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Abstract 

In this paper, the effect of wind pressure on the electrical 

transmission tower structure was numerically simulated and 

analyzed. The numerical model was built based on existing towers 

used in Libya, scaled down by the scale of 1:10. The wind pressure 

was obtained from a CFD simulation of the wind flow over the 

tower using ANSYS Fluent. Then, the stresses and deformations of 

the towers, which resulted from the wind pressure, were calculated 

using ANSYS Static Structure program. There sults showed that 

wind velocity and pressures exerted by the wind share an 

exponential relationship, where a slight increase in wind velocity 

leads to a significant increase in pressure exerted on the tower. The 

total deformation and equivalent stresses have a linear relationship 

with the wind pressure and an exponential relationship with the 

wind velocity. 

Keywords: Suspension Tower design, Finite element analysis, 

ANSYS, static analysis, CFD simulation 

 

 

 

 

 

   

 



 

  Volume 33 العدد 

  1Partالمجلد 
 October 0203 اكتوبر

International Science and 

Technology Journal 

 المجلة الدولية للعلوم والتقنية

 م 12/0203/  1وتم نشرها على الموقع بتاريخ: م0203/ 8/ 24الورقة  بتاريخ: تم استلام

 

 حقوق الطبع محفوظة 
 لعلوم والتقنية الدولية ل مجلةلل

 

Copyright © ISTJ   2 

 

 أبراج نقل الطاقة الكهربائيةالرياح على  لتأثير نموذج رقمي مبسط
 Static Structureو CFD باستخدام

 اكرم عبد الله الحراري, عبد المجيد ابوعجيلة خليفة, 
 الفقيه, الحسين طاهر عبد الحميدمحمد مصباح 
 , كلية الهندسة, جامعة الزاويةوالصناعية قسم الهندسة الميكانيكية

 الملخص
 ةهربائيالك الطاقة نقلج ابر أكل اتحليل تأثير ضغط الرياح على هي في هذا البحث تم

الأبراج الموجودة  المستخدم يحاكي النموذج العددي. عدديباستخدام طرق التحليل ال
تم  الأولىفي الخطوة . 11 إلى 1 بمقياس حجمها تم تصغيرلكن و في ليبيا  والمستخدمة 

ثم  ومن ANSYS Fluentباستخدام ج وذلك ابر المؤثرة على الأ ضغط الرياحقوة  حساب
 ANSYSالناتجة عن ضغط الرياح باستخدام برنامج  تشوها الجهادا  و الإتم حساب 

Static Structure الناتجة عنها ترتبط . أظهر  النتائج أن سرعة الرياح والضغوط
يرة في الضغط يادة كب، حيث تؤدي الزيادة الطفيفة في سرعة الرياح إلى ز لوغاريتميةعلاقة ب

 اخطي غيرتت والضغوط المكافئة لها ةالكلي ا التشوهوكذلك وجد ان على البرج.  المسلط
 مع سرعة الرياح. الوغاريتميو مع ضغط الرياح 

، ANSYSتصميم البرج المعلق، تحليل العناصر المحدودة،  الكلمات المفتاحية:
 CFDالتحليل الساكن، محاكاة 

 

1. Introduction 

 Wind loading is one of the primary horizontal loads acting on 

towers, and its appropriate consideration is necessary to satisfy the 

design requirements. The static and dynamic wind effects are also 

important, particularly for suspension towers, which may induce 

significant vibrations not only along wind direction but also in the 

vertical and torsional directions. These effects must be 

circumvented or reduced to acceptable magnitudes. The wind 

loading on the towers will result in uplift or compression forces 

transmitted through the tower legs to the foundations. Terminal or 
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heavy-angle towers will have tower leg foundations remaining in 

uplift or compression although a check is necessary to ensure broken 

wire conditions do not reverse the effect. Straight-line or light-angle 

towers can have the loading reversed depending upon the wind 

direction and therefore the foundations for each tower leg must be 

capable of restraint in both modes. Several studies have analyzed 

and designed transmission towers, ranging from experimental wind 

tunnel studies to finite element analyses of the structural 

performance of the tower. When modeling wind loads, the wind 

load is treated as a dynamic load, especially in the academic 

research fields; however, for practical design and engineering of the 

towers, the wind is treated as a static load for simplification. This is 

seen in Australian and United States standards, where conditions 

such as terrain properties, topography, and the direction the wind is 

travelling in order to determine the wind speed and consequently 

convert the speed into wind pressure on the tower [1-4]. Many 

researchers have implemented this method of simplification such as 

a study by Panwar et al. who used it for structural analysis and 

design of steel transmission used in India [5], a study by Chyrmang, 

who studied typical type of transmission line towers carrying 400kV 

double circuit conductor [6], and a study by Pal et al. which studied 

a 220 KV suspension type, and square-based self-supporting 

transmission tower with double circuits [7]. The present study is 

based on previously unpublished work conducted by the Authors in 

2019 as part of the student's final year project in the mechanical 

engineering department, university of Zawia. The CFD simulation 

of air passing through the tower was used to calculate the pressure 

exerted on the steel lattices instead of static load calculations, which 

will determine the stresses and deformations resulting from this 

load. 

2.Physical Model  
Figure 1 illustrates a simplified model of a power transmission 

line that was implemented in this study. The tower was scaled down 

ten times (1:10 scale) compared to the original transmission tower 

available in Libya with the main dimensions shown in Figure 1. This 

simplification was made to keep the mesh and the computational 
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time within the allowed size of the student version of the ANSYS 

program.  

 

 
 
Figure 1. Tower design after simplification (dimensions in mm) 

 

Consequently, the model is not expected to give an accurate 

representation of the wind loads on the transmission towers; 

however, it should provide a general idea of their effect. As seen in 

Figure 2, in the CFD simulation an enclosure was created 

surrounding the tower to represent the wind flow around the tower. 

 

 
 

Figure 2.The model used in CFD analysis 
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A safe distance was made before the tower, five times the tower 

height, to ensure that the airflow is fully developed once it reaches 

the tower. A safe distance was also made after the tower, to ensure 

that the wake effect due to the air passing through the tower was 

properly observed as well as to avoid any instability in convergence 

during the simulation. The CFD simulation will be modelled and 

conducted using ANSYS fluent V15.0.7 commercial software [8]. 

The tower is made of structure steel [9] with physical properties 

shown in Table 1. 
 

Table 1. Physical properties of structural steel  

Density 37850 kg/m 

Compressive and tensile Yield 

Strength 
250Mpa 

Tensile Ultimate Strength 460Mpa 

Young's Modulus 200GPa 

Poisson's Ratio 0.3 

Bulk Modulus 167GPa 

Shear Modulus 76.9GPa 

 

3.The assumptions used in the simulation model 

In order to simplify the problem and improve convergence, 

numerous assumptions were made. The main assumptions made in 

this study include:  

For CFD analysis: 

a. All walls are stationary and impermeable. 

b. Gravity is neglected.  

c. The flow is three-dimensional, turbulent and steady state. 

d. All material properties are assumed to be constant, 

homogenous and isotropic. 

e. The fluid is assumed to be Newtonian and incompressible.  

f. Body forces and buoyancy effects are neglected. 

For structure analysis: 

a. No time-varying loads applied. 

b. The load is static. 

c. No internal stresses before loading. 

d. Accelerations equal zero. 
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e. Steady loading and response conditions are assumed; that is, 

the loads and the structure's response are assumed to vary slowly 

with respect to time. 

 

4.Fluent model boundary conditions 

The boundary conditions implemented in this study consist of 

velocity inlet, pressure outlet, and no-slip condition at the bottom of 

the domain, representing the ground and the tower’s walls. The rest 

of the domain was set to shear-less walls to represent the open-air 

areas. Figure 3 illustrates the frontal and side views of the domain 

and the boundary conditions applied. The velocities used range from 

0.25-4m/s, corresponding to 2.5-40m/s on a full-scale tower. 

 
Figure 3. Boundary conditions for the frontal and side view of the 

CFD model 

5.Fluent model solution method 

The turbulent three-dimensional steady-state model was solved 

by ANSYS Fluent. The conservation equations of mass, 

momentum, and energy were solved using a second-order up wind 

discretization scheme to improve accuracy, while the standard k-ε 

turbulent model was solved using a first-order scheme to improve 

stability. The pressure-velocity coupling scheme followed the 

SIMPLE algorithm was adopted as recommended by Patanker [10] 

and it is summarized below: 
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(
𝜕𝑢

𝜕𝑥
) + (

𝜕𝑣

𝜕𝑦
) + (

𝜕𝑤

𝜕𝑧
) = 0 

(1) 

 

𝜌 (𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
+ 𝑤

𝜕𝑢

𝜕𝑧
)

= −
𝜕𝑝

𝜕𝑥
+ 𝜌𝑔𝑥 + 𝜇 (

𝜕2𝑢

𝜕𝑥2
+
𝜕2𝑢

𝜕𝑦2
+ 𝑤

𝜕2𝑢
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) 

(2) 
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)

= −
𝜕𝑝

𝜕𝑦
+ 𝜌𝑔𝑦 + 𝜇 (

𝜕2𝑣

𝜕𝑥2
+
𝜕2𝑣

𝜕𝑦2
+ 𝑤
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𝜕𝑧2
) 

(3) 

𝜌 (𝑢
𝜕𝑤

𝜕𝑥
+ 𝑣

𝜕𝑤

𝜕𝑦
+ 𝑤

𝜕𝑤

𝜕𝑧
) = −

𝜕𝑝

𝜕𝑧
+ 𝜌𝑔𝑧 + 𝜇 (

𝜕2𝑤

𝜕𝑥2
+
𝜕2𝑤

𝜕𝑦2
+ 𝑤

𝜕2𝑤

𝜕𝑧2
) (4) 

𝜕

𝜕𝑥𝑖
(𝜌𝑘𝑢𝑖) =

𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡
𝜎𝑘
)
𝜕𝑘

𝜕𝑥𝑗
] + 𝑃𝑘 − 𝜌𝜀 (5) 

Where u, v and w represent the velocity components,𝜌 the 

fluid’s density, P is the pressure, g is the gravidity, 𝜇is the fluid’s 

viscosity, and ε represents the turbulent dissipation. 

 

6.Static structure boundary conditions and parameters 

The static boundary conditions implemented are the constant 

pressure induced by the wind on the tower’s beams and the tower’s 

weight applied on the tower’s feet. The pressure is automatically 

imported and distributed from the previous calculation done via 

ANSYS Fluent to reflect the actual wind pressure and distribution. 

The value of this pressure differs based on the location and the wind 

velocity. The maximum pressure of each wind velocity will be 

discussed later in the results section. Figure 4 illustrates the 

distribution of air pressure on the tower beams as imported from 

Fluent. The solution parameters involved structural parameters such 

as the total deformation and the equivalent stress (Von Mises 

Stress). 
 



 

  Volume 33 العدد 

  1Partالمجلد 
 October 0203 اكتوبر

International Science and 

Technology Journal 

 المجلة الدولية للعلوم والتقنية

 م 12/0203/  1وتم نشرها على الموقع بتاريخ: م0203/ 8/ 24الورقة  بتاريخ: تم استلام

 

 حقوق الطبع محفوظة 
 لعلوم والتقنية الدولية ل مجلةلل

 

Copyright © ISTJ   8 

 

 
 

Figure 4. Imported pressure distribution from the CFD simulation 

 

7.Static structure mathematical model 

A static analysis was used to calculate the effects of steady 

loading conditions on the tower structure while ignoring inertia and 

damping effects, such as those caused by time-varying loads. 

However, the model includes some time-varying loads that can be 

approximated as static equivalent loads such as the static equivalent 

wind and seismic loads. The main equations used are as below: 

𝑊𝑡𝑜𝑤𝑒𝑟 = 𝑚𝑡𝑜𝑤𝑒𝑟 × 𝑔 (6) 

𝑈𝑡𝑜𝑡𝑎𝑙 = √𝑈𝑥 +𝑈𝑦 + 𝑈𝑧 (7) 

𝜎𝑒 = √
(𝜎1 − 𝜎2)2 + (𝜎2 − 𝜎3)2 + (𝜎3 − 𝜎1)2

2
 (8) 

Where Wtower represents the tower’s weight, Mtoweris the tower’s 

mass, 𝑈𝑥, 𝑈𝑦, 𝑈𝑧are the deformation components, and 𝜎𝑒 represents 

the equivalent von mises stress. 
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8. Mesh 

Figure 5 shows the adopted mesh in the simulation. As can be 

seen, the mesh was made smaller near the tower’s walls, to ensure 

accuracy, compared to the other zones of the calculation domain. 

The overall number of elements and nodes used in this study is 

2047742 elements and 352807 nodes. Similarly, the maximum cell 

skewness was 86%, which is lower than the maximum allowable 

skewness of 95% [1], and the average cell skewness was 24.12%. 

On the other hand, the average cell orthogonal quality was 85.29% 

and the highest was 99.69%. 

 

 
Figure 5.The mesh used in the study 

 

9.Results 

The results gained from the CFD simulation have shown a strong 

similarity between them and the turbulences generally found in the 

wake flow section of such towers. Wind velocity contours of 

0.25m/s and 4m/s will be used throughout the remainder of this 

article. However, before presenting these results, the convergence 

history will be provided to illustrate the stability of the simulation 

and the accuracy of the solution. 

9.1.Convergence History 

The convergence history for wind velocities of 0.25m/s is shown 

in Figure 6. As can be seen, the convergence of the solution was 

achieved with reasonable stability and accuracy, where the 

convergence criteria chosen was 1.5×10-3.  
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Figure 6. Convergence history for a wind velocity of 0.25m/s 

 

9.2.Effect of Wind Velocity 

As the air travels towards the tower, it is obstructed by the 

tower’s steel lattices, which forces the air to circumvent these 

lattices resulting in a disparity in the pressure exerted on the tower 

lattices. The center of the steel lattice experiences higher pressure 

than its edges, as can be observed from the pressure contours shown 

in Figure7. 

 
Figure 7. Sample of the pressure distribution across the tower’s lattices. 

 

9.3.Velocity Contour 

Figures 8 and 9 illustrate the velocity contours at the mid-section 

of the tower from (a) the side view and (b) the top view at wind 
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velocities of 0.25m/s and 4/m/s. It is apparently clear from the 

figures that the tower has a massive effect on the airflow with strong 

turbulences downstream, which is known as the wake effect. Once 

the air passes through or circumvents the tower, the wake effect 

starts to diminish and the air starts to regain its original flow 

characteristics. That is, the turbulent flow is dissipated and returns 

to laminar flow. Overall, there is no significant difference in the 

velocity contours, apart from the flow in the wake area. 

9.4.Static Structural Results 

The maximum total deformation and the equivalent stress are 

presented in the following two subsections: 

 

 

9.4.1.Total Deformation 

Figures 10 and 11 show the relationship between the total 

deformation and the exerted wind pressure and velocity, 

respectively.  

Furthermore, the total deformation contours for the top and 

bottom sections of the tower are presented in Figures 12 and 13. 

  

 

Figure 8. Velocity 

contours at the mid-section of 

the tower at a wind velocity of 

0.25m/s 

 

Figure 9. Velocity contours 

at the mid-section of the tower 

at a wind velocity of 4m/s 
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Where, the locations of maximum deformation are highlighted 

for wind velocities of 0.25m/s and 4m/s respectively. As these 

figures show, the highest deformation occurs at the mid-section of 

the tower’s “legs” and the edges of the tower’s “arms”. This is 

expected since the weight of the top half of the tower places an extra 

burden on the tower’s legs and the edges of the arms are the furthest 

part from the tower’s body, which makes it more susceptible to the 

wind load and therefore more susceptible to deformation. 

 

 
Figure 10.Effect of wind pressure on the deformation. 

 

 

 
Figure 11. Effect of wind velocity on the deformation. 
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Figure 12. Total deformation 

for top and bottom sections of the 

tower for wind velocity 0.25m/s. 

Figure 13. Total deformation 

for top and bottom sections of the 

tower for wind velocity of 4m/s. 

 

9.4.2. Equivalent Stress 

Correspondingly to the total deformation, the stresses resulting 

from the wind load have shown similar behavior, regardless of wind 

velocity. To keep the results of this study consistent, the same 

method used to portray the total deformation is used for the 

equivalent stress. That is, Figures 14 and 15 illustrate the effect of 

exerted wind pressure and wind velocity on the equivalent stress 

experienced by the tower. While there was no significant change in 

equivalent stress due to the increase in wind velocity from 0.25m/s 

to 0.5m/s, the equivalent stress has shown the same pattern as the 

total deformation. In other words, the equivalent stress increased in 

a linear manner with the exerted wind pressure and in an exponential 

manner with the wind velocity. To help illustrate the spread of these 

stresses across the tower, Figures 16 and 17 show the equivalent 

stress contours for the top and bottom sections of the tower and also 

indicate the locations of maximum and minimum stresses for wind 

velocities of 0.25m/s and 4m/s respectively. As these results 

indicate, the distribution of the stresses across the tower was 
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extremely similar for both velocities. However, these stresses are 

concentrated at the arms of the tower, especially at both ends and at 

the lowest middle part of the arms. It should also be mentioned that 

despite slight stresses at the tower’s fixed edges, there were no 

significant stresses at the tower’s legs. 

 

 
Figure 14. Effect of exerted wind pressure on the equivalent 

stress. 

 
Figure 15. Effect of wind velocity on the equivalent stress. 
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Figure 16. Equivalent stress 

contours for top and bottom 

sections of the tower for wind 

velocity of 0.25m/s. 

Figure 17. Equivalent 

stress contours for top and 

bottom sections of the tower 

for wind velocity of 4m/s. 

 

10. Conclusion 

 Based on the results gained from this model, there are multiple 

conclusions that can be made, which are: 

I. The wind velocity and pressure exerted by this wind share 

an exponential relationship, where an increase in wind velocity 

leads to a significant increase in pressure exerted by this wind. 

II. Both the total deformation and the equivalent stress have a 

linear relationship with the exerted wind pressure and an 

exponential relationship with the wind velocity.  

III. The distribution of the total deformation and equivalent 

stress due to the wind load remained fairly similar despite the 

increase in wind load. 

IV. The ability to transfer forces and pressure from ANSYS 

Fluent to ANSYS static structure can help improve the accuracy of 

simulations that delve into the stresses caused by a flowing fluid 

inside or outside of solid objects as opposed to using static forces 

that may not reflect the actual behavior of fluids. 
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