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STUDY ON CALCULATION OF FLOW COEFFICIENT BY CFD FOR VALVE
IN NUCLEAR POWER PLANT

JH. Kim' and J.H. Lee™
'Equipment Qualification Center for Nuclear Power Plant, Korea Institute of Machinery & Materials
Technology Center for Offshore Plant Industries(TCOPT), KRISO

The valve used in nuclear power plant must be qualified but the limitation of the test facility leads to use the
numerical analysis. The flow coefficient is calculated with the consideration of the pressure, velocity and
geometry. And the flow coefficient is the important physical property which is prepared using experiment or
analysis by valve manufacturer. In this study, the analysis model was made according to ISA 75.02.01 and the
mass flow rate and pressure drop ratio was calculated. The model of the expansion factor was applied to the
simulation result and the pressure drop ratio at the start of the choked flow in the valve was found. With the
simulation result, the consideration was performed that the expansion factor is the important physical property to

the system engineer in addition to the flow coefficient.
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Table 2 Variable normalization and reference value

Variable Reference Variable
Static _pressure(p) Poo 1013250 [Pa]
Static temperature( 7) T, 288.15 [K]
Static density(p) P/ 12.222549 [kg/m’]
Velocity( U) Coo 386.290 [m/s]

Specific gas constant(y) AT, 402.7765 [J/kgK]

Constant pressure
y 1/(y—1)

specific heat(c,) 2.5 [JkeK]

Table 3 Turbulence Properties

Parameters Value(SI Unit)
Fanning friction factor(f) 0.006494
Frictional velocity(u,) 0.009555
Turbulent kinetic energy(k) 0.000304
Turbulent dissipation rate(e) 0.006357
Specific rate of dissipation(w) 20.8893
Turbulent viscosity(,) 1.3112E-06
Turbulent thermal diffusivity(c,) 1.8731E-6
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Table 4 Numerical scheme in sonicFoam

Schemes type Name Description
Second order, Gaussian
q Cell limited integration
i Gauss linear Linear interpolation
Cell limited
Divergence Gauss limited Gauss schemes
linear Second order, bounded
Gauss linear Gauss schemes
Laplacian corrected Second order, upbounded,
conservative
Time Euler First order, bounded, implicit

Table 5 Type of numerical solver in sonicFoam

Solver type Name Description
p(density) Diagonal -
p Smooth solver Tolerance : 10
Ule with sym Gauss Tolerance : 10
kle|lo Seidel smoother Tolerance : 10
PIMPLE n Outer correctors : 2
(PISO-Simple n Correctores : 1
Algorithm) n Non orthogonal correctors : 0

9.961e-01

Fig. 2 Pressure field at specified pressure drop ratio
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Fig. 4 Mass flow rate with respect to pressure drop ratio
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