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SMART CHF Look-up Table

Assessment of the CHF Look-up Table Method for SMART Core Conditions
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Abstract

The applicability of CHF look-up table method is assessed for the experimental CHF data with
square-lattice rod bundles under various thermal-hydraulic conditions including SMART core conditions.
The local thermal-hydraulic conditions inside the test bundles are calculated by the subchannel analysis
code MATRA, and used for the evaluation of CHF with HBM and DSM. The geometrical correction
factors for the channel diameter(K,), the spacer grids(K,), and the heated length(K,) are applied to the
CHF table. Tong’'s F-factor and Groeneveld’'s K, factor are employed to the test bundles with non-
uniform axial power shapes. Total number of 3184 data points from 53 kinds of test bundles are
evaluated in this study. As the result, the mean/standard deviation of P/M ratio by HBM and DSM are
calculated as 1.022/0.079 and 1.069/0.245, respectively.
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1. CHF
Bundle Axial Grid | Heated | Roddia/ Mixing Grid
TS < power spacing | length pitch vane loss TDC # of data
ape profile [mm] [m] [mm] factor
156 | TYP-5X5 Uniform 660 427 95/12.6 R 1.25 0.051 73
157 | TYP-5X5 Uniform 660 2.44 95/12.6 R 1.25 0.051 78
158 | THM-5X5 | Uniform 660 2.44 95/12.6 R 1.25 0.051 68
160 | TYP-5X5 Uniform 559 244 95/12.6 R 1.25 0.057 67
161 | TYP-5X5 Uniform 559 427 95/12.6 R 1.25 0.057 70
13 | THM-5X5 | Uniform 534 30 10.8/14.3 P 135 0.040 88
20 | TYP-5%5 Uniform 545 30 95/12.7 s 0.75 0.030 61
28 | TYP-5X5 Uniform 272 30 95/12.7 s 0.75 0.072 23
29 | TYP-5X5 Uniform 545 30 95/12.7 5 141 0.030 111
30 | TYP5X5 Uniform 545 30 95/12.7 F1 152 0.035 100
31 | TYP5X5 Uniform 545 30 95/12.7 Swirl 1.40 0.040 97
33 | TYP5X5 Uniform 534 30 95/12.7 F1 135 0.035 102
37 | TYPs5X5 Uniform 545 30 95/12.7 Swirl 1.40 0.055 99
38 | TYP5X5 Uniform 545 30 95/12.7 Swirl 117 0.055 9%
39 | TYP5X5 Uniform 545 30 95/12.7 F1 0.76 0.055 104
40 | THM-5X5 | Uniform 545 30 95/12.7 Swirl 1.25 0.055 77
41 | THM-5X5 | Uniform 545 30 95/12.7 Swirl 1.56 0.055 79
43 | TYP5X5 Uniform 545 30 95/12.7 Swirl 1.01 0.055 31
46 | TYP-5X5 Uniform 545 30 95/12.7 Swirl 112 0.055 29
47 | THM-5X5 | Uniform 545 30 95/12.7 Swirl 1.16 0.055 49
48 | THM-5X5 | Uniform 545 30 95/12.7 Swirl 1.49 0.055 49
515 | THM-21 Uniform 381 1.83 10.7/14.3 - 173 0.050 54
516 | THM-21 Uniform 381 1.83 10.7/14.3 - 191 0.050 56
3 THM-5X5 Uniform 534 3.0 10.8/14.3 None 0.88 0.010 90
7 TYP-5X5 Uniform 534 3.0 10.8/14.3 None 0.53 0.005 42
11 | TYP-5X5 Uniform 545 30 95/12.7 None 0.62 0.005 81
14 | THM-5X5 | Uniform 534 30 10.8/14.3 None 1.10 0.010 65
16 THM-5X5 Uniform 534 3.0 10.8/14.3 None 0.56 0.010 65
19 | TYP-5X5 Uniform 545 30 95/12.7 None 0.62 0.005 83
21 | TYPs5X5 Uniform 545 30 95/12.7 None 1.40 0.005 88
22 TYP-6X6 Uniform 545 3.0 9.5/12.7 None 1.30 0.005 78
512 | Typ21 Uniform 254 1.83 10.7/14.3 None 057 0.005 57
513 | THM-21 Uniform 254 1.83 10.7/14.3 None 0.57 0.005 54
514 | THM-21 Uniform 254 1.37 10.7/14.3 None 057 0.005 38
2. CHF
Axia Grid Heated Rod dia./ - Grid
TS Bs:indLe power spacing length pitch M\/I;(rlmgg loss TDC | #of data
p profile® [mm] [m] [mm] factor
108 | TYP-4x4 Top-p(A) 508 2.44 10.7/14.1 L 1.20 0.062 29
109 | TYP-3X3 Top-p(B) 508 427 12.7/16.7 L 1.20 0.062 33
114 | TYP-4x4 Cosing(E) 660 2.44 10.7/14.1 L 1.20 0.051 27
124 | TYP-4X4 |Cosine(E) Top-| 508 2.44 10.7/14.1 R 1.20 0.062 33
125 | TYP-4x4 p(A) 508 2.44 10.7/14.1 R 0.68 0.062 33
127 | TYP-4x4 Top-p(A) 559 2.44 10.7/14.1 R 0.68 0.057 35
131 | TYP-4x4 Top-p(C) 660 4.27 10.7/14.1 R 1.40 0.051 35
132 | TYP-4x4 Top-p(C) 508 427 10.7/14.1 R 1.40 0.062 36
133 | TYP4x4 Top-p(C) 660 427 10.7/14.1 R 1.40 0.051 38
134 | TYP-4x4 Top-p(C) 813 4.27 10.7/14.1 R 1.40 0.046 38
139 |  THM-4x4 Top-p(C) 813 427 10.7/14.1 R 1.40 0.046 37
140 | TYP-4x4 Top-p(A) 813 2.44 10.7/14.1 R 1.82 0.046 27
144 | THM-4X4 Top-p(C) 660 4.27 10.7/14.1 L 1.60 0.051 38
145 |  TYP-4x4 Top-p(C) 660 427 10.7/14.1 L 1.85 0.051 41
146 | THM-4X4 Top-p(C) 660 427 10.7/14.1 R 1.90 0.051 39
148 | TYP-4x4 Top-p(C) 660 4.27 10.7/14.1 R 1.90 0.051 71
162 | THM-5X5 Cosine (D) 559 427 9.5/12.6 R 1.25 0.057 69
164 | TYP5X5 Cosine (D) 559 427 9.5/12.6 R 1.25 0.057 74
517 TYP-21 Bottom-p(F) 254 1.83 107143 | None 057 0.005 50
6




3. MATRA
Parameter Vaue
Subcooled boiling void fraction Not used
Bulk boiling void fraction Chexal-Lellouche model
Two-phase friction multiplier Armand model
Single-phase turbulent friction factor 0.184x Re?2
Crossflow resistance coefficient (K;;) 0.5
Turbulent momentum parameter (s/1) 05
Turbulent momentum factor 0
Turbulent mixing Equal-mass-exchange model
Void drift Not used
Solution algorithm Implicit scheme
4. P/M
Number of 1986 AECL CHF Table 1995 AECL -IPPE CHF Table
TS data HBM DSM HBM DSM
Mean s Mean S Mean S Mean S
TS13 88 1.022 0.086 1.070 0.229 1.075 0.097 1.213 0.298
TS20 61 0.942 0.044 0.833 0.132 0.935 0.051 0.832 0.148
TS-28 23 0.865 0.048 0.673 0.075 0.898 0.049 0.749 0.122
TS-29 111 1.020 0.080 1.084 0.265 1.022 0.075 1.085 0.264
TS30 100 0.992 0.072 0.992 0.246 0.991 0.069 0.993 0.239
TS31 97 0.972 0.090 0.951 0.304 0.978 0.085 0.986 0.321
TS33 102 0.976 0.069 0.943 0.221 0.971 0.067 0.930 0.207
TS37 99 1.002 0.096 1.044 0.326 1.001 0.088 1.054 0.360
TS-38 95 1.010 0.065 1.056 0.245 1.010 0.060 1.055 0.243
TS-39 104 1.004 0.073 1.031 0.264 1.003 0.066 1.029 0.250
TS40 77 0.981 0.044 0.954 0.139 1.036 0.055 1.106 0.170
TS41 79 0.956 0.055 0.883 0.165 1.010 0.056 1.031 0.172
TS43 31 0.9%4 0.020 0.979 0.054 1.014 0.035 1.028 0.089
TS46 29 0.954 0.021 0.872 0.058 0.976 0.032 0.933 0.092
TS47 49 0.974 0.025 0.932 0.063 1.041 0.033 1.107 0.086
TS48 49 0.945 0.018 0.852 0.053 1.008 0.044 1.014 0.114
TS-156 73 1.041 0.051 1.130 0.168 1.046 0.051 1.159 0.176
TS157 78 0.990 0.041 0.981 0.120 0.991 0.049 0.972 0.124
TS-158 68 0.960 0.045 0.895 0.130 1.014 0.067 1.032 0.173
TS-160 67 0.984 0.032 0.947 0.100 0.983 0.045 0.946 0.125
TS-161 70 1.013 0.039 1.027 0.110 1.025 0.058 1.088 0.180
TS-515 54 0.960 0.073 0.907 0.162 1.012 0.091 1.019 0.201
TS-516 56 0.963 0.084 0.912 0.184 1.017 0.097 1.023 0.196
Mixing-vaned 1660 0.987 0.071 0.976 0.222 1.006 0.074 1.029 0.236
TS3 90 1.085 0.100 1.265 0.305 1.135 0.100 1422 0.380
TS7 42 1.013 0.080 1.061 0.244 1.007 0.054 1.049 0.187
TS11 81 0.976 0.060 0.941 0.185 0.978 0.058 0.951 0.174
TS14 65 1.038 0.071 1.123 0.218 1.090 0.065 1271 0.288
TS16 65 1.088 0.095 1.265 0.254 1.142 0.082 1434 0.325
TS19 83 0.996 0.056 0.997 0.160 0.999 0.051 1.006 0.159
TS21 88 1.001 0.065 1.009 0.188 1.004 0.064 1.014 0.195
TS22 78 1.004 0.061 1.031 0.210 1.002 0.061 1.022 0.202
TS-512 57 1.076 0.083 1.224 0.228 1.068 0.080 1.202 0.238
TS513 54 1.040 0.104 1.098 0.219 1.097 0.103 1.274 0.316
TS-514 38 0.983 0.076 0.971 0.145 1.048 0.070 1.120 0.151
No mixing-vaned 741 1.028 0.087 1.090 0.247 1.050 0.094 1.157 0.305
All data 2401 0.999 0.078 1.012 0.236 1.019 0.083 1.069 0.266




5. P/M
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