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Assessment of CHF Data Base for Square and Non—-square Lattice Rod Bundles
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Abstract

A CHF data base for rod bundles is constructed and assessed for square and non-square
lattice rod bundles. The CHF data base consists of more than 12000 data points obtained from
161 square lattice bundles and 45 non-square lattice bundles. For the square lattice test
bundles, the CHF table method is applied to predicting CHF based on the local thermal
hydraulic conditions calculated by the subchannel analysis code MATRA. It reveals that the
variation of TDC values from 0.005 to 0.05 changes the predicted CHF about 10%. The 1995
CHF table is applied to the local parameter CHF data base of square lattice rod bundles. As
the result, the mean and the standard deviation of P/M for the data with uniform axial power

shape are calculated as 1.003 and 0.116, respectively.
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¥ 1. ¥3A CHF Data Base 54 A=
Parameter Range
Square lattice rod bundles

Number of TS 161
Number of data points 10160
Total number of rods 21 ~36
Number of heater rods 20 ~ 36
Rod pitch [mm] 12.3~14.7
Heater rod diameter [mm] 9.1~11.2
Unheated rod diameter [mm] 10.9~28.8
Rod to wall gap [mm] 1.8~45
Heated length [mm] 1200 ~ 4300
Grid spacing [mm] 203 ~ 660
Radial peaking factor 1.01~161

Axial power shapes

Uniform and non-uniform

Non-square lattice rod bundles

Number of TS 45
Number of data points 2145
Barrel shape Circular, parallelogram, hexagonal
Total number of rods 7 ~37
Spacer shape Grid, wire wrap, helical fin
Heater rod diameter [mm] 6.4~19.8
Rod pitch [mm] 7.0~226
Heated length [mm] 400 ~ 2700
3 2. TDC7} CHF AAF Aol WA= 93F B7F A3
Q%4 D _ TPC=0.005 . _ ’l:DC=0.05 _
e H P/M A Az S H P/M ZT=HA
EPRI-008 69 1.090 0.209 77 1.152 0.225
EPRI-021 43 1.020 0.106 64 1.120 0.095
EPRI-029 49 1.134 0.129 59 1.240 0.087
EPRI-062 64 0.889 0.043 70 0.971 0.044
EPRI-070 104 0.976 0.043 109 1.078 0.055
EPRI-512 53 1.061 0.089 63 1.181 0.106
Total 382 1.019 0.139 442 1.116 0.142
® 3. 54T 29 £ 24 AAd wE PM SAF vl
A HBM DSM
P/M 3+ XTHA P/M 3+ XTHA}
K; [Groeneveld] 0.958 0.087 0.895 0.218
Frone [Tongl 1045 0.963 0.081 0.912 0.196
Fy [Hwang] 0.972 0.088 0.939 0.213
E 4 WANE GEAC U@ CHF 4% 23 o3 4% Ha
57+ (N=200) 53 (N=444) ¥ P AR (N=496)
P/M B+ xEA P/M B+ xEA P/M B+ xEA
Bowring ‘34 1.074 0.164 1.160 0.172 1.098 0.230
PI-3P “J32] 0.921 0.159 1.149 0.172 0.966 0.130
KfK-3 “d#2] 1.109 0.199 1.167 0.279 1.036 0.127
EPRI-1 32 0.950 0.110 0.985 0.159 0.815 0.109
CHF table 1.269 0.287 1.274 0.200 0.939 0.126
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Ro

d Bundle CHF Data:

P, Gin, Tin, "

Nodalization of
Test Bundles

Subchannel Code

(MATRA)

Determine Subchannel
Analysis Models:
TDC, Kij, etc.

TH Conditions inside
Test Bundles

CHF Prediction Model

- Local TH Conditions at Predicted CHF Locations(for DSM)
- Enthalpy and Flow Distributions (for HBM)

a9 8.
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S

%7 CHF data base A4 Az}
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P/M

Open channel (rod bundle)

CHF line /
/
/ Closed channel
/
qexp
X=X,
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Xiso - Xin
qHBM
qDSM
A 4 A 4
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19 5. A CHE o5 e
2.0 3.0
AECL 1995 CHF Table (HBM) AECL 1995 CHF Table (DSM)
Uniform Axial Power Shape s Uniform Axial Power Shape
15 T
2.0
1.0 15 % .

m
-
-
-
-
H—
-
S
o
P/M

i ; N
o g s )
. if T % ] LK

0.5 I ' E;

05 E: - Tk
Mean P/M = 1.003, Std. dev. = 0.116, N, . = 9115 Mean P/M = 1.023, Std. dev. = 0.323, N = 9115
0.0 T T T T T 0.0 T T T T T
0.009 0.010 0.011 0.012 0.013 0.014 0.015 0.009 0.010 0.011 0.012 0.013 0.014 0.015
Hydraulic Diameter (m) Hydraulic Diameter (m)

a6 APE AEA WY 7Y 28 BE A9 PM 97 2%



DSM Procedure HBM Pr r
z=0 z=z (by DSM)
v v
> z=z+dz Qp =Qu
v v
Calculate X,,(z) by subchannel code at X (Zc) =X, + f X (Zc) =
measured CHF
] f=XM (Zc)_xin
¢ - Xiso(zc)_xin

CHF, (z) =CHFy, (2)/Fw (2)
DNBR(z) =CHF, (z)/CHF, (2)

CHFy, (2) = CHF gy FP. G, X (2)BXK KK,

CHF, (z)=CHFy, (z)/Fw (2)
Q's =CHF, (z,)A,/F. (z.)

Update Q

Find out minimum DNBR(z)

Relative Power
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Predicted CHF (kW/sqg-m)
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