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Abstract: In this study, the distribution characteristics of wind and rain loads on the surface of a trans-
mission tower were investigated using the Euler multiphase flow method. First, the Computational
Fluid Dynamics (CFD) numerical model was established based on an existing measured model of wind-
driven rain, employing the Euler multiphase flow model to simulate the raindrop catch ratio on the
structural surface. The simulation results were then compared with the existing measurement data to
validate their accuracy. Taking a 106.6 m high steel pipe transmission tower as an example, the tower

was segmented along its height based on structural characteristics to create a refined CFD model. The
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SST k-w turbulence model was adopted to simulate the flow field around the transmission tower, al-

lowing for the calculation of drag coefficients for each tower section and enabling comparison with ex-

isting standards to confirm the accuracy of the wind field simulation. For the rain phase, the Euler mul-

tiphase flow method was implemented using a User Defined Function (UDF) in Fluent. Appropriate

raindrop spectra and particle sizes were selected to determine the final velocity and volume fraction of

different-sized raindrops at the inlet of the computational domain. The simulation also captured the ve-

locity and volume fractions of raindrops upon impact with the wall, allowing for the calculation of the

wall catch ratio and wind-driven rain load. The results indicated that the simulated rain load aligned

well with those obtained from formulaic methods, showing that the wind-driven rain load on the trans-

mission tower increased with rainfall intensity. When the rainfall intensity was 709 mm/h, the maxi-

mum along-wind rain load for each section of the transmission tower reached 5.1% of the wind load.

Keywords: transmission tower; wind-driven rain; catch ratio; wind and rain load; numerical simulation
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Table 1 Comparison of catch ratio results at measuring points on windward side of buildings

HpsE: R 1 2 3 4 5 6 7 8 9
S (AL Kubilay %) 0.143  0.121  0.163  0.151  0.126  0.172  0.189  0.186  0.155
BEIAE (A . Kubilay 25'*) 0.146  0.125  0.179  0.167  0.134  0.179 0171  0.171  0.152
R (H. Wang %) 0.134  0.112  0.180  0.182  0.151  0.179  0.177  0.174  0.161
LESHE (63 J5 FIA% ) 0.159  0.128  0.206  0.175  0.147  0.200  0.207  0.202  0.162
RANS A (63 T1 4 ) 0.154  0.124  0.202  0.173  0.144  0.210  0.201 0.209  0.166
W 55 G5 10 11 12 13 14 15 16 17 18
S (AL Kubilay %) 0.138  0.123  0.103  0.099  0.191  0.169  0.161  0.138  0.119
REPIE (A Kubilay 251 0.133  0.113  0.100  0.100  0.176  0.177  0.174  0.152  0.122
HEUE (H. Wang 25:1%) 0.152  0.127  0.115  0.107  0.170  0.174  0.188  0.179  0.152
LESH4U{E (63 77 M #% ) 0.139  0.119  0.094  0.074  0.195 0.208  0.185  0.141  0.128
RANS BAUAE (63 T5 P45 ) 0.136  0.114  0.095  0.076  0.201  0.217  0.197  0.142  0.249
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Table 2 Maximum rain pressure on the wall of each section of the transmission tower Hfi . Pa
i T 34 )2 1 2 3 4 5 6 7 8 9
R,=32mm/h 9.9 9.0 9.1 8.3 8.0 7.3 7.1 6.2 5.0
R,=64mm/h 16.6 15.0 15.1 13.8 13.3 12.1 11.8 10.3 8.4
R,=200mm/h 48.9 43.6 45.7 40.8 38.5 36.1 35.0 30.1 24.4
R,=709 mm/h 168.4 148.7 156.8 137.4 132.1 125.8 120.5 102.1 83.0
®3 HHEESEREARANEDER
Table 3 Maximum total wind and rain pressure on the wall of each section of the transmission tower Hif7 . Pa
% T it 1 2 3 4 5 6 7 8 9
R,=32mm/h 2796 2764 2 504 2 507 2279 2225 2051 1801 1250
R,= 64 mm/h 2801 2768 2508 2511 2282 2228 2054 1 804 1252
R,=200mm/h 2819 2792 2521 2532 2299 2 245 2 069 1815 1259
R,= 709 mm/h 2 878 2871 2574 2600 2355 2300 2116 1849 1276
F4 BEBEZERINR @R
Table 4 Along-wind rain load (N) for each section of the transmission tower AN
I T 5 )& 1 2 3 4 5 6 7 8 9
R,=32mm/h 310 165 223 196 207 262 230 276 175
R,=64mm/h 509 269 364 319 338 246 375 451 286
R, =200 mm/h 1359 712 971 850 903 652 995 1193 743
R,=709 mm/h 4189 2186 2995 2625 2799 2008 3060 3649 2221
x5 PRESEBERIMXEWGHRERNEFHLE
Table 5 Ratio of along-wind rain load to wind load for each section of the transmission tower
Weg T 508 S22 1 2 3 4 5 6 7 8 9
R,=32mm/h 0.2% 0.2% 0.2% 0.2% 0.2% 0.4% 0.3% 0.3% 0.4%
R,= 64 mm/h 0.4% 0.4% 0.3% 0.4% 0.4% 0.4% 0.5% 0.5% 0.6%
R,= 200 mm/h 1.1% 1.1% 1.0% 1.1% 1.0% 1.2% 1.3% 1.4% 1.7%
R,= 709 mm/h 3.4% 3.4% 3.2% 3.6% 3.3% 3.7% 4.1% 4.5% 51%

P R VR R A B3 H 22 A A5 28 1 5 4y e 3%
T far 2, B R VR B R] S D/2 V(D R I RLAE
V., 2R W 7K P 5 ) ) | SRAS i F 3 28 T B R TR
5P S XU B L AE o S SCKE R T AR S 2 AR SR AR
A T 55 )32 43 591 > 200 mm/h A1 709 mm/h i AS ] 55 JiE

Fo6 WEELESAMAHENSAKENLL

Table 6 Comparison of maximum simulated rain load on

the entire transmission tower with formulaic
methods T Pa
ek o] i BRJF AR W%
R,=32mm/h 8.2 9.9 17.5%
R,= 64 mm/h 15.3 16.6 7.7%
R, =200 mm/h 43.9 48.9 10.3%
R, =709 mm/h 146.2 168.4 13.2%

Ak i HL B 3R TP 2 R P 2 XU A AR SR 7
AR ST BRCPL 22 AR A A L, Rt SR R RS W H 24
DL R TR A UL R 3 FH B T B AN A S L AL

ESDSEVR (R NEIE 2 iR R SRR VRS ORI S WU
R A PN 16 9 AR 8 2 i 9 2R ™ AR R R 22

xR7 AEAFAEEFHAWMESEHRENLE
Table 7 Ratio of mean rain pressure to mean wind pres-

sure using different methods

) Wi 3 (B
= 5 /m (BLAS 91 H %)

200 mm/h 709 mm/h 200 mm/h 709 mm/h
18.0 0.90% 2.53% 1.70% 5.20%
64.5 0.89% 2.19% 1.65% 5.83%
101.0 0.93% 2.21% 1.63% 5.41%
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