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Friction pressure drop model for wire-wrapped rod bundles in full flow
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Abstract  [Background| In order to accurately predict the friction pressure drop characteristics of liquid lead
bismuth in the cross-section of the fuel assembly rod bundle, a suitable friction pressure drop model should be
selected. [Purpose| This study aims to investigate Friction pressure drop model for wire-wrapped rod bundles in full
flow. [Methods] Eight different frictional pressure drop models within wire-wrapped rod bundles were evaluated
their applicability by using statistical analysis. The prediction accuracy of experimental data from different models in
different flow regimes was explored corresponding to laminar flow, transitional flow, and turbulence. [Results] The
analysis results show that the friction coefficient is not only related to the number of rod bundles (Nr) and the pitch-
to-diameter ratio (P/D), but also related to the wire lead length-to-diameter ratio (//D). The modified BDD model in
the laminar flow range and this work model are more consistent with the experimental data. The modified BDD
model, CTD model and this work model are relatively consistent with the experimental data in the transition flow

range. The Rehme model, the UCTD model and this work model in the turbulent range are more consistent with the
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experimental data. [Conclusions] Therefore, the model presented in this study is suitable for predicting friction

pressure drop in the cross-section of the fuel assembly bundle in the full flow state.

Key words Full flow, Wire-wrapped rod, Cross-section friction coefficient
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Table 1 Experimental data

{E# 1D PID Nr HID 4y Year D/mm D, /mm C, C, H4f 1 Points
Marten 13! 1.041 37 17.01 1982 15.98 0.66 0.1597 4643 19
Chiul!"" 1.067 61 8 1977 12.73 0.8 02402  88.00 35
Chiu2!"" 1.067 61 4 1977 12.73 0.8 04719 160 41
Marten21"! 1.072 37 8.34 1982 15.51 1.12 0.1570 7100 19
Engel” 1.082 61 7.698 1979 12.85 0.94 02777 9942 6l
Marten32!! 1101 37 1231 1982 15.11 1.53 02066 7531 19
Lyu1® 1116 7 25 2020 15 1.64 0.1314 — 30
Lyu2t 1.116 61 25 2016 15 1.64 0.1670 — 40
Rehmel1% 1125 7 8.33 1967 12 1.5 01827 — 22
Rehme21? 1125 19 8.33 1967 12 1.5 02995 — 27
Rehme22™ 1125 19 12.5 1967 12 1.5 02000 — 29
Rehme23™ 1125 19 16.67 1967 12 1.5 0.1682 — 31
Rehme24™ 1125 19 25 1967 12 1.5 0.1452  — 30
Rehme25"” 1125 19 3333 1967 12 1.5 0.1361 — 46
Fan'"¥ 1151 19 11.16 2020 12.9 1.95 02198 — 57
Cheng'"! 1.154 37 13.4 1986 15.04 2.26 02001 9288 39
Itoh1" 1.176 127 38 1981 5.5 0.9 0.1615 7521 22
Grazzini'” 1.18 91 2395 1971 6.68 1.2 0.1804 — 6
Ohshimal"” 1.18 127 38 2017 5.5 0.9 0.1570 7592 11
Vaghetto!"” 1.189 61 30 2018 159 3 0.1430 75 49
Ohshima3"” 1.2 271 22 2017 7.5 1.4 0.1800 —

Song!"" 1.2 19 23.1 2020 20 3 0.1780 —

Choi!"” 1.2 271 24.84 2003 7.4 1.4 0.1857 — 91
Ohshima2"” 1.21 169 472 2017 6.5 1.32 0.1568  76.4 19
Itoh2™ 1214 169 474 1981 6.5 1.32 0.1597 7644 17
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{54 1D PID Nr HID #fyYear D/mm D, /mm C, C, H## &5 Points
Wakasugil™” 1221 91 1429 1971 6.3 127 02241 — 11
Wakasugi2"” 1221 91 2063 1971 6.3 127 01962 — 12
Wakasugi3™” 1221 91 30.16 1971 6.3 1.27 01678 — 11
Wakasugi4™” 1221 91 4127 1971 6.3 1.27 0.1620 — 12
Rehme 2 1233 7 8.33 1967 12 2.8 02863 — 36
Spencer™" 1252 217 5174 1980 5.84 1.42 0.1599 8572 65
Padmakumar™” 1255 217 30.3 2017 6.6 1.65 0.1866 8772 50
Chun™! 1256 19 25 2001 8 2 0.1882 9833 161
Rehme13" 1.275 8.33 1967 12 33 03561 — 28
Rehmel 67 1275 7 12.5 1967 12 33 02525 — 32
Rehme 177 1275 7 50 1967 12 33 0.1176 — 33
Rehme26™ 1275 19 12.5 1967 12 33 02853 — 31
Rehme27" 1275 19 50 1967 12 33 0.1319 — 33
Rehme317! 1275 37 12.5 1967 12 33 03110 — 31
Rehme32™ 1275 37 50 1967 12 33 0.1408 — 33
Pacio™ 1279 19 40 2016 8.2 22 0.1635 — 51
Kennedy"” 1282 127 404 2019 6.55 1.8 0.1639 — 42
Hoffmann1® 1317 61 16.67 1973 6 1.9 02630 — 30
Hoffmann2 1317 61 3333 1973 6 1.9 01705 — 34
Hoffmann3® 1317 61 50 1973 6 1.9 01622 — 34
Rehme4” 1.343 8.33 1967 12 4.48 05357 — 31
Rehmel 57 1.417 8.33 1967 12 5 0.8324 — 27
Rehme41? 1417 19 8.33 1967 12 5 09304 — 30
Rehme42" 1417 19 12.5 1967 12 5 04484  — 29
Rehme43"” 1417 19 16.67 1967 12 5 03174 — 31
Rehme44"” 1417 19 25 1967 12 5 02061 — 32
Rehme45"” 1.417 19 50 1967 12 5 0.1579 — 31

TE 1) 2011 4 Z FiTi0 0 Edi st 26 BAS 1] £ 5 2) Bl HES AT 28 LU R 35— O B RO 0 5 — U IR AR LU 3 =007
Notes: 1) Partial data before 2011 were missing or untraceable; 2) The data are arranged in the first order with the P/D, Nr as the

second order, and H/D as the third order
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Table 3 Modified empirical constants

& 1E "% %4 y [f1{E The value of y 100 30 20 15 10 7 5 4 3
P HIAH T % 25 Mean relative error / % 359 326 298 269 208 125 010 -090 -233
¥ 771 Root mean square / % 1324 139 129 1276 1252 1224 11.92 11.75 12.03
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Table 4 Friction pressure drop model

B i s i A 7Y oy JEE % 145 B # 7T HE 353 il Recommended range of friction pressure drop model
Friction pressure drop model ~ Year Nr P/D HID T WG [ Range of Re
Novndstern'" 1972 19~217 1.06~1.42 8~96 2 600~2x10°
Rehme" 1973 7~217 1.1~1.42 8~50 1 000~3x10°
Engel™ 1982 19~61 1.067~1.082 7.7~8.3 50~1x10°
CTD" 1986 19~217 1~1.42 8~52 50~1x10°
CTS" 1986 19~217 1.025~1.42 8~50 50~1x10°
BBDD" 2008 19~217 1.06~1.42 8~96 50~1x10°
UCTD™ 2018 7~217 1~1.42 8~52 50~1x10°
3L This work 2022 7~271 1.04~1.42 8~54 50~3%10°
RS FIUDHER
Table 5 Statistical analysis results
JBE 452 I R A 7Y Novendstern  Rehme™ Engel” BBDD" CTS® CTD" UCTD®¥ A
Friction pressure drop model This work
JZR SRR R 7 -69.73 -5.83 10.07  0.64 -16.72 -28.82 -12.00  1.71
Laminar Mean relative error / %
B 7 70.57 20.39 3293 13 2683 3394 2036 9.83
Root mean square / %
R S ARXS R 2 -1.01 2.07 34.64  -0.04 140  -452  -6.71 -0.9
Transition ~ Mean relative error / %
EOWIE I 23.75 18.37 50.96  12.99 1557 1555 19.32 11.75
Root mean square / %
bRl PRI R R 7 13.41 1.24 3529 1298 1125  11.70 057 0.50
Turbulence  Mean relative error / %
B 24.38 14.99 57.30  22.68 2036 2522 18.26 7.73
Root mean square / %
Bt SEXAERT IR ZE (6.09) (1.66) 34.05 8.96 4.76 1.4 -3.62 -0.28
Total Mean relative error / %
TR (24.06) (16.79)  54.83  20.17 18.82  22.04  18.89 9.89

Root mean square / %

E A5 A RO A R T 2 R A9 1

Notes: The data in parentheses are values in the model's recommended flow range
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Fig.9 Predicted friction coefficients of the different models vs. the experimental friction coefficients
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