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Abstract : The needle valve is advantageous for stable supply and control of hydrogen as it can finely
adjust the flow rate even within a small flow rate. And the stem is a main component of the needle valve,
and the flow control ability of the needle valve varies depending on the shape. In this study, the flow
coefficient and flow characteristics according to the change in the shape of the needle valve’s stem were
discovered by numerical analysis followed KS B 2101. Also, the load of the valve according to the shape
of the stem was predicted through the pressure difference at both ends of the valve under the hydrogen
mass flow rate of 60 g/s. Here, the length and width of the stem are expressed in terms of length (L,
length) and width (W, width) As a result, the LI0W12 model has the highest flow coefficient in the
medium opening degrees with a flow coefficient 0.789 to 1.410 and was selected as the best model. Under
the hydrogen mass flow rate of 60 g/s, the pressure difference of L8W12 was calculated to be up to 145.7
kPa and L10W12 to be up to 122.5 kPa. The lower pressure difference means L10W12 model requires less
energy for fluid transport than LEW12.
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Fig. 1 Numerical analysis model for Needle valve
followed KS B 2101
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Table 1 Model case definition named by length and
width of stem shape in Fig. 1

Case L8 L8 L8 L8 L8

Name W11 |[WI1IP5| W12 |WI2P5|W12P7
Length/ | 8mm/ | 8mn/ | 8mn/ | 8mm/ | 8mm/
Width | 1lmm |[11.5mm| 12mm |12.5mm|12.7mm

Case L10 L10 L10 L10 L10

Name W11 |[WI1IP5| W12 |WI2P5|WI12P7
Length/ | 10mm/ | 10mm/ | 10mn/ | 10mm/ | 10mm/
Width | 1lmm |[11.5mm| 12mm |12.5mm|12.7mm

Case L12 L12 L12 L12 L12

Name W11 |[WI1IP5| W12 |WI2P5|W12P7
Length/ | 12mm/ | 12mm/ | 12mm/ | 12mm/ | 12mm/
Width | 11lmm |[11.5mm| 12mm |12.5mm|12.7mm
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Fig. 2 Mesh shape for pipe (structured mesh) and

needle valve (unstructured mesh)
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Fig. 3 Unstructured grid cross section for needle
valve at 1 turn (L8WI2 (left), L10OWI2
(middle) and L12W12 (right))
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Table 2 Simulation setup for needle valve

performance evaluation

Software Ansys CFX 2022 R1
Algorithm Coupled
Tulf/?:)l(lgllce RANS Standard k - €

Scalable Wall Functions
1 atm 20C Water Liquid
100 MPa 25C Hydrogen Gas

Peng-Robinson

Wall function

Fluid

State Equation

Water Pressure Inlet
AP = 74 kPa
fnlet Mass Flow Rat
Hydrogen ass60 Og\;/s ate
Outlet Pressure Outlet (=Reference
Pressure)
Wall No Slip Condition
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Fig. 4 Shape of Flow field in needle valve (Left:

domestic

model and

prototype right:

benchmark model)
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Fig. 5 Comparison of flow coefficients according to

the openness
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6 Flow coefficients according to the stem

shape in 1 turn
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Velocity [m s™1]

Fig. 7 2D streamline and vector in 1 turn of a
needle valve at each stem length (Left: the
highest flow coefficient model and Right: the

lowest flow coefficient model)
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Table 3 Flow coefficients according to the degree

of openness in each stem shape

L8 L8 L10 L10 | L12 | LI12
WI11P5| W12 | W11 | WI2 | W11 | W12

1] 0.858 | 0.848 | 0.906 | 0.789 | 1.041 | 0.859
2| 1.246 | 1.172 | 1.186 | 1.177 | 1.249 | 1.257
3] 1.260 | 1.231 | 1.267 | 1.301 | 1.251 | 1.266
4| 1274 | 1.234 | 1.280 | 1.309 | 1.266 | 1.296
5] 1.281 | 1.235 | 1.303 | 1.325 | 1.297 | 1.307
6| 1.319 | 1.256 | 1.342 | 1.390 | 1.383 | 1.411
71 1.358 | 1.305 | 1.443 | 1.410 | 1.433 | 1.466

Turn 4 Turn 3

Turn 5

Velocity

[m s7-1]

Fig. 9 2D streamline and vector according to the
openness from turn 3 to 5 (Left: L&W12-the
lowest flow coefficient model and Right:
L10W12-the highest flow coefficient model)
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