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Abstract: Under extreme weather conditions with strong
wind and rainstorm, the rainstorm will directly affect the
aerodynamic force on the cooling tower surface, and change
the turbulent characteristics of fluctuating wind. However,
most traditional researches have only paid attention to the
impact force characteristics of wind driven rain on structural
surface. In order to solve this problem, aiming at the 210 m
world tallest cooling tower in China, the wind field and rain
field are simulated respectively by using the continuous model
and the discrete phase model based on the computational fluid
dynamics (CFD) method,

mechanism of the moving speed and trajectory of rain drops in

based on which, the action
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the wind and rain fields are revealed. Besides, the qualitative
and quantitative analysis of wind loads, rain loads, rain-
induced pressure, and equivalent pressure coefficient of 9
different combinations of wind speed and rain intensity are
conducted. The surface loads of cooling tower under such
extreme conditions can be well predicted based on the

equivalent pressure coefficient proposed in this paper.

Key words: super large cooling tower; wind-rain

bidirectional coupling; numerical simulation; wind load

characteristics; action mechanism
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Fig.1 Sketch map of contrast working conditions
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Fig. 3 Distribution curves of raindrop number on
internal and external surfaces of cooling tower

under conditions 1 to 9
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Tab.2 Rain load at different height ranges of external surface under conditions 1 to 9
- MFTE/N

TH1 TH 2 TH3 TH 4 TH5 TH6 TH7 TH S8 TH9
0.15H~0. 23H 37. 36 57.25 117. 58 21.72 30. 83 67. 90 18. 74 24. 66 48. 31
0. 23H~0. 31H 6. 08 7.99 18. 45 4,17 6. 05 12. 09 2. 82 4. 94 10. 25
0.31H~0. 38H 7.58 10. 69 22. 30 4.53 8. 00 15. 54 4,57 6. 77 13. 14
0.38H~0.45H 7.69 12. 07 26. 47 6. 09 8. 83 18. 33 4.94 7.85 17.14
0.45H~0. 53H 8. 81 12. 87 28. 90 7.63 10. 73 22.12 6. 75 9. 05 19. 81
0.53H~0.61H 8. 66 13. 87 28. 60 8.78 13. 64 27.29 6. 06 10. 88 22.18
0. 61H~0. 69H 9. 74 15.72 33.58 10. 70 14. 13 31.31 8.44 11. 47 30. 29
0. 69H~0. 76 H 11.03 15. 74 32.82 11. 41 16. 63 35. 62 9.41 15. 27 32. 86
0. 76 H~0. 83H 12. 33 18. 18 40. 51 14. 45 21. 65 45, 05 13. 81 21. 35 43. 34
0. 83H~0.90H 18. 31 27.10 52.15 20,18 26.71 59.75 17. 88 29. 69 66. 24
0.90H~1.00H 33. 54 51. 64 105. 64 38.53 58. 96 115. 88 35. 56 56.91 115. 31




188 [/ B K 2 2 RCH AR B B

L RVE

£3 IR 1~ BEHNREFES EEE KM REHEE

Tab.3 Eigenvalue of wind and rain load at different height ranges of internal surface under conditions 1 to 9

- TH1 T2 T3
WAE/N XAH/KN  WE/% WER/N XEE/KN  WE/% O WEE/N KRR/ KN WAt/ %
0.15H~0. 69H 0 —9 331.4 0 0 —9 298. 6 0 0 —9023.5 0
0. 69H~0. 76 H 2.1 —1101.7 0.000 2 3.1 —1103.0 0.000 3 5.4 —1096.0 0.000 5
0. 76 H~0. 83H 9.5 —1011.3 0.000 9 18.4 —1014.8 0.001 8 32.9 —1 007. 8 0.003 3
0.83H~0.90H 42. 6 —1020. 8 0.004 2 85.0 —1026.5 0. 008 3 157.3 —1018.6 0.015 4
0.90H~1.00H 1264.1 —1081.9 0.116 8 2 265.8 —1091.0 0.207 7 3 955.7 —1082.2 0.3655
- T4 TH5 TH6
WAE/N KA /AN  HE/% WHER/N XEE/KN  HE/ % WRER/N REE/KN At/ %
0.15H~0. 69H 0 —12932.8 0 0 —12856.9 0 0 —13082.5 0
0. 69H~0, 76 H 1.7 —1655.1 0.000 1 4.9 —1597.8 0.0003 12.1 —1614.9 0. 000 7
0. 76 H~0. 83H 13.7 —1519.7 0.0009 19. 8 —1469.8 0.001 3 40. 6 —1 485.4 0.002 7
0.83H~0.90H 26.7 —1533.0 0.0017 50.0 —1485.2 0.003 4 80. 3 —1501.6 0.005 3
0.90H~1.00H 845. 1 —1629.3 0.0519 1425.3 —1584.1 0.089 9 2781.0 —1601.9 0.173 6
- T 7 TN 8 TH9
WAE/N RAE/AN  HfE/%  WAER/N RETER/AN  HE/ % WmER/N RETER/KN At/ %
0.15H~0. 69H 0 —15368.8 0 0 —14985.9 0O 0 —15297. 4 0
0.69H~O0. 76 H 2.6 —1782.3 0.0001 4.1 —1868.8 0.000 2 7.1 —1723.9 0. 000 4
0. 76 H~0. 83H 10.5 —1640.1 0.000 6 17.6 —1714.7 0.0010 25.0 —1 582.2 0.001 6
0. 83H~0. 90H 38.6 —1663.4 0.002 3 63.0 —1734.0 0.003 6 104. 2 —1 600. 8 0. 006 5
0.90H~1.00H 726.9 —1777.1 0.040 9 1 389.8 —1846.8 0.075 4 2 693.1 —1706.6 0.157 8
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3D distribution of raindrops on internal and external surfaces of cooling tower
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Fig.5 Distribution of rain induced pressure coefficient on internal and external surfaces of cooling tower
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