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Abstract : The purpose of this study is to propose a design with optimal performance to prevent the decrease in flow rate and
differential pressure performance due to the application of a hydrogen shut-off valve to a hydrogen storage system. A 3D
CFD analysis was performed by applying the changed geometry and opening rate of the shut-off valve internal flow path. A
valve flow experiment using N, was conducted for basic analysis, and the experimental results and basic analysis results were
compared. As the experimental results of setting the inlet and outlet pressures to be the same for both H, and N, the volume
flow rate and velocity of H, were 3.75 times higher than those of N,. In addition, the flow rate increased by 1 %, the pressure
decreased by 1 %, and the turbulent kinetic energy decreased by 18 % in the 3-1 condition in which the diameter of the valve
needle was reduced to 1 mm. It is determined that condition 3-1 will improve flow performance and reduce vibration and

noise.
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: turbulent kinetic energy, m%/s
: turbulent dissipation rate, m%/s’
u, :turbulent viscosity, m/s
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Fig. 1 Schematic diagram of valve flow test

Table 1 Specification of MFC (EL-FLOW Select F-113AC)

Item Description Specification
Material (wetted parts) Stainless steel 316 L
Mechanical N
Pressure rating (MPa) 10
parts
Ingress protection 1P40
Flow range Max. 4~200
(based on N, . g 60
LNPM) Min. ~ 1,600
RD +0.5
Measurement | 5 ceuracy (%)
/control FS +0.1
system Repeatability (%0) <0.2%RD
Operating temperature (°C) -10~70
Leak integrity, outboard <2x10°
(Mbar, I/s He)

& AH&-ste] g8t

AeFF-A| o] 7]= Table 1S B3l <18 5 %
BronkhorstA}2] EL-FLOW Select F-113AC E. 28 A-8-5}
ko] BEle HA4 V|AE V|F o2 H A 0 MPao &
2] o] A] 4 ~ 200 Ly/min, # t 10 MPa2] 32el| 4] 8 ~ 1600
Ly/min AFo] €] F&-8 sl 54 7Fs3sh, A8 7t
& 22 F -10°C(263.15 K) ~ 70 °C(343.15 K)°] th.

22 A8 A
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HeH 208 YeERQITE WH Q1 132 3.23 MPa,
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Table 2 Experimental conditions for shut-off valve

Test Valve flow test

Test | Opening Inlet pressure | Temperature
Conditions | fluid | rate (%) (MPa) X)

N> 100 3.23 293
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Table 3 Simulation conditions

Contents Conditions
Material Nitrogen (N,), Hydrogen (Hz)
Initial temperature (K) 233,293
Inlet pressure (MPa) 323
Outlet pressure (MPa) 2.36

Table 4 Working fluid properties

Properties Nitrogen (N,) | Hydrogen (H>)
Density (kg/m’, @ 20 °C) 1.138 0.08189
Specific gravity (-, @20 °C) 0.967 0.07
Specific heat (J/kg - K) 1,040.67 14,283
Thermal conductivity (W/m - K) 0.0242 0.1672
Viscosity (kg/m * s) 1.663%107 8.411x10°

S0mm

19.391mm

(a) Base case geometry

Valve seat

Valve needle

Step height

Curvature Valve diameter Taper angle
deg

(b) Section of comparison cases

Fig. 2 Geometry of valve flow path

Table 5 Comparison case conditions of shut-off valve

Valve seat Valve needle
Step height | Curvature | Diameter | Taper angle
Case No.
(mm) (mm) (mm) (deg)
-1 | 12 [ 2-1 | 2-2 | 3-1 | 32 | 4-1 | 42
Conditions | 1.0 | 2.0 | 0.1 | 0.5 | 1.0 | 5.0 | 110 | 150
Base case 1.5 0.3 3.0 130
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Fig. 3 Grid dependency result of shut-off valve

Fig. 4 Mesh of shut-off valve

Table 6 Mesh size for grid dependency test

Mesh size (mm) Cy coefficient (-)
. Inlet & Outlet pipe 0.15
Size 1 - 0.149
Operating part 0.1
. Inlet & Outlet pipe 0.16
Size 2 - 0.158
Operating part 0.12
Inlet & Outlet pipe 0.2
Size 3 0.160
Operating part 0.15
. Inlet & Outlet pipe 0.22
Size 4 - 0.172
Operating part 0.26
. Inlet & Outlet pipe 0.25
Size 5 - 0.187
Operating part 0.3
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