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Abstract >> Needle valves are instrumentation devices with quick-opening in-
herent flow characteristics, used in pipelines requiring rapid flow supply immedi-
ately upon opening the flow path. For needle valves applied in liquefied hydrogen
plants operating in cryogenic environments, it is necessary from the initial de-
sign stage to have various inherent flow characteristics in addition to quick-open-
ing, depending on the intended usage. In this study, the inherent flow character-
istics of a 1/2” liquid hydrogen needle valve were evaluated through computa-
tional fluid dynamics analysis. Disk shapes exhibiting various inherent flow char-
acteristics were proposed by deriving the flow coefficient (Cv) according to
changes in disk shapes. Among the disk shapes that directly affect the Cv, the
disk length and slope angle were selected, and case studies were conducted
with nine parameter combinations. From the results of the normalized Cv regard-
ing to opening rates, disk lengths and slope angles exhibiting quick-opening,
equal-percentage, and linear inherent flow characteristics were determined.

Key words : Computational fluid dynamics analysis(X A8 & & 5t), Flow coefficient
(B A 2), Inherent flow characteristics(11--8 2 £4), Liquid hydrogen
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Fig. 1. Three types of inherent flow characteristics
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Table 1. Results of flow coefficients regarding to opening rates

Opening rates (%) C,
100 2.75
80 2.74
60 2.70
40 1.92
20 0.60

Table 2. Boundary conditions applied to inlet and outlet at dif-
ferential pressure of 6,895 kPa

Opening rates (%)
100 | 80 60 40 20
Mass flow rates at inlet
ik 17.61 | 17.44 | 16.94 | 12.22 | 3.81
(10 29 os) 7.61 |17 6.9 3.8
Outlet pressure (atm) 1
3
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Fig. 3. Flow coefficients regarding to opening rates
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Fig. 4. Pressure and velocity distribution at the tip of disk with
an opening rate of 40%
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Table 3. Nine points of two shape parameters based on CCD

Case Length (mm) Angle (°)
1 5.7 4
2 5.7 8
3 3.084 6.828
4 2 4
5 3.084 1.172
6 5.7 0
7 8.316 1.172
8 9.4 4
9 8.316 6.828
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Fig. 7. Results of relative C, regarding to opening rate obtained
from case studies
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Table 4. Typical three inherent flow characteristics obtained
from case studies

Disk length |  Angle Inherent flow
Case ..
(mm) ©) characteristics
4 2 4 Quick opening
7 8.32 1.17 Equal percentage
9 8.32 6.83 Linear
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