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ABSTRACT

In order to improve the technology and new information of the regulatory for
dry-storage system (DSS), a computational fluid dynamics (CFD) technology has
been utilized to investigate the thermal-hydraulic behaviors of the TSC during the
design lifetime. Several parameters, such as the thermal load, storage time and
surrounding temperature, are also been considered in this study. The results not only
can help us to understanding the thermal behavior on the TSC, but also be used to
further investigate the possibility of SCC on the TSC. The results also confirm that the
temperature profile under several loading conditions during design lifetime can be
presented as a normalized temperature and becomes a fast assessment tool to evaluate
the temperature profile under any loading conditions. Based on the finding, a
normalized CGR prediction methodology also been developed to investigate the
influence of thermal-hydraulic parameters, such as the thermal load, ambient
temperature and so on. On the other hand, the background and decision basis of
temperature limitation for the important comportments of DSS are also been
investigated through documentations review process. The results obtained by this
project are expected can provide suitable recommendations for SCC field application.
And, the research contributes from the forward-looking academics will providing the

safety evidence of the dry storage application in our country.

Keywords:DSS, CFD, design lifetime, Normalized, SCC
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373.15
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957.854

Cp

(IKg-K) 4179 4180
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4203
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Viscosity

(N-s/ m2) 8.55e-4 5.77e-4

4.20e-4 3.65e-4
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2.79%-4
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0.674

0.680

Thermal
Expansion
Coefficient

3.365¢e-4




L35 FROEE

& & (K)

300 400

500

600

700

800

DENSITY
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5193

Viscosity
(N-s/ m?)
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Thermal
Conductivity
(W/m-K)

0.152 0.187

0.220

0.252

0.278

0.304

Thermal
Expansion
Coefficient

3.33e-3
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DENSITY
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0.4354

Cp
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Thermal
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Thermal
Expansion
Coefficient

3.33e-3
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Conductivity (W/m-K) 0.65 0.85
Density (Kg/m®) 1630.40 1718.98
Specific Heat (J/Kg-K) 1335.55 623.82




46 7 4545 (304 2 304L)%: 4512

£ E (K)
LRy
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®) 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
% 7 #4% (A-36 ~ A-533 2 SA-588)4% &1 4 |4
AR (K)
At Ryl
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®) 7861.36
Specific Heat (J/Kg-K) 473.10
Emissivity 0.8
% 8& BTl
AR (K)
A
371.45 | 477.55 | 578.15 | 605.35
Conductivity (W/m-K)|[33.87 [31.69 |25.12 [20.93
Density (Kg/m®) 11380
Specific Heat (J/Kg-K) 125.60
Emissivity 0.28
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AR (K
g
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
#2104 & £ B
2R (K
# g
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
Z 11 78 4 (UOo) £ 18 414
AR (K
U Eged
296.72 |383.94 [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
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& R (K)
i
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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# 13ATRIUM-10 %l e it & & B e = <} ¢

F ook R 3.796 m
i 9454.8 mm?
& % £ (wetted perimeter) 3527.8 mm
-k 4 = & (Hydraulic Diameter) 10.720 mm

# 14ATRIUM-10 2 & 38 & 3045 4 (i fic 2 B RF) 5

Location

Loss Coefficient

Friction factor

Bare rod

0.203x Re %?®

Central Orifice (ID: 2.430 in)

21.47 +168.1x Re ™%

Peripheral Orifice (ID: 1.488 in)

156.9+168.1x Re %

Bottom four Spacer

0.620+108.6x Re **®

Third Spacer

2.196 x Re %8

Top Two Spacer

0.4646 + 235.7 x Re 2%

UTP

—9.68+9.526 x Re 00046
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Q:(ﬁw+C21prjo (11)
a 2
it TES

C(oB)+ v -[i(oE + p)=V -(cVT)+s,  (12)

ot
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E-EFE2 dnid
h3%E;

©

EI
moov
~ .

ke =k +K, (13)

Kipiabo hs#Es;

K Bl SonsFondirz S o

3.2 i 5

3.2.1 DO # 45 S5

PR RNV R AL R Y SR 2 BEERE R B 2
RGP W RIS R Rk e S A TET © Rt
z_ DO #2535 38 17 i ot i3t FOTEE SRCRTARRE PR L ¢ AR A U b A
BB gL e ([5] 0 DO R A & 2 R R gt g A2
(Radiation Transport Equation) %3+ 5 5 U882 ¥ & ez ffghay > H54F
D =

V-(1,(F.5)8)+(a, +o)l, (F.§)=a,n%l, + 2= [ 71, (F,5 o (5,5 )dQ
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HANEERF AT S E e pr S R ER o F A Y Am
X Wi g A MR B R R ARIT Om o FIUt B R T AR B 5 R IR
POIREE R IR T OIS e B R e R Tt S R AT R
hicprRIR AT adA M T ¢ 0 ¢ £ nk ihkeo (T4 TR BE RS

k-o B8 2 2 #2806, 7]F 11 4 7 5

0 0 0 ok
—(pk)+—(pxu;) = LF —J+G =Y, +S,
ot OX; OX: OX (16)
0 0 0 oo | =
—(pw)+—(pou;) = [F —}LG -Y, +S,
ot OX, OX. OX (17)

—:d—.‘:l ’k:‘; ,?'zﬁiﬁﬁ‘i ] (A)E'J;/}J'E:‘C—‘-% ;Gvk:; ;?/7:1 # *9’& Gw,?/}i E?C—-t
B VEY, A8 i KkE o Fli Fiondtid = i ir g o S8 S, A W skt RN 0

AR 2 R o [T R 5 Sondpacil > P b ez ARV AT S

I :,U"'i

% (18)
r, :,u+i

%o ; (19)

B opuh o ARF Gl 0 B0, 5 Fnd B 4 ¥ #c(turbulent Prandtl number)
moo RS

o ; (20)

B o TR QTT TR G

+  « [a;+Rel/R,
a =o, +| ——————
1+Re/R, ) . 1)
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HO (22)

R =6, (23)
o =B

T3 (24)

B =0072 (25)

3.23 p AEIHES

. FLUENT ##8 7 chp R/ & 2 —5’;{%@ 1A SRR SR alEE e

A A B R AR AR A e d S e £ e Bl e e BRI A

HRZ R TEED p AREIRZL £ & Sl

. FLUENT ¢ » * X @ MR a7 L2 - 52 8
RTZ DRI T A > BT L B RZ Sl A IR 5
e o BT 4 FLUENT B R F M S REFHRZFE  Rad 3t i
RS BB Mz i E L5 A N EEF a2 ok
T ARG N PR AT D 2 Y R LT
(Boussinesgapproximation) % 4+ 4/ %8 % & % i 1B 7 IR

p=p,-BT-T,) - (26)

He oo JRd BB 5 o2 #08% % #i(Thermal ExpansionCoefficient)
d O AL AT L R TACL B T A AR ¢ MR 0 Sk

TFCRTP IR p REFIRZ IR R o
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4.2 % B4 E g

421 3 R#F G HSN

d ol A e (0 M F G R R A S AE T AR
PECKIR AT A F AR R TR 4 R R RE 2 - AT HUR 12 iE S
TR S=- L RN Y

FohodawAhFEy 2 PR - ANFEH AR SR ETRFEGDT 0 0BT
BT R RBRIR Y e d RT R R B L AT ok AR PR
2o R FSORERET L ERE FH R ER AL 2T INEE o KA
A KT R AT (PlAr 4 ) g Fl iR R A & AT
s FINMHNED R At MR ERY SRR RS FRA
il MITs ARET Lotz Ade FIP AT e F AT L (74
Pk LB R SBRHN S # 45 0 ANSI/ANS-5.1-1979 ~ ANS-5.1-1973 £ ASB
9-2 = fAiE (7 ¢ Ho AR FATE P BN eni®R T o B & % Ar T (£ 15~ 5)> ASB9-2
BNt 3 PR P ACE 200,000 £51s c B R K2 R RATE MNH T A BRS  &
WAREBRFP - BHAETHFLT R YR F DT aR A 17 0 ASB
2N G EMELERAS IR H AR NL LB EFTT o

AOTILF Z o KT TR PR R LY A 20 ASB 9-2 & (7

AERHEFE CASBO2 Ry R ¥HAFFIE GRELSZLAHNAF R RS
E{:;u—% é@%bﬁ IRl A
AR R RE
P 1 n=11
— ) =—— Anexp(—ants
Po( ) ZOOZ p(-at)
p P P
—(to,ts) = 1+ K)— 00, ts) — — (o0, to + ts
PO( )= ( )Po( ) PO( )
He
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P/IPy == 5 %] (fraction of operating power)

to = i& i pF I (cumulative reacting operating time,
seconds)

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

K =% & & %] (uncertainty factor), 0.2 for 0<t;< 10°

and 0.1 for t,=>10°

EAFREHST
PU-2%9) ~2.28x10°Cc 22 [1 exp(—4.91x10*t0)]
Po ot 25
x [exp(—4.91x107*ts)]
P(N"P_Z‘Q’g) 2.17x10" c gz = {L.007[1- exp(-3.41x10° 5to)]
0
x exp(—3.41>< 10°ts) — 0.007[1— exp(—4.91x10 *t0)]
x exp(—4.91x10*ts)}
H¥ 5 P(U-239)/Py % U-239 ert F F1+ » @ P(Np-239)/Py B
% Np-239 s 5 735
to = i& #& pF /¥ (cumulative reacting operating time,
seconds) ;
ts = & % pF ¥ (time after shutdown, seconds) ;
C =conversion ration, atoms of Pu-239 produced per
atom of U-235 consumed ;
o5  =effective neutron absorption cross section of U-235 ;
ops  —effective neutron fission cross section of U-235 -
PR FEPRVERLS N FERT PR R R B A KPP a3 Y

S R R R T I SUL NP TR g
et P B S 2 13 RPRE » RBH Tponl g s g 0 i TS 0 3R
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215: 7 FREEEAGEIHN 2885

Time after shutdown(second) ANSI/ANS-5.1-1979 | ANS-5.1-1973 | ASB 9-2
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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509 =it RS
& 0.04 e I
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0.02 I
0.01 I
0 T
1.00E-01 1.00E+01 1.00E+03 1.00E+05 1.00E+07

Shutdown Time (S)
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ARERZAPREOLE > RANT REZERY P E R4 SAR 2 K3 UE2
ot AR miER R & o Y- 25 0 d TSC 2§ & (Radius=0.85m) £ £ %

L fape B ¥ TSC 28 § R

E?
[N
N
=
&
i

1% i“;\%‘?&‘f’”&ﬁf'%é Hp R eng i e

17042 TSC Pav 2 €7 M a47a 5 > PIRPOREB I 2 RELZ R AT A Ly

Decay power of Spent Fuel |

o]
fit coeff. Fuel

n An an(sec™) Batch Punit(W)
1 0.598 1.772E+00 1 139.1603198
2 1.65 5.774E-01 2 153.2030431
3 31 6.743E-02 139.2] 139.2] 139.2] 139.2] 1392 3 171.3186857
4 387 6.214E-03 1392 1392] 139.2] 1392 1392 139.2] 1392 4 177.7525609
3 233 4.739E-04 139.2 139.2] 139.2] 1302] 1392] 1392 1392 5 2024146017
6 129 4.810E-05 [[139.2] 139.2( 139.2[ 139.2( 139.2] 139.2[ 139.2] 139.2] 139.2] 6 219.1700038
7 0.462 5 344E-06 [ 139.2] 139.2[ 139.2[ 139.2[ 139.2] 139.2 139.2 139.2] 1392 7 223 7436422
B 0328 5 716E-07 1392 1392] 139.2] 1392 1392 139.2] 1392 8 2349279155
9 0.17 1.036E-07 139.2 139.2] 139.2] 1302] 1392] 1392 1392 9 2416435269
10 0.0863 2.959E-08 139.2] 139.2 139.2] 139.2] 1392 10 249.9437688
11 0.114 7.585E-10 11 2623013497
12 268.9900353

13 2741261322

LOAD: 7793 W 14 201910235

15 299.7754981

16 313 5978511

17 3328363519

18 3364389321

19 358.9047347

20 373 7158531

21 398 2483636

2 430.7896953

23 461.5914815

24 5622166999

25 0.000833314

26 0.0002161

“\

SECE S SRS B AL R
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B3

54.444

103,827

Z40

B 11SAR & % % P
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LATHRIEY B Gl(1AKW)2 A 55 % o 3
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(¥ g A 32°C) gz |RPPE  [BHWE (% R4
R S 38 EH o 78
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Normalized TSC Temp. Profile
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53TSC # & SCC ¥ st 83"

ARSI AR BT ORI LTS AT A F L EHD B ECRT A

RERFFZIAPFEALLD D4 FRARILEFFIT BERT 1725 w3k
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o
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AT TRPp B FHEIFHERHEPINFLISHES FRR R
AR A B TR el RS R R R SCCAF AR BRSPS

ARARM Y A R R G EAAB I E U AR R B p R

BAE S AT o F 2 ApEOT B A AR A A ] 0 A HE
e 503 A g & A K i & (Creak Growth Rate, CGR )i im #io7% &2 £ &2 47 2. 35
fer BV EZ - E VO GREREN RPN AN RIEADF 0 T

SN IR RRICEH SOC AN I EPHZ PP BERFTLAREFL

53.1 #% SCC2BuiaBIamit

% W 4 # 3 #r(Electric Power Research Institute » EPRI)2_ 77§ 5 % 45 1 -
304 2 &z 7 F RARZEREY  F RO R-€ 3 2 4 KA

Zgmed HFE T R R (B2 2R BER -HAHERALGHIR

2 g bt AL EIE S SCCo p - WAL R R TEL G
WA H Al B RE Riditeotcd FI299 T I Rt 4 2 SCCL
POt bRz APEHER T - A Z BREF A DR TR SRR LT

#F24 SCC2Z AR oA FLARPRAFLF PP fRRR 5 blde g $t
R 20% % & AT R E A PR Tiea g SCCe 4 > o F Leng it
G FATIE 80% AR R R 4 §F A PR R ER o - HIBEATE G NRER
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B2z RR(R30) BRRFAT Bz SCCZAREIHRPE > 3
Y REBR T R PEER 0 AoB 29 172 15~80% 0 @ ¥ - S & 0 E L -
SR R 2 SCC# 2 2 B EFFAMNT H IR § B R M3 24°C & T AR
SCC 2% » Jaiplit Tl 5 B BB KA & £ s b g0 £ 22 2 o

Wyp b d EPRIF T S5 #T&E 2 T30 07 4= 3 7 a0 g 2 SCC 2 #
SR A Y

1. 4p %% & 15-80% ;
2 BRI 24°CH 2 BB

GREWT i HF 2 SCC PR ER L F k- Head s by TR BRI
LA RT N2 AEE R TTEE - - URREE L RAFER SR

EPRI 2 # 3 = % NUREG/CR-7170 45 ! > W ARSI EEFR2ZM GV

HrTaAkERRE

Q, (1 1
da)aexp|——=(=—- for RH = DRH and K1 > 0
- R\T T,

for RH < DRH or K1 <0
B Qu% B oar EPRI 2 & i< 75 1t a0 (40KI/mol) R 5 7218 5 %8 % B Trep =

\*ﬁy
A

R HiE % 80°C(353.15K) » m DRH R & F i = & 2. B fR4p ¥R -
ARaod 2»pwSCC2 CCGREFERMF AF LE2Z PGS

A FHMUBE R TSC 2% F12 R RS T8 4 SCC ¥ it (22 ip ¥

CGR(Relative CGR » R-CGR)Ag% #ie g 2. = ¥ & 74747 » 113 84 SCC 2 Bf f% -

Flpt o T R & #-4N 5 SCC 2 v 1 a4 & F= v (Normalized )2 = 3N #7344

3505 % 2. R-CGR 2. #4848 -

FooF i Rk ERTOTRT > FHOPHIRRE ST IR R RS

mEMR AP E D B E I pi R (RH)T &8 i3 4p 4% & (DRH):& (7 v+
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e .
R =R

e = exp(20.386 — 5132K/T)mmHg ;

R,,=461.52)/(kg K) -

100 CTTF —a
] \ R \ X -4-100g/m3
90 | Na;SO, DRH ——75g/m3
A . -o-50g/m3
| —-40 g/m3
80 - |-=-35 g/m3
NaCl DRH J\ ==-30 g/m3
—+-25 g/m3
70 - =20 g/m3
] A 15 g/m3
- ==-10 g/m3
s 60 . .
o i
g
g 50 | \
£
=
T caCl,DRH O
2 40 ) k)
© X &
3 1 \R \\@
o« MgCl, DRH \ ‘
20 - n N\ )
‘ e \‘
10 - @ Static tests where SCC occurs = N [
S A -
] € Cyclic tests where SCC occurs oD _‘“ § E
€ Cyclic tests where SCC did not occur - §=:i=_-_§
0 , , . : 7
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Temperature, °C

B29 3042442 P RRBEREFEET X5 BFH SCC 27 a b
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532 RN EPAESPF2 SCCH 4 7t 182 R-CCR &%= 47

Hdwmagvrz2z2 SCCiR1 2l » TRERM 27T ER 28 2 & F]=tig R A &
o AP TV HITEFRIE AP T T L2 SCCRIRE T ST o 11T #E
NEBEG ¥ A HEA IR EELTTSCAa L3 7 isdd SCCEELY
CGR fiw -

Lo % TSCP 2 # f 5 14KV o5 28 A& g 497 9 2 TSC iR & 4%
H35181°C 1 82°C 2 B ¥ % o & 2| P BT 1B B e
FRTISCAG I %G EimpfaRag > A & SCCRRFEEP - &
B2 S0C 2 48

2. FTISC A TED KW B ISC £ 5 B R FFH S 75.3-118.6°
Cz#F > 27 @it Fl=g & 0,55 2 # F(0-0. 6m) & ¢ & 5%
3 S0C 2 B ig i p

0.55=(118.6 — 32)/(80 — 32)

Flt L A EFRB LT AR R (B 31) 1 T F KT AT 5 80%4p
HECFZRT 2 FREE 22 F & TSC £ 6 0-0.6m 2 f&Fp > HAipghig
B K5

e3¢ = exp(20.386 — 5132K /305.15) 0.8 = 28.35768 :
pwﬂzmzzgi;::onoozo1;
e753:c = exp(20.386 — 5132K/348.45) = 286.5516 ;

PwmMax,75.3°C = $ = 0.001782 ;

0.000201

RH=———=%=11.3%

0.001782

PAp R R T M DRH > s | SCC 2. ¥ st o

3. @ TSC {447 % 3 TSCOl 72 4 3. TKW 2+ p - 2 TSC % & &
BB 5 50.7-69.4°C2 #F > 27 @afE R TSC £ 6 ¢ &5+

SOC 2. T i (2 o
Flp R e & FIIRE 2 T a0 $HE A (B 31) 15 77 L8 Ak ¢ 80%4p

HETBRT AN FAE AL HERA S
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esoc = exp(20.386 — 5132K/305.15) = 0.8 = 28.35768 ;

Pw 320¢ = ﬁ = 0.000201 ;

w

esprc = exp(20.386 — 5132K /323.45) = 90.453 ;

PwMAX,50°C = R:};T = 0.00606 ;

_0.000201
0.0006062

RH %=33.2%

S F - HEFHF RAAHRRE R PR T F (K 32) TSC £
hPEEREFRBER DT 0 SRR Mo e B T FRBURR M 50%2 W
TSC %% 2 4942 R % 83 DRH o f 303 Horif 2 dpstiR R @ 330 4 (402
DRH - F]pt %38 EPRI 2 B 58 T ¥ & ¥ 915 f kR TSC £ 6 @& F=t it
CGR 2 » i AB% (1 33) - H % % &177 » § & f 45 13KW p* » TSC 54 4 &
Fli B AE 2 Fo A AE DRHFERP > &t - F 27T TSC 4 5 #7 R34
SCC o @ % f 3B ibrjp i pF > o % TSC 4 o "8 327 R enif R i > )t 4
R-CGR#H v =% { B -

A oE - g 11-6KW 2 f L 7t 7 g R 8 TSC & 240 R-CGR
ABF R F E pendf S bR K > A F] L COR LR R Sl s EA
FapFEs H COGR 7AME2. TR 0 T Am Fl= 0 {8 eh R-CGR 7 & LT ' cndB g o
F 2> TSC 2@ & 304 77 F] 5 if R ehi® ™ "% > @ i@ B 43 DRH 2§ -
g AP LM R-CCGR 7 F 8 2 4% -

Bis o TSC P3vg {8 A8 Mph > o SNE R MR & T RE
R M2 %o B R-COGR M2 T M- B RRF 0§ ELE T F
TSC # & 1% 7 SCC #73c 2. B & » H B i e (b 7n JNF 3 p7 s P Y e 4o 7 3B by
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CHRERUVEFHT AR R E BRI

A Y 2 B4 P m*f TR RICET AR AR A AR BRI g2tk TR
FHICE R HPERRNERAER S NE2FERREGIFTREFALR

SRR Y § T R T I AT 2 1 TR R F R ) H 2 F

ke

SIAMZ AP R A K B TR ,g%?; B =3t kg7l &

6.1 §2R7 % SRR R SUEA 4T

6.1.1 ¥4

PEEREY 2 F BEPE > A LIRS 2F Y41 FIHXR2ZG
B4k 5 (2865°C) » F]pt 3t — AR FpRT20 4P B 3K ’*—%Puq?r ? (4r ISG-11)7 » & A4 H 7
)ii%c'lﬁfoﬂ\m rd PR PR AR B PV TR
F B E A RO AR 2 2 R ot AR L Y T AR R
LM RN BT D 2 vk 1 2 &g (Bambooing) 2 = Fl 4 1L HLP o

PRV ERDTFLPAARRENA I RR B S IR ST 0
G REEZERES T T e B e F TG R SR L i KA R3S B
bebi- B b A B G 408 R R s 2 P w2 it S L 1840MWE > F
YR T B FF) S (1A BE - el B R L

1840MW/408 +2*1.4(POWER FACTOR)=6.3MW

A FRLE- B R E LIRS P I A2 RARL R
GRIEE S8 PRI R ST

T. —T = (q""'1%/4k)

He o #g 4 F(@")Rvd B Mg S e # S AEE g
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55 387.996MW/ Mo it » b Mm@ gy v ot dg B R AT EY
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—ﬁ%ﬁﬁﬁiy%ﬂﬁ Bkl 4G DI A S e W R4 2 ¢ d
WA BT A A B F R T EERE A D A OUIRIL R Bt - A2 T
Wit WL A DR A R IR S P () 34) 0 A R R
Bt A g e i e

Beginning of life After 1 cycle
“Bambooing” :

Gap closure - PCI

Swelling due
to solid fission
products

Thermal stress cracks
“hourglassing”
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B 34 w1 38 7 S sr LRI
-G AR EFPIVE Y 2 8 R R F R R TR BT A
A P R IR FAT R L W R AV AR A B ek e
B AL A AR RGP TS PR R
REMM L A5 22 LA PRBY TGS L D07 e nd 3
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P ORI R S Siheti o & 18 VMM gATIR K Y o B
a2~ R AL ] Bldedr 10X10 K 39 ATRIUM-10 )T&P—*p v GE8X8
Lop e B2 2/ 0 RIFIL P A L LB E R T § R Forig & g
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o LR EARR S F AR T 0 B (R AR A 0 A ke R

B i f i (BWR) S LA (PWR) & 2 =% 4 15 0 7 i 3]38 o

foe

R R e -

F 18 Pkl £ & S8 &
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Woke 2% 0 cm 1.057 1.041 1.027 1.044 0.867

EEP o cm 1.08 1.066 1.052 1.064 0.884

U235 /}a‘ﬂ"ﬁ}i » % 1.95 3.25 3.24 3.69 4.372

BB R R G o AR YR L @ B AREE 0.50m ¢ w2 A TR g
&F 600°C g & o 7 @ EPF AR B Ao BT L] R %

Fogd AAgpe BV @ A4F 4 55 153960/ m’ 0 K 5 i kR

S

24 ss R 60 125000 ¢ 35 @A GBI 8 SERTET G d AriE BT
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f
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6.1.2 %&£

e S PRV L 7 REBE D TR R
EEOVHEA Y S - P TR EEA S - R RS R R
w2t s % 8X8-9X9 A F_10X10 2. BWR %44 & » & §_17X17 22 PWR %41 4 o
PHEEZMPEY SEL A EEy R RENE B R L F R P
W FIARE S P FRERSF B EEHE

sdNEEFAPFERE LR EMz AEE AR Ft A Z K NRC ¥ 4p M
FORTIE R ISG-11 P > Tt 22 R R TN 2N PR

1 e ¥ RT kR PR R F4E 400°C

i

~

2. LR AN FEFIRT O B EE SRR T F42i8 570°C 5
3B ERFI FALZEOE5Co ¥ BHRF FALE 10 =
EEAAM TR AR AEAEE > PR RTEZ KRR Gk
NUREG-1536[10]% & %7 88 % ¢ - #.& A 'UiE 2 R FHF 5 &l ¥p7
GHR S RE R kL s (creep) 4 5 i B LIRS ] A E BB £ ok
w &4 (hoop stress) + » 9OMPA B > 5 ¥ it &5 B et & GpF G 8 7 F) 5 R
HEALDERH ERPPEE DRFRIIIEE -
$ob > NRC g B AL " dg > b - 2 ¥ pr iz 2 B RPUE > VLB EY
CHUARMIRS B4 AR 2 2 kG R AR b4 F 4 AR Tl 5407
Cpro>Hkwks 4 g42d OOMPA » o pF > & ¥ 7oz i R'TE » B7 rc g
71540°Coie d *F RATHE 570 C R B RYSHE £ o & BURS 4] A 4 0%
Flt T TRoe 4 23R TN SR RACE 570°C BE RS 54 4 £ 4B
9OMPA » 2 w3 ¥4k % i 570°C 2 R BT 5 & ¥ pFi3 T 2 8 B "L -
WO R FI R A R R E R PR A ARE 570°C P H 4 & BURis 4
B4 L 4 B2 (stress rupture) > F]pt A e Ep 22 BT‘ Aok @ T o P ER SRR D

Z X3 570°C ® uq@_m? E
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Befé » NUREG-1536 # g » d 208 it Hp o i i g3t B R 4 5 £ 7
RFGERDEC A EREZINRBANTELT AL A w TR MR

BOUE S ERY A WL TR T2 BT R R R
6.1.3 484

d BT BRI OF AT 0 4F S £ 5 PR (4o Boral)E H o HEE
RO RVERR ) W HRE A LR FF > A B LR R HREE X F A
A p £ e f P Rk ki NUREG-1536 # it o § Hpl ek 7R & 4216 93.9
"C(200°F)pE T % ¥ o %2 > * F 421 ASME SECTION Il #7& $:1204.4°
CU00'F)pF » PI L Z4H L BBFRRNREFTER « AT SO BERE AR R
i ¥ aNiopEel (PR R FFPM 0 H LB @V 4 5(3 200MPA—>50MPA) - it
BN - PR P AN F A HTOEEA S P ARE S R R AR

<)

?\.”P ) ﬁﬁ‘g’&i’é‘é/

freh
JFls

» F]pt H L iE -2 ¥ NUREG-1536 ¥ ”Lri\‘ B2
# e

gt MR 2 U g AN s s £ E B H U et 1 AR ST
F ok R R U bl - goRT ks MR IT AR s & £ AL-6061[16]
AL E G pEad (Chdd > R WAR S £ ML S B -k P enFR #UeJ2 (solution
treatment)—3% X (quench)— P > 32 (aging treatment) 2 A2 5 {5 > 443 38 € 1% b7
ARy T @ B RRF o 0 SRR R SUE R R R
P2 IPE it X 2047304 7 HH4PH 28 R 398.8°C MG 32 1FZ o
f g FasRdE (BORAL) ek A » d 3827 H 2 £ H1i8 & ' & 454°C(850°F) & &
#p08 & PUE 537°C(1000°F) i d ey 7ot 2 e d ¢ [17]7 2 "B e ke
AV PR e H MR L R R T g PR R RE LAY X ERE

B d AAE IR TR TR F Y RICRT AL AAGARR T AR T

Kl

fot TRl KR QB REKFVET R BRI AEE LAY R DR AL T2

et X 2 AR L Y MR RRETREZERNVEEF A
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6.1.4TSC #.1¥

Fr- §epFenft E 02 TSC F %0 H 4L 5304 & 304L 2% #1045 4 7 4
4 B¢ 304 4 AL SR 95 0.08%2 7 40 @ 304L P 4 0.03%
2 g AR o AN AE4nH fdziE 400°C BEF o - F) 5 R e , B it
AR TR R E LAY LA G £d 304t @ 3041
AL S bR AT T R AL B 0 € BB R A R R el
TP AR PEFYEEDPR Y TV R T N A BRI EAA N 4 o
KR RERE 0 B Z 4304 27 304L A M4z £ Hp i F i 2L 4266°C o H oA
:&Jﬁﬂﬁfcié TR S b A R e

e A ATARK AR T R kg o AR eh 2Rl R ) i
S hOFARAL a Y BB et T a4 4 blde TSC
EFED T OB RERSDEIE SR nT o AT I WP RE ARE
426.6°Cpr > 23 A2 R0 en B PTHRA 472 F it
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6.1.5 & 4n

¥+ SAB37 ~ SAS64 ¥2 SA193 ¥ = faadn L & FIH B4 R KRB > wARE
PIEERE MR BN HE A g4k b itz 304 2 H4n 0 FILEM R A
Rt L PR wd A hAgi 426.6°C (800 F)pF o v g 3 4 W
BB FILEHE SR P 2 RE R %Y E Y 5 Flaet > SAR
FT QLR 9 1202 426.6°C (800°F) 1% & Hp 3K 3- P o s it ERT Y AQARK
LHBF LAY o LR E A2 TR MR R RS P BRI hiE
fo j3id 2 RWF) L BRI ED NIRE 2R o

R kg Bl 4w 0 0BTk s T4kt 22 ASTM A36 ~ A537 ~ A588 -
AGL5 ~ A350 F 415k » 2 &% i LR A ~ AR - @R T2
o R FH SRS R R B RA NIRRT R EE R LER
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FF A TP 196 Ksi 5 PR s A 2 5 0 B HHRE & Ui 7 94248 500

R A RAR D TR ) P R R e B AU K AR

65



X

R EI 2 RRNE S AEERYD A e hbeu@mp > H -

T
FT
~
Ty
-
<
v
3
|-
.
N

LR T - 3R R P R E R

=
ol
THE
fon
=
=
M

Eia gAY R EEREREERY A

EFPREBER AR AL DR ALE 2000C B gFLTE A
©800°CPimg s k- L2 Eom H MM Glickd 40°CH 472 1 500
CHF3 LR Re20% ¢ s /R Foari%i & 375 573 CriP ahE & =
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M A B R UDF #2555

/* 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,
t)+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%2;
}
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

Diameter®/

begin_c_loop(c,t)
{
F_PROFILE(c,t,i) =
32./Dh/Dh/1.7812096%2;
}

end_c_loop(c,t)

DEFINE_PROFILE(K_LTP_C,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,
t)+C_V(c, t)*C_V(c, t)+C_W(c,
t)*C_W(e, t));

80

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*
23

}

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,
t)+C_V(c, t)*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)

DEFINE_PROFILE(K_FUEL, t,1)
{



real x[ND_NDJ;

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,i) =

((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%*2;

)

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) =
(-9.6849.526*pow(Re ,0.0046)

)/0.64389%*1.7812*1.7812096%*
2;
)

end_c_loop(c,t)

DEFINE_SOURCE( suorce_KSDSS,
c, t, dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, p0,
source, height, MaxPower;
C_CENTROID(x, ¢, t);
height= x[1];
p0=0.67666298;
Ll =
0.15%3.62547442;
L2 =
3.62547442%0.8;
A = p0+L1;
B = p0+L2;

MaxPower=199/0.06578/0
.825%1.966387;

if (A> height)

{

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

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

else if
(height>4.3021374)
{

81

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>4.3021374)
{
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 if
(height>4.3021374)
{
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>4.3021374)

{
f=0;

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

DEFINE_SOURCE(suorce_10year,

c, t, dS, eqn)
{
real x[ND_ND]J;

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

source, height, MaxPower;
C_CENTROID(x, c, t);
height= x[1];
p0=0.3278;
A = p0+0.15%3.81;

B = p0+3.81%0.8;

L1 = 0.5715;
L2 = 0.762;

MaxPower=169.6/0.06578

/0.825;
if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.1378)
{
f=0;

else

f=1;

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>4.1378)
{
f=0;

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

if (A> height)
{

f=1-(A-height)/L1;
}
else if (height>B)
{
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f=1-(height-B)/L2;
}
else if
(height>4.1378)

{
f=0;

else

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

#endif /* !RP_NODE*/

#if |PARALLEL

if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.1378)
{
f=0;

else



f=1;
source = MaxPower*f;
return source;
#endif /* !PARRLLEL*/
)
DEFINE_SOURCE(suorce_20year,
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=0.3278;
A = p0+0.15%3.81;
B = p0+3.81%0.8,;
Ll = 0.5715;
L2 = 0.762;

MaxPower=133.9/0.06578
/0.825;

if (A> height)

{

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

f=1-(height-B)/L2;
}
else if
(height>4.1378)
{
f=0;

else

f=1;

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>4.1378)
{
f=0;

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

if (A> height)
{

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

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

else if

(height>4.1378)
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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>4.1378)

{
f=0;

else
f=1;

source = MaxPower*f;

return source;
#endif /* !PARRLLEL*/
}
DEFINE_SOURCE(suorce_50year,
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=0.3278;
A = p0+0.15%3.81;

B = p0+3.81%0.8,;

Ll = 0.5715;
L2 = 0.762;

MaxPower=71.4/0.06578/

0.825;
if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.1378)
{
f=0;

else

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

#1f !PR_HOST

i1f (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.1378)
{
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 if
(height>4.1378)
{
f=0;

else

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

#endif /* !RP_NODE*/
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#if !PARALLEL

if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.1378)
{
£=0;

else
f=1;
source = MaxPower*f;
return source,
#endif /* !PARRLLEL*/
}
DEFINE_SOURCE(suorce_100yea
r, ¢, t, dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, pO,
source, height, MaxPower;
C_CENTROID(x, c, t);
height= x[1];
p0=0.3278;
A = p0+0.15%3.81;
B = p0+3.81%0.8;
L1 = 0.5715;
L2 = 0.762;

MaxPower=24.1/0.06578/



0.825;
if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.1378)
{
f=0;

else

f=1;
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>4.1378)
{
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 if
(height>4.1378)

{
f=0;

else

86

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>4.1378)

{
f=0;

else

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

#endif /* !PARRLLEL*/

}
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#include "udf.h"
#include "mem.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,
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*1.7812
096%2;
}
end_c_loop(c,t)

DEFINE_PROFILE(friction_fac
tor_LAM,t,1)
{

real x[ND_ND]J;

real a,Dh;

cell_t c;
Dh=12.3225E-3; /* Hydrolic

Diameter®/

begin_c_loop(c,t)
{
F_PROFILE(c,t,i) =
32./Dh/Dh/1.7812096%2;
}

end_c_loop(c,t)

DEFINE_PROFILE(K_LTP_C,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,
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*
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2;
)

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,
t)+C_V(c, t)*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)

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,i) =

((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%2;

)

end_c_loop(c,t)

DEFINE_PROFILE(K_UTP, t,1)
{

real x[ND_NDJ;

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*
2;

}

end_c_loop(c,t)

DEFINE_SOURCE(ZONE_A, c, t,
dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, p0,
source, height,
MaxPower,Fxz,fuel 13, fuel_1
4, fuel_15,fuel _16,row_1, row
_2,row_3,row_4,cloumn_1,
cloumn_2, wide , deep;
C_CENTROID(x, ¢, t);
wide =x[0];
height= x[1];
deep= x[2];
p0=0.216225;
fuel_13=0.971046771;
fuel_14=0.944320713;
fuel _15=1.095768374;
fuel_16=0.988864143;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
A = p0+0.15%3.81;
B = p0+3.81%0.8;
L1 = 0.5715;
L2 = 0.762;
MaxPower=112.25/0.0657
8/0.825;
I* SETERRERE/
if (wide < row_1)

{
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if (deep >

cloumn_1)

Fxz=fuel _15;

else

Fxz=fuel _13;
}
else if (wide > row_1)
{
if (deep

>cloumn_1)

Fxz=fuel _16;

else

Fxz=fuel _14;
}

I * S EREE BT
if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.026225)

{
f=0;

else
f=1;
source =

MaxPower*f*Fxz;



return source;

#i1f !PR_HOST

if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.026225)
{
£=0;

else
f=1;
source =
MaxPower*f*Fxz;
return source;
#endif /* !PR_HOST*/
#i1f 'RP_NODE

if (A> height)
{

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

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

else 1f

(height>4.026225)

f=0;

else
f=1;
source =
MaxPower*f*Fxz;
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>4.026225)
{
f=0;

else
f=1;
source =
MaxPower*f*Fxz;
return source,
#endif /* !PARRLLEL*/
}
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DEFINE_SOURCE(ZONE_B, c, t,
dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, p0,
source, height,
MaxPower ,Fxz,fuel_8,fuel 9,
fuel_10,fuel_11,fuel_12,row
_1,row_2,row_3,row_4,cloumn
_1, cloumn_2, wide , deep;
C_CENTROID(x, c, t);
wide=x[0];
height= x[1];
deep= x[2];
p0=0.216225;
fuel_8=1.00308642;
fuel_9=0.956790123;
fuel_10=0.956790123;
fuel_11=1.018518519;
fuel_12=1.064814815;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
A = p0+0.15%3.81;
B = p0+3.81%0.8;
L1 = 0.5715;
L2 = 0.762;

MaxPower=64.8/0.06578/
0.825;
I* 4ETERRERE/
if (wide < row_1)
{
Fxz=fuel §;



else if (wide < row_2) f=0;

{ }
Fxz=fuel_9; else
) f=1;
else if (wide > row_2) source =
{ MaxPower*f*Fxz;
if (deep return source;
>cloumn_1) #if !PR_HOST
{
if (A> height)
Fxz=fuel_12; {
}
else 1f (deep > f=1-(A-height)/L1;
cloumn_2) }
{ else 1f (height>B)
{
Fxz=fuel 11;
} f=1-(height-B)/L2;
else }
else if
Fxz=fuel 10; (height>4.026225)
{
} =0
}
I ERE RIGE R/ else
if (A> height) f=1;
{ source =
MaxPower*{*Fxz;
f=1-(A-height)/L1; return source;
) #endif /* !PR_HOST*/
else 1f (height>B) #i1f 'RP_NODE
{
if (A> height)
f=1-(height-B)/L2; {
}
else 1f f=1-(A-height)/L1;
(height>4.026225) }
{ else 1f (height>B)
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f=1-(height-B)/L2;
}
else if
(height>4.026225)
{
f=0;

else
f=1;
source =
MaxPower*f*Fxz;
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>4.026225)

{
f=0;

else
f=1;
source =

MaxPower*f*Fxz;



return source;

#endif /* !PARRLLEL*/

)
DEFINE_SOURCE(ZONE_C, ¢, t,
dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, pO,
source, height,
MaxPower ,Fxz,fuel_1,fuel_2,
fuel_3,fuel_4,fuel_5,fuel_6
,fuel _7,row_1,row_2,row_3,r
ow_4,cloumn_1, cloumn_2,
wide , deep;
C_CENTROID(x, ¢, t);
wide=x[0];
height= x[1];
deep= x[2];
p0=0.216225;
fuel_1=0.994428969;
fuel_2=0.974930362;
fuel_3=0.91643454;
fuel_4=1.052924791;
fuel_5=1.091922006;
fuel_6=1.111420613;
fuel_7=0.857938719;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
A = p0+0.15%3.81;
B = p0+3.81%0.8,;
L1 = 0.5715;
L2 = 0.762;

MaxPower=51.28571429/0

.06578/0.825;
1* SETEREE R

if (wide < row_1)

Fxz=fuel _1;

else if (wide < row_2)

Fxz=fuel _2;

else 1f (wide < row_3)

Fxz=fuel _3;

else 1f (wide < row_4)

cloumn_1)

cloumn_2)

if (deep >
{
Fxz=fuel _6;
}
else 1f (deep >
{
Fxz=fuel _5;
}
else
Fxz=fuel 4;
}
else
Fxz=fuel 7;

I*4aEREE BT/

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

f=1-(height-B)/L2;
}
else if
(height>4.026225)
{
f=0;

else
f=1;
source =
MaxPower*f*Fxz;
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>4.026225)

{
f=0;

else
f=1;

source =



MaxPowe r*f*Fxz;

return source;
#endif /* !PR_HOST*/
#if !RP_NODE

if (A> height)
{

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

}

else 1f (height>B)

{

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

}
else i1f
(height>4.026225)
{

f=0;

source =
MaxPower*f*Fxz;
return source;

#endif /* !RP_NODE*/

#if !PARALLEL

if (A> height)
{

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

}

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

}
else if
(height>4.026225)
{
f=0;

else
f=1;
source =
MaxPower*{*Fxz;
return source;
#endif /* !PARRLLEL*/
}
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#include "udf.h"
#include "mem.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,
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*1.7812
096%2;
}
end_c_loop(c,t)

DEFINE_PROFILE(friction_fac
tor_LAM,t,1)
{

real x[ND_ND]J;

real a,Dh;

cell_t c;
Dh=12.3225E-3; /* Hydrolic

Diameter®/

begin_c_loop(c,t)
{
F_PROFILE(c,t,i) =
32./Dh/Dh/1.7812096%2;
}

end_c_loop(c,t)

DEFINE_PROFILE(K_LTP_C,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,
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*
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2;
)

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,
t)+C_V(c, t)*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)

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,i) =

((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%2;

)

end_c_loop(c,t)

DEFINE_PROFILE(K_UTP, t,1)
{

real x[ND_NDJ;

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*
2;

}

end_c_loop(c,t)

DEFINE_SOURCE(ZONE_A, c, t,
dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, p0,
source, height,
MaxPower,Fxz,fuel 13, fuel_1
4, fuel_15,fuel _16,row_1, row
_2,row_3,row_4,cloumn_1,
cloumn_2, wide , deep;
C_CENTROID(x, ¢, t);
wide =x[0];
height= x[1];
deep= x[2];
p0=0.216225;
fuel_13=0.95194508;
fuel_14=0.924485126;
fuel_15=1.107551487;
fuel_16=1.016018307;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
A = p0+0.15%3.81;
B = p0+3.81%0.8;
L1 = 0.5715;
L2 = 0.762;
MaxPower=109.25/0.0657
8/0.825;
I* SETERRERE/
if (wide < row_1)

{
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if (deep >

cloumn_1)

Fxz=fuel _15;

else

Fxz=fuel _13;
}
else if (wide > row_1)
{
if (deep

>cloumn_1)

Fxz=fuel _16;

else

Fxz=fuel _14;
}

I * S EREE BT
if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.026225)

{
f=0;

else
f=1;
source =

MaxPower*f*Fxz;



return source,

#i1f !PR_HOST

if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.026225)
{
£=0;

else
f=1;
source =
MaxPower*f*Fxz;
return source;
#endif /* !PR_HOST*/
#i1f 'RP_NODE

if (A> height)
{

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

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

else 1f

(height>4.026225)

f=0;

else
f=1;
source =
MaxPower*f*Fxz;
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>4.026225)
{
f=0;

else
f=1;
source =
MaxPower*f*Fxz;
return source,
#endif /* !PARRLLEL*/
}
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DEFINE_SOURCE(ZONE_B, c, t,
dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, p0,
source, height,
MaxPower ,Fxz,fuel_8,fuel 9,
fuel_10,fuel_11,fuel_12,row
_1,row_2,row_3,row_4,cloumn
_1, cloumn_2, wide , deep;
C_CENTROID(x, c, t);
wide=x[0];
height= x[1];
deep= x[2];
p0=0.216225;
fuel_8=0.99378882;
fuel_9=0.97826087;
fuel_10=0.962732919;
fuel_11=1.02484472;
fuel_12=1.040372671;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
A = p0+0.15%3.81;
B = p0+3.81%0.8;
L1 = 0.5715;
L2 = 0.762;

MaxPower=64.4/0.06578/
0.825;
I* 4ETERRERE/
if (wide < row_1)
{
Fxz=fuel §;



else if (wide < row_2) f=0;

{ }
Fxz=fuel_9; else
) f=1;
else if (wide > row_2) source =
{ MaxPower*f*Fxz;
if (deep return source;
>cloumn_1) #if !PR_HOST
{
if (A> height)
Fxz=fuel_12; {
}
else 1f (deep > f=1-(A-height)/L1;
cloumn_2) }
{ else 1f (height>B)
{
Fxz=fuel 11;
} f=1-(height-B)/L2;
else }
else if
Fxz=fuel 10; (height>4.026225)
{
} =0
}
I ERE RIGE R/ else
if (A> height) f=1;
{ source =
MaxPower*{*Fxz;
f=1-(A-height)/L1; return source;
) #endif /* !PR_HOST*/
else 1f (height>B) #i1f 'RP_NODE
{
if (A> height)
f=1-(height-B)/L2; {
}
else 1f f=1-(A-height)/L1;
(height>4.026225) }
{ else 1f (height>B)
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f=1-(height-B)/L2;
}
else if
(height>4.026225)
{
f=0;

else
f=1;
source =
MaxPower*f*Fxz;
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>4.026225)

{
f=0;

else
f=1;
source =

MaxPower*f*Fxz;



return source;

#endif /* !PARRLLEL*/

)
DEFINE_SOURCE(ZONE_C, ¢, t,
dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, pO,
source, height,
MaxPower ,Fxz,fuel_1,fuel_2,
fuel_3,fuel_4,fuel_5,fuel_6
,fuel _7,row_1,row_2,row_3,r
ow_4,cloumn_1, cloumn_2,
wide , deep;
C_CENTROID(x, ¢, t);
wide=x[0];
height= x[1];
deep= x[2];
p0=0.216225;
fuel_1=0.99197861;
fuel_2=0.99197861;
fuel_3=0.935828877;
fuel_4=1.010695187;
fuel_5=1.048128342;
fuel_6=1.122994652;
fuel_7=0.898395722;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
A = p0+0.15%3.81;
B = p0+3.81%0.8,;
L1 = 0.5715;
L2 = 0.762;

MaxPower=53.42857143/0

.06578/0.825;
1* SETEREE R

if (wide < row_1)

Fxz=fuel _1;

else if (wide < row_2)

Fxz=fuel _2;

else 1f (wide < row_3)

Fxz=fuel _3;

else 1f (wide < row_4)

cloumn_1)

cloumn_2)

if (deep >
{
Fxz=fuel _6;
}
else 1f (deep >
{
Fxz=fuel _5;
}
else
Fxz=fuel 4;
}
else
Fxz=fuel 7;

I*4aEREE BT/

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

f=1-(height-B)/L2;
}
else if
(height>4.026225)
{
f=0;

else
f=1;
source =
MaxPower*f*Fxz;
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>4.026225)

{
f=0;

else
f=1;

source =



MaxPowe r*f*Fxz;

return source;
#endif /* !PR_HOST*/
#if !RP_NODE

if (A> height)
{

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

}

else 1f (height>B)

{

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

}
else i1f
(height>4.026225)
{

f=0;

source =
MaxPower*f*Fxz;
return source;

#endif /* !RP_NODE*/

#if !PARALLEL

if (A> height)
{

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

}

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

}
else if
(height>4.026225)
{
f=0;

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

#include "udf.h"
#include "mem.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,
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*1.7812
096%2;
}
end_c_loop(c,t)

DEFINE_PROFILE(friction_fac
tor_LAM,t,1)
{

real x[ND_ND]J;

real a,Dh;

cell_t c;
Dh=12.3225E-3; /* Hydrolic

Diameter®/

begin_c_loop(c,t)
{
F_PROFILE(c,t,i) =
32./Dh/Dh/1.7812096%2;
}

end_c_loop(c,t)

DEFINE_PROFILE(K_LTP_C,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,
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*
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2;
)

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,
t)+C_V(c, t)*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)

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,i) =

((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%2;

)

end_c_loop(c,t)

DEFINE_PROFILE(K_UTP, t,1)
{

real x[ND_NDJ;

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*
2;

}

end_c_loop(c,t)

DEFINE_SOURCE(ZONE_A, c, t,
dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, p0,
source, height,
MaxPower,Fxz,fuel 13, fuel_1
4, fuel _15,fuel _16,row_1, row
_2,row_3,row_4,cloumn_1,
cloumn_2, wide , deep;
C_CENTROID(x, ¢, t);
wide =x[0];
height= x[1];
deep= x[2];
p0=0.216225;
fuel_13=0.960276339;
fuel_14=0.93955095;
fuel_15=1.050086356;
fuel_16=1.050086356;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
A = p0+0.15%3.81;
B = p0+3.81%0.8;
L1 = 0.5715;
L2 = 0.762;
MaxPower=144.75/0.0657
8/0.825;
I* SETERRERE/
if (wide < row_1)

{
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if (deep >

cloumn_1)

Fxz=fuel _15;

else

Fxz=fuel _13;
}
else if (wide > row_1)
{
if (deep

>cloumn_1)

Fxz=fuel _16;

else

Fxz=fuel _14;
}

I * S EREE BT
if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.026225)

{
f=0;

else
f=1;
source =

MaxPower*f*Fxz;



return source;

#i1f !PR_HOST

if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.026225)
{
£=0;

else
f=1;
source =
MaxPower*f*Fxz;
return source;
#endif /* !PR_HOST*/
#i1f 'RP_NODE

if (A> height)
{

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

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

else 1f

(height>4.026225)

f=0;

else
f=1;
source =
MaxPower*f*Fxz;
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>4.026225)
{
f=0;

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

101

DEFINE_SOURCE(ZONE_B, c, t,
dS, eqn)

real x[ND_ND];
real A, B, L1, L2, f, pO,

source, height,

MaxPower ,Fxz,fuel_8,fuel 9,
fuel_10,fuel_11,fuel_12,row
_1,row_2,row_3,row_4,cloumn

_1, cloumn_2, wide , deep;

C_CENTROID(x, c, t);
wide=x[0];
height= x[1];
deep= x[2];
p0=0.216225;
fuel_8=0.978077572;
fuel_9=0.994940978;
fuel_10=0.969645868;
fuel_11=1.003372681;
fuel_12=1.053962901;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
A = p0+0.15%3.81;

B = p0+3.81%0.8,;

Ll = 0.5715;

L2 = 0.762;

MaxPower=118.6/0.06578

10.825;
% SETEREE B/

if (wide < row_1)
{
Fxz=fuel §;



else if (wide < row_2) f=0;

{ }
Fxz=fuel_9; else
) f=1;
else if (wide > row_2) source =
{ MaxPower*f*Fxz;
if (deep return source;
>cloumn_1) #if !PR_HOST
{
if (A> height)
Fxz=fuel_12; {
}
else 1f (deep > f=1-(A-height)/L1;
cloumn_2) }
{ else 1f (height>B)
{
Fxz=fuel 11;
} f=1-(height-B)/L2;
else }
else if
Fxz=fuel 10; (height>4.026225)
{
} =0
}
I ERE RIGE R/ else
if (A> height) f=1;
{ source =
MaxPower*{*Fxz;
f=1-(A-height)/L1; return source;
) #endif /* !PR_HOST*/
else 1f (height>B) #i1f 'RP_NODE
{
if (A> height)
f=1-(height-B)/L2; {
}
else 1f f=1-(A-height)/L1;
(height>4.026225) }
{ else 1f (height>B)
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f=1-(height-B)/L2;
}
else if
(height>4.026225)
{
f=0;

else
f=1;
source =
MaxPower*f*Fxz;
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>4.026225)

{
f=0;

else
f=1;
source =

MaxPower*f*Fxz;



return source;

#endif /* !PARRLLEL*/

)
DEFINE_SOURCE(ZONE_C, ¢, t,
dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, pO,
source, height,
MaxPower ,Fxz,fuel_1,fuel_2,
fuel_3,fuel_4,fuel_5,fuel_6
,fuel _7,row_1,row_2,row_3,r
ow_4,cloumn_1, cloumn_2,
wide , deep;
C_CENTROID(x, ¢, t);
wide=x[0];
height= x[1];
deep= x[2];
p0=0.216225;
fuel_1=1.028915663;
fuel_2=0.927710843;
fuel_3=0.860240964;
fuel_4=1.079518072;
fuel_5=1.130120482;
fuel_6=1.180722892;
fuel_7=0.792771084;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
A = p0+0.15%3.81;
B = p0+3.81%0.8,;
L1 = 0.5715;
L2 = 0.762;

MaxPower=59.28571429/0

.06578/0.825;
1* SETEREE R

if (wide < row_1)

Fxz=fuel _1;

else if (wide < row_2)

Fxz=fuel _2;

else 1f (wide < row_3)

Fxz=fuel _3;

else 1f (wide < row_4)

if (deep >

cloumn_1)

Fxz=fuel _6;
}

else if (deep >

cloumn_2)

Fxz=fuel _5;
}
else

Fxz=fuel 4;

else

Fxz=fuel 7;

I*4aEREE BT/

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

f=1-(height-B)/L2;
}
else if
(height>4.026225)
{
f=0;

else
f=1;
source =
MaxPower*f*Fxz;
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>4.026225)

{
f=0;

else
f=1;

source =



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

return source; else }
#endif /* !PR_HOST*/ f=1; else if
#if 'RP_NODE source = (height>4.026225)
MaxPower*f*Fxz; {
if (A> height) return source; f=0;
{ #endif /* !RP_NODE*/ }
else
f=1-(A-height)/L1; f=1;
} #1f 'PARALLEL source =
else 1f (height>B) MaxPower*f*Fxz;
{ if (A> height) return source;
{ #endif /* !PARRLLEL*/
f=1-(height-B)/L2; }
} f=1-(A-height)/L1;
else 1f }
(height>4.026225) else 1f (height>B)
{ {
f=0;
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CSDSS

#include "udf.h"
#include "mem.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,
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*1.7812
096%2;
}
end_c_loop(c,t)

DEFINE_PROFILE(friction_fac
tor_LAM,t,1)
{

real x[ND_ND]J;

real a,Dh;

cell_t c;
Dh=12.3225E-3; /* Hydrolic

Diameter®/

begin_c_loop(c,t)
{
F_PROFILE(c,t,i) =
32./Dh/Dh/1.7812096%2;
}

end_c_loop(c,t)

DEFINE_PROFILE(K_LTP_C,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,
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*
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2;
)

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,
t)+C_V(c, t)*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)

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,i) =

((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%2;

)

end_c_loop(c,t)

DEFINE_PROFILE(K_UTP, t,1)
{

real x[ND_NDJ;

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*
2;

}

end_c_loop(c,t)

DEFINE_SOURCE(ZONE_A, c, t,
dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, p0,
source, height,
MaxPower,Fxz,fuel 13, fuel_1
4, fuel_15,fuel _16,row_1, row
_2,row_3,row_4,cloumn_1,
cloumn_2, wide , deep;
C_CENTROID(x, ¢, t);
wide =x[0];
height= x[1];
deep= x[2];
p0=0.216225;
fuel_13=0.996539792;
fuel_14=0.948096886;
fuel _15=1.031141869;
fuel_16=1.024221453;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
A = p0+0.15%3.81;
B = p0+3.81%0.8;
L1 = 0.5715;
L2 = 0.762;
MaxPower=144.5/0.06578
10.825;
I* SETERRERE/
if (wide < row_1)

{
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if (deep >

cloumn_1)

Fxz=fuel _15;

else

Fxz=fuel _13;
}
else if (wide > row_1)
{
if (deep

>cloumn_1)

Fxz=fuel _16;

else

Fxz=fuel _14;
}

I * S EREE BT
if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.026225)

{
f=0;

else
f=1;
source =

MaxPower*f*Fxz;



return source;

#i1f !PR_HOST

if (A> height)
{

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

f=1-(height-B)/L2;
}
else if
(height>4.026225)
{
£=0;

else
f=1;
source =
MaxPower*f*Fxz;
return source;
#endif /* !PR_HOST*/
#i1f 'RP_NODE

if (A> height)
{

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

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

else 1f

(height>4.026225)

f=0;

else
f=1;
source =
MaxPower*f*Fxz;
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>4.026225)
{
f=0;

else
f=1;
source =
MaxPower*f*Fxz;
return source,
#endif /* !PARRLLEL*/
}
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DEFINE_SOURCE(ZONE_B, c, t,
dS, eqn)

real x[ND_NDJ;
real A, B, L1, L2, f, pO,

source, height,

MaxPower ,Fxz,fuel_8,fuel 9,
fuel_10,fuel_11,fuel_12,row
_1,row_2,row_3,row_4,cloumn

_1, cloumn_2, wide , deep;

C_CENTROID(x, c, t);
wide=x[0];
height= x[1];
deep= x[2];
p0=0.216225;
fuel_8=0.986394558;
fuel_9=1.003401361;
fuel_10=0.926870748;
fuel_11=1.045918367;
fuel_12=1.037414966;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
A = p0+0.15%3.81;

B = p0+3.81%0.8;

Ll = 0.5715;

L2 = 0.762;

MaxPower=117.6/0.06578

10.825;
% SETEREE B/

if (wide < row_1)
{
Fxz=fuel §;



else if (wide < row_2) f=0;

{ }
Fxz=fuel_9; else
) f=1;
else if (wide > row_2) source =
{ MaxPower*f*Fxz;
if (deep return source;
>cloumn_1) #if !PR_HOST
{
if (A> height)
Fxz=fuel_12; {
}
else 1f (deep > f=1-(A-height)/L1;
cloumn_2) }
{ else 1f (height>B)
{
Fxz=fuel 11;
} f=1-(height-B)/L2;
else }
else if
Fxz=fuel 10; (height>4.026225)
{
} =0
}
I ERE RIGE R/ else
if (A> height) f=1;
{ source =
MaxPower*{*Fxz;
f=1-(A-height)/L1; return source;
) #endif /* !PR_HOST*/
else 1f (height>B) #i1f 'RP_NODE
{
if (A> height)
f=1-(height-B)/L2; {
}
else 1f f=1-(A-height)/L1;
(height>4.026225) }
{ else 1f (height>B)

108

f=1-(height-B)/L2;
}
else if
(height>4.026225)
{
f=0;

else
f=1;
source =
MaxPower*f*Fxz;
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>4.026225)

{
f=0;

else
f=1;
source =

MaxPower*f*Fxz;



return source;

#endif /* !PARRLLEL*/

)
DEFINE_SOURCE(ZONE_C, ¢, t,
dS, eqn)
{
real x[ND_NDJ;
real A, B, L1, L2, f, pO,
source, height,
MaxPower ,Fxz,fuel_1,fuel_2,
fuel_3,fuel_4,fuel_5,fuel_6
,fuel _7,row_1,row_2,row_3,r
ow_4,cloumn_1, cloumn_2,
wide , deep;
C_CENTROID(x, ¢, t);
wide=x[0];
height= x[1];
deep= x[2];
p0=0.216225;
fuel_1=1.009746589;
fuel_2=0.98245614;
fuel_3=0.955165692;
fuel_4=1.009746589;
fuel_5=1.091617934;
fuel_6=1.091617934;
fuel_7=0.859649123;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
A = p0+0.15%3.81;
B = p0+3.81%0.8,;
L1 = 0.5715;
L2 = 0.762;

MaxPower=73.28571429/0

.06578/0.825;
1* SETEREE R

if (wide < row_1)

Fxz=fuel _1;

else if (wide < row_2)

Fxz=fuel _2;

else 1f (wide < row_3)

Fxz=fuel _3;

else 1f (wide < row_4)

cloumn_1)

cloumn_2)

if (deep >
{
Fxz=fuel _6;
}
else if (deep >
{
Fxz=fuel _5;
}
else
Fxz=fuel 4;
}
else
Fxz=fuel 7;

I*4aEREE BT/

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

f=1-(height-B)/L2;
}
else if
(height>4.026225)
{
f=0;

else
f=1;
source =
MaxPower*f*Fxz;
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>4.026225)

{
f=0;

else
f=1;

source =



MaxPowe r*f*Fxz;

return source;
#endif /* !PR_HOST*/
#if !RP_NODE

if (A> height)
{

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

}

else 1f (height>B)

{

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

}
else i1f
(height>4.026225)
{

f=0;

source =
MaxPower*f*Fxz;
return source;

#endif /* !RP_NODE*/

#if !PARALLEL

if (A> height)
{

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

}

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

}
else if
(height>4.026225)
{
f=0;

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



