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ABSACT

In the study, the Computational Fluid Dynamics (CFD) technology has been
utilized to develop a thermal hydraulic parallel validation methodology. Since the
project implementation from April to June, the working items about data collection,
geometries model developing, mesh sensitivity test and numerical scheme selection
have been completed. The loading and transfer analysis methodology are also been
developed based on the completed working items. Finally, all findings in the project
are generalized as the guidelines for AEC SAR review committee.

Keywords: CFD, Taipower, Parallel Validation, Review Comment
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FLUENT

\ersion: 3d, pbns, sstkw (3d, pressure-based, SST k-omega)

Release: 12.0.16

Title:
Models
Model Settings
Space 3D
Time Steady
Viscous k-omega turbulence model
Heat Transfer Enabled
Solidification and Melting  Disabled
Radiation Discrete Ordinate Model
Species Transport Disabled
Coupled Dispersed Phase Disabled
Pollutants Disabled
Pollutants Disabled
Soot Disabled
Material Properties
Material: water-liquid (fluid)
Property Units Method
Density kg/m3 constant
Cp (Specific Heat) jlkg-k constant

Value(s)

998.2
4182



Thermal Conductivity w/m-k constant 0.6

Viscosity kg/m-s constant 0.001003

Molecular Weight kg/kgmol  constant 18.0152

Absorption Coefficient 1/m constant 0

Scattering Coefficient 1/m constant 0

Scattering Phase Function isotropic ~ #f

Thermal Expansion Coefficient  1/k constant 0

Refractive Index constant 1

Speed of Sound m/s none #f

Material: helium (fluid)

Property Units Method Value(s)

Density kg/m3 boussinesq
0.16249999

Cp (Specific Heat) j/kg-k constant 5193

Thermal Conductivity w/m-k constant 0.152

Viscosity kg/m-s constant
1.9900001e-05

Molecular Weight kg/kgmol  constant 4.0026002

Absorption Coefficient 1/m constant 0

Scattering Coefficient 1/m constant 0

Scattering Phase Function isotropic #f

Thermal Expansion Coefficient  1/k constant 0.00333

Refractive Index constant 1

Speed of Sound m/s none #f

Material: air (fluid)

Property Units Method Value(s)

Density kg/m3 constant 1.225

Cp (Specific Heat) jlkg-k constant 1006.43

Thermal Conductivity w/m-k constant 0.0242

Viscosity kg/m-s constant 1.7894e-05

Molecular Weight kg/kgmol  constant 28.966

Absorption Coefficient 1/m constant 0
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Scattering Coefficient
Scattering Phase Function

Thermal Expansion Coefficient  1/k

Refractive Index
Speed of Sound

Material: aluminum (solid)

Property

1/m constant 0
isotropic ~ #f
constant 0
constant 1
m/s none #f

Units Method Value(s)

Density

Cp (Specific Heat)
Thermal Conductivity
Absorption Coefficient
Scattering Coefficient
Scattering Phase Function
Refractive Index

Solver Settings

Equations
Equation

Flow

Discrete Ordinates  yes

Numerics

Numeric

kg/m3

constant 2719
jlkg-k  constant 871
w/m-k constant 202.4
1/m constant 0
1/m constant 0
isotropic ~ #f

constant 1

Solved

yes
Turbulence yes
Energy yes

Enabled

Absolute Velocity Formulation  yes

Relaxation
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Variable

Relaxation Factor

Reduction

Pressure 0.3
Density 1
Body Forces
Momentum 0.7
Turbulent Kinetic Energy 0.8
Specific Dissipation Rate 0.8
Turbulent Viscosity 1
Energy 1
Discrete Ordinates 1
Linear Solver
Solver Termination  Residual
Variable Type Criterion Tolerance
Pressure V-Cycle 0.1
X-Momentum Flexible 0.1 0.7
Y-Momentum Flexible 0.1 0.7
Z-Momentum Flexible 0.1 0.7
Turbulent Kinetic Energy Flexible 0.1 0.7
Specific Dissipation Rate  Flexible 0.1 0.7
Energy Flexible 0.1 0.7
Discrete Ordinates Flexible 0.1 0.7
Pressure-Velocity Coupling
Parameter Value
Type SIMPLEC
Skewness Correction 1
Discretization Scheme
Variable Scheme



Pressure Body Force Weighted
Momentum Second Order Upwind
Turbulent Kinetic Energy Second Order Upwind

Specific Dissipation Rate  Second Order Upwind
Energy Second Order Upwind

Discrete Ordinates Second Order Upwind

Solution Limits

Quantity Limit
Minimum Absolute Pressure 1
Maximum Absolute Pressure 5e+10
Minimum Temperature 1
Maximum Temperature 5000

Minimum Turb. Kinetic Energy le-14
Minimum Spec. Dissipation Rate  1e-20

Maximum Turb. Viscosity Ratio 100000

70



B - %= ¥ UDF (SIDE SURFACE)
#include "udf.h"

DEFINE PROFILE (hside, t, position)
{
real Tsum, Tavg, Tref, area, A[3], Ra, Length, h_value, thermal k;
face_t f;
Tsum=0;
Tref=300;
thermal _k=0.0242;
Length =5.02;
begin_f loop(f, t)
{

F_AREA(A, f, t);

Tsum+=F _T(f, t)* NV_MAG(A);

area += NV_MAG(A);
}
end_f loop(f, t)

Tavg=Tsum/area;

Ra=9.81*3.33e-3*(Tavg-Tref)*pow(Length,3)/(16.2e-6%*22.9¢-6);
begin_f loop(f, t)

{
h_value=0.13*pow(Ra,0.33333)*thermal k/Length;
F PROFILE(f, t, position)=h value;
}
end_f loop(f, t)

}
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C - # i %3 UDF (TOP SURFACE)

#include "udf.h"

DEFINE PROFILE (hside, t, position)

{

real Tsum, Tavg, Tref, area, A[3], Ra, Length, h_value, thermal k;
face_t f;

Tsum=0;

Tref=300;

thermal k=0.0242;

Length =3;

begin_f_loop(f, t)

{
F_AREA(A, f, t);
Tsum+=F _T(f, t)* NV_MAG(A);
area += NV_MAG(A);

}

end_f_loop(f, t)

Tavg=Tsum/area;
Ra=9.81%3.33¢-3*(Tavg-Tref)*pow(Length,3)/(16.2¢-6%*22.9¢-6);
begin_f_loop(f, t)

{
h_value=0.15%pow(Ra,0.33333)*thermal k/Length;
F PROFILE(f, t, position)=h_value;
}
end_f loop(f, t)

}
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D- “3l#he # %4 F UDF
#include "udf.h"

DEFINE_SOURCE(suorce BWR, c, t, dS, eqn)
{
real x[ND_NDJ;
real A, B,C, L1, L2, Active_length, f, p0O, source, height,
Power Density, Power_Per Fuel, Volume_factor;
C_CENTROID(x, c, t);
height= x[1];
p0=0.67873955;
Active_length=3.6576;
Power Per Fuel=197;
Volume_factor=0.9725/1.2;
Ll = 0.15*% Active_length;
L2= Active_length *0.8;
A = L1+p0;
C= L2+p0;
B=p0+ Active_length*0.55;
Power_Density = Power_Per_Fuel /0.06578/ Volume_factor;
1f (C> height)

{
f=1.15-(height-C)/L2;
}
else 1f (Cheight & height> B)
{

f=1.15;

else 1f (B>height & height> A)
{
F=1.2;
}
else 1f (A>height)
f=1.2-(A-height)/L1;
source = Power_Density *f;
return source;
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