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Table 1. Properties of Heavy Water (from HLWP Package in ASSERT code)

Table 2. Geometry of RUFIC Bundle Calculated by CANGEO Code

Table 3. Relative Axial Locations and Loss Coefficients of Each Appendage and
Junction of RUFIC Bundle

Table 4. Ring Power Ratio of a RUFIC Bundle

Table 5. Rod Power Fraction in a Subchannel
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Figure 1. Subchannel and Rod Number of RUFIC Bﬁndle for ASSERT Calculation
Figure 2. Subchannel Flow Area Distribution

Figure 3. Subchannel Relative Pressure Distribution

Figure 4. Subchannel Liquid Temperature and Mixture Density Distribution
Figure 5. Subchannel Non-equilibrium and Thermodynamic Quality Distribution
Figure 6. Subchannel Void Faction and Flow Enthalpy Distribution

Figure 7. Subchannel Flow Rate and Mass Flux Distribution

Figure 8. Subchannel Velocity Distribution

Figure 9. Bundle Averaged Fiow Rate and Mass Flux

Figure 10. Axial Relative Pressure Distribution

Figure 11. Axial Liquid and Vapor Temperature Distribution

Figure 12. Axial Enthalpy and Void Fraction Distribution

Figure 13. Axial Flow Non-Equilibrium and Equilibriumn Quality Distribution
Figure 14. Axial Bundle Averaged Velocity Distribution

Figure 15. Axial Heat Flux and MCHFR Distribution

Figure 16. Axial Crossflow Distribution in Subchannel Number 2

Figure 17. Axial Crossflow Distribution in Subchannel Number 3

Figure 18. Axial Crossflow Distribution in Subchannel Number 4 and 48

Figure 19. Axial Crossflow Distribution in Subchannel Number 1 and 3
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ABSTRACT

This report describes the input modelling for subchannel analysis of CANFLEX-RU
(RUFIC) fuel bundle which has been developed for an advanced fuel bundle of
CANDU-6 reactor, using ASSERT-PV VZR8MI1 code. Execution file of ASSERT-PV
V2R8M1 code was recently transferred from AECL under JRDC agreement between
KAERI and AECL.

ASSERT-PV V2ZR8M1 which is quite different from COBRA-IV-1 code has been
developed for thermalhydraulic analysis of CANDU-6 fuel channel by subchannel
analysis method and updated so that 43-element CANDU fuel geometry can be applied.
Hence, ASSERT code can be applied to the subchannel analysis of RUFIC fuel bundle.
The present report was prepared for ASSERT input mdde]ling of RUFIC fuel bundle.
Since the ASSERT results highly depend on user’s input modelling, the calculation
results may be quite different among the user’s input models. The objective of the
present report is the preparation of detail description of the background information for

input data and gives credibility of the calculation results.
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Table 1. Properties of Heavy Water (from HLWP Package in ASSERT code)

T vr Ve by hy y K s
MPa [ m/kg mykg ki/kg | kl/kg N/m W/ m'C N/m
0.001 9.63 0.000904 117.28798 24621 233359} 0.001759 0.582753 0.073350
0.002 20.03 0.000905 60.52671 68.74] 235086 0.001294 0598051 0.071850
0.004 31.34 0.000907 31.41717 116.70] 2369.75| 0.000961 0.612420 0.070117
0.005 3.27 0.000908 2548753 133.04| 2376.14 0.000873 0.616380 0.069492
0.006 38.52 0.000309 21.48881 14666| 2381.51 0.000810 0.620360 0.0689%8
0.008 43.70 0.000910 16.39434 169.04F 2390.25( 0.000734 0.625522 0.068121
0.010 4794 0.000912 13.27883 18693} 2397.27 0.000680 0.629414 0.067415
0.020 62.15 0.000918 6.91164 24661 2420.13 0.000538 0.640297 0.064974
0.040 77.62 0.000926 3.60967 31191 244507 0.000432 0.648509 0.062208
0.050 83.15 0.000929 2.92806 335.07| 245345 0.000402 0.650563 0.061195
0.060 87.78 0.000932 2.46821 354.21 246048  0.000380 0651938 0.060338
0.080 9.10 0.000937 1.88425 384441 247185 0.000349 0.653486 0.053965
0.100 101.05 0.000941 1.52692 40949 2480.87| 0.000327 0.654189 0.057835
0.200 121.57 0.000957 0.79466 49554| 2509.98| 0.000267 0.652956 0.053844
0.300 13456 0.000968 0.54384 54902| 2527.08] 0.000239 0.649388 0.051247
0.400 144.53 0.000978 0.41593 590.40| 2539.36| 0.000220 0.645258 0.049215
0.500 152.67 0.000986 0.33749 62455 2548.85! 0.000207 0.641024 0.047532
0.600 159.73 0.000993 0.28397 654.25) 2556.25] 0.000197 0.636742 0.046056
0.700 165.93 0.001000 0.24515 680.22] 2562:19 0.000189 0.632530 0.044746
(.800 171.39 0.001006 021571 703.08| 2567.26 0.000182 0.628477 0.043583
0.900 176.23 0.001012 0.19260 72342 257161 0.000177 0.624614 0.042542
1.000 180.59 0.001017 0.17398 74183 257535 0.000172 0.620930 0.041598
1.500 198.58 0.001042 0.11737 819.16| 2588.02| 0.000155 0.603700 0.037643
2.000 212.62 0.001062 0.08857 880.36] 259465 0.000144 0.588072 0.034491
2500 224.32 0.001081 0.07108 931.861 2597.831 0.000136 0.573632 0.031820
3.000 234.19 0.001099 0.05930 975.76] 259893 0.000129 0.560511 0.029544
3500 242.65 0.001116 0.05080 1014.08| 2598.42 0.000125 0.548600 0.027576
4.000 250.14 0.001132 0.04436! 104383| 2596731 0.000121 0.537563 0.025826
4500 257.08 0.001147 0.03929| 108153| 2594.12{ 0.000117 0.526924 0.024200
5.000 26352 0.001163 0.03520] 1112.03| 2590.74 0.000114 0.516690 0.022689
5500 269.47 0.001178 0.03180] 114065| 258669 0.000112 0.506928 0.021291
6.000 275.03 0.001193 0.02895| 1167.76| 2582.08| 0.000109 0.497577 0.019989
6.500 280.28 0.001208 0.02650] 1193.75| 2576.94 0.000107 0.488514 0.018761
7.000 285.27 0.001223 0.02439| 1218.74] 2571.33} 0.000105 0.479678 0.017597
7500 290.03 0.001238 0.02255| 124281} 256527 0.000104 0.471080 0.016494
8.000 294.56 0.001253 0.02003] 1266.03] 2558381 0.000102 0.462728 0.015450
8500 298.88 0.001268 0.01950f 128845 2551.96( 0.000100 0.454628 0.014462
9.000 302.99 0.001284 0.01821 1310.16] 2544.72 0.000099 0.446781 0.013528
9500] 30691 0.001300 001705 1331.23| 2537.08| 0.000098] 0.439186| 0.012644
10.000 310.66 0.001316 0.01601 1351.71] 2528.05| 0.000097 0.431840 0.011809
10.500 314.23 0.001332 0.01505( 137169 2520.60| 0.000095 0.424736 0.011019
11.000 317.66 0.001349 0.01418] 1391.23f 2511.76| 0.000094 0.417865 0.010271
11.500 320.93 0.001366 0.01337 141040 250249 0.000093 0411216 0.009563
12000 32408 0.001384 0.01263] 1429.27| 249282 0.000093| 0404775  0.008391
12.500 327.11 0.001403 0.01194 144792 2482.72 0.000092 (.398525 0.008252
13.000 330.03 0.001422 0.01130] 146640 2472.20] 0.000091 0.392448 0.007644
13.500 332.86 0.001442 0.01071 1484.80| 2461.26] 0.000090 0.386522 0.007064
140000 335611  0.001463 0.01015] 1503.17| 244982 0.000089| 0.380724]  0.006508
14.500 338.28 0.001485 0.00962 1521.60| 2437.82| 0.000089 0.375027 0.005975
15.000] 34090  0.001508 0.00012] 1540.08| 2425.19] 0.000088 0.369405]  0.005462
15.500 34347 0.001532 0.00865 155862 241186 0.000087 0.363826 0.004967
16000] 346.00]  0.001558 0.00820] 1577.31| 2397.76| 0.000087| 0.338267|  0.004487
16500] 34847 0001585 0.00777| 159620 238281 0.000086| 0.352803]  0.004027
17.000] 350.87| 0.001615 0.00736] 161531 236696 0.000086| 0.347450)  0.003589
17.500 30321 0.001647 0.00696 1634.68] 2350.07) 0.000085 0.342205 0.003170
18000 35349 0.001683 0.00657| 1654.66| 2331.84| 0.000085] 0.337062|  0.002770
18500 357.72 0.001723 0.00619] 167558| 2311.95] 0.000084 0.332016 0.002388
19.000 359.90 0.001768 0.00582 1697.78] 2290.08] 0.000084 0.327059 0.002024
19.500 362.02 0.001821 0.00544 172160} 2265.38] 0.000083 0.322185 0.001676
20000]  364.11] 0001885 0.00505| 1747.49] 223660 0.000083] 0.317386] 0.001345
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Table 2. Geometry of RUFIC Bundle Calculated by CANGEO Code

FULL CHANNEL OF RUFIC BUNDLE WITH 3.1 % CREPT P/T (UNIT:mm)

xkxxk GEOMETRY BASIC INPUT skt skokakokkoksrok sk sk koo ok

SYMMETRIC ANGLE

ANGLE OF UPPER SYMMETRIC BOUNDARY LINE

TOTAL NUMBER OF RODS

TOTAL NUMBER OF SUBCHANNELS
TOTAL NUMBER OF RINGS
PRESSURE TUBE DIAMETER
X-ECCENTRICITY
Y-ECCENTRICITY

RING NUMBER

RING RADIUS

RELATIVE RING POWER RATIO
NUMBER OF RODS AT 1-RING

ACTUAL NUMBER OF RODS AT 1-RING

ROD DIAMETER OF 1-RING
FIRST ROD OFFSET ANGLE AT 1-RING

RING NUMBER

RING RADIUS

RELATIVE RING POWER RATIO
NUMBER OF RODS AT 2-RING
ACTUAL NUMBER OF RODS AT 2-RING
ROD DIAMETER OF 2-RING

FIRST ROD OFFSET ANGLE AT 2-RING

RING NUMBER

RING RADIUS

RELATIVE RING POWER RATIO
NUMBER OF RODS AT 3-RING
ACTUAL NUMBER OF RODS AT 3-RING
ROD DIAMETER OF 3-RING

FIRST ROD OFFSET ANGLE AT 3-RING

RING NUMBER

RING RADIUS

RELATIVE RING POWER RATIO
NUMBER OF RODS AT 4-RING
ACTUAL NUMBER OF RODS AT 4-RING
ROD DIAMETER OF 4-RING

FIRST ROD OFFSET ANGLE AT 4-RING

+**CALCULATION FUEL GEOMETRY

FUEL ROD AREA
SUBCHANNEL AREA
HEATED PERIMETER
WETTED PERIMETER
HYDRAULIC DIAMETER

OHNN— DN O == O O

: 360
© 90
1 43

w
o,

o
o to
[N

w
)

: 3

© 30.75

. 0.861
14

14
115

1 12.85714

14
1 43.84
: 1.083
D21
021
1115
: 0

1 4780.52227 mm2
: 4149.42089 mm?2
. 1603.78305 mm
: 1938.77107 mm

8.56093 mm

*+CALCULATION ERROR OF RESULTS(RELATIVE ERROR,%5)#:x

ERROR OF TOTAL SUBCHANNEL AREA
ERROR OF ROD AREA OCCUPIED

1 2.5121E-6
: 34951E-8
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Table 3. Relative Axial Locations and Loss Coefficients of Each Appendage and Junction
of RUFIC Bundle

Bundle Serial Relative Axial Location of Appendages and Junctions
Number (Location/Total Length)
Bundle 1 0091 0743 | 0209 .0624 0417 0000
Bundle 2 0924 1576 | 1043  .1457 1250 1667
Bundle 3 1757 2409 | 1876 2201 .2083 2500
Bundle 4 2591 3243} 2709 3124 2917 .3333
Bundle 5 3424 4076 | 3543  .3957 3750 4167
Bundle 6 4257 4909 | 4376 4791 4583 5000
Bundle 7 H091 5743 | 5209 5624 5417 5833
Bundle 8 5924 6576 | 6043 6457 6250 6667
Bundle 9 6757 7409 | 6876 7291 7083 7500
Bundle 10 7991 8243 | 7709 .8124 7917 8333
Bundle 11 8424 9076 | .8543 .8957 8750 9167
Bundle 12 9257 9909 | 9376  .9791 9583 1.000
Loss Coefficient, Bearing-Pad Button Spacer Junction
K Plane Plane Plane Fully Aligned
0.00006 0.0707 0.1325 0.3586
Table 4. Ring Power Ratio of a RUFIC Bundle
Ring ) ) . . .
. Center Ring Inner Ring |Intermediate Ring| Outer Ring
Identification
Radial Power 0.977 1032 0.861 1.083
Factor
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Table 5. Rod Power Fraction in a Subchannel

DR {Radial|LR| PHI |LR{ PHI |LR| PHI [LR| PHI |LR| PHI {LR{ PHI |LR| PHI
RN~ .
inch frac frac frac frac frac frac fract
1] 1.350; 0.916] 1{0.143] 2|0.143| 3[0.143| 4i 0.143| 5| 0.143| 6{0.143} 7|0.143
2| 1.350| 0956| 1/0.179 7,0.179} 20|0.242] 21| 0.158| 8} 0.242
3] 1.350] 0.956| 1{10.179] 8{0.242| 9|0.158| 10} 0.242! 2| 0.179
4] 1.350{ 0.936| 2)0.179] 1010.242( 1110.158} 12| 0.242] 3| 0.179
50 1.350| 0.936{ 3[{0.179j 12/0.242; 13[0.158] 14| 0.242] 4| 0.179
6| 1.350! 0936 4(0.179) 1410.242; 15|0.158| 16| 0.242! 5| 0.179
71 1.350] 0.956| 35|0.179| 16|0.242f 1710.158| 18| 0.242[ 6] 0.179
8| 1.350! 0.936] 6)0.179] 18/0.242] 1910.158] 20| 0.242| 7| 0.179
9| 1.150{ 0.895( 810.258| 21|0.171| 49,0.177| 22| 0.148} 23| 0.246
10f 1.150| 0.895| 8|0.258| 23]|0.246] 24|0.148f 25{ 0.177} 9} 0.171
111 1.150|] 0.895| 9{0.171} 25]0.177| 26(0.148| 27| 0.246| 10| 0.258
12| 1.150 0.895| 10/0.258] 2710.246( 28(0.148{ 29; 0.177{ 11| 0.171
13! 1.150{ 0.895 11|0.171] 29|0.177| 30{0.148] 31| 0.246{ 12| 0.258
14] 1.150| 0.895] 12]0.258| 31}0.246{ 32|0.148| 33} 0.177{ 13| 0.171
15 1.150] 0.895| 13]0.171} 33}0.177| 34}0.148| 35| 0.246] 14| 0.258
16| 1.150| 0.895{ 14|0.258| 35|0.246} 36(0.148| 37| 0.177| 15| 0.171
17| 1.150{ 0.895| 15|0.171| 37|0.177[ 38]0.148} 39| 0.246| 16| 0.258
18| 1.1501 0.895! 16{0.258| 39|0.246| 40!0.148| 41| 0.177| 17} 0.171
19} 1.150| 0.895] 17|0.171| 41{0.177] 42|0.148] 43| 0.246{ 18| 0.258
20 1.150| 0.895| 18i{0.258! 43}0.246| 44(0.148| 45| 0.177| 19} 0.171
211 1.150| 0.895| 19]0.171} 45[0.177| 46| 0.148| 47} 0.246; 20| 0.258
22 1.150 0.895 20]|0.258] 47{0.246| 48/0.148! 49| 0.177| 21| 0.171
23} 1.150f 1.092| 48|0.153| 70/0.274| 50]0.274| 22! 0.153| 49| 0.146
241 1.150| 1.092| 22[0.199} 50;0.275{ 51|0.273| 23] 0.254
25| 1.150] 1.092] 23]0.254} 51]0.275| 52{0.272| 24| 0.199
26| 1.150| 1.092| 24|0.153| 52|0.276{ 53|0.272| 26| 0.153| 52| 0.276
27| 1.150] 1.092| 26{0.199| 53|0.276| 54|0.271| 27| 0.254
28| 1.1501 1.092| 27,0.254| 54|0.277 55/0.271] 28| 0.199
29! 1.150f 1.092{ 28(0.153( 55/0.277| 56{0.271| 30| 0.153| 29{ 0.146
30 1.150| 1.092| 30;0.199{ 56]0.276| 57(0.271} 31} 0.254
31} 1.150| 1.092| 31|0.254f 57|0.276| 58(0.272| 32| 0.199
321 1.150] 1.092| 32{0.153| 58}0.275| 59| 0.273| 34i 0.153| 33| 0.146
33| 1.150| 1.092| 34{0.199{ 59|0.274| 60{0.273| 35| 0.254
34 1.150| 1.092| 35/0.254| 60!0.273| 61]0.274| 36! 0.199
35| 1.150| 1.092| 36|0.153] 61|0.273}] 62|0.275| 38| 0.153} 37| 0.146
36| 1.1501 1.092] 38|0.199] 62|0.272| 63{0.276| 39| 0.254
37| 1.150f 1.092| 39}0.254| 63|0.271] 64|0.276| 40| 0.199
38! 1.150| 1.092| 40]|0.153| 64|0.271| 65{0.277| 42| 0.153| 41| 0.146
38] 1.150{ 1.092] 42]0.199] 650.271| 66]0.277) 43| 0.254
401 1.150[ 1.092| 43;0.254! 66;0.271| 67{0.276] 44| 0.199
41| 1.150| 1.092| 44]|0.153] 67|0.272| 68|0.276] 46| 0.153| 45| 0.146
421 1.150| 1.092| 46]0.199| 68]0.272| 69(0.275| 47| 0.254
43| 1.1501 1.092{ 47|0.254{ 69|0.273| 70/0.275] 48| 0.199
RN : Rod number
DR : Rod diameter

RADIAL : Radial power factor
LR : Identification numbers of

subchannels surrounding rod

PHI : Fraction of the total rod power input to adjacent subchannel

fract : Fraction

IH@I

rod (i) as a fraction of the average rod power




Figure 1. Subchannel and Rod Number of RUFIC Bundle for ASSERT Calculation
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Figure 12. Axial Enthalpy and Void Fraction Distribution
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Figure 13. Axial Flow Non-Equilibrium and Equilibrium Quality Distribution
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Figure 14. Axial Bundle Averaged Velocity Distribution
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Figure 15. Axial Heat Flux and MCHFR Distribution
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APPENDIX I : Sample Input Data for ASSERT code

FILE: IM_pv_v2r8_010l.inp JH. Park 2001-01-18

sk oK o ook Kok o ok oK K 3 oK oK ok o oK oK K 6 ok o ok oK KK KK ok ok ok K K o o o o ok oK Kok ok

*ok ASSERT INPUT MODELLING *k
*k FOR ASSERT-PV V2RS8 *k
*x  m———= Xk
*k INPUT MODELLING CASE 0101t *x
*ok RUFIC (43-ELEMENT) BASE CASE #*x

ok 3k ok ok SF sk ok ok 3k 3 ok 3k ok ok ok sk 3k 3k ok ok K sk oo e ok ok ok b 3K sk ok ok ok ok ok 3 ok ok ok ok oK ok K ok

/
/
/
/
/
/
/
/
/
/
/
/  DISCLAIMER

/ This input file is for input modelling of RUFIC (CANFLEX-RU) bundle

/  for ASSERT-PV V2R8 application. It represents a CANDU fuel channel

/  containing twelve RUFIC. The geometry input data were generated by CANGEQ
; code which was developed by J.H. Park at KAERI

/

/

/

/

/

/

/

/

/

/

DESCRIPTION

- twelve fully—aligned RUFIC, CANFLEX-RU fuel bundles

horizontal and uniform 3.1 9§ crept pressure tube

heavy water—-steam properties determined by HLWP at local (axial) pressure
exit-skewed cosine axial heat flux profile

fresh fuel radial heat flux distribution

loss factors for bundle junctions, mid-plane spacer, bearing pads

and button planes.

- CHF determined by the LW-"T-1995 lookup table

SN

/

/

/

§

/N4 = 1t properties determined from HLWP property package
/ N5 = (¥ properties evaluated using local {axial) pressure

5 N6 = 2: heavy-water coolant

y 1 0 0 0 1 0 2

; Group 2: Friction Factor and Two-Phase Flow Options

1: liquid non-equilibrium and vapour thermal equilibrium

2! Colebrook-White turbulent friction factor, 0.8 um roughness height
6: Friedel correlation for two-phase friction multiplier

0: wall viscosity correction to friction factor

1: laminar friction factor f = 64/Re

() Dittus-Boelter single-phase heat transfer correlation

1: include gravity terms in transverse momentum equation

%1 include axial relative velocity option

I
Z
J

[T R TR T R T R TRTH

N9 . include lateral relative velocity option
N10 = 0: homogeneous two-phase multiplier for form losses
2 1 2 6 0 1 0 1 1 1 0
0.00008 * sheath roughness of 0.8 um.
640 -1.0 * laminar friction factor f = 64/Re
0.0 * axial relative velocity coefficients (not used)
/].5() 2.00 = lateral relative velocity coefficients
/, Group 3¢ Axtial Heat Flux Distribution
e
/  Exit-skewed cosine axial heat flux profile from the RUFIC bundles 77?7?7777
/ This profile reflects the unheated bundle end-plates at the beginning
/ and the end of the channel, each assumed to be 0.75 cm long.
/  The heat fluxes are normalized by the average heat flux over the HEATED
/ length.
e
3 64
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0.0 0.0.0159.1790.0317.3347.0476.4635.0635.5794.0794.6864
0952.7844.1111.8729.1270.9519.14291.024.15871.091.17461.152
.19051.208.20631.258.22221.304.2381 1.347.25401.382.26981.404
28571.410.30161.396.31751.374.33331.349.34921.322.36511.299
.38101.282.39681.266.41271.250.42861.234.44441.220.46031.208
47621.197.49211.187.50791.178.52381.170.53971.164.55561.159
57141.156.58731.154.60321.153.61901.152.63491.152.65081.158
66671.166.68251.173.69841.177.71431.173.73021.156.74601.127
.76191.090.77781.048.79371.004.8095.9589.8254.5084.84130.856
.8571.7998.8730.7408.8889.6774.9048.6070.9206.5301.93650.447
9524.3574.9683.2584.9841.1380 1.0 0.0

7.45972.1212.121

8.83333.9183.918

9.28351.9061.906
10.83333.9183.918
11.28351.9061.906
12.83333.9183.918
13.28351.9061.906
14.83333.9183.918
15.28351.9061.906
16.83333.9183.918
17.28351.9061 906
18.83333.9183.918
19.28351.9061.906
20.83333.9183.918
21.28351.9061.906
22.30961.8061.806
23.74993.6133.613
24.30961.8061.806
25.42911.8061.806
26.30961.8061.806
27.74993.6133.613
28.30961.8061.806
29.42911.8061.806
30.30961.8061.806
31.74993.6133.613
32.30961.8061.806
33.42911.8061.806
34.30961.8061.806
35.74993.6133.613
36.30961.8061.806
37.42911.8061.806
38.30961.8061.806
39.74993.6133.613
40.30961.8061.806
41.42011.8061.806
42.30961.8061.806
43.74993.6133.613
44.30961.8061.806

20.15471.329334.3
21.18721.133297.6
25.2185.8851 51.4
27.21851.334 77.1
29.2185.8851102.9
31.21851.334128.6
33.2185.8851154.3
35.21851.334180.0
37.2185.8851205.7
39.21851.334231.4
41.2185.8851257.1
43.21851.334282.9
45.2185.8851308.6
47.21851.334334.3
49.2185.8851 0.0
49.3958.7050241.8
51.15681.522 26.3
52.15681.263 45.9
26.3958.7050113.2
53.15681.214 59.1
54.15681.392 77.9
55.15681.107 97.1
30.3958.7050164.6
56.15681.052109.0
57.15681.230128.1
58.1568.9567147.4
34.3958.7050216.1
59.1568.9276159.5
60.15681.145180.0
61.1568.9276200.5
38.3958.7050267.5
62.1568.9967212.6
63.15681.230231.9
64.15681.052251.0
42.3958.7050318.9
65.15681.107262.9
66.15681.392282.1
67.15681.214300.9

23.21851.334 257
10.18721.133169.1
11.18721.133165.2
12.18721.133220.5
13.18721.133216.7
14.18721.133271.9
15.18721.133268.1
16.18721.133323.3
17.18721.133319.5
18.18721.133 14.8
19.18721.133 109
20.18721.133 66.2
21.18721.133 624

50.15681.310 69
24.18751.104112.0
26.3958.7050169.7

27.18751.104170.8
28.18751.104163.5
29.3958.7050221.1

31.18751.104222.3
32.18751.104214.9
33.3958.7050272.5

35.18751.104273.7
36.18751.104266.3
37.3938.7050323.9

39.18751.104325.1
40.18751.104317.7
41.3938.7050 15.4

43.18751.104 165

44.18751.104 9.2
45.3958.7050 66.8

_32_

/  RUFIC 43-Rod Full Bundle

/  Fresh fuel radial flux distribution (RFD).

/  Produced by CANGEOQO code

/  Fuel Channel Dimensions:

/ Pressure tube inside diameter = 10.338 ¢cm(10.338 design value)

/ Bundle diameter (incl bearing pads) = 10.250 ¢cm(10.268 37-element)

/ Rod diameters (8 inner) = 1350 cm

/ Rod diameters (35 outer) = 1150 cm

/ Ring # Rods Diameter Offset RFD

/ - centre 1 0.0 0 0910

/ - inner 7 3.468 0 0.947

/ - intermediate 14 6.150 12.857143 0.898

/ - outer 21 8.768 0 1.090

/  Computed Total Dimensions:

/ - flow area = 36.13361 cm?2

/ - wetted perimeter = 192.85609 cm

/ - heated perimeter = 160.37830 cm

; - hydraulic diameter = 7.49442 cm
4 70 70
1.45972.1212.121 7.3840.8545270.0 8.15471.329 25.7 2.3840.8545141 .4
2.45972.1212.121  10.15471.329 77.1 3.3840.8545192.9
3.45972.1212.121  12.15471.329128.6 4.3840.8545244.3
4.45972.1212.121  14.15471.329180.0 5.3840.8545295.7
5.45972.1212.121  16.15471.329231.4 6.3840.8545347.1
6.45972.1212.121  18.15471.329282.9 7.3840.8545 386

9.18721.133113.8

23.18751.104119.4



45.42911.8061.806  46.3958.7050 10.3

46.30961.8061.806  68.15681.261314.1  47.18751.104 68.0
4774993.6133613  69.15681.522333.7 48.18751.104 60.6
48.30961.8061.806  70.15681.310353.1  49.3958.7050118.2
49.42911.8061.806

501.3993.7151.992  70.70201.558270.0  51.68621.554107.9
511.3443.6991.991  52.64061.543125.7

521.2403.6711.988  33.57001.526143.3

531.1033.6341.984  54.48191.507160.8

54.94693.5941.980  55.38481.487178.0

55.78883.5541.977  56.28761.468195.0

56.641835191.973  57.19881.453211.9

5751683.4901.970  58.12551.444228.7

58.42203.4681.968  59.07341.441245.3

59.36293.4551.967  60.04641.441261.8

60.34283.4501.966
61.36293.4551.967
62.42203.4681.968
63.51683.4901.970
64.64183.5191.973
65.78883.5541.977
66.94693.5941.980
671.1033.6341.984
681.2403.6711.983
691.3443.6991.991
701.3993.7151.992

61.04641.441278.2
62.07341.441294.7
63.12551.444311.3
64.19881.453328.1
65.28761.468345.0
66.38481.487 2.0
67.48191.507 19.2
68.57001.526 36.7
69.64061.543 54.3
70.68621.554 72.1

/= e e
; Group 7 Appendage Loss Factors (Uniform)
/  Appendage Types:
/ 1) Bundle Inlet
/  2) Oblong Buttons (used)
/  3) Cylindrial Buttons (not used)
/  4) Midplane Spacer and Bearing Pads
; 5) Bundle Junction
/  Description:
/  Appendage loss factors are obtained from AECL Memo (FCT-00-90, Sept. 2000).
/ Bearing pad height was assumed 1.4 mm.
5 Each subchannel K-factor was assumed uniform
=

7 2 0 73 )
* -—— Axial Location and Appendage Type ---
0002 1.0091 2.0209 3.0417 4.0624 3.0743 2
0833 5.0924 2.1043 3.1250 41457 3.1576 2
1667 3.1757 2.1876 3.2083 4.2291 32409 2
2500 5.2591 2.2709 3.2917 43124 3.3243 2
3333 5.3424 2.3543 3.3750 4.3957 3.4076 2
4167 5.4257 2.4376 3.4583 4.4791 3.4909 2
5000 3.5091 2.5200 35417 45624 3.5743 2
5333 55924 2.6043 3.6250 46457 36576 2
6667 36757 2.6876 3.7083 4729 3.7409 2
7500 5.7591 27709 3.7917 48124 3.8243 2
8333 5.8424 2.8543 3.8750 48957 3.9076 2
9167 3.9257 2.9376 3.9583 49791 3.9909 2
9998 3
* ——~ Tvpe 1 : Bundle Entrance & Exit --~

1.3336

2.3586

3.3586

4.3586

0.3586

6.3336

7.3586

8.3536

9.3586

10.3586

11.3586

12.3586

13.3586

14.3586

15.3586

16.3586

17.3536

18.3586

19.3586

20.3586
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21.3586
22.3536
23.3586
24.3586
25.3586
26.3586
27.3586
28.3586
29.3586
30.3586
31.3586
32.3586
33.3586
34.3586
33.3586
36.3586
37.3586
38.3586
39.3586
40.3586
41.3586
42.3586
43.3586
44.3586
45.3586
46.3586
47.3586
48.3586
49.3586
50.3586
51.3586

* --— Type 2: Bearing Pads ---
1.0001
2.0001
3.0001
4.0001
5.0001
6.0001
7.0001
8.0001
9.0001
10.0001
11.0001
12.0001
13.0001
14.0001
12.0001
16.0001
17.0001
18.0001
19.0001
20.0001
21.0001
22.0001
23.0001
24.0001
25.0001
26.0001
27.0001
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28.0001
29.0001
30.0001
31.0001
32.0001
33.0001
34.0001
35.0001
36.0001
37.0001
38.0001
39.0001
40.0001
41.0001
42.0001
43.0001
44.0001
45.0001
46.0001
47.0001
48.0001
49.0001
50.0001
51.0001
52.0001
53.0001
54.0001
55.0001
26.0001
57.0001
58.0001
39.0001
60.0001
61.0001
62.0001
63.0001
64.0001
62.0001
66.0001
67.0003
68.0001
69.0001
70.0001

--- Type 3

1.0707

20707

3.0707

4.0707

5.0707

6.0707

7.0707

8.0707

9.0707
10.0707
11.0707
12.0707
13.0707
14.0707
12.0707
16.0707
17.0707
18.0707
19.0707
20.0707
21.0707
22.0707
23.0707
24.0707
25.0707
26.0707
27.0707
28.0707
20.0707
30.0707
31.0707
32.0707
33.0707
34.0707

Cylindrical Buttons ---
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*

35.0707
36.0707
37.0707
38.0707
35.0707
40.0707
41.0707
42.0707
43.0707
44.0707
450707
46.0707
47.0707
43.0707
49.0707
30.0707
51.0707
52.0707
33.0707
54.0707
35.0707
36.0707
57.0707
238.0707
59.0707
60.0707
61.0707
62.0707
63.0707
64.0707
65.0707
66.0707
67.0707
68.0707
69.0707
70.0707

-~- Type 4: Midplane Spacer and Bearing Pads ---

1.1325
21325
31325
1325

10 {83 1N N0 [0 1t b ot b it b s it e e
N o o S N ey L PR TN

N
—
o
NS N
U1

27.1325
28.1325
29.1325
30.1325
31.1325
32,1325
33.1325
34.1325
35.1325
36.1325
37.1325
38.1325
39.1325
40.1325
41.1325

lwml



39.3286
40.3586
41.3586
42.3586
43.3586
44.3586
15.3586
16.3586
47.3586
18.3586

Bundle Junction ---
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49.3586
50.3586
51.3586
52.3586
53.3586
54.3586
52.3586
56.3586
57.3586
53.3586
59.3586
60.3536

Fresh fuel radial flux distribution (RFD).
Produced by CANGEO.

/
/
; RUFIC 43-Rod Full Bundle
/
/

8 43 43 0 0 5 0 1 0 0 0 1 :
11.3500.859 1.1429 2.1429 3.1429 41429 5.1429 6.1429 7.1429
21.3500.908 1.1786 7.1786 202425 211579 8.2425
31.3500.908 1.1786 8.2425 91579  10.2425 2.1786
41.3500.908 21786 102425 11.1579 12.2425 3.1786
51.3500.908 3.1786 122425 131579 14.2425  4.1786
61.3500.908 41786 14.2425 151579 16.2425 5.1786
71.3500.908 5178 16.2425 17.1579 18.2425 6.1786
81.3500.908 6.1786 182425 191579 202425  7.1786
91,1500.889 82575 21.1710 491770 22.1481 23.2463
101.1500.889 82575 232463 24.1481 251770 9.1710
111.1500.889 91710 251770  26.1481 27.2463 10.2575
121.1500.889  10.2575 272463 281481 29.1770 11.1710
131.1500.889 11.1710  29.1770  30.1481 31.2463 12.2575
141.1500.889 122575 31.2463 321481 33.1770 13.1710
151.1500.889  13.1710  33.1770  34.1481 352463 142575
161.1500.889 14.2575 352463 36.1481 37.1770 15.1710
171.1500.889 151710 37.1770  38.1481 39.2463 16.2575
181.1500.889 16.2575 39.2463 40.1481 41.1770 17.1710
191.1500.880  17.1710  41.1770 421481 432463 18.2575
201.1500.889 182575 43.2463 44.1481 451770 19.1710
211.1500.889  19.1710 451770  46.1481 47.2463  20.2575
221.1500.839 20.2575 472463  48.1481  49.1770 21.1710
231.1501.118  48.1532  70.2738 50.2738 22.1532 49.1460
241.1501.118  22.1987 50.2776 512700 23.2537
251.1501.118  23.2537 512810 522666 24.1987
261.1501.118  24.1532 522836 532640 26.1532 52.2836
271.1501.118  26.1987 532852 54.2624  27.2537
281.1501.118  27.2537 54.2858 552618 28.1987
291.1501.118  28.1532 552853 56.2624 30.1532  29.1460
301.1501.118 301987 56.2838 57.2638 31.2537
3111501118 31.2537 57.2815 582661 32.1987
3211501118 32,1532 582787 592690 34.1532  33.1460
331.1501.118 341987 592755 602722 352537
3M11501.118 352537 602722  61.2755  36.1987
351.1501.118 36.1532  61.2690 622787 381532 37.1460
361.1501.118  38.1987 62.2661 632815 39.2537
371.1501.118  39.2537 63.2638 642838 40.1987
381.1501.118  40.1532 64.2624 622853 421532 41.1460
391.1501.118  42.1987 652618 66.2858 43.2537
401.1501.118  43.2337  66.2624 672852 44.1937
411.1501.118  44.1532 67.2640 682836 46.1532  45.1460
421.1501.118 46.1987 68.2666 692810 47.2537
431.1501.118  47.2537 692700 702776  48.1987
0 0 1 0 * apply CHF correction factor for orientation
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18 18 200 1 1.E-6 LE-4 LE-6 LE-5 1E-5
LELS 1 05 0

594.4 146 90.0 1.0 0.6670.667 1.00.667
1249534803 10

10 1 0
0.050 0.0 = Constant turbulent void diffusion mixing coefficient

11 1 1
*  Pout Tin G i
10.00 256.00 55330  1.028384 * 20 kg/s, 95 MW

4 56 7 8 9101112
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APPENDIX II : Sample Output for ASSERT code

|
ASSERT = PV V2R8 (VERSION 2 RELEASE ) |

ADVANCED \OI UTION OF SUBCHAN QUATIONS 1
IN R TOR THERMALHYDRAU |

ASSERT IS A STATE OF THE ART SUBCHANNEL THERMALIIYDRAULIC ANALYSIS CODE
LO\I]’L TE FLOW AND ENTHALPY DISTRIBUTIONS FOR COOLANT BOILING IN ROD ARRA

AR D DRIFT-FLUX CONCEPTS AND THERMAL NON-EQUILIBRIUM TO PERMIT TIIE
\\A T] l R Fl IO\\ S TO EXIIBIT UNEQUAL VELOCITIES AND UNEQUAL TEMPERATURES (UVU

PED JOINTLY BY D.S. ROWE AND ASSOCIA
IRMALUYDRAULICS BRANCH, FUEL AND |

X TION,
CHALK RIVER LABGRA I‘ORIL;
USER INFORMATION IS5 REPORTED IN: 1
ASSERT-PV V2R3 USERS MANUAL, COG-47-460 |

|
E.K. ZARIFFEN, GAL WADDINGTON, N. HAMMOUDA, LN. CARLUCCI, V.C. FRISINA, 1
J.C. KITELEY, DS, ROWE AND P. PFEIFFER

ASSERT I8 THE PROPERTY OF: {
ATOMIC ENERGY OF CANADA LIMITED |
CHALK RIVER LABORATOR FUEL CHANNEL THERMALHYDRAULICS BRANCH

ASSERT HAS BEEN PARTIALLY lLNDl ) UNI
NEW BRUNSWICK POWER AND I QUEBEC 1
USE BY THIRD PARTIES l\ RE \l'RI(, l‘l 1 BY l'lll\ /\(l

!
P {COG).  ONTARIO HYDRO,
RT UNDER THE COG AGREEMENT

LINE
NL'.\!BI%R

H
1
I
o8 JULY !
]
TPV VZRB (VERSION 2 RELEASE 8) |
18 U |
COPY OF USER INPUT
LINE IMAGE
40 0 80 %0 100 110

Y e

N

e wel lL L
uxk which was developed by LIL Park at I\z\l R

INL_py _v2eB_0100.inp JH Park 2000-12-1

arumseasyaansansaaian

[ ST S PN

DISCLAIMER

N {ur input mockelling of RUFIC (CANFL
pplication, It mpru::m\ a CANDU fuel channe]
> The peometry ingy were generated by CANGEQ

DESCRIPTION

>, CANFLE
crept ur
etermined b\ lll \\l’ at loeal (axial) pressure
ewed coxine axial heat lux profile

fuel redinl heat flux distribution

foss factors for bundle junctions, mid-plane spacer, heaving gxds

and button planes.

CHE determined by the LW=T= (585 lookup table

twelve fully -aligned RUL (L' [ud lmn(llcx

RUY CANDU Base Ca

swonp 10 Fluid Properties

aluated using local taxial) pressure
ater coolunt

vapour Ihu‘nl il equilibrium
or, 0.8 um roughness height
ation for two-phase m multiplier
{ Uu;) . fnuwn factor

sfer conetation
> menxenium eguation

0 i 1 1 0

_40._.



0.00008 * sheath roughness of 0.8 um.

640 ~1.0 n ction fuctor [ = 64 Re

0.0 axial ative velcity coctlicients (not used)
1.30 2.00 « lateral relutive velocity coefficients

wxxaa /0 Growp 3 Axiol Heat Flux Distribution

Sxit-skewed cosine axial heat flux profile irom the RUFIC bundles 72272772
profile reflects the unheated bundle end-plates ot the Leginning

and the end of the channel, cach assumed to be 0.75 ¢m long.

Il he }l:c.u fluses are normalized by the average heat flux over the IIEATED
lengt

»

®

1
S .

64
_0.00154.1740.0317 &'H/ 04764635, YN .0794.6864
: ?F‘ 0 {1519, 14291.024.

5714 58731
ﬁ(‘)(’/l 16668251
X0,

Croup 40 Sulx’hxmnul Loayout and Dimension Data

Fresh fuel radial flux (Ixxlnhulmn (RFDY
Iroduced by CANG
f7uel Channel Din

/
fmm
’, RUFIC 43- Rud Full Bundle
7

Computed rm..x Dimenston:

- hydraulic dismeter = 74‘“4) cm

J Tressure tale i = 10663 em(10.338 design value)
; Bundle diameter Gnel bearing pads) = IO.LSO em(10.268 37-clement)
’ Rexl dismeters (R_inner) 0 em

/ Red dinmeters 135 outer) 1150 em

/ Ring = Rmh Diameter Ol'fsv:l RID

14 ~ centre 00 0 04910

/ ~ tnner 3468 0 047

/ - intermuliste 14 G150 12857143 088

_; - outer 2 BI68 0 1.090

/

7

7

7

4

2.3%0.8545141.4

SLIST2LIA3ITES

BLIR21ARS 624

SOISGRLAI0 64 ZRARTHL 041194
87511041120
38. 70001607

7187511041708
_b' I875LLIMIGES
%338, 70302211

X%
Qs
[V

i) S ok

-h l\T'xl 104 6RO
04 606G
bﬂ TO01182

SLOGNG2LEGAM070

_(-

Appechage T
1Y Bundle Inlet
2 Oblong Buttons rusel)

) Cylindrial Buttens oot used)
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=eaxe /0 4) Midplane Spacer and Bearing Pads
sawxx 0 5) Bundle Junction

=xeax  Deseriptiont
=xanvx [/ Appendage loss factors are obtained from AECL Memo (FCT-00-00, Sept. 2000).
Bearing xxd height was assumed 1.4 mm.

/ Euach subchannel K-faclor was assumed uniform

0 73 5
Location and Appendage Thoe
1 20200 30417 4.0624

Bundle Entrance & Exit ---

.- vie 70 Bearng Pads ---
0176 1.0001
NTT 20001
TS h
anvy
(R0

14.0001
15,0001
16.0001
17.0001
18,0001
19,0001
(001
01

_.42_



700001

.

707
140707
15,0707
16.0707

46,0707
47.0707
480707
0707

[laX

37.07
640707
0707

ype 3 Cylindiical Buttons ———

1.0707

pe 40 Midplune Spacer and Bearing Puds
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e D0

Bundle Junction -~-
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Group 8 Rod Layout and Radial Power Data

/
/ RUFIC 43~Rod Full Bundle

; Fresh fuel radial flux disteibution (RFDY,
/

Produced by CANGEO.

6.1429

62575
17. 17I()

IR,

19, I7IO
209575
21 I7IO
491460

522836

201460

33,1460

371460

CIREH

45,1460

XEXEEXXEXXXETX

o
]
.

7027176
dp])h' CHF correction factor for ericntation

7.1429

anavn 5 Gronp 9 Cakeutation Control Dita

00501 9 0 0 0 0 0 3 0

00502 18 200 1 LE-6 LE-4 LE-6 LE-G LE-5
00303 LEIS 1 05 0

00504 544 146 900 1.0 06670.667 1.00.667

00505 12495348 03 10

PROY

raan

aens ; Grougp I() Mixing Paramseters

0006 0 1 0 o -
mm 005 0.0 = Constant turbulent void ciffusion mixing coefficient
P

asxxn

ansan ; Group 111 Operating Conditions and Forving Function Data

il ! 1
= Pout Tin

G )
10.00 25600 5530 1.0283%4 * 20 ky/s, 95 MW

iroup 120 Output Printout Options

0 1 o 0 4 0 0 0 6
S5 6 T 8 9101112

RT-2Y DIMENSION PARAMETERS
MC - Number of subchannels. Ackd [ for the pressure tube
imd 2 lor the feeders.
Mt - Number of fuel nxls.
MG - Number of subchannel gap connections. Ackd 1 for
the pressure lube,
MX - Number of .n\ml {ocations fur control \()llllll\

Ackl 4 for the infe

andd exit plenum amd theil
bounclaries to max(NDX +4, Nl)\IN'-I NDXEX+4),
MN - Number of vudial nodes in TEMPZ fuel rod madel
(|xllu, i, clicidingl. Number of fuel pellet
Hocation points plus 3 Grap, cladkling) for the
II P fucl nwxdel 102 reyuirements normally
determine this PARAMETER.
MP = Number of entries in property table.
MO - Number of paps winted with a subchanned pair.
1 i al 1. 0(:’\(1 LIMGY.

MSC - Number of anm
Lze 6 for up to si

ML = Number of a

MA - Number of h.n cin hmc a

NS - Number of have g

MZ - Number of axtal I(-.ulmn\ for grid »
Cappendigzes).

MK - Number of grnid spicer l\))c\

T = Number of fuel vpes,

1_since only one fuel
type is presently vsed in IRT-PV.

MY Ixtivisions. Use |
B 3 are not presently
\u))jxmul in R
D ber of elements in atrix
FOMDMD), right ORMD) and
RIMDY. COEFF is used fur bath
sSet MD to the o
. 12) or 2eMX (L
MAXNS - Maximum number of neighbouring sulxhannels

._.45_



MC= 100 MG= 201 10
1 AP= 1 1

! MK= % 25

":;’ ML= 30 1

AlO Ni= & NI= 3 MD= 500
JINPUT FOR CASE 80101 ASSERT-PV VZRE Input Modelling ©  RUFICCCANFLEX-RU) CANDU Base  DATE  101- 1-18 TIME 161831

SUNDMARY OF LNPUT OI’['I?K\S

GROUP N1 2 N3 NG N7 N8B Nu NIO Nl
1 0 o0 0 1 0o 2 0 0 0 0 0
2 1 2 6 0 1 0 1 i 1 0 0
3 684 o 0 0 O 0 0 0 0 0 O
4 % 70 0 0 0 0 0 0 0 0 0
T2 ¢ i3 5 0 0o 0 0o 0 0 O
8 45 83 0 0 3 0 1 0 0 O i
5 0 o0 0 o 0 3 0 O 0 0 0

10 1 o 0 0o 0 0 0 0 0O 0 O
11 i 1 o 0 0 0 0 o0 0 0 o
12 0 1 O 0o ®» 0 0 0 6 0 O

-------------------- GROUP  1: WATER-S1

EAM PROPERTY FABLE-~---———msmomomoo e

PROPERTY TABLE  HEAVY-WATER PROPERTIES FRON HLWP

P T VE VG 111 HG VISC, KF GNA
IMPAT (DEG. CT (MIKRG] (M3 RGE {KJ/KG]  [KJ'K [RG/S-MT [WAI- Ll (N M

0.0010

117287898 2462 Z{{i 0.00175% 0582753 0.073350
(0.5 . 4 Q.548001
0.612420
0.616380
0.620360
0.625522
()F"‘NM

0.645258
0641024 0.04
0636742
0.632330

0. :!m’ld
051669
050628

1
1596.20

000777

000736 161531
0f O()lﬁl'l 0.006 1634.68 0.00317
0omesy - 1634.66 3 Q2770
001723 58 0.000084 0002388
0001768 H 03 0.0000%4 }0.00: T’i
0.001821 i} 0.000083

=

1975000 0 172 0. 0
0000 411 O00IRKS 000G  17ATdD  TIGHD 00NKE 03176 000135
SATURATION PROPERTIES CALCULATED AT CHANNEL 1 PRESSURE
SUBMODELS (CHE) BASED ON HEAVY=WATER COOLANT

-------------------- GROUP % FRICTION FACTORS AND TWO PHASE FLOW OFFIONS= - =mmmmsmmsmmmmee e
VRICTION FACTOR COIE

TION
Sulxhani I max { Colebrook type 2 lmm,hnu~ height = BOOE-04 cm), 64.000+Re+=(~1.000) + 0.0000 )
WALL \I\LOU'I\ (()RR (ION TO FRICTION FACTOR IS NOT INCLUDED
TWO-PH. ATIONS

NS
N-EQUILIBRIUN
1AL T JU[ IBRIUM
on Multiplier
for form Josscs:

I l(.)l 1,

Homopencons nxde)

RELATIVE VE] l OCTTY PAR: \\ll TERS
ANLAL N 0.0000 0.00

13000 2.00
L\I (-R\\ll\ HEAD T

X 00000 00000
0000 0000 00000
IRMS INCLUDED

~GROUP 3 AXIAL HEAT FLUN PROFILE TADI

AXIAL - LOCATION P
N L Ay HEAT
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SBELEN

1
3

WEIGHTED AVERAGE AXIAL HEAT FLUN {assuming AFD normulized over channe! length) =

____________________ GROUP

SURCHANNEL INPCT DATA

CHANNEL  TYPE FLOW WETTED HEATED
NO. AREA PERIM. PERIM. DEIAMI
1exel [&N]] 1C:M1 {8}
! 04397
2 04307
3
d
3
6
7
by
9
10
11
1
13
1

R R R

41 SUBCHANNEL LAYOUT AND DIMENSION DATA:

STER

HIYDRAULIC

70384085, 270.0(
), TIN
20

36,0.703,
0.0.000,0.000,
50188 1.104,
36,0.188,1.104
37.0.296.0.705,
0,0.000,0.000,
390.188,1.104,
( 400.188.1. 104,

._4’7_

LOOO00000COCOOO00000D0ONOO00000000OID:
o000 oSooT

L3147 00881104,

1.00009

i
.0.384,0855,
.0.000,0.000,
0.000,0.000,
,0.000,0.000,

.000,0.000,
0.000,
157,
.000, 3
.000,0.000,
.000,0.000,
.000,0.000,
.000,0.000,
000,0.000,
.000,0.000,
.000,0.000,
.000,0.000,
.000,0.000,
.000,0.000,
000,0.000,
.188,1.104,
.000,0.000,
.000,0.000,
000,0.000,
.000,0.000,
.000,0.000,
.000,0.000,
.000,0.000,
.000,0.000,
.000,0.000,
.000,0.000,
.000,0.000,
.000,0.000,
.000,0.000,
.000.0.000,
.000,0.000,
.00¢.0.000,
.000.0.000,
.000,0.000,
.000.0.000,
.000.0.000,
.000,0.000,
0,0.000.0.000,
0.0.000.0.000,

:
8

0,0.000,0.000,
O.D.(XX),g.(XX).

000, 1
000,0.000,
000.0.000,
.000,0.000,
.000,0.000,
000.0.000,
000,0.000,
000.0.000.
000.0.000,
.000,0.000,
,000.0.00
.000.0.000.
000.0.000,
000.0.000,
.000.0.000,

=
g8

sos
So
28
[=1=}
2

s

s2a
8883

00.000.0.000,
0.,0.000.0 000,

(ADJACENT CHANNEL NO., SPACING, CENTROW DIST., GAP ANGLED
[CMi M IDEG.)

sSepoee

COEOPOOOCOD

COPSSSTooTDoToD



1
1
1
1
1
i
1
1
i
1
1
1
3
1
1
1
i
1
1
1
1
1
]
i

D PERIM
I"TED PERINME

41,4961
160.47

1yl
[CA)
138600 [CM]

= 0004150
= 1603780
= LU3RR00

SUBCHANNEL INTERCONNECTIONS - GAP MAPPING TABLE

IK]

ZOBOELREScxunuiLwie—

]

INTERCONN
UBCHANN
m-un

|

I

:
4
hi
3
1
4
5

P el b Rt S B Tl — — — —_—
RN e REB R aBuRialudkzy

nLRERED

14

{&\Y)]

0.38400
0.15470

GAP
WIDTH
{a)]

|.40000
31450000
257.10000
14.80000
2H2.00000

" 6650000
10330000

CODOOOOO ool
COO0DODDDHOCODOVDODD

=

=84
(=4
o

=
i

S8355555855s

=

g

00,

521
(W]
[\
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0.0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,
0,0.000,0.000,

CeOoPOLOOIDOOO00000O00R00

:éo
2832585588358

5888338

COODP 0000000 00R00000000e



-------------------- GROUP

===GROLY &

0.63620

SUBCHANNEL FLOW VARIATION TABLE-

G GAP SIZE VARIATION TABLE-

———————————————————— GROUP 72 GRID SPACER DATA-=n=mmssmsomnnmconas

Form fosses at

1.0C
X1
0.0002
Q.03
0.16457
0.250

Farm Loss Typet

CHANNEL  LOSS
NO.  COl

Form Loss Typet

L
TIO

L
N
{No.)

Lmosiiittinti—

1o

73 Axial Locations

1

o

CIHLANNEL  LOSS
N COEF

U

BELE

R
Bl
EY)
53!
67

0.0001
0001
0.000m
0011
Q0001
0.0001
f.0001
0.0001
0.0001
Q0001
1O001
0.000)

Form Loss Tvixd 3

0.0707
0.0707
00707
00707
00707
00707
00707
0.0707
0.0707
Q.0707
0.0707
0.0707

Form Loss Tt 4

CHLANNEL

NO

Cop

AXIAL - LO: AXIAL LOSS AXIAL - LOSS AXIAL
LOCATION TYPE LOCATION TYPE LOCATION TYPE
(X710 (No) (X1 (No) (X)) (Nu) (X)) (N
0.0041 2 0.0200 3 0.417 4 0.0624 3
2 0.1043 3 0.1250 4 01457 3
2 0.1876 3 02083 4 02291 3
2 0.270) 4] 02N7 4 03124 3
2 03543 ] 03750 4 o357 3
2 0.4376 3 045493 4 04791 3
2 0.5209 3 05417 3 0.5624 3
2 0.6043 3 06250 4 0.6457 3
2 0.65876 3 0.7083 4 0.721 3
2 0.7709 3 07M7 4 08124 3
2 08543 3 0870 4 ORG? 3
2 09376 3 0.46583 4 (R 3

CHANNEL _LOSS

NO.  COEFF. NO.
2 3
b B
14 15
20 21
a5 1
£ B
B 2
1 i
50 51
56 57
62 i3
I I

CHANNEL 1055
COEFF. NO.

. (.0001
. 40001
d 0.0001
. 0.6001
| 0.0001
1 0.0001
! 0.0001
L 0.0001
: : H . 0.0001
3 X R o8 . 0.0001
G2 0.0001 63 0.0001 4 0.0001 00001

(] 0.0001 3] 0.0001 70 0.000)

CHANNE . LOSS

NGO, COl . NO.
0.0707 4 00707 5 00707
00707 10 w7 11 00707
0.0707 16 00707 17 00707
0.0707 it 23 007
0.0707 28 21 00707
0.0707 H 3B 00707
0.0707 40 41 0.0707
0.0707 46 47 00707
0.0707 52 a3 00707
00707 o 00707
0.0707 64 65 00707

0.0707 70

COEE

6
12
18
24
30
36
42
48
2]
G0
66

(XA

CHANNEL

CHANNEL
COEFE,

G 00001
2 ¢.000]
18 0.0001
24 0Q.0001
30 0.0001
36 0.0001
420 00001
8 0.0001
H 0.0001
60 0.0001
64 0.0001

S5 A
TION TYPHE LOCA

(Nod

R RS R RS R R R IS Rt

LOSS
NO.  COF

LOSS
NO. O

. LOSS
NO. (ol

XIAL

LOSS
ATION TYPR

\ CHANNEL LOSS
BRCH

CHANNEL  LOSS
B,

CHANNEL  1LOSS CHANNEL  LOSS CHANNEL  LOSS
COEFF. NO.  COEFF. NO.  CORFF

CHANNEL  LOSS
SFE.



250l 26 0.1 2 0L 2 30
31 0.1: 2 0 A0 3H 36
a7 0.1 w0 40 0. 41 42
43 0. 4 0.5 6 0 57 48
4 0. 50 0l 32 013 53 54
33 0. 56 0. N0 59 G0
6l 0. 62 0. G4 0.1: 63 66
a7 0. 68 015 70 0l

Formy Losx Typet 5

CHANNEL  LOSS CHANNEL LOSS CHANNEL LOSS CHANNEL  LOSS CHANNEL LOSS CHANNEL LOSS
NO. C ¥ I, NO.  COEFF. NO. COEFF. NO. COEFF. NO.  COEFF.

NO. (O

| 0.3386 3 6
7 S6 1l 12
13 358G 17 18
19 086 23 24
25 N\ 29 30
3 3586 35 36
37 =6 41 42
43 3086 47 R
49 3586 33 34
3 3OKG 30 0
61 BRG 63 6
67 0.3586

~GROUP & FUEL ROD LAYOUT AND PROPERTY DATA--

ROD INPUT DATA

ROD TYPE  DIAMETER  RADIAL POWER FRACTION OF POWER TO ADJACENT CHANNELS  (AD]. CHANNEL NO.:
NO. NO. feaY)] FACTOR

0.1429( 6) 014200 )

(0) 142)( 0.1929( 2)

) .

1 00 0.I7HG( 7 0.0000( 0 0.0000( (1

1 X0 25( . (10} 0.0000( O 0.0000¢ O

1 ( 0.2425( 12) 0.0000( 0) 0.0000( 0O

| 00 0. 0.2425( 14 0.0000( 0) 0.0000( )

1 00 0. 0.2425( 16) 00000( 0} 0Q.0000¢ 0)
7 1 (1 0.2425( 18 0.0000C 0 0.0000( O
B I} 13500 0.2925( 18) 0.2425( 20} 0.0000( O 0.0000( O
i ! 1.1500 () 1710 21) 0. 1481( 22) 0.0000C OV 000000 0)
10 1 1.1500 0.2463( 23 0.0000( 0y 0.0000( O
1 1 1.1500 0.1770( 25 0.0000( O 0.0000( O
12 1 L1500 0.2463( 27) 0.0000( 0} 0.0000( O
13 1 11500 0.1770( 20 0.0000( 03 0.0000( O}
14 1 11500 0.2463( 31} 00000 0) 0.0000( 0
15 ) 11500 0.1770( 13) 0.0000( O 0.0000( O
16 1 11300 0.2463( 35) 0.0000( 0) 0.0000( 0)
17 1 11500 0.1770( 37) 0.0000( 0) 0.0000( 0}
18 1 L1500 0.2463( 30 .0000( 0) 0.0000( 0}
14 1 L1500 0.1770( 41) 0.0000( 0 00000( M
20 1 11500 0.2463( 43) 00000( O 0.0000( O
21 1 11500 . 0.0000( O 00000( O
22 1 11500 ) 0.00000 0 000000
il 1 11300 d 0.0000( 0) 00000 O
29 1 1.1500 . 0.0000{ 0) 0. ( 0}
25 1 1.1500 11180 0.2810( 51) 0.0000( 0) 0.0000( 0)
26 1 1.1500 L1180 0.&{&6( 52) 0.00000 0y 0.0000( 0)
27 1 1.1500 L1180 0.00000 O 0.0000 )
28 1 11300 11180 Q0000 0y Q.00 )
20 1] 11500 1180 000000 0) O L0
30 | 1.1500 11180 0.0000¢ O 0.0000( 0)
31 i L. L1180 0.0000( 0) 0.0000( O
2 i 9] LIIED 0.0000( 0) 0.0000( O
a3 1 11 1.1180 0.0000( 0 0.0000( )
ol 1 11500 1.1180 0.0000( 0) 0.0000( 0)
5 1 1.1500 1.4180 0.2787( 62) 0.0000( 0) 0.0000( O
36 ! L1300 11180 OJSL)( (iﬂ 0. 0 0.0000( O
37 i L1500 1.1180 0000( 0) 0.0000( 0)
38 1 11500 L118g "'( ('u) 015 42) 0.0000( O 0.0000( O
3 1 11500 L1120 ( GG)  02357( 43) 0000( 0) 0. [G0)]
40 1 L1300 1180 ( 671 0.1987( 44) 0.0000( O 0.0000( &
41 1 1100 11180 0, 67} 0.2436( 68)  0.1532 (L0000C 01 D.0000( O
42 1 L1500 L1180 0.2666( 68} 0.2810¢ &1 370 4 0.00000 O 0.0000( O
RX3 1 LK LS 027000 6 Q.2T76( 700 0 1987 4&) Q00000 O G.o000C O

ROD INPUT DATA POWER BALANCE SUMMARY

THE TOTAL EATED PERIME TI"R OF THE RODS lmmr"«uq/ e
THE COMPUTED NUME OF DS (SUM OF lR:\(/Il()NS) =
THE OVERALL AVERAGE R()l) R[\DIAJ POWER FACTOR = HXXM’I)S

FUEL MODEL OFTION [NC=0] = NO FUEL MODEL SELECTED

CRITICAL HEAT FLUN OPTION [NCHF=3] = LW-T-19% CHF TABLE LOOK UI' METHOD

CHE CALCULATION OPTION [NHTC=0] = POST MORTEM CHF CALCULATION, NI s PDO
Pre~CHEF Wall et Transter Division Option INHFW = 01 Chen corvelation

CHE LOOK-UP TABLE CORRECTION FACTOR FOR FLOW ORIENTATION 1S APPLIED

-------------------- GROUP 9 CALCULATION CONTROIL AND AXIAL NODING DATA=-=--r-smmmmme e
INIPLICTT SOLUTION

DATA FOR IMPLICET SOLUTION
ERATION l I\ll T INTRIES)
MIT  (MANXINE

NTHALPY ERROR 12| RR()R) = LOOK-06
JOW ERROR (EERROR) 100K

CONT INL ITY PRROR (\lH(ROR = LOOK
AT AL UM ERROR  (TERROR) = 1OOE-02  |KGI (NOT
\\l\l \l()\l) NlL\l ERROR AXEROR) = 1.00E-02  [KG) (NQT US)

STEADY STATE SOLUTION PARAMETERS @
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STEP 171 (85D = 10BE+15  [SECONDS}
NUMBER OF STEPS (NSSS) = 1

TRANSIENT SOLUTION PARAMETERS :
T II\IF (T’II\II )
NIE \Trl’\ (NDl‘

=_ 00000 ISECONDS]
= 03000 |SECONDS}]

CALCULATION PARAMETERS
(ll\\"l I. LENGTH (%) = G300 {CM]
NUN OF ANIAL NODE! 133
BL NDI 1 ORIE N’ TATION { l'”l TA) 20.6000  IDEGREES)
FACTOR (KL

CANDU BUNDLES DATA
NUMBE R OI CANDU BUNDLES
NG . ONE

2
H9.5300 [CM]
420300 [CM}
OF ONE BUNDLE = 10

v following o geometric

The h izedl o
l-ﬂ()h. .)-lhO-NlJ

progression where I.(]) / l(J-I\ =
ANIAL NODING AND POWER FACTORS FOR 133 NODES

NODE N(py DX FACTOR NODE
1o\l [{&\Y]] QAX n

] 0.00 000 1
2 075 075 2
3 28 213 0
4 0
9 [}
6 [}
7 0
b 0
il 0
10 0
11 0
12 0
13 2
2] 0
13 0
16 0
17 0
1% 0
o

0

0

0

0

CORDOOOCSTCOSODROD



02146
0.1858

0.1 l 70
0.0640
0.0265
0.0000
0.0000

LN OO OO0 ODOON OO0 0000000I00ODO00O0DIIO00000000RROOODOOO

ming AFD normalized over chimnel length)

WEIGHTED AVERAGE AXIAL HEAT FLUX (. =
FLUX (assuming AFD normalized over heated length) =

07017
WEIGHTED AVERAGE AXIAL HEAT F 100046

THERMAL MIXING PARAMETERS 1 00000 0.0000
VOID DIFFUSION PARAMETERS 0 00300  0.0000
VO DRIFT MODEL OPTION [NEQMIN=0} NO VOID DRIFT MODEL

———————————————————— GROUP 111 OPERATING CONDITIONS AND TRANSIENT FORCING FUNCTIONS----=-==su=mcmonnaon

OPERATING CONDITIONS ¢

100000 [MPA|
: [DEGREES ]
J/l\( ]

=]0?

g‘_s

= 3 B
= 102338 | .\I\\‘ |
= 262 (KIKGE

:()m TICAL ENERGY ADDED (\s\U\llN(- N()R\h\l.lll 13 AXIAL AND RADIAL HEAT FLUX PROFILES)
ADBED = AFLUX = PHTOT « MABE0 (KW

ENERGY ADDED  (assuming al heat (ux profile nornalized by heated length)
= APLUX « PHTOT « HE. z\”. QUIWOEA01 (KW}

TLRE
L\I MODEL
APPLIED AT IN

P ot

6
12
)
2
30
36
42
"
o4
G0
6

GROUP 122 OUTPUT OPTION SELECT DATA=~----o-ommmeeae
t Channet Only

for the Specificd Subchannets

Fuel Rod Data

Pt Crossilow Data for the Specified Gagrs

NO PLOTS WILL BE PRODUCED
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CHANNEL MASS BALANCE AND ENERGY BALANCE SUMMARY

MASS BALANCE:

.\L\ 35

\ 5
A O RRO
% FLOW I‘RROR

]
CASER0101

.0\

YTORAGE
Ol L T+

ASSERT-PV V2RB Input Modelling :

CHANNEL EXIT SUAMARY RESLLTS

AXIAL LOCATION = 54436 cm '

SUB- RELATIVE I.IQL'ID V/\P()LR \H\TLRI'
CITANNEL PRESSU TEMP NP ]
NL\lBER [KPAT [l)I‘I 2l H\(./\I R

| 0. 0.71561

2 .12 071141

3 004

4 .

3 ¥

G

7

8

9

10

11

12

13

14

15

B8
G4
70

1
CASEXGI0]

BUNDLE AVER

ASSERT-PV VZRB Input Modelling -

X
31
31040 310, 56221
A5 31003 57710 O)(l!()ol

AGED RESULTS

LIQUID
MNP

VAPOUR
NP

RUFIC(CANELEX-RU) CANDU Buse

MIXTURE
DIEN: AOL
l\C'l'l()N !

TIME = 0000000 SECONDS

ENERGY BALANCE:
ENERGY STORAGE+ = OOOOOOE*OO [KW]

FLOW ENERGY OQUT+ = 0.34268E+03 [KW]
l%‘(')qv]\:lm RGY IN- = —oz4724E»(b KW}

SOURCE- <04 [KW1
RGY ERROR 14‘)125—0’) I}\W]
% ENERGY ERROR = -0. loﬁ*ﬁl‘ 04 (% ]

DATE  101- 1-18 TIME 182827

TIME = 0000000 SECONDS
| AXIAL LOCATION = 59436 cm
f I‘l O\ FLO \l-\
Y  ¥Ol ALPY DN LQUII. EQ LUX VELOC
ACT! ION l I]\J/K(x] QUALITY  QUALITY I]\(l/\] INCSE O]
161042 0.20667 0.20440 172571

0 211
0.2 0.20611

0.20952
2 021160
0.20953

N(‘n..J
14
434 (553

I-IIX 4l

140648 7302
130500 0037()3 74868
1386.64 002020 1 ()‘I74‘) TR

RUFIC(CANFLEX-RUI CANDU flase DATE

TINE = 0000000 SECONDS
ANIAL FLOW FLOW

D ILOCATION ENTHALPY
lL\lI [KIFKG]  QUALITY
000 1076.

1076,
1076,

5061 229680
~0.25641 22.96809
-0:255496 2206800
-0.25-102 2286800
~0.25291 2206800
-0.2501G 2206304
~0.24793 22496800
0.24614 ‘)‘) ‘X‘N)‘I

HRTRT 140610

0222522 F206800

O
111065
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00000 8891 1115.14

8588 43418 26440 31391 86596
513 .00000 M.17 1118.42

022122 2296800

.00000 W31 112249

0.

91 . . 50,
G468 45027 26550 31389 86361 gOO(IX) 96,18 112079

il

0.

-0.18380 22‘)680‘1
-0.18010 22456800
-0.17749 2256800
-0.17564 2296804
~0.17562 22.496800

-0.17085 2296800
~0.16708 2296809
~0.16165 2296804
-0.15402 2296804

-0.14633 2296800
~0.14101 2296309
-0.13724 2256808
-0.13464 2296800
-0.13281 2296808
-0.13252 22.96809
-0.13 DR80K

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

1€ G304

000028 -0.11249 2296500

0.00046  -0.105343 22.0680¢)

0.00063 -0.10056 22.96809)

000077  -0.00708 2209680
00088

~0.06738 2206804
000379 -0.06277 2296809
0.00429  -0.05448 2296804
0.00466 -0.05720 Z2.4680¢
000444 -0.0556! 2206800

000625 -0.0482) 2296300
000727 -004375 2206809
0.00802 -0.03742 2296808
001077 -003100 2296800

001219 -0.02662 2296800 5.
001324 -002331 229680  5.5¢
001402  -0.02109 ZZ‘K‘)RO‘! 55350
001458  -0.01952 22.9680¢ 55350
001465 -0.01921 22‘[‘)801) 5.5350
0.01520 -001765 2296609 55350
001602 -0.01545 22496808 ;_")&'30

001722 -001233 22.96800
001903 -0.00785 2296809
002179 -0.00158 22456804
002475 0.004K2 22.06808
0.02603  0.00930 2216800

0.03274  D.02050 229680
00448 0.02368 22496800
003704  0.02845 22456800
004086 0.03465 22.96809
0.04116 22.96800)

Q4567 2

GEOK
0.05261 2296808
0.05265 22.96804
0.05447 2296804

1423.06
142,45
142879
MB 42

31013

149188

BUNDLE AVERAGED AXIAL AVERAGE VOID = 16528082 [%

1
CARENDIO) ASSERT-PY V2R3 Input Modelling @ RUFIC(CANFLEX-RL) CANDU Base DATE 101~ 1-18 TIME
DMBLY SUBCHANNEL  PRESSURE = 10000 MPA  TIME = 0.000000 SECONDS

DATY FOR CHANNEL - 6, ASY

_55_

63017 4149610
64014 4149610
6.4001 4149610
10
4149610
4129610
149610
140610
346 414061
41
414
149610
4149610
2 4149610
53 4149610
35 4145610
3 4149610
140610
5 4140610

6.7
ﬁT“H 1149610
68102 4149610
6.3545 41.49610
65060 41.449610
65M32 4148610
G716 4149610
G513 1149610
70082 41.49610
GARI74 149610
70076 4149610
149610

7 1199 41
L1478 41
R/
L3550 41

L4044 41 4610
g 41.4961Q
A0 11149610
74433 41.40610

PRENPRPNPR PNy
Y

TG 41.49610
78481 41.49610
80511 4149610
BA273 4149610
B.1748 414610
B1963 41.49610
8.1964 4149610
82378 41.49610
8. «1007 41 4‘)6]0

149610

9 "L) 4149610

93232 41.49610

9.4050 4). 49610

9.5220 41.449610

9.7103 41.49610
496

Il
4149610
57 4145610
4149610
4149610
4149610
200 4149610
4144610
G 4149610
4149610
4149610
414910
4149610
4149610
41.49610
4149610
41.49610
4149610
4145610
4149610
4149610
G ). 4‘!"10

LRDR2T7



ANIAL RELATIVE LIQUID  VAPOUR  MIXTURE I AXIAL FLOW FLOW FLOW MASS AlASS FLOW
LOCATION PRESSURE  TEMP TEMP  DENSITY VOID JLOCATION ENTHALPY NON-EQUIL EQUILIB FLOW FLUX  VELOCITY AREA
[t&Y)} [KPAl  [DEG-C] [DEG-C] [KG/M3] FRACTION | {CM] [KJ/KG]  QUALITY  QUALITY [KG/S) [IMGARZ-SY  (AS] (CM2)

0.00 31480  R3L66 107645 000000 ~-0.25606 0.25054 61816 043970
. 31355 831.66 107645 000000 ~025667 0.25056 04570
313.2 i 107651 000000 ~0.25660 0.25068 0.43470

1076.70 000000 ~0.25640 025057 0.45470
107721 000000 ~0:25591 0.25048 0437170
X 0.25038 0.454970
0.25038 045970
0.25036 045970
0.25027 0.45970
0.25030 0.43970
0.25035 0.45970
024988 0.43970
0.25007 0.45970
0.25037 0.45470
0.25060 0.4%4970
0.25078 0.45770
0.25001 0.45970
0.25104 0.45970
0.25108 0.43970
0.25104 0.434170
0.25109 0.4
0.55116 0.43¢
025116 45470
2 s 0.454570

043770
0.45970
0.45970

o o
nonk
H83%
Acagigidiaacigigiag
265

&
iR

0.25100

136.61
161.77
169.07

EoH)
CEFS

5

&
ge

g Gl
8

i

55

£% ‘f‘?'r:'w:'ss*ﬂi:'s?e%&
ERREIS-RPPEFE

151772
15




31063 28216 0.20328  0.20456 H
31062 28144 0. )(113‘ 0.20466 4521
31052 020452 0.20300 .
31050 0.20580 0.20518 40
31047 020749 0.203: 44675 161926
31042 020978 020525 34649 16360
31037 021242 020348 448K 16,6240
310.28 021460 020336 44673 168327
31023 021565  0.205 44678 169697
310.18 021622 020538 44677 17.0605
310.15 021633 020060 44729 17.1236
310.14 . . 3 021616 020609 44831 17.1418
31013 26063 0. 1436 160657 02032 021613 020615 4435 172067
SLBCHANNEL AXIAL AVERAGE VOID = 21800002 (2]
1
CASER0I0I ASSERT-PV VZRE Input Modelling @ RUFICICANFLEX-RU) CANDU Buse  DATE [0~ 1-18 TIME IS:28:47

MIXTURE CROSSFLOW BETWEEN ADJACENT CHANNELS, W(LJ)  TIME = 000000 SECONDS

AXNIAL ZONE \U () IO) WO 2,100 WO 2 30 WO 3,120 W 3 49 WO 4 1 Wogs g Wi 1, 11 W 5 6
[CMI (KRG

001029 -0.07043  -0.04571 -0.020064 -0.06G41  -0.04264 0.00003 0.07045
-0.047)  -0.03084 5
—gO—I]ﬁi -0.02534

8
1018
1049
! ()()H»I‘H
Q.00466
0.01165
.03
001627

0..28203
01744
0.246575
(]

-0.11230
~0.06223
0.02M48
0.16378
~0.03114
-0.134R5
-0.14052
~0.19361
-0.10714
-?JJE)IS

-O(X)l‘h
01145

017213 -0.16161

-0.08284 Q.07
-0.13930 JJJ
0. O(ﬂl() -0, -0.084:43
007040 ~0.080%) -044132
0.04407 ~005514 004627 ~0.02798



0.07671 0.01771 0.05182
0.14430 0.0724

-0.12193
-0.11660
04550

77 0.00:332 . LRGN .00636
: S04, ~0.0447Y) 020004 0.15678 X 3  2TNT a) -0,00707
1
CASEROI01 ASSERT-PV VZRR Input Madefling ¢ RUFICCANFLEX-RU) CANDU Base  DATE  101- 1-1R TIME
CRITICAL [EAT FLUX SUMMARY:  TABLE  CiIF CORRELATION TIME = 0.000000 SECONDYS

MINIMUM CRITICAL HEAT FLUX RATIO (MCHFRY RESULTS

ANIAL ZONE HEAT FLUX  MCHFR ROD  CHANNEL
ICz INIWAAE2] RATIO INO.T  INOJ

000000
0.0
0.00541

0.0
0.8

136015
15710

L T T N T S S R T I T S B B N N S S S S B R S I
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10206 32
1.0366 a3
10430 33
1.0341 34
1.0532 34
jnin 3
LO23 34

32
13.6143
230072
£¥.0000

3
CASEOI01 ASSERT-PV VZRS Input Mixlelling @ RUFIC(CANFLEX-RUS CANDU Base  DATE  101- 1-18 TIME [828:27

[ R R L R T T O T T T T O T R O S S B B S B L S S T B R B B R N R B B R A

CRITICAL HEAT FLUX SUMMARY:  TABLE  CHF CORRELATION TIME = 0.000000 SECONDS
SUBSEQUENT CHFR RESULTS
ANIAL ZONE RADIAL LOCATION
{CALL (CHER - ROD - SURCIIANNEL)

0- 0
29-

[ T T T T S S T T B T S S T S S O N N S S S T N S S S S S S S S N B B B S B S B I B B B S S S N S B}




i

8 TIM)

101- -1

IX-RUY CANDU Base DAL

CANFLI

FIC(

RUI

ASSERT-PV V2RE Input Modelling ©

CASEROI0!

-== No Dryout Predicted -~-

ol

ITERATIONS

13 NUMBER OF TIMNIEE STEPS COMPLETED

SPECHLE
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