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Three dimensional Numerical Simulation on Hydraulic Resistance Coefficient
of Surge Chamber in Multi unit Hydropower Plant
CHEN Fang liang', CAI Fir lin?, GENG Liang', JIANG Cheng i
(1. Institute of Water Conservancy Works Design of Xuzhou, X uz hou 221000, China;

2. College of Water Conservancy and Hydropower Engineering, H ohai University, Nanjing 210098, China)

Abstract: The flow pattern of surge chamber shared by the multr unit hydropow er plant is very com plex. Determination of the

hy draulic loss coefficient by the model experiments is time consuming and expensive. In this paper,the FLUENT softw are was

applied to conduct numerical simulation of the hydraulic resistance coefficient of a surge chamber shared by the multr unit hy

dropower plant under the combined operation conditions of two typical working conditions and different number of units. T he

numerical simulation results were compared with those obtained from the physical model experiments, which suggested that the

numerical method is feasible to determine the hydraulic resistance coefficient of a surge chamber shared by the mulit unit hydro

pow er plant.
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Fig. 1 Vertical cross section of the surge chamber
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Fig.2 Plan view of the surge chamber
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Fig.3 Discretization of model grids
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Table I Comparison of the hydraulic resistance coefficient values obtained from num erical
simulation and model test between each straight section of the surge chamber
iy [N [S
2 ik ik ik - A Wik
e CFD k% gﬁ;fé; CFD k% gﬁ;fé; CFD 5 ﬁ/@ﬁ) CFD % gﬁ;fé; CFD A% gﬁ;fé; CFD A% gﬁ;fé;
0 0.148 0.310 52.3 0.405 0.470 13.8 0.181 0.347 47.8 0.373 0.476 21.6 0.133 0.354 62.4 0.404 0.478 15.5
0.2 0.18 0.199 7.0 0.501 0.660 24.1 0.152 0.341 55.4 0.510 0.835 38.9 0.157 0.246 36.2 0.499 0.654 23.7
0.4 0.288 0.231 —24.7 0.806 0.877 8.1 0.223 0.423 47.3 0.895 1.241 27.9 0.258 0.274 5.8 0.813 0.859 5.4
0.6 0.423 0.406 - 4.2 0.926 1.123 17.5 0.321 0.594 46.0 1.167 1.694 31.1 0.412 0.437 5.7 0.920 1.093 15.8
0.8 0.599 0.724 17.3 0.982 1.395 29.6 0.524 0.853 38.6 1.449 2.195 34.0 0.616 0.736 16.3 0.968 1.355 28.6
1.0 1.075 1.184 9.2 1.074 1.696 36.7 0.989 1.201 17.7 1.974 2.742 28.0 1.073 1.171 8.4 1.069 1.645 35.0
2 1 4 t (CRERS Al 22 AR 56 4 #E)
Table 2 Comparison of the hydraulic resistance coefficient values obtained from numerical simulation and model
test between the section of 1- 4 and section t in the surge cham ber
» 2, 2y, %, 2y
i WA maE— maE— WA
b CFD W W2 %) CFD WK (%) CFD WK (%) CFD R WzE(%)
0 35.998  42.392 15.1 35.931  40.428 11.1 35.983 40. 046 10. 1 0. 124 0.163 23.9
0.2 23.261  27.560 15.6 23.228  26.280 11.6 23.233  25.998 10. 6 0. 689 0.939 26.6
0.4 13.753 16. 023 14.2 13.689  15.298 10.5 13.723 15. 097 9.1 2.005 2. 820 28.9
0.6 6. 949 7.778 10.7 6. 846 7.483 8.5 6.938 7.342 5.5 4.417 5. 806 23.9
0.8 3.097 2. 828 -9.5 3.022 2.835 - 6.6 2.733 3. 114 13.9 7.803 9. 897 21.2
1.0 1. 190 1.171 - 1.6 1. 103 1.353 18.5 1. 187 1. 271 6.6 12.626  15.093 16. 3
3 1.2 (FHRS i 22 LA A 1)
Table 3 Comparison of the hydraulic resistance coefficient values obtained from numerical simulation and model test between
each section in the surge chamber when the units 1 and 2 run simultaneously
N A
Uit 14 S St S
H: CFD R W2 %) CFD e MW2E(%)  CFD WY MW2ZE(%)  CFD W (%)
0 0. 402 0.314 28.0 0.373 0. 104 72.1 16. 536 19. 612 15.7 15.934  18.642 14.5
0.2 0.253 0. 186 36.0 0. 096 0.202 52.5 10. 518 13. 128 19.9 10. 231 12. 470 18.0
0.4 0. 246 0.173 42.2 0. 048 0.153 68.7 6.539 8. 066 18.9 6. 341 7. 648 17.1
0.6 0.305 0.275 - 10.9 0. 141 0. 226 37.6 3.933 4. 425 11.1 3.969 4.174 4.9
0.8 0. 482 0.493 2.2 0.292 0. 421 30.6 2.135 2. 206 3.2 1.931 2.048 5.7
1.0 0.717 0. 827 13.3 0.631 0.739 14.6 1. 205 1. 409 14.5 1. 031 1.272 18.9
I -
it Ciq o4 Cia
Lt CFD I i 2£( %) CFD RN M2 (%) CFD RN (%)
0 0. 626 0. 696 10.1 0.582 0.641 9.2 - 0.373 - 0.434 14.1
0.2 0. 648 0.954 32.1 0. 601 0.982 38.8 0.329 0.538 38.8
0.4 1. 052 1.098 12.2 1. 062 1.374 22.7 1. 868 2.586 27.8
0.6 1.257 1.428 12.0 1. 435 1.817 21.0 4.583 5.709 19.7
0.8 1.285 1. 645 21.9 1.682 2.311 27.17 7. 884 9.909 20. 4
1.0 1.316 1. 849 28.8 2.077 2. 857 27.3 12. 629 15. 185 16. 8
W R - 103 ¢
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Table 4 Comparison of the hydraulic resistance coefficient values obtained from numerical simulation and model test

between each section in the surge chamber when the units I and 3 run simultaneously

5 s —
it Cig Ty N C3
b CFD KK WE(%) CFD R MmZE(%) CFD R MWZE(%)  CFD R WE%)
0 0. 261 0. 461 43.4 0. 249 0.525 52.6 16.451  20. 069 18.0 15.964  18.057 11.6
0.2 0.269 0.478 77.7 0.263 0. 344 23.5 10.765  13.572 20.7 10.236  12.243 16. 4
0.4 0.221 0.245 9.8 0.367 0.316 - 16.1 6.712 8. 41 20.5 6.517 7.671 15.0
0.6 0.362 0.389 6.9 0.351 0.442 20. 6 3.916 4. 676 16.3 3.719 4.342 14.3
0.8 0.523 0.701 25.4 0.583 0.721 19.1 2.095 2.2717 8.0 2.014 2.255 10.7
1.0 1. 045 1. 181 11.5 1.018 1. 153 11.7 1. 127 1. 245 9.5 1.293 1.411 8.4
N >
i Cia C34 on
b CFD o) i 2 (%) CFD WK 2= ( %) CFD XK M ZE( %)
0 0. 845 0.952 11.2 0. 808 1. 026 21.2 - 0.141 - 0.264 46. 6
0.2 0.737 1.316 44.0 0.970 1.339 19.3 0.453 0.819 44.7
0.4 1.172 1.576 25.6 1.554 1. 160 25.4 2.061 2.884 28.5
0.6 1.330 1.734 23.3 1.240 1. 674 25.9 4.335 5.930 26.9
0.8 1.361 1.788 23.9 1.258 1. 697 25.9 7.973 9.958 20.0
1.0 1. 269 1.739 27.0 1. 205 1. 623 25.8 12.229 14. 968 18.3
5 ( FH R O 22 DA A 1)
Table 5 Comparison of the hydraulicresistance coefficient values obtained from numerical simulation and model test
between each section in the surge chamber when only one unit runs
1 5 HLp AT
52}; A WA=
Ui
=4 (ST Ci Ly [
CFD R W2 %) CFD R fWZE(%)  CFD R WXE(%)  CFD R WZE(%)
0 0.174 0.146 -19.2  4.906 6. 124 19.9 2.547 2.614 2.6 -0.789 -0.500 - 57.8
0.2 0.185 0.228 18.9 3.847 4.381 12.2 2.111 2. 426 13.0 0.055 -0.02 28.5
0.4 0. 200 0.327 38.8 2.493 3.077 17. 1 2. 034 2.232 8.9 1.743 1.750 - 0.4
0.6 0.398 0.442 10.0 1. 639 2.002 18.1 1.987 2.031 2.2 4.135 4.735 12.7
0.8 0. 606 0.574 -5.6 1.240 1. 364 9.1 1. 635 1.823 10.3 7.579 8.974 15.5
1.0 0.789 0.723 - 9.1 1. 056 1. 096 3.6 1.269 1. 609 21.1 12.029  14.460 16.8
2 SHLAAEAT
ar mas— s
Uit
bt 4 Sy [ [
CFD R W2 %) CFD R WZE(%)  CFD R WZE(%)  CFD W W2E(%)
0 0.296 0.390 24.1 4.693 6.321 25.8 1.398 1.393 -0.36 - 1.875 -12.354 20.3
0.2 0. 164 0.210 21.9 3.853 4.502 14. 4 1.418 1. 67 14.9  -0.515 -1.032 50.1
0.4 0. 106 0.122 13.1 2.627 3.061 14.2 1. 654 1. 927 14.2 1.324 1.322 -0.2
0.6 0. 136 0. 126 -17.9 1. 559 2. 000 22.1 2. 057 2.173 5.3 4.246 4.708 9.8
0.8 0.244 0.222 -9.9 1.182 1.317 10.3 2.203 2. 404 8.4 7. 624 9. 126 16.5
1.0 0.423 0.411 -2.9 1. 002 1.014 1.2 2.377 2. 622 9.3 12.139  14.576 16.7
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