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ABSTRACT

The goal of study is to investigate the thermal hydraulic behavior of Kuosheng
dry storage system during the design lifetime. A computational fluid dynamics
(CFD) technology has been employed to develop a useful analysis method for this
study, which can not only be used to evaluate the thermal behavior but also to
examine the stress corrosion crack (SCC) induce by the deliquescence Chloride on
the TSC. Through hard work in this year, the model developing, parameters
sensitivity test, thermal and SCC analysis and internal flow investigation works
have been completed by the research team on schedule. The result shows that the
influence induced by the fuel pattern is the major parameter o for the thermal
behavior of KSDSS. For this reason, a central peak and uniformed pattern are
selected for the investigating during the design lifetime of KSDSS. The result also
indicates that the active energy and possibility of the SCC have reversed
relationship to the temperature distribution on the TSC shell. For this reason, the
TSC shell will not easily occurred in the design lifetime because the entrainment
mechanism will be limited by the droplet size and the complex geometries of the
air-channel, which means that the realistic Chloride deposition rate will reasonable
lower than the result from open-air test.

Keywords : KSDSS, TSC, SCC, design lifetime
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FTEATEFRN T AN A PRSI FT LD TR A AR ET
¥
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2 2 (K)
300 400 500 600 700 800
DENSITY | 1625 | 0.1219 | 0.09754 0.06969
(Kg/m®)
Cp
(KK 5193
Viscosity 1.99e-5 |243e-5 |2.83e-5 |3.20e5 |350e-5 |3.82-5
(N-s/ m)
Thermal
Conductivity | 0.152 0.187 0.220 0.252 0.278 0.304
(W/m-K)

3 ZF RGBT

2 A (K)
300 400 500 600 700 800
DENSITY 111614 | 08711 | 06964 |05804 |04975 |0.4354
(Kg/m®)
Cp
(IKg-K) 1007 1014 1030 1051 1075 1099
VISCOSItY | 1 4505 | 2.301e-5 | 2.701e-5 | 3.058¢-5 | 3.388¢-5 | 3.698e-5
((N-s/ m?)
Thermal
Conductivity | 0.0263 | 0.0338 | 0.0407 |0.0469 |0.0524 |0.0573
(W/m-K)
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FET AL AT EFROTET R wgt & Y fif]&%?ﬁ?%;{% AT 20 R IE
Yo & AR~ P A B TP B EEE N ZEE B TREDL B
vl BB T ies ) T B D2 MR AT & o
% 4 7 445 (304 2 304L)# & 44
gt E (K
£O0 # = o
296.72 352.27 463.38 546.72 657.83
Conductivity (W/m-K) 15.05 16.09 18.00 19.21 20.76
Density (Kg/m”3) 8016.37 |7994.22 [7949.93 |7908.41 |7858.59
Specific Heat (J/Kg-K) 483.98 503.24 533.38 550.13 567.30
Emissivity 0.36

% 5 B 4w (A-36 ~ A-533 2 SA-588)4t 1 4 14

T T

i B (K)

296.72|352.27 |463.38

518.94

630.05|685.60

Conductivity (W/m-K)

41.36 |41.59 [41.88

41.01

38.77 |37.54

Density (Kg/m”"3) 7861.36
Specific Heat (J/Kg-K)|473.10
Emissivity 0.8
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L6 4B R B

i & (K)
E NS S
371.45 |477.55 |578.15 |605.35
Conductivity (W/m-K) 133.87 [31.69 [25.12 |20.93
Density (Kg/m°) 11380
Specific Heat (J/Kg-K) 125 60
Emissivity 0.28
% 7148 & £(6061-T651)%: ¥ £+
& B (K
BB B — o
352.27 |407.83 |463.38 |518.94 |574.49 |657.83
Conductivity (W/m-K) 171.30 |174.00 |176.28 |176.28 |176.28 |176.28
Specific Heat (J/Kg-K) 962.94
Emissivity 0.22
* 8&f eI
i E (K)
B M
392 572 752 932
Conductivity (W/m-K) 14.33 15.16 16.61 18.06
Density (Kg/m®) 6560.36
Specific Heat (J/Kg-K) 301.44 309.82 318.19 330.75
Emissivity 0.75
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09 w4 (U0 41

phA E (K)
OB oF oM
296.72  1383.94 |508.94 [633.94 | 758.94
Conductivity (W/m-K) 7.89 7.20 5.75 4.90 4.40
Density(Kg/m’) 1578 |1716  |1855  |1965  |2021
Specific Heat (J/Kg-K) 1658
Emissivity 0.85
£ 10 JRE2 RGeS
A i (K)
EIE S
296.72 352.27 407.83
Conductivity (W/m-K) 1.89 1.85 1.79
Density (Kg/m®) 2243
Specific Heat (J/Kg-K) 837.4
Emissivity 0.9
Absorptivity 0.6
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g1 ASB9-2 = fEi (73 B &l i o AR IRATIE Y NS o

FRBE SR T (4 11 B 7) > ASBO-2 5t >t ik % pF B 4z 4 200,000 #
BoRARRZ RRATEHMNAT A BEEHE O IR H AR BRIP R
AEHAR T B R R AP T RS ASBO-2 B B 8 2 A
Tl H v CAB N AREET T o

AR F 2 o AR TR pow R TP 2 ASB 9-2 it i i

RESHIY ASBO2* Ry » R FE, GRIAL L HAEAF Y
EAETE I < B L A
AT ERR
P 1 n=11
— (o0, ts Anexp(—ants
p, (201 =500 2 Awexp(-art)

p p p
—(to,ts) = 1+ K)— ) — — (oo, to+ Ts
(08 =W KL () -t )

2 PPy, == %) (fraction of operating power)
to = i& & pF ¥ (cumulative reacting operating time,
seconds)
ts = i& 4% p¥ /¥ (time after shutdown, seconds)
K =% #® & F]5 (uncertainty factor), 0.2 for 0=t,<10°

and 0.1 for t;=>10°
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PU=239) _ 5 28x102C 7% [1 - exp(—-4.91x10-10)]
Po ot 25
x [exp (—4.91x10*ts)]
PNe=239) _ 5 17,104 2% 1.007[1 - exp(-3.41x 10 10)]
Ot

0 25
x exp (~3.41x10°ts) — 0.007[1 - exp(—4.91x10*t0)]
x exp(—4.91x107*ts)}

Ho s P(U-239)/P, % U-239 s & #]3 » @ P(Np-239)/P,

% Np-239 et & F]5

to = i@ & pF ¥ (cumulative reacting operating time,
seconds) ;

ts = i §% pF ¥ (time after shutdown, seconds) ;

C = conversion ration, atoms of Pu-239 produced per

atom of U-235 consumed ;
o5  =ceffective neutron absorption cross section of U-235 ;

ops —=-effective neutron fission cross section of U-235 -
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UL F RSB E I N2 2%

Time after [ ANSI/ANS-5.1-1979 | ANS-5.1-1973 | ASB 9-2
shutdown (second)
1.0E-1 0.0682 0.0675 0.0852
1.0E+0 0.0644 0.0625 0.07779
2.0E+0 0.0613 0.059 0.07357
4.0E+0 0.0569 0.0552 0.06898
6.0E+0 0.0540 0.0533 0.06622
8.0E+0 0.0519 0.0512 0.06415
1.0E+01 0.0501 0.050 0.06242
2.0E+01 0.0449 0.045 0.05635
4.0E+01 0.0398 0.0396 0.05023
6.0E+01 0.0369 0.0365 0.04703
8.0E+01 0.0349 0.0346 0.04477
1.0E+02 0.0334 0.0331 0.04291
2.0E+02 0.0291 0.0275 0.03638
4.0E+02 0.0255 0.0235 0.03025
6.0E+02 0.0234 0.0211 0.02763
8.0E+02 0.0219 0.0196 0.02610
1.0E+03 0.0208 0.0185 0.02302
2.0E+03 0.0176 0.0157 0.01925
4.0E+03 0.0141 0.0128 0.01521
6.0E+03 0.0125 0.0112 0.01331
8.0E+03 0.0115 0.0105 0.01228
1.0E+04 0.01074 0.00965 0.01160
2.0E+04 0.00891 0.00795 0.00962
4.0E+04 0.00751 0.00625 0.00759
6.0E+04 0.00668 0.00566 0.00663
8.0E+04 0.00612 0.00505 0.00610
1.0E+05 0.00571 0.00475 0.00574
2.0E+05 0.00458 0.00400 0.00465
4.0E+05 0.00359 0.00339 0.00349
6.0E+05 0.00306 0.00310 0.00293
8.0E+05 0.00272 0.00282 0.00261
1.0E+06 0.00249 0.00267 0.00239
2.0E+06 0.00182 0.00215 0.00179
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PP AT R T R E R AT A o

SOl R e aE 2 0 AT Y FLUENT A28 % poa2 2 i o
% A 2 #c(User Defined Function, UDF)[12]# it % i& {7 $rjirs B 2 1 & 841 14
FI* CFT AN HHE R A R RE R T LR - B AR

S chdh A 5 AB(F) 9 B 10)m E R D 2 3 KA R o
H ¢ GE-8X8 #7 GE-9B 42 i # & F]F (B O)f(y) ¥ Ak A £ 2% 5

F(y) = 1.0;0.15 < y < 0.55
F(y) = 0.95833;0.55 < y < 0.8
F(y) = =5.6y + 0.95833;0.8 < y < 1.0

{ F(y) =8y;0 <y < 0.15

@ ATRIUM-10 z_gihe # 5 F]5 (B 10) f(y) » ¥ 3R 5 B k4 & 7
F(y) = —61.266y° + 168.83y° — 187.298y* + 109.4y3 — 38.146y2 + 8.1456y
+ 0.3788

@ o d % FLUENT el i O A 2 5 (WImY) 5 8 =0 e 7 #0

Wi GHc TION F2 R RBAL FF R SEREH AR TS

TSP RS T A A B BT i 0 B E B g
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HEphe 5 REEIHO3 A GO U2 RASY fhe 28 REH LG REE

WF G M 5 RV BT - R A AP R B
‘}lﬁ’rgﬁ%@ NS ;o L A I

{ GE8 X 8:0.810417
ATRIUM —10:1.0127

25



B gd FPHITEARR A ZE 2 2 fhe B ARG R Aot E - AT o

GEYB
GERXH

_______ ATRIMIO

1.4 1.2 1.0 0.8 0.6 0.4 0.2 O
Power Factor

26



14
1.2
/
/ \
II \\
1.0 i \

/ \

/ \
s \
g 0.8 II \\
: / \
é 0.6 II

/ \
/ \
\\
0.4 { \
/
/
II \\
0.2 { \
/ \
/ \
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Fraction of Core Height

B 9~ GE-8X8-2 ~ GE9B %3l 2 #her 5 5 &

s

I

B 10 ~ ATRIUM-10 %4 e 74 2 A

27



g

B2 b 7 G TR SRR A e R 2 SR P e
BRI E MR A HE A A e SR Tt A2 N 7 A R A
e N0 WA TR SR AP R TPy %fgu RPN LS S
L TSTEEY IS TSRS PP S S P S
FHIAARECE 2 AT 4 o

A3 fEsE 41 FLUENT #73 o2 UDF # i 74 B2 b S it o
PR 2 BRI R 2 M A g v 1% Microsoft 2. Excel #t

WEFPMBEE 1 Bz (B 1) NELF L& P FgEs FRATES

Ftatz el sk o wigd UDF g £ 4o gy it {8 0 8@ RiERpEE S v pe
B2 P BN Hu N2 BET B T

( (x value + %fuel Wide)
| Row = -

{ pitch
t

z value + 1fuel wide
( 2 )

Colume = -
pitch
He
Row¥# Colume ™ 424 L d ¢ wm b3t E 2 (73]
xvalue » * & FE2 X BEE
zvalue » N ZpeHz z BEE
~fuel wide % %tH ki o 20 (7 K30 2 - SR A L
P U2 SRR R 2
pitchP| 5 & 7774 4 ¢ FEE o

.

(s
)
o
™
aw
e
W
Q
g
Ity
o
T

LT WP RV B2 s TE EEFH R

R P R R RGE TR § LB o B 0 R b FEARA L

28
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Component Temperature Variations from Base
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Influence of index from Ambient Temperature
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B 19~ %2 §RT 5 S IREIRIR %

% 13 7= dhT k ff-‘.,%i\l% sl pE 2 o it BB 8 A (°C)

RR GE-8X8 ATRIUM-10
R E 199.76 193.97
BORAL 196.32 193.61
Wl E 196.63 193.92
TSC #.48 135.58 134.78
TSC + ¥ 146.2 141.29
AR 71.14 70.839
VCC 70.91 70.608
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Z 15 Po gl i B HREF AR ERTZAREZEAR(CC)

~E\pT I E oY 2Y 10Y 20Y 40Y 80Y |100Y
FUEL 199.77 |194.32 (169.73 |148.68 (115.05 |78.50 |64.82
BASKET 196.63 |190.02 (166.73 ]145.99 (113.30 |76.35 |61.97
TSC-SHELL 135.58 |131.50 |116.66 [102.52 [81.05 [67.81 [48.43
LINER 71.14 [69.56 [62.79 |57.35 [49.20 }40.15 |37.22
VCC 7091 (6945 [62.62 |57.21 [49.07 }40.07 |37.21
7 16 o iBF A SN R BEREE S AR GEFTZAEAZEAE(CCQ)
RGeS oY 2Y 10Y 20Y 40Y 80Y |100Y
FUEL 2349 [228.8 [204.0 |169.6 [146.7 [85.0 [69.3
BASKET 216.4 [211.2 |188.8 |155.6 (1384 [82.2 [68.8
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FLUENT 255 & ik 78 4235 75

/* Viscous Resistance
Profile UDF in a Porous Zone

that utilizes F_PROFILE*/

#include "udf.h"

DEFINE_PROFILE(friction_fac
tor_ATRIUM_10,t,1)
{
real x[ND_NDJ;
real a,Dh;
cell_t c;
Dh=12.3225E-3; /* Hydrolic

Diameter®/

begin_c_loop(c,t)
{
a=sqrt(C_U(c, t)*C_U(c,
Dh=12.3225E-3; /* Hydrolic

Diameter®/

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,1) =
(21.47+168 . 1*pow(a*C_R(c,t)
*Dh/C_MU_L(c,t),-0.546))/2.
301875%1.7812096*1.7812096;
}

0)+C_V(c, t)*C_V(c, t)+C_W(c,
t)*C_W(c, t));
F_PROFILE(c,t,1) =
0.1015*pow(a*C_R(c,t)*Dh/C_
MU_L(c,t),0.8)/Dh/Dh*1.7812
096;
}

end_c_loop(c,t)

DEFINE_PROFILE(friction_fac
tor_LAM,t,1)
{
real x[ND_NDJ;
real a,Dh;
cell_t c;
Dh=12.3225E-3; /* Hydrolic

end_c_loop(c,t)

}
DEFINE_PROFILE(K_LTP_P,t,1)
{
real x[ND_ND];
real a,Dh;
cell_t c;
Dh=12.3225E-3; /* Hydrolic

Diameter®/

begin_c_loop(c,t)
{
a=sqrt(C_U(c, t)*C_U(c,
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Diameter®/

begin_c_loop(c,t)
{
F_PROFILE(c,t,1)
32./Dh/Dh/1.7812096;
}

end_c_loop(c,t)

DEFINE_PROFILE(K_LTP_C,t,1)
{

real x[ND_ND];

real a,Dh;

cell_t c;

t)+C_V(c, t)*C_V(c, t)+C_W(c,
t)*C_W(c, t));
F_PROFILE(c,t,1) =
(156.9+168.1*pow(a*C_R(c,t)
*Dh/C_MU_L(c,t),-0.546))/2.
301875%1.7812096%1.7812096;
}

end_c_loop(c,t)

DEFINE_PROFILE(K_FUEL, t,1)

{
real x[ND_ND];



real a,Dh,Re;

cell_t c;
Dh=12.3225E-3; /* Hydrolic
Diameter*/
begin_c_loop(c,t)
{
Re=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))*C_R(c, t)*Dh/C_MU_L(c,t)
F_PROFILE(c,t,1) =

((0.620*440.4646*2)+(108.6*
pow(Re, -0.58)*4+2.196*pow(R
e,-0.084)+235. 7*pow(Re,-0.6
86)%2))/4.362577*1.7812*1.7
812096,

)

end_c_loop(c,t)

DEFINE_PROFILE(K_UTP, t,1)
{
real x[ND_ND]J;
real a,Dh,Re;
cell_t c;
Dh=12.3225E-3; /* Hydrolic
Diameter*/
begin_c_loop(c,t)
{
Re=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))*C_R(c, t)*Dh/C_MU_L(c,t)
F_PROFILE(c,t,1) =
(-9.68+9.526%pow(Re,0.0046)
)/0.64389%1.7812%1.7812096;

}

end_c_loop(c,t)

DEFINE_SOURCE( suorce_KSDSS_
0Y, c, t, dS, ean)
{
real x[ND_NDJ;
real A, B, L1, L2, f, p0,
source, height, MaxPower;
C_CENTROID(x, ¢, t);
height= x[1];
p0=0.66045;
L1 = 0.15%3.6579;
L2 = 3.6579%0.8;
A = p0+L1;
B = p0+L2;

MaxPower=199/0.0657400
8460044/0.825;

if (A> height)

{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}

else if
(height>4.31835)

{
f=0;

else

f=1;
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source = MaxPower*f,;
return source;

#if !PR_HOST

1f (A> height)
{

f=1-(A-height)/L1;
}
else if (height>B)
{

f=1-(height-B)/L2;
}
else
(height>4.31835)
{
f=0;

else
f=1;
source = MaxPower*f;
return source;
#endif /* !PR_HOST*/
#1f !RP_NODE

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else

(height>4.31835)

if



f=0;

else

f=1;
source = MaxPower*f;
return source;

#endif /* !RP_NODE*/

#1f !PARALLEL

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source = MaxPower*f;
return source;
#endif /* !PARRLLEL*/
}
DEFINE_SOURCE( suorce_KSDSS_
10Y, ¢, t, dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, pO,

source, height, MaxPower;

C_CENTROID(x, ¢, t);
height= x[1];
p0=0.66045;

L1 = 0.15%3.6579;

L2 = 3.6579%0.8;
A = pO+L1;

B = p0+L2;

MaxPower=152.5287/0.06
574008460044/0.825;

if (A> height)

{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
)

else if

(height>4.31835)

{
f=0;

else

f=1;
source = MaxPower*f;
return source;

#if PR_HOST

if (A> height)
{

f=1-(A-height)/L1;
}
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else if (height>B)
{

f=1-(height-B)/L2;
}
else
(height>4.31835)
{
f=0;

else
f=1;
source = MaxPower*f;
return source,
#endif /* !PR_HOST*/
#1f !RP_NODE

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else
(height>4.31835)
{
f=0;

else

f=1;
source = MaxPower*f;
return source;

#endif /* !RP_NODE*/



#1f !PARALLEL

if (A> height)
{

f=1-(A-height)/L1;
)
else if (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source = MaxPower*f;
return source;
#endif /* !PARRLLEL*/
}
DEFINE_SOURCE( suorce_KSDSS_
20Y, c, t, dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, pO,
source, height, MaxPower;
C_CENTROID(x, ¢, t);
height= x[1];
p0=0.66045;
L1 = 0.15%3.6579;
L2 = 3.6579%0.8,;
A = p0+L1;
B = p0+L2;

MaxPower=120.1149/0.06 else

574008460044/0.

825,

if (A> height)

{

f=1-(A-height)/L1;

}

else if (height>B)

{

f=1-(height-B)/L2;

}

else

(height>4.31835)

{

else

f=1;

source = MaxPower*f;

f=0;

return source;

#if PR_HOST

if (A> height)

{

f=1-(A-height)/L1;

}

else 1f (height>B)

{

f=1-(height-B)/L2;

}

else

(height>4.31835)

{

f=0;
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source = MaxPower*f;
return source,
#endif /* !PR_HOST*/
#1f !RP_NODE

1f (A> height)
{

f=1-(A-height)/L1;
}

if else 1f (height>B)
{

f=1-(height-B)/L2;
}
else
(height>4.31835)
{
f=0;

else

f=1;
source = MaxPower*f;
return source;

#endif /* !RP_NODE*/

#if !PARALLEL

if (A> height)
{
if
f=1-(A-height)/L1;
}
else 1f (height>B)



f=1-(height-B)/L2;
)
else if
(height>4.31835)
{
f=0;

source = MaxPower*f;
return source;
#endif /* !PARRLLEL*/
)
DEFINE_SOURCE( suorce_KSDSS_
50Y, ¢, t, dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, pO,
source, height, MaxPower;
C_CENTROID(x, ¢, t);
height= x[1];
p0=0.66045;
L1 = 0.15%3.6579;
L2 = 3.6579%0.8,;
A = p0+L1;
B = p0+L2;

MaxPower=58.62069/0.06
574008460044/0.825;

if (A> height)

{

f=1-(A-height)/L1;
}
else 1f (height>B)

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

source = MaxPower*f,;
return source;

#if PR_HOST

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source = MaxPower*f;
return source;
#endif /* !PR_HOST*/
#1f !RP_NODE

if (A> height)
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f=1-(A-height)/L1;
}
else if (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else

f=1;
source = MaxPower*f;
return source;

#endif /* !RP_NODE*/

#if !PARALLEL

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;

}
else if
(height>4.31835)
{
f=0;
}



else
f=1;
source = MaxPower*f;
return source;
#endif /* !PARRLLEL*/
)
DEFINE_SOURCE(suorce_KSDSS_
100Y, c, t, dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, pO,
source, height, MaxPower;
C_CENTROID(x, ¢, t);
height= x[11];
p0=0.66045;
L1 = 0.15%3.6579;
L2 = 3.6579%0.8,;
A = p0+L1;
B = p0+L2;

MaxPower=17.70115/0.06
574008460044/0.825;

if (A> height)

{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;

}
else if
(height>4.31835)
{
f=0;
}

else

f=1;
source = MaxPower*f;
return source;

#if !PR_HOST

if (A> height)
{

f=1-(A-height)/L1;
}
else if (height>B)
{

f=1-(height-B)/L2;
)

else if
(height>4.31835)

{
f=0;

else
f=1;
source = MaxPower*f;
return source,
#endif /* !PR_HOST*/
#1f !RP_NODE

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
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else if
(height>4.31835)

{
f=0;

else

f=1;
source = MaxPower*f;
return source;

#endif /* !RP_NODE*/

#if !PARALLEL

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source = MaxPower*f;
return source;
#endif /* !PARRLLEL*/
}

DEFINE_SOURCE( suorce_GE8X8
0Y, c, t, dS, eqn)



int row, columes;

real x[ND_NDJ;

real Fxz[6][6]=

{

% Z BT

/%
*/500.,500.,500.,100.,100.,
100.,

/* X
*/500.,500.,500.,100.,100.,
100.,

/* il
*/500.,500.,100.,100.,100.,
0o

/* v
*/100.,100.,100.,100.,100.,
0o

/[* B
*/100.,100.,100.,100.,0 ,
0o

/#1%/100.,100.,0 ,0

,0 ,0

}s

real A, B, L1, L2, f, pO,

source, height, MaxPower,

fuel_w, pitch, fuel_map,
axis_x, axis_z;
C_CENTROID(x, ¢, t);
height= x[1];
p0=0.66045;
MaxPower=1.0/0.0657400
8460044/0.825;
L1 = 0.15%3.6579;
L2 = 3.6579%0.8,;
A = p0+L1;

B = p0+L2;

pitch=0.156624;
fuel_w=0.13406/2.0;
axis_x=
(x[0]+fuel_w)/pitch;
axis_z=
(x[2]+fuel_w)/pitch;
row=axis_z;
columes=axis_x;
fuel_map=Fxz[row][colu

mes];

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source =
MaxPower*f*fuel_map;
return source;

#if PR_HOST

if (A> height)
{
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f=1-(A-height)/L1;
}
else if (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source =
MaxPower*{*fuel_map;
return source,
#endif /* !PR_HOST*/
#1f !RP_NODE

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)

{
f=0;

else
f=1;

source =



MaxPower*f*fuel_map;
return source;

#endif /* !RP_NODE*/

#1f !PARALLEL

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source =
MaxPower*f*fuel_map;
return source;
#endif /* !PARRLLEL*/
}

DEFINE_SOURCE( suorce_GESX8_
2Y, ¢, t, dS, eqn)
{

int row, columes;

real x[ND_NDJ;

real Fxz[6][6]=

{

1* Z 71 —*/

e
%/476. ,476. ,476.,95.4,95.4,
95.4,

/4 X
%/476. ,476. ,476.,95.4,95.4,
95.4,

o i
%/476. ,476.,95.4,95.4,95.4,
0,

1 b}
%/95.4,95.4,95.4,95.4,95.4,
0,

s &

%/95.4,95.4,95.4,95.4,0

/%1%195.4,95.4,0 ,0

real A, B, L1, L2, f, p0,

source, height, MaxPower,

fuel _w, pitch, fuel_map,
axis_x, axis_z;
C_CENTROID(x, c, t);
height= x[1];
p0=0.66045;
MaxPower=1.0/0.0657400
8460044/0.825;
L1 = 0.15%3.6579;
L2 = 3.6579%0.8;
A = p0+L1;

B = p0+L2;

pitch=0.156624;

fuel_w=0.13406/2.0;

axis_x=
(x[0]+fuel_w)/pitch;

axis_z=
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(x[2]+fuel_w)/pitch;
row=axis_z;
columes=axis_x;
fuel_map=Fxz[row][colu

mes];

1f (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source =
MaxPower*f*fuel_map;
return source;

#if PR_HOST

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;



else if
(height>4.31835)

{
f=0;

else
f=1;
source =
MaxPower*f*fuel_map;
return source;
#endif /* !PR_HOST*/
#1f 'RP_NODE

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)

{
=0;

else
f=1;
source =
MaxPower*f*fuel_map;
return source;

#endif /* !RP_NODE*/

#1f !PARALLEL

if (A> height)
{

f=1-(A-height)/L1;
}
else if (height>B)
{

f=1-(height-B)/L2;
)

else if

(height>4.31835)

{
f=0;

else

f=1;

source =

MaxPower*{*fuel_map;

return source,
#endif /* !PARRLLEL*/
}

DEFINE_SOURCE( suorce_GE8X8_
10Y, ¢, t, dS, eqn)
{

int row, columes;

real x[ND_NDJ;

real Fxz[6][6]=

{

1* Z 8T m—*/

/%
*/392.,392.,392.,78.815,78.
815,78.815,

1% X

*/392.,392.,392.,78.815,78.
815,78.815,
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[ i
%/392.,392.,78.815,78.815,7
8.815.0 .

[ i
%/78.815,78.815,78.815,78.8
15,78.815.0

/% 1
%/78.815,78.815,78.815,78.8
150 .0

/%1%/78.815,78.815,0

real A, B, L1, L2, f, pO,

source, height, MaxPower,

fuel_w, pitch, fuel_map,
axis_x, axis_z;
C_CENTROID(x, c, t);
height= x[1];
p0=0.66045;
MaxPower=1.0/0.0657400
8460044/0.825;
L1 = 0.15%3.6579;
L2 = 3.6579%0.8;
A = p0+L1;

B = p0+L2;

pitch=0.156624;
fuel_w=0.13406/2.0;
axis_x=
(x[0]+fuel_w)/pitch;
axis_z=
(x[2]+fuel_w)/pitch;
row=axis_z;
columes=axis_x;
fuel _map=Fxz[row][colu

mes];



if (A> height)
{

f=1-(A-height)/L1;
)
else if (height>B)
{

f=1-(height-B)/L2;
)
else
(height>4.31835)
{
f=0;

else
f=1;
source
MaxPower*f*fuel_map;
return source;

#1f !PR_HOST

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;

}
else
(height>4.31835)
{
f=0;
}

else
f=1;
source
MaxPower*f*fuel_map;
return source,
#endif /* !PR_HOST*/
#1f !RP_NODE

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
)

else
(height>4.31835)

{
f=0;

else
f=1;
source
MaxPower*f*fuel_map;
return source;

#endif /* !RP_NODE*/

#if !PARALLEL

if (A> height)
{

f=1-(A-height)/L1;
}
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else if (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source =
MaxPower*{*fuel_map;
return source,
#endif /* !PARRLLEL*/
}

DEFINE_SOURCE(suorce_GE8X8_
20Y, c, t, dS, eqn)
{

int row, columes;

real x[ND_NDJ;

real Fxz[6][6]=

{

1* Z T m—*/

e
*/308.546,308.546,308.546, 3
8.43,38.43,38.43,

/* X
*/308.546,308.546,308.546, 3
8.43,38.43,38.43,

/ il
*/308.546,308.546,38.43,38.
43,38.43,0

/ v

*/38.43,38.43,38.43,38.43,3



8.43,0
/% 5]
*/38.43,38.43,38.43,38.43,0
0
/*]*/38.43,38.43,0
o ,0 ,0 -,
)

real A, B, L1, L2, f, p0,

source, height, MaxPower,

fuel_w, pitch, fuel_map,
axis_x, axis_z;
C_CENTROID(x, ¢, t);
height= x[11];
p0=0.66045;
MaxPower=1.0/0.0657400
8460044/0.825;
L1 = 0.15%3.6579;
L2 = 3.6579%0.8,;
A = p0+L1;

B = p0+L2;

pitch=0.156624;
fuel_w=0.13406/2.0;
axis_x=
(x[0]+fuel_w)/pitch;
axis_z=
(x[2]+fuel_w)/pitch;
row=axis_z;
columes=axis_x;
fuel _map=Fxz[row][colu

mes];

if (A> height)
{

f=1-(A-height)/L1;

}
else if (height>B)

{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source =
MaxPower*f*fuel_map;
return source;

#if PR_HOST

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source =
MaxPower*f*fuel _map;

return source;

92

#endif /* !PR_HOST*/
#if |RP_NODE

1f (A> height)
{

f=1-(A-height)/L1;
}
else if (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source =
MaxPower*f*fuel_map;
return source;

#endif /* !RP_NODE*/

#if !PARALLEL

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}



else if

(height>4.31835)

else
f=1;
source =
MaxPower*f*fuel_map;
return source;
#endif /* !PARRLLEL*/
)

DEFINE_SOURCE( suorce_GESX8_
40Y, ¢, t, dS, eqn)
{

int row, columes;

real x[ND_NDJ;

real Fxz[6][6]=

{

1% Z g7 —*/

/%
*/191.166,191.166,191.166,6
2.036,62.036,62.036,

/* X
*/191.166,191.166,191.166,6
2.036,62.036,62.036,

/% i
*/191.166,191.166,62.036,62
.036,62.036,0

/% yil
*/62.036,62.036,62.036,62.0
36,62.036,0

/% [
#/62.036,62.036,62.036,62.0
36,0 ,0

/*1%/62.036,62.036,0

real A, B, L1, L2, f, p0,

source, height, MaxPower,

fuel_w, pitch, fuel_map,
axis_x, axis_z;
C_CENTROID(x, ¢, t);
height= x[1];
p0=0.66045;
MaxPower=1.0/0.0657400
8460044/0.825;
L1 = 0.15%3.6579;
L2 = 3.6579*%0.8;
A = p0+L1;

B = p0+L2;

pitch=0.156624;
fuel_w=0.13406/2.0;
axis_x=
(x[0]+fuel_w)/pitch;
axis_z=
(x[2]+fuel_w)/pitch;
row=axis_z;
columes=axis_x;
fuel_map=Fxz[row][colu

mes];

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
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else if
(height>4.31835)

{
f=0;

else
f=1;
source =
MaxPower*f*fuel_map;
return source;

#if !PR_HOST

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source =
MaxPower*f*fuel_map;
return source;
#endif /* !PR_HOST*/
#1f !RP_NODE

if (A> height)
{



f=1-(A-height)/L1;
)
else if (height>B)
{

f=1-(height-B)/L2;
}
else

(height>4.31835)

else
f=1;
source
MaxPower*f*fuel_map;
return source;

#endif /* !RP_NODE*/

#1f !PARALLEL

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}

else
(height>4.31835)

{
f=0;

else

f=1;
source =
MaxPower*f*fuel_map;
return source;

#endif /* !PARRLLEL*/

}
if
DEFINE_SOURCE( suorce_GE8X8_
80Y, c, t, dS, ean)
{

int row, columes;

real x[ND_NDJ;

real Fxz[6][6]=

= {
1* Z g5 —*/

/%
*/73.382,73.382,73.382,14.7
55,14.755,14.755,

/* X
*/73.382,73.382,73.382,14.7
55,14.755,14.755,

/% i
*/73.382,73.382,14.755,14.7
55,14.755,0

/% 73
*/14.755,14.755,14.755,14.7
55,14.755,0

/% I
*/14.755,14.755,14.755,14.7
55,0 ,0

[#1%]14.755,14.755,0

if ,0 ,0 ,0

}s

real A, B, L1, L2, f, pO,

source, height, MaxPower,

fuel _w, pitch, fuel_map,
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axis_x, axis_z;
C_CENTROID(x, c, t);
height= x[1];
p0=0.66045;
MaxPower=1.0/0.0657400
8460044/0.825;
L1

0.15%3.6579;
3.6579*%0.8;
A = p0+L1;

L2

B = p0+L2;

pitch=0.156624;
fuel_w=0.13406/2.0;
axis_x=
(x[0]+fuel_w)/pitch;
axis_z=
(x[2]+fuel_w)/pitch;
row=axis_z;
columes=axis_x;
fuel_map=Fxz[row][colu

mes];

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;

}
else if
(height>4.31835)
{
f=0;
}



else
f=1;
source
MaxPower*f*fuel_map;
return source;

#1f !PR_HOST

if (A> height)
{

f=1-(A-height)/L1;

}

else 1f (height>B)

{

f=1-(height-B)/L2;

}

else
(height>4.31835)

{
=0;

else
f=1;
source
MaxPower*f*fuel_map;
return source;
#endif /* !PR_HOST*/
#1f 'RP_NODE

if (A> height)
{

f=1-(A-height)/L1;

}

else 1f (height>B)

{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source =
MaxPower*f*fuel_map;
return source;

#endif /* !RP_NODE*/

#if !PARALLEL

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source =
MaxPower*f*fuel_map;
return source;

#endif /* !PARRLLEL*/
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DEFINE_SOURCE( suorce_GESX8_
100Y, c, t, dS, eqn)
{

int row, columes;

real x[ND_NDJ;

real Fxz[6][6]=

{

1* Z 85 —*/

I
*/45.468,45.468,45.468,9.14
19,9.1419,9.1419,

/* X
*/45.468,45.468,45.468,9.14
19,9.1419,9.1419,

/% i
*/45.468,45.468,9.1419,9.14
19,9.1419,0

/% 2]
*/9.1419,9.1419,9.1419,9.14
19,9.1419,0

/% I
*/9.1419,9.1419,9.1419,9.14
19,0 ,0

/%1%/19.1419,9.1419,0

,0 ,0 ,0

}s

real A, B, L1, L2, f, pO,

source, height, MaxPower,

fuel _w, pitch, fuel_map,

axis_x, axis_z;
C_CENTROID(x, ¢, t);
height= x[1];
p0=0.66045;

MaxPower=1.0/0.0657400



8460044/0.825;
L1

0.15%3.6579;
3.6579%0.8;
A = p0+L1;

L2

B = p0+L2;

pitch=0.156624;
fuel_w=0.13406/2.0;
axis_x=
(x[0]+fuel_w)/pitch;
axis_z=
(x[2]+fuel_w)/pitch;
row=axis_z;
columes=axis_x;

fuel_map=Fxz[row][colu

mes];
if (A> height)
{
f=1-(A-height)/L1;
}
else 1f (height>B)
{
f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
£=0;
}
else
f=1;
source =

MaxPower*f*fuel_map;

return source,

#if !PR_HOST

if (A> height)
{

f=1-(A-height)/L1;
}
else if (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)
{
f=0;

else
f=1;
source =
MaxPower*{*fuel_map;
return source,
#endif /* !PR_HOST*/
#1f !RP_NODE

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;

}
else if
(height>4.31835)
{
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f=0;

source =
MaxPower*f*fuel_map;
return source;

#endif /* !RP_NODE*/

#if !PARALLEL

if (A> height)
{

f=1-(A-height)/L1;
}
else 1f (height>B)
{

f=1-(height-B)/L2;
}
else if
(height>4.31835)

{
f=0;

else
f=1;
source =
MaxPower*f*fuel_map;
return source;
#endif /* !PARRLLEL*/
}



DEFINE_SOURCE( suorce_ATRIUM *act_length); 2)+8.1456*%A+0.3738;

_10, ¢, t, dS, eqn) pitch=0.156624; }
{ fuel_w=0.13406/2.0; else
int row, columes; axis_x=
real x[ND_NDJ; (x[0]+fuel_w)/pitch; f=0;
real Fxz[6][6]= axis_z=
{ (x[2]+fuel_w)/pitch; source =
/% Z Eh g R —* row=axis_z; Maxpower*f*fuel_map;
/* columes=axis_x; return source;
*/500.,500.,500.,100.,100., fuel_map=Fxz[row][columes]; #endif /* !PR_HOST*/
100., #1f !RP_NODE
/* X if (pO< height &&
*/500.,500.,500.,100.,100., height < (pO+act_length) ) if (pO< height &&
100., { height < (pO+act_length) )
/* i f=-61.266%pow(A, {
*/500.,500.,100.,100.,100., 6)+168.83*pow(A, f=-61.266%pow(A,
0o 5)-187.298*pow(A, 6)+168.83%pow(A,
/* 73 4)+109.4%pow(A, 5)-187.298*pow(A,
*/100.,100.,100.,100.,100., 3)-38.146%pow(A, 4)+109.4*pow(A,
0o 2)+8.1456%A+0.3738; 3)-38.146%pow(A,
/* 5] } 2)+8.1456%A+0.3738;
*/100.,100.,100.,100.,0 , else }
0o else
/#1%/100.,100.,0 ,0 £=0;
,0 ,0 £=0;
3 source =
Maxpower*f*fuel _map; source =
real A, B, f, p0, source, return source; Maxpower*f*fuel_map;
height, Maxpower, act_length, #if 'PR_HOST return source;
fuel_w, pitch, fuel_map, if (pO< #endif /* 'RP_NODE*/
axis_x, axis_z; height && height <
C_CENTROID(x, ¢, t); (pO+act_length) )
height= x[1]; { #1f !PARALLEL
p0=0.66045; f=-61.266%pow(A,
act_length=3.6579; 6)+168.83*pow(A, if (pO< height &&
A=(height-p0)/act_leng 5)-187.298*pow(A, height < (pO+act_length) )
th; 4)+109.4*pow(A, {
Maxpower=1.0/(0.017972 3)-38.146*pow(A, f=-61.266%pow(A,
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6)+168.83*pow(A,

5)-187.298*pow(A,

4)+109.4*pow(A,

3)-38.146*pow(A,

2)+8.1456%A+0.3738;
}

else

f=0;

source
Maxpower*f*fuel_map;

return source;
#endif /* !PARRLLEL*/
)
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0.229129
0.240802
0.242488
0.244185
0.245901
0.247629
0.249371
0251126
0.252898
0.254689
0.256502
0.258333
0.260172
0.262045
0.263972
0.265933
0.267935
0.269982
0.272077
0.274222
0.276552
0.278773
0.281016
0283271
0.285539
0.287815
0.2901
0.292387
0.294664
0.206954
0.299257
0.301583
0.303948
0.306368
0.308873
0.311466
0.314144
0.316923
0.319823
0.322859
0.326017
0.320243
0.322133
0.335332
0.338513
0.341702
0.344948
0.348307
0.351817
0.355737
0.359733
0.364165
0.368589
0.372995
0.377237
0.33078
0.382179
0.378658
0.368579
0.356311
0.348406
0.341611
0.335262
0.331235
0.327383

85
0.162946
0.168354
0.173224
0.L76775
0.179481
0.181741

0.18374
0.185578

0.18732
0.189061
0.190654
0.192329
0.194025
0.195744
0.197452
0.199112
0.200699

0.221347

0.2228
0.224291
0.225795
0.227342
0.228844
0.230335

0.256246
0.2581
0.259996
0.262056
0.264019
0.266
0.267991
0.269992
0.272
0.274014
0.276029
0.278035
0.280051
0.282077
0.284124
0.286203
026833
0.29053
0.202807
0.295157
0.297595
0.300138
0.302798
0.305563
0.308387
0.310916
0313713
0.316493
0.319278
0322112
0.325043
0.328103
0.33152
0.335001
0.338858
0.342707
0.346537
0.350222
0.353298
0.354513
0.351456
0.342698
0.33202
0.325129
0.319199
0.313652
0.31013
0.306759

90
0.160381
0.165342
0.169801
0.173049
0.175521
0.177583
0.179407
0.181083

0.20157
0.202878
0.204206
0.205552
0.206902

0.20824
0.209575
0.210903
0212213
0.213515
0.214826

021617
0.217527

0.21892
0.220274
0.221617

0.238578
0.240109
0.241665
0.243253
0.244876
0.246535
0.248231
0.250074
0.251828
0.253598
0.255376
0.257163
0.258954
026075
0.262547
0.264335
0.266131
0.267936
0.269758
0.271608
0.2735
0.275457
0.277481
0.279569
0.281734
0.283991
0.286351
0.283804
0.201307
0.293547
0.296024
0.298485
0.20095
0.303456
0.306047
0.308751
0.311768
0.31484
0.318243
0.321636
0.32501
0.328255
0.320962
0.322031
0.329341
0.321628
0.312209
0.306123
0.20088
0.295971
0.292851
0.289864

95
0.158271
0.16287
0.166996
0.169998
0.172281
0.174185
0.175867
0.177412
0.178875
0.180335
0.16167
0.183073
0.184491
0.185928
0.187355
0.188739
0.190062

0281912
0.279105
0276416



=

e #include"udf.h"

*  DEFINE_PROFILE(TS

C_profile,t,i)

A |

«  real X[ND_ND],
Y_AXIS;

. face tf;

+ real T_FACTORJ[100]=

{0.219168,0.250364,0.2

77713,0.297241,0.3118

92,0.323978,0.334566,0

.34421,0.353275,0.3622

62,0.37042,0.378936,0.

387492,0.396099,0.404

588,0.412774,0.420544,

0.428035,0.435368,0.44

2492,0.449427,0.4562,9

,0.463064,0.469939,0.4

76867,0.483777,0.4905

91,0.497351,0.504037,0

.51097,0.517081,0.5235

75,0.530198,0.536846,0

.54364,0.550201,0.5566

75,0.56358,0.569648,0.

576169,0.582696,0.589

233,0.595781,0.602352,

0.608956,0.65596,0.622

264,0.628919,0.635655,

0.642542,0.649505,0.65

6568,0.663745,0.6,104,

0.678456,0.686458,0.69

4032,0.701628,0.70921

1,0.716785,0.724333,0.,

31858,0.73934,0.74674

1,0.754131,0.761515,0.

768924,0.776405,0.784

009,0.91825,0.799859,0

.808092,0.816575,0.825

36,0.83448,0.843889,0.

853422,0.8,1892,0.8711

93,0.880367,0.88949,0.

898699,0.908151,0.917

944,0.928782,0.,39725,

0.951738,0.963605,0.97

5301,0.986452,0.99568,

0.999305,0.99016,0.9,3

577,0.930359,0.908429,

0.889231,0.870992,0.85

100

9266,0.847936}

begin_f_loop(f,t)

C_CENTROID(f,i)

Y_AXIS=X[1];

F_PROFILE(f,i)=1

7*T_FACTOR;

end_f_loop(f,t)



