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ABSTRACT

The goal of study is to investigate the thermal hydraulic behavior of Chinshan
dry storage system (CSDSS)as a re-encapsulated method has be applied to improve
the reliability of sealing boundary. A computational fluid dynamics (CFD)
technology has been employed to develop a useful 2d thermal analysis method for
this study, which can not only be preparatory used to evaluate the thermal behavior
but also to examine the components temperature. Through hard work in this year, the
model developing, validation, parameters sensitivity test and design basis accident
(DBA) case analysis, including normal, off-normal and accident, simulations have
been completed by the research team on schedule. The results initially show that the
influence of air-channel area reducing will not significantly increase the components
temperature. The quantized values indicate that the flow rate will slightly reduce to
the 90% as the flow area reduced to 35%, which indicates that the flow area reducing
will not be the major thermal resistance for the DSS heat transfer. The majorly
thermal resistance in the re-encapsulation process is original from the static gases
layer between the TSC and additional metal canister, but it can be further mitigated
by suitable parameter design. The simulation results also show that the re-
encapsulated DSS still can meet all requirements of DBAs and ensure the
temperature of components below than design limit. Moreover, the simulation result
shows that the re-encapsulated CSDSS can allow a long time full-block accident and
ensure the temperature does not exceed the limits as the thermal load is 7KW. Even
if the thermal load increase to 14kw, the re-encapsulated CSDSS still can ensure the

components safety within 72 hours.

Keywords : CSDSS, CFD, re-encapsulation process, DBA
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Coefficient(1/K) 3.33¢-3

%3 zFREpy
g B & & (K)
‘ 300 400 500 600 700 800
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Thermal Expansion
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Conductivity (W/m-K)

0.65

Density (Kg/m®)

1630.4

Specific Heat (J/Kg-K)

1335.6

# 5 7 44k (304 2

304L) % i 454+

o & & (K)

BB oF M
296.72 | 352.27 | 463.38 | 546.72 657.83

DENSITY (Kg/m®) 8016.4 |7994.2 |7949.9 | 7908.4 7858.6
Specific Heat (J/JKg-K) | 483.98 | 503.24 |533.38 | 550.13 567.30
Conductivity(W/m-K) | 15.05 16.09 18.00 19.21 20.76
Emissivity 0.36

% 6 B4k (A-36 ~ A-533 2 SA-588)%t i 14

& & (K)

B0 B P

296.72 |352.27 |463.38 |546.72 |630.05 |685.60

DENSITY (Kg/m°) 7861.36

Specific Heat (J/Kg-K) 473.10
Conductivity(\W/m-K) [41.36 [4159 [41.88 [41.01 |38.77
Emissivity 0.8

T B FA G

o B 2 & (K)

' 37145 |47755 |578.15 |605.35
DENSITY (Kg/m?) 11380

Specific Heat (J/Kg-K) 125.60

Conductivity(\W/m-K) |[33.87 [3169 [2512 [20.93

Emissivity

0.28
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352.27 |407.83 |463.38 |518.94 |574.49 |657.83

DENSITY (Kg/m®)

7861.36

Specific Heat (J/Kg-K)

962.94

Conductivity(W/m-K)

171.30 [174.00 [176.28 |176.28 |176.28 | 176.28

Emissivity 0.2
2 O s eI
#oW o P 2 % (K
392 1572 | 752 | 932
DENSITY (Kg/m?®) 6560.36
Specific Heat (J/Kg-K) [ 301.44 | 309.82 | 318.19 | 330.75
Conductivity(W/m-K) | 14.33 15.16 | 16.61 18.06

Emissivity 0.75
%10 4 (UO2) % i 45 |4
goR g B 22 )
' 296.72 |383.94 |508.94 |633.94
DENSITY (Kg/m?®) 1578 1716 1855 1965
Specific Heat (J/Kg-K) 1658
ConductivityW/m-K) |7.89 [720 |5.75 | 4.90
Emissivity 0.85
£ 011 SRR S BB
s B o 2 B (K)

296.72 | 352.27 |407.83
DENSITY (Kg/m?®) 2243
Specific Heat (J/Kg-K) 837.4
Conductivity(W/m-K) [1.89 [1.85 [1.79
Emissivity 0.9
Absorptivity 0.6
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% 12ATRIUM-10 %4t e it € & B ip = !

§ ook B 3.796 m

i 9454.8 mm?

&% £ (wetted perimeter) 3527.8 mm
-k 4 ® % (Hydraulic Diameter) 10.720 mm

# 13 ATRIUM-10 ¥ & 58 B 384 & Th e s BT+

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+108.6 x Re

Third Spacer

2.196x Re %%

Top Two Spacer

0.4646 + 235.7 x Re >

UTP

—9.68+9.526 x Re %%
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A ATRIUM-10 z $hé 7 & 55 (B 6) f(y) » ¥ 4% 5 N ke 0 47
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2015 2 ME = AAPHA D B R T a0 RS

Normal Tmax(°C)
(ambient Supporter Conduction

Fuel TSC VCC AQOS

T=32°C) Disk Disk

7TKW-2D 149.0 148.5 143.7 93.0 69.4 60.2
7kW-3D 153.6 148.0 144.3 94.2 64.5 57.8
14kW-2D 234.3 233.7 227.7 130.7 92.7 68.4
14kW-3D 242.8 234.2 226.7 131.7 73.4 62.5
2R 400.0 3711 343.3 426.6 93.3 93.3
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(@) (b)

Temperature

400
390
380
370
360
350
340
330
320
310

B 18 % - sop+ k bigh 2 (a)if & (K)~ & 12 2 (b)iwsg p i & A f# (m/s)
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Temperature
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390
380
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360
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340
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Pressure
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]
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%2 16~ 2L e HRFTHEHNZFOAE R FEITE LRI KL

B (Kg/lS) g priE & A v (%)

G000C6 0.447 100.0% 100
G101C4 0.442 98.9% 68

G102C3 0.435 97.3% 52.4
G103C2 0.403 90.2% 35.5
G104C1 0.328 73.4% 18

G201C3 0.413 92.4% 52.4
C102C2 0.390 87.2% 35.5
G301C2 0.380 85.0% 35.5
G401C1 0.327 73.2% 18
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2017~ s s @ HE T v oL g 5 2~ 2R R (°C)

7KW G101C4 |G102C3|G103C2|G104C1|G201C3|C202C2|G301C2|G401CL)E & &
R R 157.09 | 159.04 | 157.67 | 165.07 | 171.50 | 173.37 | 177.92 | 188.80 400
he &t 90.29 89.74 | 8789 | 96.41 | 87.46 | 88.00 | 85.67 | 98.79 371.1
K FE 157.07 | 159.00 | 157.59 | 164.98 | 171.49 | 173.35 | 177.79 | 188.73 3711
S & 45 79.34 85.60 | 86.99 | 98.98 | 89.93 | 93.66 | 98.63 | 114.76 3711
AOS 61.28 62.09 | 63.74 | 69.68 | 6166 | 64.03 | 63.41 | 71.16 93.3
P g 64.70 66.47 | 69.07 | 81.16 | 66.33 | 70.24 | 70.46 | 85.84 371.1
EH R 157.08 | 158.96 | 157.45 | 16450 | 171.48 | 173.31 | 177.56 | 188.14 398.8
Sl 117.32 | 117.40 | 115.63 | 122.69 | 130.68 | 131.81 | 136.66 | 146.99 426.6
Rt E 64.63 66.32 | 68.85 | 81.25 | 66.21 | 70.04 | 70.21 | 85.75 93.3
14kW G101C4 |G102C3|G103C2|G104C1|G201C3|C202C2|G301C2|G401CL|E & &
R R 255.65 | 258.43 | 256.37 | 265.72 | 277.76 | 279.34 | 282.63 | 296.72 400
‘h e 4t 12759 | 125.87 | 123.05 | 134.83 | 122.10 | 121.63 | 119.77 | 138.22 3711
K Fl# 255.63 | 258.26 | 256.13 | 265.65 | 277.58 | 279.10 | 282.42 | 296.67 3711
A pE 107.87 | 126.39 | 128.21 | 145.69 | 135.29 | 139.53 | 144.70 | 168.64 3711
AOS 68.22 7042 | 7392 | 8551 | 69.03 | 73.64 | 7282 | 87.76 93.3
P g 78.63 82.85 | 87.52 | 107.50 | 82.99 | 88.84 | 89.37 | 113.86 3711
EH R 255.61 | 258.00 | 255.77 | 264.52 | 277.27 | 278.72 | 281.78 | 295.27 398.8
Sl 175.60 | 174.68 | 172.16 | 181.38 | 195.22 | 195.54 | 200.06 | 213.47 426.6
Rt E 78.25 8238 | 87.10 | 107.96 | 82.53 | 88.41 | 88.85 | 114.00 93.3

59




%18 A L HMED Y AT § L A 3R R (°C)

7kW G101C4 |G102C3|G103C2|G104C1|G201C3|C202C2|G301C2|G401CL|E & R ie
e g 157.76 160.06 | 159.07 | 167.01 | 172.05 | 174.16 | 178.50 | 189.01 400
he 3 91.19 91.02 89.81 98.89 88.30 89.28 86.44 | 100.05 371.1
K ?‘3 Fl4% 157.74 160.03 | 158.99 | 166.91 | 172.04 | 174.14 | 178.37 | 188.94 371.1
P Age 79.24 85.79 87.27 99.80 90.24 94.03 99.00 | 115.26 371.1
AOS 61.26 62.14 63.82 69.79 61.74 64.04 63.53 71.32 93.3
A 64.69 66.47 69.20 81.60 66.51 70.38 70.70 85.86 371.1
LRFE 157.75 159.98 | 158.86 | 166.45 | 172.04 | 174.11 | 178.14 | 188.32 398.8
Hate 118.13 11850 | 117.19 | 124.83 | 131.31 | 132.71 | 137.29 | 147.20 426.6
Rt E 64.62 66.32 68.98 81.71 66.36 70.17 70.45 85.77 93.3
14kW G101C4 |G102C3|G103C2|G104C1|G201C3|C202C2|G301C2|G401CL|E & L iE
e g 256.80 259.96 | 258.29 | 268.19 | 278.47 | 280.43 | 283.27 | 296.76 400
*he 4 128.77 127.98 | 125.92 | 138.21 | 123.36 | 123.67 | 120.80 | 140.51 371.1
K i\? R4 256.79 259.82 | 258.04 | 268.11 | 278.30 | 280.18 | 283.08 | 296.72 371.1
Py 108.27 127.02 | 128.68 | 146.90 | 135.82 | 140.77 | 14594 | 169.59 371.1
AOS 68.30 70.45 74.02 85.61 69.19 73.71 72.81 87.97 93.3
At A 78.84 83.08 87.64 | 107.96 | 83.28 89.16 89.99 | 114.20 371.1
EAFE 256.76 259.59 | 257.68 | 267.01 | 277.99 | 279.80 | 282.36 | 295.30 398.8
R 176.55 176.33 | 174.36 | 184.15 | 196.05 | 196.86 | 200.72 | 213.61 426.6
Rt E 78.38 82.61 87.22 | 108.40 | 82.81 88.72 89.46 | 114.24 93.3
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3019~ s ¢ HHET® AT F L A 2R R (C)

7kW G101C4 |G102C3|G103C2|G104C1|G201C3|C202C2|G301C2|G401CL|E & R ie
e g 190.56 188.28 | 191.68 | 197.38 | 192.29 | 193.18 | 190.34 | 195.92 400
he 3 88.64 85.61 87.24 96.11 84.87 85.77 87.60 | 100.49 371.1
K ?‘1 Fl4% 190.52 188.26 | 191.66 | 197.37 | 192.27 | 193.15 | 190.24 | 195.86 371.1
P Age 92.21 97.97 | 102.02 | 112.64 | 103.68 | 106.24 | 107.17 | 118.59 371.1
AOS 61.50 61.62 64.43 70.69 61.89 63.95 63.61 70.26 93.3
A 67.17 67.51 72.10 84.16 68.91 72.21 72.48 85.26 371.1
LRFE 190.55 188.27 | 191.67 | 197.38 | 192.23 | 193.07 | 190.04 | 195.18 398.8
Hate 151.90 148.56 | 151.44 | 157.10 | 151.95 | 152.22 | 149.45 | 154.61 426.6
Rt E 66.93 67.24 71.75 84.10 68.65 71.90 72.14 85.04 93.3
14kW G101C4 |G102C3|G103C2|G104C1|G201C3|C202C2|G301C2|G401CL|E & L iE
e g 302.70 298.34 | 302.90 | 310.73 | 303.90 | 307.19 | 300.74 | 306.75 400
*he 4 125.84 119.73 | 122.29 | 134.49 | 118.44 | 120.62 | 121.34 | 140.15 371.1
K i\? R4 302.65 298.31 | 302.90 | 310.65 | 303.74 | 307.03 | 300.49 | 306.70 371.1
Py 128.79 14755 | 150.64 | 167.57 | 154.19 | 159.71 | 158.36 | 174.09 371.1
AOS 68.91 69.06 75.22 87.32 69.40 74.46 72.99 86.39 93.3
Rt oA 82.93 84.84 9215 | 112.03 | 87.24 93.13 9256 | 112.61 371.1
EAFE 302.68 298.30 | 302.87 | 310.51 | 303.43 | 306.75 | 299.96 | 305.25 398.8
R 224.09 217.79 | 221.58 | 229.06 | 22242 | 224.36 | 218.90 | 224.60 426.6
Rt E 82.32 84.13 9149 | 112.26 | 86.60 92.53 91.90 | 11243 93.3
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3020 A Hs S HMR LT AL F L AR R ()

kW G101C4 |G102C3|G103C2|G104C1]G201C3|C202C2|G301C2|G401CL})E & X iE
L 191.00 | 188.91 | 188.02 | 198.60 | 192.69 | 196.23 | 195.68 | 195.73 400
& 4t 89.37 | 8643 | 8566 | 98.03 | 8557 | 88.97 | 91.43 | 10210 | 3711
KA 190.97 | 188.89 | 188.01 | 198.58 | 192.67 | 196.22 | 195.65 | 195.69 | 371.1
e 93.06 | 98.68 | 99.88 | 113.75 | 104.59 | 108.77 | 111.01 | 119.37 | 371.1
AOS 6160 | 6170 | 6332 | 70.73 | 61.95 | 6450 | 64.62 | 69.94 93.3
MR NAR | 6734 | 67.34 | 7030 | 8460 | 69.15 | 7352 | 7440 | 8537 | 3711
$A R 190.99 | 188.90 | 187.99 | 19859 | 192.63 | 196.22 | 19558 | 194.93 | 398.8
%At 152.42 | 149.29 | 148.29 | 158.43 | 152.39 | 15528 | 154.57 | 154.43 | 4266
MaEd 4 | 6707 | 6742 | 69.98 | 8452 | 6888 | 7319 | 74.03 | 85.12 93.3
14kW G101C4 [G102C3|G103C2|G104C1|G201C3|C202C2|G301C2|G401CL|E & 'L &
L 302.57 | 299.06 | 297.53 | 312.52 | 304.02 | 307.93 | 309.81 | 307.21 400
b & 4t 12654 | 121.71 | 119.46 | 137.64 | 119.04 | 123.91 | 129.01 | 143.80 | 371.1
KA 30249 | 299.04 | 297.47 | 312.42 | 303.85 | 307.79 | 309.73 | 307.16 | 371.1
b Agpe 129.86 | 146.36 | 147.57 | 169.15 | 155.06 | 160.81 | 16559 | 175.88 | 371.1
AOS 68.82 | 69.03 | 7231 | 88.01 | 69.29 | 7433 | 7594 | 86.26 93.3
AR MAR | 8321 | 8496 | 88.89 | 11281 | 87.43 | 9356 | 9658 | 112.86 | 371.1
$A R 30255 | 299.02 | 297.34 | 312.22 | 30351 | 307.51 | 309.57 | 305.73 | 398.8
%Ata 224.25 | 218.88 | 217.04 | 231.08 | 22256 | 225.14 | 227.21 | 22501 | 42656
M4 4 | 8258 | 8423 | 8821 | 11293 | 8677 | 9293 | 9589 | 11271 | 933
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#0220 TKW # f fLiE 20 B F 1R & b|pF 2 & R & (°C)

He/Steel  |G101C4 |G102C3 |G103C2 |[G201C3 |He/SS304 |G101C4 |G10O2C3 |G103C2 |G201C3 [& & *iE
R 96.67 | 100.84 | 96.93 | 122.32 Fatl 95.96 99.71 95.37 | 121.95 570

b 3 25.18 26.45 | 22.61 26.9 ‘he 3t 24.23 24.65 20.35 25.79 371.1
K FE 96.65 | 100.83 | 96.81 | 122.32 | K{'[Fl¥ 95.93 99.69 9524 | 12193 | 3711
F e 11.98 21.08 | 20.24 | 2898 | At 12.11 20.8 20.09 31.35 371.1
AOS -1.92 -0.59 0.15 -0.54 AOS -1.86 -0.68 0.42 -0.33 176.6
Rt pam) -212 0.5 1.83 238 |2 pam| -2.13 0.24 1.77 2.37 371.1
EEFE 96.66 | 100.81 | 96.63 | 122.31 | ##Fl% 95.94 99.67 95.05 | 121.94 | 398.8
SN 57.24 59.46 | 55.17 | 81.37 | ®#témF | 56.47 58.14 53.4 80.84 426.6
MRt k| -1.87 0.62 1.88 23 |RzEIEH | -1.82 0.31 1.82 2.35 176.6
Air/Steel |G101C4 |G102C3 |G103C2 |G201C3 |Air/SS304 [|G101C4 |G102C3 |G103C2 |G201C3 [f & iE
Fat Sl 8 135.85 | 142.27 | 140.74 | 141.11 R R 135.85 | 142.27 | 140.74 | 141.11 570

't e 3t 23.17 25.73 | 24.36 | 22.84 ‘b e 4t 23.17 25.73 24.36 22.84 371.1
R 135.81 | 142.26 | 140.72 | 141.09 | x§‘'[fl#% | 135.81 | 142.26 | 140.72 | 141.09 | 371.1
e 28.48 40.77 | 38.96 | 44.92 |  Ape 28.48 40.77 38.96 4492 371.1
AOS -1.79 0.02 2.08 -0.85 AOS -1.79 0.02 2.08 -0.85 176.6
Rt pm 073 3.89 6.69 381 |zt pam) 073 3.89 6.69 3.81 371.1
EEFE 135.84 | 142.24 | 140.74 | 1411 | #¥#[F¥% | 135.84 | 142.24 | 140.74 | 1411 398.8
SN 97.53 | 102.12 | 100.53 | 100.98 | #® =4 F | 97.53 | 102.12 | 100.53 | 100.98 | 426.6
Ry R S 0.7 3.79 6.53 3.65 |REd ik 0.7 3.79 6.53 3.65 176.6
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Z 23~ LAKW # f fLix i By Mg R bipF 2~ g & (°C)

He/Steel  |G101C4 |G102C3 |G103C2 |[G201C3 |He/SS304 |G101C4 |G10O2C3 |G103C2 |G201C3 [& & *iE
R 201.55 | 208.87 | 206.22 | 237.49 Fatl 200.47 | 206.86 | 204.54 | 231.84 570

b 3 65.81 68.25 | 64.98 | 66.25 ‘he 4t 64.46 65.04 61.63 60.44 371.1
K FE 201.54 | 208.77 | 206.04 | 237.47 | «§'[Fl¥ | 200.46 | 206.75 | 204.26 | 231.64 | 371.1
F e 42.75 65.56 | 70.82 | 76.25 | X2 42.84 68.92 68.63 78.18 371.1
AOS 4.67 7.71 10.42 7.74 AOS 4.9 7.17 10.4 6.17 176.6
Reet poam) 11.55 18.48 | 22.66 | 20.43 | R pa| 11.96 17.72 22.66 18.1 371.1
EH R 201.51 | 208.65 | 205.77 | 237.46 | ¥# {4 | 200.42 | 206.59 | 203.89 | 231.32 | 398.8
SN 121.99 | 125.38 | 122.31 | 155.46 | #%++4w F | 120.82 | 123.02 | 119.89 | 149.13 | 426.6
Mgt kdn | 11.23 17.98 | 2217 | 19.96 |R42 %4 | 11.68 17.22 22.16 17.63 176.6
Air/Steel |G101C4 |G102C3 |G103C2 |G201C3 |Air/SS304 [|G101C4 |G102C3 |G103C2 |G201C3 [f & iE
Fat Sl 8 258.2 262.2 | 262.26 | 272.13 R R 258.2 262.2 | 262.26 | 272.13 570

't e 3t 64.33 66.09 | 64.83 | 67.44 ‘b e 4t 64.33 66.09 64.83 67.44 371.1
R 258.19 | 262.19 | 262.25 | 272.12 | «§'Fl¥% | 258.19 | 262.19 | 262.25 | 272.12 | 371.1
e 77.04 | 100.99 | 9348 | 11242 | * 1 77.04 | 100.99 | 9348 | 11242 | 3711
AOS 5.66 8.15 12.39 8.81 AOS 5.66 8.15 12.39 8.81 176.6
Meet 4| 16.68 23.2 28.62 | 2743 Rzt pam| 16.68 23.2 28.62 27.43 371.1
EH R 258.16 | 262.17 | 262.23 | 272.1 | ## {4 | 258.16 | 262.17 | 262.23 | 272.1 398.8
SN 177.75 | 181.11 | 180.77 | 189.96 | # 4w F | 177.75 | 181.11 | 180.77 | 189.96 | 426.6
Mt k| 16.09 2245 | 27.88 26.7 | R iE4a| 16.09 22.45 27.88 26.7 176.6
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F 24~ TKW 1§ i 2t 2 ¥ 3R & b|pr2 ~ B & (°C)

He/Steel  |G101C4 |G102C3 |G103C2 |[G201C3 |He/SS304 |G101C4 |G10O2C3 |G103C2 |G201C3 [& & *iE
R 163.5 164.5 | 160.67 | 177.14 Fatl 164.12 | 165.57 | 163.46 | 177.75 570

b 3 97.2 95.96 | 91.31 94.3 ‘he 3t 97.96 97.4 94.47 95.16 371.1
K FE 163.5 | 164.46 | 160.57 | 177.13 | K{‘[Fl¥ 164.1 | 165.54 | 163.39 | 177.74 | 371.1
F e 84.83 91.16 | 90.67 | 9549 | A 84.95 91.21 92.08 95.67 371.1
AOS 68.32 69 70.16 | 68.75 AOS 68.23 69.06 70.93 68.64 176.6
Reet pam) 7093 72.5 7421 | 7237 |2 4| 70.88 72.42 75.12 72.52 371.1
EEFE 163.48 | 164.41 | 160.42 | 177.13 | ¥# % 164.1 | 165.49 | 163.27 | 177.74 | 398.8
SN 123.75 | 122.95 | 118.68 | 136.48 | #3t4w F | 124.45 | 124.17 | 121.61 | 137.14 | 426.6
Mt | 7092 7242 | 7413 | 7229 |®idE4 | 70.89 72.34 75 72.44 176.6
Air/Steel |G101C4 |G102C3 |G103C2 |G201C3 |Air/SS304 [|G101C4 |G102C3 |G103C2 |G201C3 [f & iE
Fat Sl 8 193.76 | 196.4 | 195.7 | 197.77 R R 195.02 | 196.73 | 192.76 | 198.28 570

't e 3t 92.21 95.67 | 91.96 | 91.78 ‘he 4t 93.99 96.32 90.84 9251 371.1
R 193.72 | 196.37 | 195.67 | 197.75 | xi‘'[fl¥% | 19499 | 196.71 | 192.75 | 198.27 | 371.1
e 103.82 | 97.68 | 1055 | 109.25 | * £ | 103.98 | 98.92 | 104.69 | 110.08 | 371.1
AOS 68.51 68.44 | 71.21 68.8 AOS 68.74 68.53 70.38 68.61 176.6
Maxt pAm| 73.58 7312 | 77.63 | 7494 |Rz2pm| 7401 73.53 76.22 75.08 371.1
EH R 193.75 | 196.39 | 195.69 | 197.75 | ##[Fl4 | 195.01 | 196.72 | 192.75 | 198.26 | 398.8
SN 154.04 | 158.02 | 155.55 | 157.51 | #++4m F | 155.41 | 158.19 | 152.97 | 158.02 | 426.6
MRt k| 73.36 7294 | 7735 | 7472 |RE2EH | 738 73.34 75.96 74.84 176.6

68




Z 25~ LAKW #f L ix 2 B ¥ 3R & bipF2 = 2 g R (°C)

He/Steel  |G101C4 |G102C3 |G103C2 |[G201C3 |He/SS304 |G101C4 |G10O2C3 |G103C2 |G201C3 [& & *iE
R 260.7 | 261.37 | 259.95 | 293.28 Fatl 262.17 | 264.86 | 261.96 | 283.75 570

b 3 129.64 | 134.08 | 127.23 | 129.11 ‘he 3t 135.17 | 134.07 | 130.14 130 371.1
K FE 260.51 | 261.36 | 259.71 | 283.18 | «§'[Fl¥ | 262.16 | 264.74 | 261.73 | 283.63 | 371.1
F e 128.93 | 113.43 | 132.08 | 140.09 | * £ 4= | 113.89 | 13159 | 132.39 | 140.98 | 371.1
AOS 75.35 74.63 | 80.05 | 75.48 AOS 74.69 76.58 80.01 75.44 176.6
Muet g 8695 | 8552 | 9273 | 88.88 |#st pAR| 85.83 88.75 92.85 89.01 371.1
EH R 260.23 | 261.32 | 259.33 | 282.98 | ## 4 | 262.13 | 264.53 | 261.37 | 283.41 | 398.8
SN 177.37 | 181.3 | 175.79 | 200.94 | # 34w F | 182.27 | 181.58 | 178.09 | 201.45 | 426.6
MRt k| 86.45 84.7 92.28 | 88.81 |mutdE4n| 84.99 88.24 92.41 88.53 176.6
Air/Steel |G101C4 |G102C3 |G103C2 |G201C3 JAir/SS304 |G101C4 |G102C3 |G103C2 |G201C3 & A" E
Fat Sl 8 303.59 | 307.67 | 306.38 | 309.23 R R 304.87 | 308.39 | 302.23 | 309.8 570

't e 3t 126.73 | 132.23 | 126.59 | 125.53 ‘he 4t 128.88 | 133.28 | 12483 | 126.54 | 371.1
R 303.54 | 307.63 | 306.38 | 309.13 | «§'Fl¥# | 304.83 | 308.34 | 302.2 | 309.72 | 371.1
e 151.27 | 133.77 | 155.79 | 159.59 | *} £ 42 1525 | 135.28 | 152.33 | 160.89 | 371.1
AOS 75.48 75.22 | 81.37 | 75.75 AOS 75.47 75.15 79 75.73 176.6
Rt pgm) 905 88.7 97.61 | 9272 | Rzt pa| 90.93 88.8 94.76 92.85 371.1
EEFE 303.58 | 307.65 | 306.35 | 308.94 | ## {4 | 304.86 | 308.38 | 302.16 | 309.53 | 398.8
SN 223.31 | 229.11 | 225.03 | 227.82 | %3t F | 224.72 | 230.04 | 221.63 | 228.43 | 426.6
MRt k| 89.77 88.06 | 96.94 | 92.07 |®std L4 | 90.18 88.15 94.06 92.17 176.6
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4026~ TKW £ f {86 20 2 m g % 6lpF2 = 238 & (°C)

He/Steel |G101C4 [G102C3 |G103C2 [G201C3 |He/SS304  |G101C4 |G102C3 |G103C2 [G201C3 | & *2iE
PR & 165.18 | 166.15 | 164.83 | 179.81 | 4 | 1658 | 166.88 | 167.2 | 1811 | 570
b & 3 99.45 | 97.73 | 96.16 | 97.29 | ¢t &3 | 10028 | 989 | 98.99 | 9893 | 3711
KM% | 16516 | 166.04 | 164.67 | 179.78 | «{*F% | 16576 | 166.76 | 167.06 | 181.07 | 371.1
A 89.95 | 9536 | 95.83 | 100.7 | ! A4¥# | 9024 | 9525 | 96.81 | 101.71 | 371.1
AOS 67.49 | 67.97 | 68.95 | 67.93 AOS 67.6 | 67.96 | 69.6 684 | 1766
RaEd MAR| 7468 | 758 | 77.2 | 7654 |®skd pam| 7473 | 7563 | 77.85 | 77.14 | 3711
E#EE | 16517 | 165.86 | 164.44 | 179.73 | ## ¥ | 16579 | 166.59 | 166.85 | 181.02 | 398.8
Bithw i | 12544 | 12429 | 12279 | 138.78 | %itéwF | 1261 | 125.14 | 12531 | 140.18 | 426.6
Rl k| 7449 | 756 | 77.05 | 76.34 |i®sid k| 7455 | 7543 | 7773 | 76.94 | 176.6
Air/steel  |G101C4 |6102C3 [6103C2 [G201C3 |Air/ss304  |c1o01c4 |G102C3 |G103C2 |G201C3 [ A i
PR & 197.95 | 196.34 | 195.03 | 200.02 | ‘4 | 198.08 | 196.97 | 196.03 | 204.18 | 570
thE 4t 97.97 | 9542 | 93.86 | 9557 | <¢t&3 | 9861 | 9665 | 9566 | 99.33 | 371.1
KM% | 197.94 | 196.34 | 195.01 | 199.99 | KM% | 198.07 | 196.96 | 196.01 | 204.16 | 371.1
A | 10321 | 1085 | 10855 | 114.17 | * A## | 103.49 | 109.36 | 109.84 | 117.45 | 371.1
AOS 68.06 | 68.14 | 69.15 | 68.27 AOS 67.98 | 68.19 | 69.11 | 69.8 | 1766
maEd pam| 777 | 78.09 | 79.24 | 7954 |®skd pam| 77.73 | 7818 | 795 | 81.61 | 371.1
EH#EE | 197.93 | 196.31 | 195.02 | 199.92 | ## ¥ | 198.05 | 196.94 | 196.03 | 204.17 | 398.8
%itéw i | 159.19 | 156.5 | 155.08 | 159.59 | % #téw | 159.46 | 157.25 | 156.25 | 163.62 | 426.6
Rtk | 7736 | 7775 | 7892 | 79.23 |i®sid ks | 77.38 | 77.83 | 79.16 | 81.29 | 176.6
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3027~ LAKW # f i 2 L e g & plpr2. & 238 & (°C)

He/Steel  |G101C4 |G102C3 |G103C2 |G201C3 |He/SS304 |G101C4 |G102C3 |G103C2 |G201C3 [if & 'L ik
B 266.07 | 267.41 | 266.29 | 293.55 | ‘##'4 | 266.85 | 270.05 | 268.31 | 289.24 | 570
he 4t 139.86 | 136.93 | 135.38 | 140.78 | *t# 4+ | 141.03 | 140.3 | 138.27 | 13742 | 371.1
K{FE | 266.06 | 267.17 | 266.11 | 293.41 | K{F¥ | 266.83 | 269.79 | 268.11 | 289.04 | 371.1
Ape | 12371 | 139.43 | 140.8 | 15459 | ! A4# | 123.81 | 140.93 | 141.25 | 150.55 | 371.1
AOS 79.76 | 80.556 | 83.4 |83.176 | AOS 79.82 | 8175 | 8355 | 8144 | 1766
R pAR| 9549 | 97.048 | 99.955 | 102.23 | R pAm| 9572 | 97.88 | 100.01 | 99.09 | 3711
E#ME | 266.02 | 266.65 | 265.43 | 293.15 | ¥# 4 | 266.81 | 269.35 | 267.47 | 288.69 | 398.8
B4T4 F | 185.95 | 18359 | 182.36 | 210.46 | Hit4 F | 186.86 | 186.49 | 184.69 | 206.84 | 426.6
REd | 9465 | 96.914 | 99.967 | 102.03 | =2 45| 94.87 | 97.78 | 100.03 | 98.83 | 176.6
Air/Steel  |G101C4 |G102C3 [G103C2 [G201C3 |Air/SS304 |G101C4 |G102C3 |G103C2 |G201C3 [# & 'L
B 311.6 | 309.23 | 310.22 | 314.24 | %4 | 313.26 | 316.34 | 31069 | 3146 | 570
b e i 138.17 | 1339 |133.96 | 13324 | < #4f | 139.89 | 14153 | 13474 | 136.01 | 371.1
K@% | 311.58 | 309.2 | 310.18 | 314.11 | §*W# | 31321 | 316.32 | 310.67 | 31445 | 3711
A#E | 14375 | 160.68 | 162.66 | 168.42 | * A4 # | 143.72 | 167.16 | 161.97 | 170.08 | 371.1
AOS 80.4 | 81.21 | 84.44 | 81.91 AOS 809 | 8501 | 8347 | 81.05 | 176.6
MRS pAR| 9843 | 100.79 | 104.54 | 103.44 |2 pAm| 9848 | 105.26 | 103.47 | 103.77 | 3711
E#ME | 31154 |309.19 | 310.13 | 313.86 | ## {4 | 313.25 | 316.33 | 310.69 | 314.15 | 398.8
B4T4 F | 232.95 | 228.65 | 229.19 | 232.73 | Wmit4 F | 234.27 | 2353 | 220.62 | 233.08 | 426.6
RaEd | 97.99 | 100.26 | 104.14 | 102.88 | Rt @45 | 98.06 | 104.76 | 102.96 | 103.17 | 176.6
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2 28 TKW A | L i #04eg RBE R P2 ~ 2 E K (°C)

He/Steel  |G101C4 |G102C3 |G103C2 |[G201C3 |He/SS304 |G101C4 |G10O2C3 |G103C2 |G201C3 [& & *iE
R 173.46 | 171.67 | 169.43 | 185.77 Fatl 173.94 | 172.44 | 170.41 | 186.24 570
b 3 108.34 | 103.51 | 100.58 | 103.29 ‘he 4t 109.03 | 104.66 | 102.01 | 103.99 | 3711
K FE 173.43 | 171.63 | 169.36 | 185.77 | xi'[fl¥% | 17392 | 1724 | 170.34 | 186.24 | 371.1
F e 95.47 99.49 100 | 105.03 | * 2 95.38 99.47 99.96 | 10537 | 371.1
AOS 79.1 7959 | 81.21 | 79.68 AOS 79.06 79.41 81 79.56 176.6
Rart A 8l.44 8221 | 84.61 | 8299 |z 4| 81.34 82.12 84.43 82.98 371.1
EH R 173.45 | 17157 | 169.24 | 185.75 | ##[Fl4 | 173.94 | 172.34 | 170.23 | 186.21 | 398.8
SN 133.87 | 130.05 | 127.48 | 144.85 | #%3t4m F | 134.45 | 130.94 | 128.61 | 145.36 | 426.6
MRt ki | 8147 82.23 | 8457 | 8295 |t iE4 | 81.38 82.12 84.39 82.91 176.6
Air/Steel |G101C4 |G102C3 |G103C2 |G201C3 |Air/SS304 [|G101C4 |G102C3 |G103C2 |G201C3 [f & iE
Fat Sl 8 205.08 | 202.2 | 201.61 | 205.94 R R 205.69 | 203.05 | 201.45 | 206.53 570
't e 3t 106.61 | 101.17 | 99.5 100.7 ‘he 4t 107.44 | 1025 | 100.19 | 101.51 | 371.1
R 205.05 | 202.2 | 201.61 | 205.93 | «§'Fl¥# | 205.65 | 203.05 | 201.44 | 206.52 | 371.1
e 108.24 | 112,51 | 113.27 | 117.97 | * £ ## | 10855 | 113.3 | 113.81 | 118.72 | 371.1
AOS 79.29 79.61 | 81.53 79.9 AOS 79.34 79.6 81.19 79.63 176.6
Raxt | 83.59 83.9 86.7 85 Mt pAm | 83.73 84.05 86.55 85.21 371.1
EEFE 205.06 | 202.17 | 201.59 | 205.93 | ##. {4 | 205.68 | 203.02 | 201.44 | 206.51 | 398.8
SN 166.47 | 162.33 | 161.49 | 165.61 | #®*t4w F | 167.12 | 163.25 | 1615 | 166.22 | 426.6
MRt kdn | 83.43 83.74 | 86.51 | 84.84 |RtdiE4 | 83.58 83.87 86.32 85.01 176.6
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# 29 ~ 1AKW # | ' F 20 iR F TR BLUE R P2~ 2R R (°C)

He/Steel  |G101C4 |G102C3 |G103C2 [G201C3 [He/SS304  |G101C4 |G102C3 |G103C2 |G201C3 [f & *LiE
PR & 270.38 | 269.34 | 265.06 | 290.79 | ‘g4 | 27123 | 27242 | 267.37 | 291.89 | 570
he 4 14434 | 139.52 | 133.25 | 138.87 | “t &4t | 14547 | 143.02 | 136.36 | 140.36 | 371.1
K{M¥E | 27037 | 269.15 | 264.8 | 290.66 | k{'WE | 27122 | 272.26 | 267.15 | 291.76 | 3711
S A4 | 12337 | 13855 | 1385 | 149.14 | ¥ A4 | 12325 | 14039 | 1394 | 149.98 | 371.1
AOS 85.17 | 85.83 | 89.28 | 85.76 AOS 85.15 | 86.36 | 89.7 859 | 176.6
Rt P 96.8 97 101 | 9858 |#®jEi p#w| 97.04 | 98.09 | 10144 | 9872 | 3711
§#Mi | 27032 | 268.83 | 264.41 | 290.39 | ## M | 27117 | 272 | 266.8 | 291.52 | 398.8
®34F | 19034 | 18594 | 181.01 | 208.36 | Hit4 F | 19146 | 189.1 | 183.58 | 209.52 | 426.6
Ryt 4| 95.95 | 96.46 | 100.56 | 98.09 | Rt in| 96.19 | 9754 | 101 | 98.24 | 176.6
Air/Steel  |[G101C4 |G102C3 [G103C2 [G201C3 JAir/SS304  [G101C4 |G102C3 |G103C2 |G201C3 & & *iE
BOR & 31551 | 311.73 | 307.71 | 317.02 | ‘##4& | 316.18 | 3128 | 309.12 | 31753 | 570
hE 4 14272 | 136.81 | 130.28 | 135.78 | *t##f | 143.74 | 138.84 | 132.86 | 1369 | 3711
AK{W¥ | 31548 | 3117 | 307.68 | 316.96 | «{'F¥F | 316.11 | 312.75 | 309.08 | 317.46 | 3711
S A4 | 14289 | 160.35 | 159.38 | 167.94 | ¥ A4 | 143.37 | 160.73 | 159.83 | 168.79 | 371.1
AOS 85.57 | 85.98 | 89.27 | 86.1 AOS 85.57 | 8596 | 89.22 | 86.2 | 1766
MRt pam| 9825 | 10048 | 103.74 | 101.87 | R+ paw| 98.38 | 100.73 | 104.16 | 102,51 | 371.1
$#ME | 3155 | 31171 | 307.69 | 316.84 | #¥#M¥ | 316.17 | 312.79 | 309.12 | 317.32 | 398.8
B3t F | 236.98 | 231.25 | 226.7 | 23557 | %t | 237.79 | 232.46 | 228.38 | 236.1 | 426.6
Rt 4| 97.61 | 99.73 | 103.09 | 101.24 | R4 45| 97.74 | 99.95 | 103.46 | 101.86 | 176.6
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Z 30~ TKW £ f 430 21 F ™ ARG A 7 STk 2 A~ R R (°C)
He/Steel  |G101C4 |G102C3 |G103C2 |G201C3 |He/SS304  |G101C4 |G102C3 |G103C2 |G201C3 [§ & 'Lia
Fau o | 255.80 | 254.20 | 251.53 | 265.79 | & 257.10 | 256.88 | 254.85 | 266.87 570
& 4t 197.05 | 194.87 | 191.69 | 196.64 &4 198.56 | 197.96 | 195.64 | 198.06 | 371.1
AR 255.80 | 254.19 | 251.52 | 265.78 | -K{'[l4 | 257.10 | 256.86 | 254.84 | 266.87 | 371.1
L 4t 143.70 | 146.61 | 147.13 | 149.79 | * £ 4 | 14265 | 144.95 | 14472 | 14888 | 371.1
AOS 89.68 | 89.93 | 89.69 | 91.09 AOS 89.66 90.10 89.86 91.06 | 176.6
RGEL AR 166.36 | 165.69 | 164.49 | 167.16 R4 pAm| 16741 | 167.83 | 167.13 | 168.08 | 371.1
R4 255.78 | 254.20 | 251.52 | 265.77 | ##Fl4% | 257.08 | 256.87 | 254.85 | 266.85 | 398.8
T 216.83 | 214.91 | 212.04 | 22655 | %4té F | 21821 | 217.75 | 215.64 | 227.74 | 426.6
Mt 4| 16350 | 163.60 | 162.43 | 165.62 |RE2F E 4| 16527 | 165.69 | 165.01 | 166.52 | 176.6
Air/Steel |G101C4 |G102C3 |G103C2 |G201C3 |Air/SS304 |G101C4 |G102C3 |G103C2 |G201C3 |# A e
Fau o | 278.71 | 278.23 | 275.76 | 28227 | ‘A& 279.68 | 280.25 | 278.58 | 283.16 570
& 4t 197.10 | 195.68 | 192.57 | 197.04 e 4 198.48 | 198.39 | 196.21 | 198.36 | 371.1
KL 278.71 | 278.20 | 275.74 | 282.26 | -K{'[l# | 279.67 | 280.24 | 27857 | 283.15 | 371.1
P 155.08 | 158.54 | 158.70 | 158.41 | * £ 4 | 154.37 | 157.25 | 156.94 | 157.72 | 371.1
AOS 9211 | 93.05 | 9222 | 93.02 AOS 92.10 92.70 92.49 93.01 | 176.6
RGEA A 167.13 | 167.16 | 166.19 | 168.07 R4 2 pA®| 167.95 | 168.80 | 168.27 | 168.83 | 371.1
R4 278.69 | 278.22 | 275.75 | 28227 | ## R4 | 279.65 | 280.24 | 27857 | 283.14 | 398.8
%At 240.12 | 239.34 | 236.71 | 24329 | %4téw F | 241.17 | 24150 | 239.74 | 24427 | 426.6
Mt 4| 165.04 | 165.08 | 164.14 | 166.52 | Rt # 45 | 16582 | 166.67 | 166.16 | 167.27 | 176.6
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Z 31~ LAKW £ f i 2 g T 4 72 ) pris 2 & 28 &R (°C)

He/Steel  |G101C4 |G102C3 |G103C2 |G201C3 |He/SS304  |G101C4 |G102C3 |G103C2 |G201C3 [§ & 'Lia
Fau o | 305.49 | 301.50 | 296.05 | 319.08 | s & 307.03 | 304.25 | 299.28 | 320.55 570
& 4t 19352 | 187.85 | 181.13 | 187.59 &4 195.45 | 191.33 | 18559 | 189.58 | 371.1
Al 305.39 | 301.44 | 296.01 | 319.03 | -k{“Fl4 | 306.94 | 304.19 | 299.24 | 32049 | 371.1
P A 129.88 | 134.88 | 135.41 | 141.39 | * £ 4 | 12892 | 133.39 | 13354 | 14097 | 371.1
AOS 64.23 | 6493 | 65.94 | 64.56 AOS 64.26 64.97 66.01 64.63 | 176.6
RGEA MAR| 12991 | 127.65 | 124.89 | 12552 |42 pA®| 131.00 | 129.63 | 127.11 | 126.75 | 371.1
R4 305.45 | 301.43 | 295.97 | 319.02 | AR+ | 306.99 | 304.19 | 299.22 | 32049 | 398.8
g 230.61 | 225.89 | 220.00 | 243.72 | %4téF | 23232 | 228.93 | 223.75 | 24531 | 426.6
MRS A4 | 126.07 | 123.89 | 121.23 | 12273 | R # 44| 12710 | 12577 | 123.33 | 123.92 | 176.6
Air/Steel |G101C4 |G102C3 |G103C2 |G201C3 |Air/SS304 |G101C4 |G102C3 |G103C2 |G201C3 |# A e
Fau o | 343.12 | 336.04 | 335.68 | 342.99 | 4 34215 | 337.88 | 333.35 | 343.44 570
e 4t 194.38 | 183.80 | 181.33 | 186.32 & 4 192.69 | 187.00 | 180.86 | 187.71 | 371.1
K4 343.09 | 335.95 | 33559 | 342.88 | ‘¥ | 34212 | 337.78 | 333.30 | 34335 | 371.1
P ogpid 148.77 | 152.23 | 155.03 | 15559 | + £ 4 | 149.00 | 151.23 | 150.73 | 155.33 | 371.1
AOS 6459 | 64.66 | 66.51 | 64.85 AOS 64.60 64.64 65.59 64.84 | 176.6
R4 A 13036 | 123.04 | 125.81 | 124.08 |R4E2 pAR| 129.67 | 12453 | 121.85 | 12464 | 371.1
R4 343.08 | 336.01 | 335.65 | 342.95 | # AR+ | 34211 | 337.84 | 333.27 | 343.40 | 398.8
RS 268.99 | 261.43 | 260.24 | 268.15 | %it4F | 267.85 | 263.58 | 258.82 | 268.79 | 426.6
RS A4 | 12649 | 11938 | 12214 | 12131 |®sE2 # 45| 12585 | 12078 | 118.20 | 121.85 | 176.6
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#include "udf.h"
#include "mem.h"
DEFINE_PROFILE(friction_fact
or_ ATRIUM_10,t,i)
{

real XIND_ND];

real a,Dh;

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

Diameter*/

begin_c_loop(c,t)
{
a=sqrt(C_U(c, t)*C_U(c,
t)+C_V(c, 1)*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_M
U_L(c,t),0.8)/Dh/Dh*1.7812096;

}

end_c_loop(c,t)

DEFINE_PROFILE(friction_fact
or_LAMt,i)
{
real XIND_ND];
real a,Dh;
cell_tc;
Dh=12.3225E-3; /* Hydrolic

Diameter*/

FLUENT %t RsE #2558

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

end_c_loop(c,t)

DEFINE_PROFILE(K_LTP_C t,i
)
{
real XIND_ND];
real a,Dh;
cell_tc;
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(ct,i) =
(21.47+168.1*pow(a*C_R(c,t)*D
h/C_MU_L(c,t),-
0.546))/2.301875*1.7812096*1.7
812096;

}

end_c_loop(c,t)
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}
DEFINE_PROFILE(K_LTP_Pt,i
)
{

real Xx[ND_ND];

real a,Dh;

cell_tc;
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(ct,i) =
(156.9+168.1*pow(a*C_R(c,t)*D
h/C_MU_L(ct),-
0.546))/2.301875*1.7812096*1.7
812096;

}

end_c_loop(c,t)

DEFINE_PROFILE(K_FUELt,i)
{

real XIND_ND];

real a,Dh,Re;

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

begin_c_loop(c,t)

{
Re=sqrt(C_U(c, t)*C_U(c,



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

((0.620*4+0.4646*2)+(108.6*po
w(Re,-0.58)*4+2.196*pow(Re,-
0.084)+235.7*pow(Re,-
0.686)*2))/4.362577*1.7812*1.78
12096;

}

end_c_loop(c,t)

DEFINE_PROFILE(K_UTP,t,i)
{

real XIND_ND];

real a,Dh,Re;

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

begin_c_loop(c,t)

{
Re=sqrt(C_U(c, t)*C_U(c,
t)+C_V(c, )*C_V(c, t)+C_W(c,
t)*C_W(c,
t))*C_R(c,t)*Dh/C_MU_L(c,t);

F_PROFILE(cti) = (-

9.68+9.526*pow(Re,0.0046))/0.6
4389*1.7812*1.7812096;

}

end_c_loop(c,t)

DEFINE_SOURCE(ZONE_A, c,
t, dS, egn)
{

real XxND_ND];

real A, B, C, L1, L2, L3, f,
pO0, source, height,
MaxPower,Fxz,fuel_13,fuel_14,f
uel_15,fuel_16,row_1,row_2,row
_3,row_4,cloumn_1, cloumn_2,
wide , deep, act_length;

C_CENTROID(x, ¢, t);

wide =x[0];

height= x[1];

deep=x[2];

p0=0.1715;

fuel_13=0.995391705;

fuel_14=0.903225806;
fuel_15=1.087557604;
fuel_16=1.013824885;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
act_length=3.81;

A = p0+0.15*act_length;

B = pO+act_length*0.55;

C = pO+act_length*0.8;

L1 = act_length*0.15;

L2 = act_length*0.4;

L3 = act_length*0.2;

MaxPower=108.5/(0.01797
208*act_length)/0.810417;

[* AR i

if (wide <row_1)

{
if (deep >
cloumn_1)
Fxz=fuel 15;
else
Fxz=fuel 13;
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}

else if (wide >row_1)

{

if (deep >cloumn_1)

Fxz=fuel_16;
else
Fxz=fuel_14;
}
[*8 ey e ¥
if (A> height)
{
f=1-(A-height)/L1,;
}
else if (A< height &&
height<B)
{
f=1;
}
else if (B< height &&
height <C)
{
=0.95833,;
}
else if (height>C)
{
if ((pO+act_length)>
height)

=0.95833*(1-(height-
9

C)/L3);
}
else
f=0;
}
source =



MaxPower*f*Fxz;
return source;

#if IPR_HOST

if (A> height)
{
f=1-(A-height)/L1;
}
else if (A< height &&
height<B)
{
f=1;
}
else if (B< height &&
height <C)
{
=0.95833;
}
else if (height>C)
{
if ((pO+act_length)>
height)

£=0.95833*(1-(height-
C)/L3);

else

f=0;

source =
MaxPower*f*Fxz;

return source;
#endif /* IPR_HOST*/
#if IRP_NODE

if (A> height)
{
f=1-(A-height)/L1;
}
else if (A< height &&
height<B)
{
f=1;
}
else if (B< height &&
height <C)
{
f=0.95833;
}
else if (height>C)
{
if ((pO+act_length)>
height)

£0.95833*(1-(height-

C)IL3);

else

f=0;

source =

MaxPower*f*Fxz;

return source;

#endif /* IRP_NODE*/

#if IPARALLEL

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

}
else if (A< height &&
height<B)
{
f=1;
}
else if (B< height &&
height <C)
{
f=0.95833;
}
else if (height>C)
{
if ((pO+act_length)>
height)

£=0.95833*(1-(height-
C)IL3);

else

f=0;

source =
MaxPower*f*Fxz;
return source;

#endif /* IPARRLLEL*/
}

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

{
real x[ND_ND]J;



real A, B, C, L1, L2, L3, f,
pO0, 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,
act_length;

C_CENTROID(x, ¢, t);

wide=x[0];

height= x[1];

deep=x[2];

p0=0.1715;

fuel_8=0.96875;

fuel_9=1.0;
fuel_10=0.953125;
fuel_11=1.046875;
fuel_12=1.03125;
row_1=0.06703;
row_2=0.243;
row_3=0.41897;
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
act_length=3.81;

A = p0+0.15*act_length;

B = p0+act_length*0.55;

C = pO+act_length*0.8;

L1 = act_length*0.15;

L2 = act_length*0.4;

L3 = act_length*0.2;

MaxPower=64.0/(0.017972
08*act_length)/0.810417;

[* A e

if (wide < row_1)

{

Fxz=fuel_8;

}

else if (wide < row_2)

Fxz=fuel_9;

}

else if (wide > row_2)

{

if (deep >cloumn_1)

{

Fxz=fuel_12;
}
else if (deep >

cloumn_2)

{

Fxz=fuel_11;
}
else

Fxz=fuel_10;

}

[*H ey GEcx

if (A> height)
{
f=1-(A-height)/L1;
}
else if (A< height &&
height<B)
{
f=1;
}
else if (B< height &&
height <C)
{
=0.95833;
}
else if (height>C)
{
if ((pO+act_length)>
height)
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£=0.95833*(1-(height-
C)IL3):;

else

f=0;

source =
MaxPower*f*Fxz;
return source;

#if IPR_HOST

if (A> height)
{
f=1-(A-height)/L1,;
}
else if (A< height &&
height<B)
{
f=1;
}
else if (B< height &&
height <C)
{
=0.95833;
}
else if (height>C)
{
if ((pO+act_length)>
height)

£20.95833*(1-(height-
C)IL3);



else

f=0;

source =
MaxPower*f*Fxz;

return source;
#endif /* IPR_HOST*/
#if IRP_NODE

if (A> height)
{
f=1-(A-height)/L1;
}
else if (A< height &&
height<B)
{
f=1;
}
else if (B< height &&
height <C)
{
f=0.95833;
}
else if (height>C)
{
if ((pO+act_length)>
height)

=0.95833*(1-(height-
9

C)IL3);

else

f=0;

source =
MaxPower*f*Fxz;
return source;

#endif /* IRP_NODE*/

#if IPARALLEL

if (A> height)
{
f=1-(A-height)/L1,;
}
else if (A< height &&
height<B)
{
f=1;
}
else if (B< height &&
height <C)
{
=0.95833,;
}
else if (height>C)
{
if ((pO+act_length)>
height)

=0.95833*(1-(height-
g

C)/L3);
}
else
f=0;
}
source =
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MaxPower*f*Fxz;
return source;

#endif /* IPARRLLEL*/

}
DEFINE_SOURCE(ZONE_C, c,

t, dS, eqn)
{

real Xx[ND_ND]J;

real A, B, C, L1, L2, L3, f,
pO0, source, height,
MaxPower,Fxz,fuel_1,fuel_2,fuel
_3,fuel_4,fuel_5,fuel_6,fuel_7,ro

w_1,row_2,row_3,row_4,cloumn

_1, cloumn_2, wide , deep,

act_length;
C_CENTROID(X, ¢, t);
wide=x[0];
height= x[1];
deep= x[2];
p0=0.1715;
fuel_1=0.977653631;
fuel_2=0.977653631,;
fuel_3=0.997206704;
fuel_4=1.075418994;
fuel_5=1.134078212;
fuel_6=0.918994413,;
fuel_7=0.918994413,;
row_1=0.06703;
row_2=0.243;
row_3=0.41897,
row_4=0.59494;
cloumn_2=-0.33098;
cloumn_1=-0.15501;
act_length=3.81,;
A =p0+0.15*act_length;
B = p0O+act_length*0.55;



C = pO+act_length*0.8;

L1 = act_length*0.15;

L2 = act_length*0.4;

L3 = act_length*0.2;
MaxPower=51.14285714/(

0.01797208*act_length)/0.810417

Ao & S

if (wide <row_1)

{

Fxz=fuel_1;

}

else if (wide < row_2)

{

Fxz=fuel_2;

}

else if (wide < row_3)

{

Fxz=fuel_3;

}

else if (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;

[R R B ek

if (A> height)
{
f=1-(A-height)/L1;
}
else if (A< height &&
height<B)
{
f=1;
}
else if (B< height &&
height <C)
{
f=0.95833;
}
else if (height>C)
{
if ((pO+act_length)>
height)

£=0.95833*(1-(height-
C)/L3);

else

f=0;

source =
MaxPower*f*Fxz;
return source;

#if IPR_HOST

if (A> height)

{
f=1-(A-height)/L1;
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}
else if (A< height &&

height<B)
{
f=1;
}
else if (B< height &&
height <C)
{
f=0.95833;
}
else if (height>C)
{
if ((pO+act_length)>
height)

£=0.95833*(1-(height-
C)IL3);

else

f=0;

source =
MaxPower*f*Fxz;

return source;
#endif /* IPR_HOST*/
#if IRP_NODE

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



{
f=1;
}
else if (B< height &&
height <C)
{
=0.95833;
}
else if (height>C)
{
if ((pO+act_length)>
height)

£=0.95833*(1-(height-
C)IL3);

else

f=0;
source =
MaxPower*f*Fxz;
return source;

#endif /* IRP_NODE*/

#if IPARALLEL

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

else if (B< height &&

height <C)
{
=0.95833;
}
else if (height>C)
{
if ((pO+act_length)>
height)

£=0.95833*(1-(height-
C)IL3);

source =
MaxPower*f*Fxz;
return source;

#endif /* IPARRLLEL*/
}
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ks = s udf

#include "udf.h"
#include "mem.h"
DEFINE_PROFILE(friction_fact
or_ATRIUM_10,t,i)
{

real XxiND_ND];

real a,Dh;

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

Diameter*/

begin_c_loop(c,t)
{
a=sqrt(C_U(c, t)*C_U(c,
t)+C_V(c, 1)*C_V(c, t)+C_W(c,
)*C_W(c, 1));

F_PROFILE(ct,i) =
0.1015*pow(a*C_R(c,t)*Dh/C_M
U_L(c,t),0.8)/Dh/Dh*1.7812096;

}

end_c_loop(c,t)

DEFINE_PROFILE(friction_fact
or_LAMt,i)
{
real XIND_ND];
real a,Dh;
cell_tc;
Dh=12.3225E-3; /* Hydrolic

Diameter*/

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

end_c_loop(c,t)

DEFINE_PROFILE(K_LTP_C t,i
)
{
real X{ND_ND];
real a,Dh;
cell_tc;
Dh=12.3225E-3; /* Hydrolic

Diameter*/

begin_c_loop(c,t)
{
a=sqrt(C_U(c, t)*C_U(c,
£)+C_V(c, t)*C_V(c, t)+C_W(c,
1)*C_W(c, t));

F_PROFILE(c,t,i) =
(21.47+168.1*pow(a*C_R(c,t)*D
h/C_MU_L(c,t),-
0.546))/2.301875*1.7812096*1.7
812096;

}

end_c_loop(c,t)

}
DEFINE_PROFILE(K_LTP_Pt,i

)
{
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real Xx[ND_ND];
real a,Dh;
cell_tc;
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(cti) =
(156.9+168.1*pow(a*C_R(c,t)*D
h/C_MU_L(ct),-
0.546))/2.301875*1.7812096*1.7
812096;

}

end_c_loop(c,t)

DEFINE_PROFILE(K_FUEL,t,i)
{

real Xx[ND_ND];

real a,Dh,Re;

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

begin_c_loop(c,t)

{
Re=sqrt(C_U(c, t)*C_U(c,
1)+C_V(c, t)*C_V(c, )+C_V(c,
t)*C_V(c,
t))*C_R(c,t)*Dh/C_MU_L(c,t);

F_PROFILE(cti) =

((0.620*4+0.4646*2)+(108.6*po
w(Re,-0.58)*4+2.196*pow(Re,-
0.084)+235.7*pow(Re,-



0.686)*2))/4.362577*1.7812*1.78
12096;
}

end_c_loop(c,t)

DEFINE_PROFILE(K_UTPt,i)
{

real XxiND_ND];

real a,Dh,Re;

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

begin_c_loop(c,t)

{
Re=sqrt(C_U(c, t)*C_U(c,
t)+C_V(c, )*C_V(c, t)+C_W(c,
t)*C_W(c,
t))*C_R(c,t)*Dh/C_MU_L(c,t);

F_PROFILE(cti) = (-

9.68+9.526*pow(Re,0.0046))/0.6
4389*1.7812*1.7812096;

}

end_c_loop(c,t)
}
DEFINE_SOURCE(fuel_7_a, c, t,
ds, eqn)
{

real XxND_ND];

real A, B, C, L1, L2, L3, f, pO,
source, height, Maxpower,
act_length;

C_CENTROID(X, ¢, t);
act_length=3.81;

p0=0.7211;

A = p0+0.15*act_length;

B = p0+act_length*0.55;

C = pO+act_length*0.8;

L1 = act_length*0.15;

L2 = act_length*0.4;

L3 = act_length*0.2;
height=x[0];
Maxpower=1400/0.810417,;

if (A> height)
{
=0.95833*(1-(A-
height)/L1);
}
else if (A< height &&
height<B)
{
=0.95833,;
}
else if (B< height &&
height <C)
{
f=1;
}
else if (height>C)
{
if ((pO+act_length)>
height)
{
f=1-(height-
C)/L3;
}
else
f=0;
}

source = Maxpower*f;

return source;
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DEFINE_SOURCE(fuel 14 a, c,
t, dS, eqn)
{

real Xx[ND_ND]J;

real A, B, C, L1, L2, L3, f, pO,
source, height, Maxpower,
act_length;
C_CENTROID(X, ¢, t);
act_length=3.81;
p0=0.7211;

A = p0+0.15*act_length;

B = pO+act_length*0.55;

C = pO+act_length*0.8;

L1 =act_length*0.15;

L2 = act_length*0.4;

L3 = act_length*0.2;
height=x[0];
Maxpower=2800/0.810417;

if (A> height)
{
=0.95833*(1-(A-
height)/L1);
}
else if (A< height &&
height<B)
{
=0.95833;
}
else if (B< height &&
height <C)
{
f=1;
}
else if (height>C)
{



if ((pO+act_length)>

height)

{

f=1-(height-

C)/L3;

}

else

=0;

}

source = Maxpower*f;

return source;
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