (P = 70 MPa, Hs fenperanie =
233 K, &AP= 10 MPa)
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Fig. 9 Velocity distributions in shut-off valve with different
spool shape at plane 1, 2, 3 (Pinlet = 70 MPa,
H, Temperanwe = 233 K, AP = 10 MPa)
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Fig. 10 Velocity result in shut-off valve with different spool
shape at line 1, 2, 3 (Pt = 70 MPa, Ha Temperanre =
233K, AP =10 MPa)
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Fig. 11 Temperature distributions in shut-off valve with
different spool shape at plane 1, 2, 3 (Pua = 70
MP2, Ha femperanre = 233 K, AP = 10 MPa)
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Fig. 12 Temperature result in shut-off valve with different
spool shape at line 1, 2, 3 (Piuax = 70 MPa,
H Temperatre = 233 K, AP= 10 MPa)
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Fig. 13 Mass flow rate result in shut-off valve with different
spool shape at outlet (P = 70 MPa, H Temperanre =
233K, AP =10 MPa)
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