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Abstract

In order to response the policy decision of non-nuclear homes, the
TPC will purpose the decommissioning project of Kuosheng Nuclear
power plant (KSNPP) to meet the regulatory requirement in near future. In
this study, the Computational Fluid Dynamics (CFD) methodology has
been employed to develop a thermal hydraulic prediction model for
KSNPP reactor with upper pool under decommissioning stage. The model
can be utilized to investigate the thermal behavior as the loaded reactor
core combined with upper pool and continuity cooling via some cooling
system. Therefore, the fuel bundle design type, ability of cooling system
will be modeled by an apposite approach. Through the efforts of the study,
an integrated simulation model will be developed for thermal hydraulic
analysis of decommissioning KSNPP pool under normal operating
condition. We expect that the model forms this study can provide a basis

for future analysis application of INER.

Keywords: CFD, KSNPP, upper pool, decay heat cooling system,

decommissioning.
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#include "udf.h"
#include "extfile.h"
#include "mem.h"
DEFINE_PROFILE(nsfpc_thi,thread, position) [*UDF1*/
{
real  flow_flux,power_flux, T_hi, T_ci;
extern real nsfpc_inlet;  /*define the temp_out is a enternal variable*/

face_tf;

nsfpc_inlet=0;
T _ci=34.2;
flow_flux=0;
power_flux=0;
begin_f_loop(f, thread)
{
flow_flux+=F_FLUX(f,thread);
power_flux+=F_FLUX(f,thread)*F_T(f,thread);
}
end_f_loop(f, thread)

if (abs(flow_flux)>0.0)

{
T_hi=power_flux/flow_flux-273.15;
nsfpc_inlet=273.15+T_hi-0.8427*(T_hi-T_ci);

}

#if IPR_HOST
begin_f_loop(f, thread)
{
flow_flux+=F_FLUX(f,thread);
power_flux+=F_FLUX(fthread)*F_T(f,thread);

}

end_f_loop(f, thread)
if (abs(flow_flux)>0.0)
{
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T_hi=power_flux/flow_flux-273.15;
nsfpc_inlet=273.15+T_hi-0.8427*(T_hi-T_ci);

}

#endif /* IPR_HOST*/
#if 'IRP_NODE
begin_f_loop(f, thread)
{
flow_flux+=F_FLUX(f,thread);
power_flux+=F_FLUX(f,thread)*F_T(f,thread);
}
end_f_loop(f, thread)

if (abs(flow_flux)>0.0)

{
T_hi=power_flux/flow_flux-273.15;
nsfpc_inlet=273.15+T_hi-0.8427*(T_hi-T_ci);

}

#endif /* IRP_NODE?*/

#if /PARALLEL
begin_f_loop(f, thread)
{
flow_flux+=F_FLUX(f,thread);
power_flux+=F_FLUX(f,thread)*F_T(f,thread);
}
end_f_loop(f, thread)

if (abs(flow_flux)>0.0)

{
T_hi=power_flux/flow_flux-273.15;
nsfpc_inlet=273.15+T_hi-0.8427*(T_hi-T_ci);

}

#endif /* IPARRLLEL™*/

} [*UDF1*/
DEFINE_PROFILE(nsfpc_tho,thread, position) [*UDF2*/
{

59



real Tin, Tfluid;
extern real nsfpc_inlet;

face_tf;

Tfluid=PRF_GRHIGH1(nsfpc_inlet);
begin_f_loop(f, thread)
{
F_PROFILE(f, thread, position) =Tfluid,;

}
end_f_loop(f, thread)

#if IPR_HOST
Tfluid=PRF_GRHIGH1(nsfpc_inlet);
begin_f_loop(f, thread)

{
F_PROFILE(f, thread, position) =Tfluid;

}
end_f_loop(f, thread)

#endif /* IPR_HOST*/

#if IRP_NODE
Tfluid=PRF_GRHIGH1(nsfpc_inlet);
begin_f_loop(f, thread)
{
F_PROFILE(f, thread, position) =Tfluid;
}

end_f_loop(f, thread)

#endif /* IRP_NODE*/

#if IPARALLEL
Tfluid=PRF_GRHIGHZ1(nsfpc_inlet);
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begin_f_loop(f, thread)
{
F_PROFILE(f, thread, position) =Tfluid;

}
end_f_loop(f, thread)

#endif /* IPARRLLEL*/
} /*UDF2*/

DEFINE_PROFILE(rhr_thi,thread, position) [*UDF3*/
{

real  flow_flux,power_flux, T_hi, T_ci;

extern real rhr_inlet;  /*define the temp_out is a enternal variable*/

face_tf;
rhr_inlet=0;
T_ci=25; [*E & S-d*/
[*base on CS1IEOC25_80F 161216 BoYan iz = # & 3f 2 e
rhr 25C*/
flow_flux=0;
power_flux=0;

begin_f_loop(f, thread)
{
flow_flux+=F_FLUX(f,thread);
power_flux+=F_FLUX(f,thread)*F_T(f,thread);
}
end_f_loop(f, thread)

if (@bs(flow_flux)>0.0)

{
T_hi=power_flux/flow_flux-273.15;
rhr_inlet=273.15+T_hi-0.27*(T_hi-T_ci);

}

#if IPR_HOST
begin_f_loop(f, thread)
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flow_flux+=F_FLUX(f,thread);
power_flux+=F_FLUX(f,thread)*F_T(f,thread);
}
end_f_loop(f, thread)
if (abs(flow_flux)>0.0)
{
T_hi=power_flux/flow_flux-273.15;
rhr_inlet=273.15+T_hi-0.27*(T_hi-T_ci);
} [*base on CSIEOC25_80F_161215 3 4r #7if ik 2. ~ 35 5L*/
#endif /* IPR_HOST*/

#if IRP_NODE
begin_f_loop(f, thread)
{
flow_flux+=F_FLUX(f thread);
power_flux+=F_FLUX(f,thread)*F_T(f,thread);
}
end_f_loop(f, thread)
if (abs(flow_flux)>0.0)
{
T_hi=power_flux/flow_flux-273.15;
rhr_inlet=273.15+T_hi-0.27*(T_hi-T_ci);
} *base on CSIEOC25_80F 161215 # 4r “7ift if 2. = 45 5%/
#endif /* IRP_NODE*/

#if IPARALLEL
begin_f_loop(f, thread)
{
flow_flux+=F_FLUX(f,thread);
power_flux+=F_FLUX(f,thread)*F_T(f,thread);
}
end_f_loop(f, thread)
if (abs(flow_flux)>0.0)
{
T_hi=power_flux/flow_flux-273.15;
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rhr_inlet=273.15+T_hi-0.27*(T_hi-T_ci);
} *base on CSIEOC25_80F 161215 3 4 #7if if 2. * 45 5%/

#endif /* IPARRLLEL*/

} /*UDF3*

DEFINE_PROFILE(rhr_tho,thread, position) [*UDF4*/
{

real Tin, Tfluid;
extern real rhr_inlet;

face_tf;

Tfluid=PRF_GRHIGH1(rhr_inlet);
begin_f_loop(f, thread)
{
F_PROFILE(f, thread, position) =Tfluid,;

}
end_f_loop(f, thread)

#if IPR_HOST
Tfluid=PRF_GRHIGH1(rhr_inlet);
begin_f_loop(f, thread)

{
F_PROFILE(f, thread, position) =Tfluid,;

}
end_f_loop(f, thread)

#endif /* IPR_HOST*/

#if IRP_NODE
Tfluid=PRF_GRHIGH1(rhr_inlet);
begin_f_loop(f, thread)
{
F_PROFILE(f, thread, position) =Tfluid,;

}
end_f_loop(f, thread)
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#endif /* IRP_NODE*/

#if IPARALLEL
Tfluid=PRF_GRHIGH1(rhr_inlet);
begin_f_loop(f, thread)

{

F_PROFILE(f, thread, position) =Tfluid,;

}

end_f_loop(f, thread)
#endif /* IPARRLLEL™*/
} [*UDF4*/
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/* Viscous Resistance Profile UDF in a Porous Zone that utilizes F_PROFILE*/
#include "udf.h"

DEFINE_PROFILE(friction_factor ATRIUM_10,t,i)
{

real x[ND_ND];

real a,Dh;

cell_tc;

Dh=12.3225E-3; /* Hydrolic Diameter*/

#if IPR_HOST
begin_c_loop(c,t)
{
a=sqrt(C_U(c, t)*C_U(c, t)+C_V(c, t)*C_V(c, t)+C_W(c, t)*C_W(c, 1));
F_PROFILE(c,t,i) = 0.1015*pow(a*C_R(c,t)*Dh/C_MU_L(c,t),0.8)/Dh/Dh*1.7812096*2;
}

end_c_loop(c,t)

#endif /* IPR_HOST*/
#if IRP_NODE

begin_c_loop(c,t)

{

a=sqrt(C_U(c, t)*C_U(c, t)+C_V(c, )*C_V(c, t)+C_W(c, t)*C_W(c, t));
F_PROFILE(c,t,i) = 0.1015*pow(a*C_R(c,t)*Dh/C_MU_L(c,t),0.8)/Dh/Dh*1.7812096*2;
}
end_c_loop(c,t)

#endif /* IRP_NODE*/

#if IPARALLEL
begin_c_loop(c,t)
{
a=sqrt(C_U(c, t)*C_U(c, t)+C_V(c, t)*C_V(c, t)+C_W(c, t)*C_W(c, t));
F_PROFILE(c,t,i) = 0.1015*pow(a*C_R(c,t)*Dh/C_MU_L (c,t),0.8)/Dh/Dh*1.7812096*2;
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}
end_c_loop(c,t)

#endif /* IPARRLLEL™*/

DEFINE_PROFILE(friction_factor_LAM.,t,i)
{

real x[ND_ND];

real a,Dh;

cell_tc;

Dh=12.3225E-3; /* Hydrolic Diameter*/

#if IPR_HOST
begin_c_loop(c,t)
{
F_PROFILE(c,t,i) = 32./Dh/Dh/1.7812096*2;

}

end_c_loop(c,t)

#endif /* IPR_HOST*/
#if IRP_NODE
begin_c_loop(c,t)
{
F_PROFILE(c,t,i) = 32./Dh/Dh/1.7812096*2;

}

end_c_loop(c,t)

#endif /* IRP_NODE*/

#if IPARALLEL
begin_c_loop(c,t)
{
F_PROFILE(c,t,i) = 32./Dh/Dh/1.7812096*2;

}

end_c_loop(c,t)
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#endif /* IPARRLLEL™*/

DEFINE_PROFILE(K_LTP_C.t,i)
{

real XIND_NDJ;

real a,Dh;

cell_tc;

Dh=12.3225E-3; /* Hydrolic Diameter*/

#if IPR_HOST
begin_c_loop(c,t)
{
a=sqrt(C_U(c, t)*C_U(c, t)+C_V(c, t)*C_V(c, t)+C_W(c, t)*C_W(c, 1));
F_PROFILE(c,t,i) =
(21.47+168.1*pow(a*C_R(c,t)*Dh/C_MU_L(c,t),-0.546))/2.301875*1.7812096*1.7812096*2;
}

end_c_loop(c,t)

#endif /* IPR_HOST*/
#if IRP_NODE

begin_c_loop(c,t)

{

a=sqrt(C_U(c, t)*C_U(c, t)+C_V(c, t)*C_V(c, t)+C_W(c, t)*C_W(c, t));
F_PROFILE(c,t,i) =

(21.47+168.1*pow(a*C_R(c,t)*Dh/C_MU_L(c,t),-0.546))/2.301875*1.7812096*1.7812096*2;

}

end_c_loop(c,t)

#endif /* IRP_NODE*/

#if IPARALLEL
begin_c_loop(c,t)
{
a=sqrt(C_U(c, t)*C_U(c, t)+C_V(c, t)*C_V(c, t)+C_W(c, t)*C_W(c, t));
F_PROFILE(c,t,i) =
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(21.47+168.1*pow(a*C_R(c,t)*Dh/C_MU_L(c,t),-0.546))/2.301875*1.7812096*1.7812096*2;
}
end_c_loop(c,t)

#endif /* IPARRLLEL™*/

}
DEFINE_PROFILE(K_LTP_P,t,i)
{

real x[ND_ND];

real a,Dh;

cell_tc;

Dh=12.3225E-3; /* Hydrolic Diameter*/

#if IPR_HOST
begin_c_loop(c,t)
{
a=sqrt(C_U(c, t)*C_U(c, t)+C_V(c, t)*C_V(c, t)+C_W(c, t)*C_W(c, 1));
F_PROFILE(c,t,i) =
(156.9+168.1*pow(a*C_R(c,t)*Dh/C_MU_L(c,t),-0.546))/2.301875*1.7812096*1.7812096*2;
}

end_c_loop(c,t)

#endif /* IPR_HOST*/
#if IRP_NODE

begin_c_loop(c,t)

{

a=sqrt(C_U(c, t)*C_U(c, t)+C_V(c, )*C_V(c, t)+C_W(c, t)*C_W(c, t));
F_PROFILE(c t,i) =

(156.9+168.1*pow(a*C_R(c,t)*Dh/C_MU_L(c,t),-0.546))/2.301875*1.7812096*1.7812096*2;

}

end_c_loop(c,t)

#endif /* IRP_NODE*/

#if IPARALLEL
begin_c_loop(c,t)
{
a=sqrt(C_U(c, t)*C_U(c, t)+C_V(c, )*C_V(c, t)+C_W(c, t)*C_W(c, t));
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F_PROFILE(c,t,i) =
(156.9+168.1*pow(a*C_R(c,t)*Dh/C_MU_L(c,t),-0.546))/2.301875*1.7812096*1.7812096*2;
}
end_c_loop(c,t)
#endif /* IPARRLLEL™*/
}

DEFINE_PROFILE(K_FUEL,t,i)
{
real x[ND_ND];
real a,Dh,Re;
cell_tc;
Dh=12.3225E-3; /* Hydrolic Diameter*/
#if IPR_HOST
begin_c_loop(c,t)
{
Re=sqgrt(C_U(c, t)*C_U(c, t)+C_V(c, t)*C_V(c, t)+C_W(c, t)*C_W(c, t))*C_R(c,t)*Dh/C_MU_L(c,1);
F_PROFILE(c,t,i) =
((0.620*4+0.4646*2)+(108.6*pow(Re,-0.58)*4+2.196*pow(Re,-0.084)+235.7*pow(Re,-0.686)*2))/4.3625
77*1.7812*1.7812096*2;
}

end_c_loop(c,t)

#endif /* IPR_HOST*/
#if IRP_NODE
begin_c_loop(c,t)
{
Re=sgrt(C_U(c, t)*C_U(c, t)+C_V(c, t)*C_V(c, t)+C_W(c, t)*C_W(c, t))*C_R(c,t)*Dh/C_MU_L(c,1);
F_PROFILE(c t,i) =
((0.620*4+0.4646*2)+(108.6*pow(Re,-0.58)*4+2.196*pow(Re,-0.084)+235.7*pow(Re,-0.686)*2))/4.3625
77*1.7812*1.7812096*2;
}
end_c_loop(c,t)
#endif /* IRP_NODE*/
#if IPARALLEL
begin_c_loop(c,t)
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{

Re=sqgrt(C_U(c, t)*C_U(c, t)+C_V(c, t)*C_V(c, t)+C_W(c, t)*C_W(c, t))*C_R(c,t)*Dh/C_MU_L(c,t);
F_PROFILE(c,t,i) =

((0.620*4+0.4646*2)+(108.6*pow(Re,-0.58)*4+2.196*pow(Re,-0.084)+235.7*pow(Re,-0.686)*2))/4.3625
77*1.7812*1.7812096*2;

}

end_c_loop(c,t)
#endif /* IPARRLLEL™*/

}
DEFINE_PROFILE(K_UTP,t,i)

{
real x[ND_ND];
real a,Dh,Re;
cell_tc;
Dh=12.3225E-3; /* Hydrolic Diameter*/
#if IPR_HOST
begin_c_loop(c,t)
{
Re=sqgrt(C_U(c, t)*C_U(c, t)+C_V(c, t)*C_V(c, t)+C_W(c, t)*C_W(c, t))*C_R(c,t)*Dh/C_MU_L(c,1);
F_PROFILE(c,t,i) = (-9.68+9.526*pow(Re,0.0046))/0.64389*1.7812*1.7812096*2;
}

end_c_loop(c,t)

#endif /* IPR_HOST*/
#if IRP_NODE
begin_c_loop(c,t)
{
Re=sqgrt(C_U(c, t)*C_U(c, t)+C_V(c, t)*C_V(c, t)+C_W(c, t)*C_W(c, t))*C_R(c,t)*Dh/C_MU_L(c,1);
F_PROFILE(c,t,i) = (-9.68+9.526*pow(Re,0.0046))/0.64389*1.7812*1.7812096*2;
}
end_c_loop(c,t)
#endif /* IRP_NODE*/
#if IPARALLEL
begin_c_loop(c,t)
{
Re=sqgrt(C_U(c, t)*C_U(c, t)+C_V(c, t)*C_V(c, t)+C_W(c, t)*C_W(c, t))*C_R(c,t)*Dh/C_MU_L(c,1);
F_PROFILE(c,t,i) = (-9.68+9.526*pow(Re,0.0046))/0.64389*1.7812*1.7812096*2;
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}

end_c_loop(c,t)
#endif /* '/PARRLLEL*/
}
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