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Numerical Simulation of Wind-rain Coupling Effect on Typical
Bridge Section Based on lLagrangian System
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Abstract: The static coefficients of typical bridge section under the wind-rain coupling effect were stud-
ied using the numerical simulation by CFD(Computational Fluid Dynamics).Based on secondary develop-
ment for the computational fluid dynamics software by applying source term, DPM(Discrete Phase Model)
model combined with a UDF (User Defined Function) function method was used to study the wind-rain
coupling effect on static coefficients of bridge.Meanwhile, Euler method was used to simulate the air phase
and Lagrangian method was adopted to simulate the rain with discrete phase model. Impact load on the
bridge section was obtained by the impulse theorem. The accuracy of the method was verified by comparing
with the existing results in the corresponding literature. The wind-rain coupling effect on the static coeffi-
cients of typical bridge section is then studied,and the mechanism research of wind-rain coupling on typical

bridge section was realized, which provides a theoretical method for the study of the wind-rain coupling
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load on the bridge.

Key words: bridge section; wind-rain coupling; lLagrangian method; numerical simulation; large

eddy simulation
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Tab.1 Equivalent droplet diameter mm
ERHAR SR FHER SR
1.0 0~1.25 3.0 2.75~3.25
1.5 1.25~1.75 3.5 3.25~3.75
2.0 1.75~2.25 4.0 3.75~4.50
2.5 2.25~2.75 4.5 4.50~6.00
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Fig.1 Calculation domain and boundary conditions
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Fig.2 Terminal velocity of the falling raindrops
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Fig.3 Boundary conditions of typical bridge section
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Fig.4 Grid and releasing surface of rain
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Tab.2 The aerodynamic coefficients of coupling effects

of wind and rain under the 0° wind attack angle

= WIEY
fir 2,
Cq C, Cn
R, 1.06 —0.05 0.028
R-FPER 1.09 —0.051 0.027
AR/ KAEH 2.83% 2.42% 3.91%
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Tab.3 The aerodynamic coefficients of coupling effects

of wind and rain under the —6° wind attack angle

EVIPIEY !
R Cq Ci Cn
R 1.445 —0.37 0.027 1
R-FiVEH 1.487 —0.38 0.027 5
MIYER/ APEH 2.9% 2.68% 1.48%

x4 CHATR-MBEEANZSNEE
Tab.4 The aerodynamic coefficients of coupling effects

of wind and rain under the 6° wind attack angle

ST
i Cq C Crm
A 1.413 0.398 9 —0.028 0
R -FAE A 1.451 0.386 9 —0.028 7
MIYER/AAEH 2.69% 3.01% 2.50%
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Tab.5 The aerodynamic coefficients of coupling effects

of wind and rain under the —15° wind attack angle

=HhFRE
G Ca C, Cn
A 1.776 —0.758 0.163 1
JR-FRAE 1.822 —0.783 0.166 2
FMIYER/APEH 2.59% 3.30% 1.90%
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Tab.6 The aerodynamic coefficients of coupling effects

of wind and rain under the 15° wind attack angle

=0 1R
i Cq C Crn
R 1.791 0.794 —0.165 9
R-FAE A 1.831 0.779 —0.161 4
MIYER/ AEH 2.23% 1.89% 2.71%
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Fig.5 Velocity contour of middle surface
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Fig.6 Pressure contour of middle surface
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Fig.7 Pressure contour of rectangle section
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Fig.8 Horizontal velocity distribution of rain
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Tab.7 The aerodynamic coefficients of coupling effects

of wind and rain under 5% turbulence intensity

. EVPIEY
i Ca C Cun
R 1.060 0 —0.050 0 0.028 1
AT FE 1.090 0 —0.051 2 0.027 0
R 1E /R 2.83% 2.42% 3.91%
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Tab.8 The aerodynamic coefficients of coupling effects

of wind and rain under 10% turbulence intensity

SV PIEY
AR Cq C: Cn
XL 0.978 0 —0.020 6 0.006 7
KM fEH 1.006 4 —0.022 1 0.005 6
WE I/ KAEH 2.90% 7.28% 16.42%
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Tab.9 The aerodynamic coefficients of coupling effects

of wind and rain under 15% turbulence intensity

. S IE Y1
iR Cqy C Cm
A 0.979 0 —0.032 0 0.015 4
R-FiVE 1.014 0 —0.0350 0.012 4
WE A/ RAER 3.58% 9.4% 19.48%
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Tab.10 The aerodynamic coefficients of coupling effects

of wind and rain under 20% turbulence intensity

. SV IE Y
i Ca C, Cn
R 0.994 0 —0.006 0 0.020 4
K-FRAE 1.024 0 —0.006 5 0.015 0
AR A/ RAE R 3.02% 8.30% 26.47%
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