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The Impact of High-Rise Building Shapes on Wind 

Flow Characteristics and Energy Potential 

Ehsan Mokhtari, Amir Hossein Jafari, Roslina Sharif, Wan Srihani wan Mohamed 

Abstract. In recent years, wind energy has become a potential 

source of low carbon energy. The shape of a building is a 

significant factor in aerodynamics, providing an opportunity for 

wind power control and wind energy proliferation. This research 

project aims to study the design of high-rise buildings and 

investigate how wind affects energy absorption by developing an 

aerodynamic optimization procedure (AOP) and using 

Computational Fluid Dynamics (CFD) in COMSOL 

Multiphysics.  This study aimed to optimize the building shape for 

wind energy exploitation.  Optimizing the building shape in the 

early stages of design enables the control of wind-induced loads 

and responses and reduces the energy demand in high-rise 

buildings, where resource consumption is higher than that in low-

height buildings. This study used a three-dimensional CFD 

simulation of wind loading on tall buildings to optimize the 

building shape. This research will provide valuable insights for 

architects, engineers, and building developers to design and 

optimize high-rise buildings for wind energy exploitation, reduce 

the carbon footprint, and improve the energy efficiency of 

buildings. 

Keywords: Aerodynamics, Computational Fluid Dynamics 

(CFD), High-rise Buildings, Shape Modification, Wind Energy, 
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I. INTRODUCTION

Each urban area has its own roughness and typical wind

characteristics, as urban roughness increases with height and 

wind speed [1][26][27]. This demonstrates that the urban 

environment has the potential to conserve wind energy and 

provide energy efficiency, which in turn can reduce energy 

loss, air pollutants, and carbon emissions [2]. The ultimate 

impact of shrinking carbon emissions will bring economic 

growth to urban areas of big cities. Regarding the reduction 

of energy consumption, Directive 2010/31/EU is adopting an 

approach at an early stage in the design of buildings to take 

advantage of renewable energy facilities, such as wind power. 
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In a similar study, the operational efficiency of a vertical-

axis wind turbine was evaluated under environmental 

turbulence conditions. Their results showed that vertical wind 

had a clear effect on the power output when horizontal wind 

speeds were within a certain range. These results can be 

employed as a reference for selecting aerodynamic properties, 

output efficiency, CFD simulations and vertical wind turbine 

position. Omid Esmaili claims that the combination of 

building shape, height, and composition may cause human 

discomfort that cannot be accommodated by inducing strong 

wind currents near the ground. 

In his treatise, a popular situation of urban planning was 

covered, which amplified the ground wind speed over a tall 

building of 56-story. Concerns about the quality of urban 

public spaces were raised by Sigrid Reiter, who focused on 

the progression of CFD and computational fluid dynamics. 

Providing a simple graphical tool, he developed a new 

methodology for quantifying wind speeds around buildings.  

The study results can serve as a simple design tool for 

architects and urban planners to consider wind in the design 

of the built environment. 

In this study, the main parameters of the atmospheric 

boundary layer were considered to determine whether the 

upstream wind flow was sufficiently generated in the 

numerical simulations. Computational Wind Tunnel tests 

were conducted and the influence of wind loads on the design 

of low-to mid-rise buildings was demonstrated. The survey 

results showed that wind pressure was much greater than the 

other factors in the CWT tests. For the efficient harvesting of 

wind energy [3], proposed opening strategies for a double-

skin façade system. 

Effect of twisted wind flows on pedestrian-level wind fields 

in an urban environment. Highlighted four twisted wind flows 

of different magnitudes and employed yaw angle directions 

to find wind speed variations resulting from the 

characteristics of twisted wind profiles at the pedestrian level. 

Using a two-step approach [4], analyzed the impact of wind 

on distant sound propagation over various generic urban 

sections in downward atmospheric refraction. They first 

simulated the wind field using computational fluid dynamics, 

and then adopted the mean wind field approach in 

computational acoustics. 

It was discovered that common criteria for pedestrian 

comfort led to varying conclusions, conditional on 

accessibility to data of high spatiotemporal resolution. The 

current study is a step forward to the latest advances in wind 

power exploitation, analyzing different forms of tall buildings 

of the same height in terms of wind power absorption. 
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II. EXPERIMENTAL METHODOLOGY 

A. Study Data 

The general features of the climate in Malaysia include high 

humidity, uniform temperature, copious rainfall, and light 

winds. As Malaysia has shown low readiness for the use of 

solar radiation power, wind absorption in high-rise buildings 

was selected as a way to preserve energy. Wind speed data 

were collected from field measurements of four case studies 

that represent four types of high-rise buildings in Penang, 

Malaysia. This research was carried out on the top of case 

buildings, where the wind location had a chance to be 

evaluated for the possibility of wind turbines, and the wind 

condition was less affected by the surface roughness. The 

participants of this research were four high-rise buildings, one 

known as Komtar Tower factually located in Penang, 

Malaysia, and the other three were hypothetical geometries 

diverse in roof plans with both curved-edge and straight-edge 

types. The Komtar Tower is the eleventh tallest in Malaysia 

and the tallest skyscraper in the state. Fig. 1. Shows the 

selected geometries of the four high-rise buildings considered 

in this study.  

 

 

Fig. 1: The Selected Types of High-Rise Building 

B. Computational Fluid Dynamics (CFD) 

Computational fluid dynamics (CFD) is a science that, with 

the help of digital computers, produces quantitative 

predictions of fluid flow phenomena based on the 

conservation laws (conservation of mass, momentum, and 

energy) governing fluid motion. It has expanded in 

importance and accuracy; however, its forecasts are 

inaccurate. Moreover, mathematical models and numerical 

algorithms are used to simulate the behavior of fluids such as 

air. CFD can be used to analyze the airflow around buildings 

and estimate the wind velocity on building surfaces. 

C. COMSOL Multiphysics 

This research was based on two types of data: local wind 

data and wind data observed from field measurements. Table 

1 illustrates the effective parameters used in COMSOL 

simulations. In this table, V1 accounts for the speed of wind 

at H1 height, H1 refers to the height of V1, H2 is the height 

of the gradient, V2 is the wind speed at height H2, and Z0 is 

the roughness length (towns, villages, agricultural land with 

many or high hedges, forests, and very rough and uneven 

terrain). The temperature for all the simulations was taken at 

a constant number of 293.15 K. 

Table-1: The Input Parameters for Wind Speed Analysis 

in Comsol 

V1 (m/s) H1 (m) H2 (m) Z0 (m) V2 (m/s) 

2.78 10 300 0.4 5.7 

 

We adopted the k–ε turbulence model for our wind tunnel 

simulation in CFD and the turbulence velocity time scale, 

which includes two additional transport equations and two 

dependent variables: the turbulent kinetic energy, k, and 

turbulent dissipation rate, ε. the turbulent viscosity is 

modeled as follows: 

(Eq.1)                                                   

μΤ = ρ𝐶μ  
𝑘2

ε
  where 𝐶μ  is a model constant. The transport 

equation for k reads: (Eq. 2) ρ 
∂𝑘

∂t
 + ρu. ∇𝑘= ∇. (( μ + 

μ𝑇

σ𝑘
) 

∇𝑘 ) + 𝑃𝑘  – ρ ε where the production term is: (Eq. 3)                       

𝑃𝑘 = μΤ (∇𝑢:( ∇𝑢 +  ∇𝑢𝑇) - 
2

3
 ( ∇. 𝑢)2) - 

2

3
 ρk∇. u 

The transport equation for ε reads: (Eq. 4) ρ 
∂𝑘

∂t
 + ρu. ∇ε= 

∇. (( μ + 
μ𝑇

σε
) ∇ε) + 𝐶ε1

ε

𝑘
 𝑃𝑘 - 𝐶ε2 ρ 

ε2

𝑘
 

The model constants in Equations 1, 2, and 3 were determined 

from the experimental data and values proposed by Versteeg 

and Malalasekera [5], as listed in Table 2. This turbulence 

model was applied in all simulations in the current study. 

Table-2: Model Constants 

CONSTANT 𝑪𝛍 𝑪𝛆𝟏 𝑪𝛆𝟐 𝛔𝒌 𝛔𝛆 

VALUE 0.09 1.44 1.92 1.00 1.3 

 

Table Nomenclature: μ =The fluid’s dynamic viscosity (SI 

unit: kg/(m·s), μΤ = Turbulent viscosity (SI unit: kg/(m·s), 

u= The velocity field (SI unit: m/s), ρ =
The density of the fluid (SI unit: kg/
m3), 𝑘Turbulent kinetic energy (SI unit: m2/s2) , 

ε=Turbulent dissipation rate (SI unit: m2/s3) 

Because air is defined as the material, we applied the 

incompressible flow formulation to gases at low velocities in 

the case of constant ρ in COMSOL. Based on the continuity 

equation for incompressible fluids, Reynolds-averaged 

Navier–Stokes equations (RANS) were used as the 

turbulence model type. Developed by Osborne Reynolds [6], 

RANS equations are connected with Reynolds decomposition, 

in which an instantaneous quantity is broken into fluctuating 

and time-averaged quantities to represent turbulent flows [7]. 

The accuracy of the simulations also depends on the type of 

meshing and the size of the wind tunnel. In this research, 

meshing was performed with free tetrahedral meshed cells 

with five boundary layers considered on the ground walls and 

a no-slip boundary condition assumed on the ground surface, 

Fig. 2. 
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Fig. 2: The Type of Meshing for Wind Tunnel 

D. Reynolds Averaged Navier-Stokes Equations 

Using the time-averaged equations of motion for wind flow 

and the continuity equation for incompressible fluid flow, the 

basic equations for the mean values of turbulent flow are as 

follows: The wind flow field was defined using mean values. 

The wind flow field was then defined using these mean values, 

Fig. 3. 

 

 
Fig. 3: Turbulent Velocity Fluctuation in Pipe Flow as A 

Function of Time [8] 

The momentary velocity is defined by u, the time-averaged 

value by u, and the fluctuating velocity by the letter u´. With 

this mathematical definition, the decomposition is written as 

Eq. 4-1: u = 𝑢 + u´, v =𝑣  + v´, w =𝑤 + w´, p = 𝑝 + p´  

Similarly, for density and temperature, we obtained  

Eq. 4-2: 𝜌 = 𝜌+ 𝜌´, T= 𝑇+T´ 

which are considered constant in the following equation. 

The chosen averaging method took the mean values at a 

fixed place in space, and the time span was sufficiently large 

to be independent of the mean values. 

Eq. 4-3: 𝑢 = 
1

∆𝑡
 ∫ 𝑢 𝑑𝑡

𝑡0+𝑡1

𝑡0
 

The time-averaged fluctuating values were described as zero: 

Eq. 4-4: 𝑢´  = 0, 𝑣´ = 0, 𝑤´  = 0, 𝑝´ = 0 

The continuity equation was then averaged. The expressions 

were substituted for the velocities from Eq.4-1 into the 

continuity equation to obtain 

Eq. 4-5: 
შ 𝑢

შ 𝑥
 + 

შ u´

შ 𝑥
 + 

შ 𝑣

შ 𝑦
 + 

შ v´

შ 𝑦
 + 

შ 𝑤

შ 𝑧
 + 

შ w´

შ 𝑧
 = 0 

The time average of the last equation is obtained as: 

Eq.4-6:                      

 
შ 𝑢

შ 𝑥
 +  

შ 𝑢´

შ 𝑥
 +  

შ 𝑣

შ 𝑦
 +  

შ 𝑣´

შ 𝑦
 +  

შ 𝑤

შ 𝑧
 +  

შ 𝑤´

შ 𝑧
 =  0 

Before the transformation and reduction of Eq. 4-6, the rules 

for time-averaging are summarized as follows: 

Eq. 4-7: 
შ 𝑢

შ 𝑥
 =  

1

∆𝑡
 ∫

შ u

შ x

𝑡0+𝑡1

𝑡0
 dt = 

შ

შ 𝑥
 

1

∆𝑡
 ∫ 𝑢 𝑑𝑡

𝑡0+𝑡1

𝑡0
 = 

შ 𝑢

შ 𝑥
 

Eq. 4-8: 
შ 𝑢´

შ 𝑥
 =  

1

∆𝑡
 ∫

შ u´

შ x

𝑡0+𝑡1

𝑡0
 dt = 

შ

შ 𝑥
 

1

∆𝑡
 ∫ 𝑢´ 𝑑𝑡

𝑡0+𝑡1

𝑡0
 = 0 

Eq. 4-9: 𝑓  = 𝑓  , 𝑓 + 𝑔  = 𝑓 +  𝑔  , 𝑓.  𝑔  = 𝑓. 𝑔  , 
შ 𝑓

შ 𝑠
  = 

შ f

შ 𝑠
 , ∫ 𝑓 𝑑𝑠 = ∫ 𝑓  𝑑𝑠 

But  𝑓. 𝑔 ≠ 𝑓. 𝑔 

According to these rules, the averaged derivatives of the 

fluctuations were also zero. Thus, the time-averaged 

continuity equation was obtained: 

Eq. 4-10: 
შ 𝑢

შ 𝑥
 +  

შ 𝑣

შ 𝑦
 + 

შ 𝑤

შ 𝑧
  = 0 

Now, the NS equations are time averaged. Averaging was 

exemplified for the x-component before a small 

transformation of the advection term: 

Eq. 4-11: u 
შ 𝑢

შ 𝑥
 + v 

შ 𝑢

შ 𝑦
 + w 

შ 𝑢

შ 𝑧
  = 

შ (𝑢2)

შ 𝑥
 + 

შ (𝑢𝑣)

შ 𝑦
 + 

შ (𝑢𝑤)

შ 𝑧
 

- (
შ 𝑢

შ 𝑥
+  

შ 𝑣

შ 𝑦
 +  

შ 𝑤

შ 𝑧
) =  

შ (𝑢2)

შ 𝑥
 + 

შ (𝑢𝑣)

შ 𝑦
 + 

შ (𝑢𝑤)

შ 𝑧
 

The expressions for the decomposition of the velocity values 

from Eq. 4-1 were then substituted into the transformed NS 

equation to obtain the time average: 

Eq.4-12:           

 𝜌 {
შ (𝑢+𝑢´)

შ 𝑡
+ 

შ (𝑢+𝑢´)2

შ 𝑥
+ 

შ (𝑢+𝑢´)(𝑣+𝑣´)

შ 𝑦
+

შ (𝑢+𝑢´)(𝑤+𝑤´)

შ 𝑧
 }    𝐹𝑥 

- 
შ (𝑝+𝑝´)

შ 𝑥
 + 𝜇 (

შ 2(𝑢+𝑢´)

შ 𝑥2 +
შ 2(𝑢+𝑢´)

შ 𝑦2 +  
შ 2(𝑢+𝑢´)

შ 𝑧2 ) 

The small transformations, including the repeated application 

of the product rule and advection term, resulted in the 

following time-averaged NS equations in all three directions: 

Eq. 4-13: 𝜌 
𝐷𝑢𝑖

𝐷𝑡
  = 𝐹𝑖 - 

შ 𝑝

შ 𝑥𝑖
 + 𝜇 ∆ 𝑢𝑖 - 𝜌 (

შ 𝑢´𝑖 𝑢´𝑗

შ 𝑥𝑗
) 

The time-averaged fields were no longer overlined. For 

instance, u refers to the time-averaged velocity component 

along the x axis. The last two terms on the right-hand side of 

Eqs. 4-13 were noticed: 

Eq. 4-14: 𝜇 ∆ 𝑢𝑖  - 𝜌  (
შ 𝑢´𝑖 𝑢´𝑗

შ 𝑥𝑗
)  = 𝜇 

შ

შ 𝑥𝑗 
  (

შ 𝑢𝑖

შ 𝑥𝑗
)  - 𝜌  

შ

შ 𝑥𝑗 
 

(𝑢´𝑖 𝑢 𝑗́) = 
შ

შ 𝑥𝑗 
 (μ

შ 𝑢𝑖

შ 𝑥𝑗
−  𝜌𝑢´𝑖  𝑢 𝑗́) 

The expression in brackets above is the total shear stress. 

Eq. 4-15: 𝜏𝑖𝑗 = μ
შ 𝑢𝑖

შ 𝑥𝑗
 - 𝜌𝑢´𝑖  𝑢 𝑗́ 

Compared with the NS equation, it was added to the entire 

shear stress in addition to the viscous part. This term is 

derived from the time average as the dominant part of the 

entire shear stress. The term is called the Reynolds stress or 

turbulent shear stress, which expresses the Reynolds average. 

To complete the system of equations, the Reynolds stress was 

approximated in relation to the average flow velocity field 

and turbulent shear stress. The principle of the viscosity 

approach of Boussinesq [9], Reynolds equations, and the 

general time-averaged Navier–Stokes equation are 

formulated as follows: 

 

 

 

 

 

Boundary Layers 
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Eq. 4-16: 𝜌 (
𝐷𝑢𝑖

𝐷𝑡
)  = 𝐹𝑖 - 

შ 𝑝

შ 𝑥𝑖
 + 

შ 

შ 𝑥𝑗
 𝜏𝑖𝑗 

With  μ
შ 𝑢𝑖

შ 𝑥𝑗
 - 𝜌 (𝑣𝑇 (

შ 𝑢𝑖

შ 𝑥𝑗
+ 

შ 𝑢𝑗

შ 𝑥𝑖
) −  

2

3
 𝑘 𝛿𝑖𝑗) 

E. Validation Process 

By changing the flow pattern around the building owing to 

aerodynamic modifications of the building shape, the wind 

response can be moderated compared to the original building 

shape. The wind tunnel test is the most popular method for 

evaluating the aerodynamic behavior of high-rise buildings. 

We successfully validated our model using airflow over an 

Ahmed body proposed by Ahmed, Ramm, and Faltin as a 

benchmark for aerodynamic simulation. A detailed 

measurement was performed in a wind tunnel for Reynolds 

number flows with flow visualization results, Fig. 4. 

 

  

(a) (b) 
 

Fig. 4: Airflow Over an Ahmed Body; a) Ahmed Body 

Mode, b) Wind Tunnel Properties in Ahmed Body 

Simulation 

III. RESULTS  

A. Simulation Result 

The 3D normal RANS equation is often applied to external 

flow problems around complex shapes and is solved using the 

k-epsilon turbulence model. The K-epsilon model finds 

solutions to two variables: turbulent kinetic energy and the 

rate of kinetic energy consumption. The nonlinear solver 

iteratively expands the equation to obtain sting. In this project, 

a CFD simulation was conducted and analyzed for four case 

studies located in the heart of a wind tunnel, and the results 

showed the effect of high-rise building geometry on 

aerodynamics. The other three models had approximately the 

same average speed, although the magnitude of the speed 

varied from tower to tower. Actual Models C, B, A, and D 

tended to intensify wind power. The effect of turbulence was 

observed at a maximum velocity of 7.21 for Model C with no 

potential velocity fluctuations Fig. 5.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: The Wind Tunnel Simulation Results 

 

 

 

 

 

 

 

 

Models A B C D 

Velocity 

Magnitude 

(m/s) 

  

  

Average 

Speed 
3.42 3.43 3.72 3.28 

Max. 

Velocity 
5.73 5.42 7.21 5.72 

Min. 

Velocity 
0.06 0.29 0.27 0.51 
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To elucidate the characteristics of 2D turbulent flow around 

a square cylinder shape with modifications, the drag and lift 

coefficients, velocity vectors, and Strouhal number were 

plotted on different corner shapes. The velocity vectors 

around square cylinders with rounded, chamfered, and sharp 

corners are shown in Fig. 6. It should be noted that the 

separating flows from the windward edge of the square 

cylinder with corner modification commence to reattach to 

the cylinder surface. In addition, it is remarkable that the 

separation areas for the side faces of square cylinders with 

both rounded and chamfered corners are smaller than those of 

square cylinders with sharp corners.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: The Wind Action When Hitting the Buildings 

Looking at the XY cross-sections of the four models at the 

center of the COMSOL wind tunnel simulation, the 

magnitude of the velocity as a whole skyrocketed with 

altitude. As shown in Fig .7, Model A reached its highest wind 

speed at 100 m above the ground and 125 m above the ground, 

which decreased slightly with height. This turbulence creates 

vertical coordinates in horizontally moving air at various 

levels, affecting the dispersion of pollutants, as well as dirt, 

sand, and soil particles in the air. 

The slowdown near the surface is a function of the surface 

roughness. Wind speed profiles vary widely, depending on 

the type of terrain. In cities and rough terrains, the influence 

of wind gradients can reduce the land leaching speed by 40-

50% above the air. In open water or ice, the reduction was 

likely to range from 20% to 30%. 

Likewise, it may be inferred that the surface roughness does 

not affect Model B, and its impact vanishes slowly at higher 

elevations. In the examination with COMSOL, while wind 

blows from the southern front, wind ingestion is greater at the 

western and eastern fronts than at the south front. This reality 

directs the concentration toward another part of the wind 

energy, Table 3. Among all the models, Model B has the most 

honed corners, which can scarcely lead wind to other sides 

rather than to the south. This demonstrates that wind will 

generally be sped up by sharp corners without chamfered 

edges. Additionally, the roundabout design is productive in 

diminishing the parallel float of the structure and is successful 

in decreasing torsional loads. Owing to the roundabout shape 

in Model C, the wind blowing from the south is directed 

toward the east and west. The tallness of the structure does 

not affect the expanding wind speed in Model C, which can 

be a negative point in planning energy-productive tall 

structures. Comparing Models, A and C, it is clear why 

chamfered and bent edges have better performance in wind 

energy absorption, which makes the structure a productive 

option for future models. The sudden rise in velocity in Model 

D, especially at an altitude of 175 m, shows that buildings 

with rectangular chamfered shapes outperform those with 

sharp corners in terms of wind absorption. It can be concluded 

that chamfered edges are the most fundamental factor in the 

increase in energy absorption, as the only difference between 

Models A and C is the curved edges. However, Model C was 

the only model that could not absorb wind energy on the roof, 

which is an interesting observation in this study. This suggests 

that circular shapes perform better on vertically rather than 

horizontally derived wind energy. At lower speeds, 

chamfered edges have a positive contribution to wind 

harvesting, which is clearly due to the alteration of wind 

direction shown in Models B and D.  

Table-3: The wind Velocity Above 4, 5, 6 m/s in Four 

Models 

 

IV. DISCUSSION 

 In this research, assessment of wind energy potential 

started with the analysis of climate data. In the next step, an 

understanding of the local climate was made on the basis of a 

detailed meteorological investigation. After the collection of 

required data, four possible arrangements of high-rise 

building were examined in relation to flow characteristics 

including terrain roughness and wind velocity. Given the first 

research question, whether shape can affect the 

characteristics of wind flow around tall buildings, it can be 

said that the simulation results showed that the concentration 

of wind load and the mean wind speed varied depending on 

the type of building shape.  

 

 

 

 

 

Models Above 4 m/s Above 5 m/s Above 6 m/s 

Model A 

   

Model B 
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The investigation was followed by gathering aerodynamic 

information of the building and the site. The wind speed 

profile was used for showing the average wind speed 

distribution with height taking surface roughness into 

consideration.  

These collected data were applied to CFD simulation as the 

inlet boundary condition for obtaining wind velocities at 

different altitudes above the ground. The results of CFD 

simulation and climate data were used in combination to 

assess wind speed conditions around the building. In the other 

hand, high-rise buildings showed considerable potential 

value to achieve sufficient wind speed for turbine installation. 

Addressing the second research question, whether there is a 

positive relationship between wind speed and energy 

potential that can be gained from the design of high-rise 

building, a sufficient wind speed was found for the design 

arrangement of wind turbines, positively correlated with the 

possible energy that could be harnessed from a humid tropical 

climate. The highest wind energy yield belonged to Model C 

with the most sufficient mean wind speed for vertical-axis 

wind turbines. This type of turbines can resist higher 

turbulences with a lower tip velocity and smaller noise effects 

and seem rather favoured for an urban wind energy 

development. The optimal wind penetration of Model C can 

be attributed to the efficiency of corner correction in circular 

plans. This finding shows that it is possible to provide better 

aerodynamic performance by carefully changing the shape of 

the corners. The experimental wind pressure measurements 

and analysis represented herein lead to identification of the 

influence of side ratio and wind orientations on wind pressure 

distribution and mean responses of the square/rectangular 

buildings. Wind pressure distribution on windward wall of 

rectangular models is almost independent of its side ratio at 

0° wind incidence angle. Wind incidence angles and side ratio 

of buildings significantly affect the suction on side-walls and 

leeward wall of the buildings. As the side ratio approaches to 

about 3.0, the final steady reattachment of the flow takes 

place on side faces at 0° wind incidence angle. On the other 

hand, the negative pressure coefficient becomes almost 

constant as the side ratio exceeds 3.0, indicating that when 

depth is about three times the breadth, the lower limit of the 

wake width, which is approximately the full width of the body, 

is obtained. However, side ratio has little influence on the 

variation of wind pressures along the vertical direction. As the 

side ratio of building increases, the displacement of building 

along the X-axis decreases at 0° wind incidence angle due to 

the reduction of frontal area and increase in stiffness of 

building along the direction of forces. As the side ratio of 

building increases, the displacement of building along the Z-

axis increases at wind incidence angle of 90° due to increase 

in the frontal area and reduction in stiffness along the 

direction of forces. As the side ratio of building increases, the 

torque developed due to uneven mean pressure distribution 

around the building walls also increases. The eccentricity 

between resultant wind force and centre of stiffness (and also 

the torque) is larger when the wind is nearly parallel to the 

long axis, than when it is nearly parallel to the short axis. The 

rapid rate of change in the mean torque around h = 0° is thus 

principally due to the shift of the centre of pressure of side 

face-B toward leading corner. The third research question, 

whether aerodynamic changes in the corners of high-rise 

buildings are related to the wind characteristics, can be thus 

replied in such a way that the average of wind speed varied 

from one tower to another according to their aerodynamic 

changes, but it was maximized on the roof of Tower C. This 

result is consistent with the results of Tamura and Elshaer et 

al[10,12][29] who claimed that simulation of wind loads and 

basic flow statistics can predict the aerodynamic 

improvements in the design of building. In order to design the 

buildings for Performance Level (PL), one way is using the 

energy absorption techniques, so that the main structural 

elements remain almost intact, or at least, easily repairable. 

In this regard, different researchers have proposed several 

methods so far. Tsai [12][30] has performed the research on 

TPEA device as seismic damper for high-rise buildings. Also, 

Shiba and his colleagues [13] have discussed control systems 

for tall buildings. Zhou has worked on the use of high-

efficiency energy absorbing device to arrest progressive 

collapse of tall building [14]. 

There was a significant difference in the maximum velocity 

of wind between Models A and B as well as Models C and D 

especially at higher altitudes. In line with the claim of Bogle 

[15], focusing on the wind speed at high altitudes is a key 

design factor, which can significantly improve the potential 

operational output of wind turbines. The simulation results 

showed that towers with circular shapes had better 

performance than those with rectangular shapes on wind 

energy absorption. This is a positive answer to the fourth 

research question, whether the circular tower plans 

outperform the rectangular ones in energy exploitation for 

wind turbine installation. In a similar way, Sari and Cho [16] 

concluded that higher velocities and lower turbulences lead 

to greater wind energy potentials. Their CFD simulation 

results showed that round roof buildings compared to square 

roof buildings could enhance wind velocity by as much as 

30%. In response to the fifth research question, whether 

chamfered and softened edges are promising in high-rise 

building design of the tropics, pairwise comparisons were 

made. As shown by the study findings, maximum wind 

velocity was higher for Model C than Model A as well as 

Model D than Model B. The wind concentration was also 

higher around Models C and D than Models A and B. These 

findings can be attributed to the effective role of corner 

modification in harvesting wind at lower speeds of a humid 

tropical urban area for generating electricity. According to the 

results of this study, the alternation of wind direction in 

Model C and Model D had a positive contribution to wind 

harvest and this is clearly due to their chamfered and softened 

edges. Similar result was obtained by Sari and Cho[16] who 

reported a 34% increase in wind velocity at round corners 

compared to sharp corners of a high tower. This result 

supports the outcome of fundamental studies mostly 

conducted on aerodynamic improvement by corner 

modification[10,17-24], each resulted in a way in the 

effectiveness of chamfering and rounding of corners for 

energy simulation in building design. Whereas Elshaer et al. 

[11][28] achieved sufficient accuracy for 2D models in 

reducing lift (across-wind) and drag (along-wind) forces 

followed by chamfered and rounded edges, Tamura [25] 

reported 10% decrease in lift and drag coefficients for 3D 

compared to 2D turbulent model simulation.  
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V. CONCLUSIONS 

The results of the current study investigated that a flat 

geometry with a small number of straw breaks is a beneficial 

parameter and if chosen properly can provide significant 

benefits. Furthermore, the rounded square building is the 

most effective in suppressing the aeroelastic instability and 

the amplitude of wind-induced vibrations decreases as the 

degree of rounded corners increases. The data indicated that 

the taper effect was more significant across than along the 

wind direction,  and depending on the wind direction and 

crosswind direction, through-holes, especially in the upper 

part of the building, reduce the wind excitation by the 

building.  
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