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Structural responses of large cooling tower based on
bidirectional coupling between wind and rain

YU Wenlin, KE Shitang

(Department of Civil Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; Under the stormy weather, rainfall directly changes the aerodynamic force of the structural surface and
further affects the turbulence action of wind, but current wind resistance designs for cooling towers all ignore the
additive effects of rainfall. To explore the effects of wind-rain on mechanical properties of cooling tower structures,
a domestic large cooling tower which is the world’ s tallest (210 m) was taken as an example, and based on wind-
rain bidirectional coupling algorithm, the flow fields of cooling tower under three typical wind speeds were simulated
based on computational fluid dynamics (CFD) technology. The discrete phase model ( DPM) were added and the
iterative computations of rain-wind coupling of 9 different combinations of wind speed-rain intensity were carried
out. On this basis, the influence laws of different combinations of wind speed-rain intensity on rain drops moving
trajectory and rainfall on tower drum surface were studied. Then the fitting formulas of equivalent pressure
coefficients were proposed. The coupling models of the large cooling tower under different working conditions were
established by the finite element method, and the structural responses of tower drum, pillars, and ring foundation
under different wind speed-rain intensity combinations were compared. The research provides references for load
forecast of such large cooling towers under extreme climates and complex working conditions.
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Fig. 1 Working conditions description for wind and rain
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Fig.3 3D distribution of raindrops on internal and external
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Comparative curves of radial displacement on typical

Fig. 4
meridians of tower under different working conditions
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Fig.5 Comparative curves of vertical axis force on typical
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heights of tower under different working conditions
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Tab.2  Internal force extrema of cooling tower drum under

different working conditions

T Wkl Frmihdys S, R/
432k kN kN (kN-m)  (kN-m)
A 2024.3  —2465.2 415.6 320.7
1 ~2026.0 -2472.2 415.7 321.0
2 2027.0  —2475.8 416.0 321.2
3 ~2030.7 -2487.3 416.5 321.8
B -2029.7 -2508.7 419.1 324.9
4 -2030.1 -2513.8 419.4 325.1
5 ~2030.7 -2516.1 419.6 325.2
6 —2031.1 -2524.2 420.0 325.6
C -2032.6 -2473.2 385.5 321.9
7 ~2032.7 -2476.9 385.8 322.0
8 ~2033.0 -2479.8 386.0 322.2
9 —2033.1  -2486.1 386.5 322.4
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Fig.6 Comparative curves of internal forces on the top right of
pillars under different working conditions
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Tab.3 Internal force extrema on the top right of pillars under
different working conditions
Tk 21 89 J3/kN 1%/ (kN + m)

A -134.1 107.7
1 -134.2 107.7
2 -134.2 107.9
3 -134.2 108.1
B -134.3 112.1
4 -134.4 112.1
5 -134.4 112.2
6 -134.4 112.2
C -134.2 106.7
7 -134.2 106.7
8 -134.3 106.9
9 -134.3 107. 1
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Tab.4 Displacement extrema of ring foundation under different

working conditions

THaZE BEALE/ mm R 28/ mm % [6] {3 £/ mm
A 3.060 -0.333 -5.160
1 3.060 -0.336 -5.170
2 3.060 -0.337 -5.170
3 3.070 -0.341 -5.180
B 3.080 -0.341 -5.180
4 3.090 -0.342 -5.180
5 3.090 -0.343 -5.180
6 3.090 -0.346 -5.190
C 3.060 -0.336 -5.160
7 3.060 -0.337 -5.160
8 3.060 -0.338 -5.170
9 3.070 -0.340 -5.170
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Fig.7 Displacement contrast of ring foundation
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