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ABSTRACT

This study aims to investigate the simulation of wind impacts on a standard
model of a tall building with a novel facades design. The tall building is
established by the Commonwealth Advisory Aeronautical Council (CAARC).
A substantial volume of data has been generated to improve the living conditions
in a building measuring 1829 m (H) x 457 m (B) x 305 m (D). A
comprehensive investigation is conducted, including a total of 65 cases. These
cases involve varying wind velocities, facade angles, and distances between the
facades and the building. To verify the accuracy of the current results, the drag
coefficient (Cp) values were compared in this study to those from previous
experimental and numerical analyses published in the literature. The drag force,
velocity, and pressure distribution surrounding the building were computed
using computational fluid dynamics (CFD) techniques, considering various
wind velocities and geometric characteristics. Research results reveal that both
wind velocity and the geometric dimensions of the facades have an important
influence on the drag force. The building experiences a significant increase in
force as the wind velocity increases from 1 to 5 m/s. The results also indicate
that the increasing angle of facades has a noticeable effect on increasing the
force produced on the building. This data aims to achieve wind control through
the passive flow control method, prevent weathering of the building, decrease
wind load, facilitate natural ventilation, save energy, and provide building
designers with a wide range of numerical simulations.
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1. INTRODUCTION

The impact of wind on tall buildings is a critical factor
in their design and construction. Utilizing facades can
improve the aerodynamic efficiency of tall buildings and
enhance natural building ventilation, reducing energy
consumption. Zhao et al. (2024) reviewed wide-ranging
studies on naturally ventilated double-skin facades
(NVDSF). They demonstrated the benefits of NVDSF in
reducing energy usage in building structures. Bianchi et al.
(2024) addressed the academics' findings regarding facade
design and optimization techniques. They discussed the
use of conflicting criteria in facade design and the use of
machine learning methods for facade optimization. Hou
and Sarkar (2018) devised a time-domain methodology for
predicting the forces and responses of tall buildings by
utilizing aerodynamic parameters obtained from sectional
model experiments. They tested the model in a wind
tunnel to determine the parameters influencing the

response of the CAARC Building. Pomaranzi et al. (2020)
conducted a wind tunnel study to examine the
aerodynamic performance of a corrugated double-skinned
building facade. They discovered that the amplitude of
pressure fluctuations is dependent on both U, and the
geometry of the groove. Reducing cyclic pressure
fluctuations caused by vorticity formation in cavities
reduced peak values by 40%. Jafari and Alipour (2021)
generated an initial dataset to create smart morphing
facades (known as Smorphacades) for tall structures with
rectangular and elliptical forms. They used experimental
methodology to generate a dataset from CFD simulations,
created a prediction model, and determined the ideal
Smorphacade shape, demonstrating its effectiveness in
reducing wind-induced drag forces. Amani-Beni et al.
(2024) carried out a comprehensive study to simulate wind
effects on a tall building model with facades. The research
looks to improve living circumstances by implementing
passive flow management, which decreases building
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NOMENCLATURE

A distance between the front face of the building
and facades

B building Length

C length of facade

CAARC Commonwealth Advisory Aeronautical
Council

CFD Computational Fluid Dynamics

Co drag coefficient

M distance between Facades

Uoo  wind velocity

2D  two-dimensional

3D  three-dimensional

a angle of isosceles triangle facades
B angle of wind-inlet

deterioration, minimizes wind loads, and enhances energy
savings and ventilation by nature. The research results
revealed that passive flow control significantly reduces
wind-induced drag forces. Fuliotto et al. (2010) carried out
numerical analyses of the flow that interacted with a
building facade consisting of multiple levels, both in two-
dimensional and three-dimensional. They revealed that the
two-dimensional numerical analysis provided highly
accurate results due to the flow's nearly two-dimensional
nature. Pasut and Carli (2012) conducted a study and
concluded that there was no statistically significant
distinction in the temperature and velocity patterns in the
analyzed flow fields when comparing two-dimensional
and three-dimensional numerical calculations. Lops et al.
(2021) reached the same conclusion in their numerical
investigations. Accepting the flow as two-dimensional
reduces the computing load on the computer, enabling the
execution of additional processes. The study suggests that
increasing the number of parameters to be evaluated
within a specific timeframe can enhance the creation of a
more significant curve. Using wind tunnel experiments,
Yuan et al. (2018) investigated the impact of facade
appurtenances on local peak wind pressures in high-rise
buildings. They simulated 21 appurtenance configurations
using thin horizontal splitter plates. The results
demonstrated that changes in plate vertical distance can
significantly influence the locations of the largest positive
peak pressures. Appurtenances reduced the largest
negative peak pressure by 42% on the higher leading
corner and the entire side face. Hou et al. (2023) described
a smart-morphing-facade (Smorphacade) method to
reduce wind-induced vibrations in tall structures. The
system consists of circular ducts arranged in a matrix
within a flat plate. The system's efficacy in mitigating
building response ranged from 16.7% to 18.6%, with a
maximum decrease of 32% and 59.7% in the across-wind
and torsional directions, respectively. Factors such as
Smorphacade configuration, wind speed, and angle of
attack influenced these reductions. Attia et al. (2018)
carried out a study on adapted facades, focusing on their
performance evaluation. They identified deficiencies and
introduced an innovative approach to characterize facades
based on objects. The research examined stakeholders,
process diagrams, and insights from industry
professionals. The results highlighted the importance of
effective design, operation, and maintenance for energy
conservation and occupant satisfaction, emphasizing the
need for future challenges. Skvorc and Kozmar (2023)
investigated wind loads on tall buildings with porous
double-skin fagade systems. They carried out experiments
in a boundary-layer wind tunnel and created two
atmospheric boundary layer (ABL) simulations. They
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show that rural ABL simulations yield larger mean
pressure coefficients, whereas suburban ABL simulations
cause a higher standard deviation. In their study, Chen et
al. (2022) examined high-rise buildings and discovered
that alterations in facade appurtenances have a substantial
impact on wind pressure, resulting in a maximum decrease
of 21%. The average wind pressure impact is less
noticeable. Vertical strips can reduce the level of
horizontal coherence to a maximum of 38%. Nevertheless,
the impact on vertical coherence is quite minor. Hosseini
et al. (2019) introduced active occupant interaction in
responsive facades, focusing on interactive functionalities.
They used qualitative and quantitative methodologies to
design kinetic facade structures for real-time daylight
management. The Kinetic interactive facade can be
transformed by adjusting dynamic daylight and occupant
position, ensuring optimal visual comfort. Simulation
findings showed three-dimensional  modifications
significantly improved visual comfort. Yi and Kim (2021)
utilized a reversible 4D-printed material to enable flexible
climate adaptation in buildings. The study explores the
creation and operation of a responsive facade using
thermoresponsive shape-memory composites (SMCs),
utilizing digital modeling and practical observation to
evaluate the material's performance, highlighting the
potential of smart materials and 4D printing. Soudian and
Berardi (2021) developed a new approach to climate-
responsive facades (CRFs) for high-performance building
facade design, focusing on selecting suitable technologies
for multifunctional CRFs. The framework includes five
steps:  defining  objectives, setting performance
constraints, defining a responsive operation scenario,
selecting suitable technology, and creating a conceptual
design. Chaudhry et al. (2015) utilized CFD to analyze the
Bahrain Trade Centre's architectural domain, determining
the capacity of building-integrated wind turbines to
generate power. The study found that the benchmark
model generated an estimated 6.4 kW of power, with a
capacity factor of 2.9%. Turbulence intensity increased
inversely proportional to building height, with turbines at
higher altitudes experiencing the most wind exposure.

Mallick et al. (2018) simulated the impact of wind on
C-shaped buildings and optimized it by adjusting the angle
of incidence. The study used ANSYS Fluent software for
numerical analysis, focusing on the k-¢ turbulence model
and CFD techniques, proving that CFD is an efficient and
accurate method for predicting wind pressure in buildings.

This highlights a significant deficiency in the literature
regarding numerical simulations of the effects of various
facade shapes on buildings using the CFD method. The
novelty of this paper points to how to use basic geometric
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shapes, specifically isosceles triangles, to design facades
at various angles and configurations. Sixty-five original
numerical simulation examples were conducted to
systematically figure out wind behavior around buildings
with facades, following validation against the most recent
literature. The CAARC specifies a standard tall building
with dimensions of 182.9 m x 45.7 m x 30.5 m. This
corresponds to the building model dimensions of 1.829 m
X 0.457 m x 0.305 m, obtained by reducing the actual
building size by 1/100. Note that Hou and Sarkar (2018)
and Jafari and Alipour (2021) have also conducted
experimental and numerical studies on the aerodynamics
of similar structures. The main focus of this work is the
design of the segmented covering materials (facades) in
response to different wind loads. A detailed examination
of the building's design and its facades has been carried
out using CFD simulations to improve our knowledge of
the flow characteristics surrounding the building and its
facades. The building, with facades shaped like isosceles
triangles with angles of 15°, 30°, and 45°, was chosen as
a benchmark to consider different characteristics. The
building with facades in the shape of isosceles triangles
was solved using a realizable k-e turbulence model. The
simulations were conducted at five distinct wind velocities
(Us = 1 mfs, 2 m/s, 3 m/s, 4 m/s, and 5 m/s) and three
different wind-inlet angles (0°, 45°, and 90°). This study
presents valuable insights into the ways in which facades
can improve building design by functioning as
windbreaks, helping natural ventilation, optimizing
energy efficiency, and influencing microclimates. The
study’s findings demonstrate that CFD models can solve
wind flow issues around buildings and facades in a variety
of geometries and in real building dimensions.
Minimizing drag forces on buildings can facilitate the
utilization of lighter materials. Consequently, the costs
associated with building construction drop. In the present
study, we consider the impact of wind-induced forces on
a high-rise building model featuring facades, with the aim
of determining the optimal dimensions of isosceles
triangle facades to reduce drag forces.

The paper was structured in the following steps:
Section 2 contains a definition for governing equations,
computational regions, and computational techniques.
Section 3 presents the numerical model's verification,
computation results, and subsequent discussions. Section
4 includes the study's conclusions.

2. MATERIALS AND METHODS

Equations of Governance

The CFD models can be used to simulate the
surrounding airflow acting on buildings with facades.
These models can efficiently resolve intricate
aerodynamic problems rapidly, with minimal computing
cost and optimal accuracy. The CFD models can predict
outcomes like velocity and pressure distribution
surrounding the building's structure once they apply
acceptable boundary conditions, such as wind direction
and velocity.

The realizable k-¢ turbulence model was used to
simulate turbulent flow in a two-dimensional

computational fluid area (ANSYS Fluent Theory Guide,
2013; Olcay & Tabatabaei Malazi, 2016). The formulas
for continuity and momentum can be written as:
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Where p shows the density. u; and u; illustrate the
average velocity component of the fluid. P represents
pressure, Si represent the source term for the momentum

equation, u illustrates the dynamic viscosity, u, shows the
2
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where k illustrates the turbulent kinetic energy. ¢ illustrates
rate of dissipation. G, shows turbulent Kinetic energy
generation, G, shows turbulent kinetic energy generation,
and Y,, repesents fluctuating dilatation contribution to the
overall dissipation rate. The model parameters for
realizable k-e turbulence model can be defined C,, =
1.44, C,e = 1.92, 0, = 1.0, C, = 0.09, and o, = 1.3.

Computational Techniques, Meshing, and Boundary
Conditions

Figure 1 presents a three-dimensional schematic
drawing of the building with isosceles triangle facades.
Figure 2 illustrates the two-dimensional geometric
templates used for computational simulations, including
information about the boundary conditions. Figure 3 and
Table 1 provide comprehensive measurements of the
building's dimensions and exterior. Here, the building has
dimensions of 0.457 meters in length and 0.305 meters in
width. The choice of computational domain size is a

Building

Fig. 1 A 3D view of a schematic drawing of a building
combined with isosceles triangle facades
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Table 1 Details of the model building dimensions considered in the present study

Symbol Value Detail
A 0.02, 0.01 (m) | Distance between the front face of the building and facades
B 0.457 (m) Building Length
D 0.305 (m) Building Width
M;, M, 0.061 (m) Distance between Facades
C 0.061 (m) Length of facade
a 15°, 30°, 45° Angle of an isosceles triangle facade

Table 2 Numerical simulations carried out in the present study

Model A (m) a B U, (M/s)
Building without Facades - 0°,45°90° |1,2,3,4,5
Building with facades 0.02,0.01 15°, 30°, 45° 0° 1,2,3,4,5
Building with facades 0.02,0.01 45° 45°, 90° 1,2,3,4,5

Velocity Inlet

Ll

Fig. 2 A 2D view of the computational region and
boundary conditions

Q
]
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Front Surface

(b) D —
Fig. 3 (a) Specifics of the buildings with isosceles

triangle facades, and (b) an enlarged view of an
isosceles triangle facade

critical factor in wind analysis studies of buildings. In this
study, a rectangular computational domain was chosen

with a length and width of 16B and 9B, respectively. The
building was situated 5B downstream from the velocity
inlet cross-section and 10B upstream from the pressure
outlet cross-section in the computational region. The side
edges of the computational region were selected as a free-
slip boundary condition. A no-slip boundary condition
was utilized for the building and its facade walls. The
facades were designed in the shape of isosceles triangles.
Three varying angles were used for isosceles triangle
facades (o = 15°, 30°, and 45°). The distance between the
isosceles triangle facades and the building's front wall was
determined to be between 0.01 and 0.02m. This study
investigated various wind velocities (U, = 1 m/s, 2 m/s, 3
m/s, 4 m/s, and 5 m/s) at three different wind-inlet angles
(0°, 45°, and 90°) for inlet airflow. First, the building with
and without facades were examined under five distinct
wind velocities (U = 1 m/s, 2 m/s, 3 m/s, 4 m/s, and 5
m/s) and three different angles of the isosceles triangle
facades (o = 15°, 30°, and 45°), with a wind-inlet angle of
0°. Then, the building with isosceles triangle facades at
angles of 45° was chosen for modeling at various wind-
inlet angles so the building with isosceles triangle facades
at angles of 45° was simulated at five different wind
velocities (U, =1 m/s, 2 m/s, 3 m/s, 4 m/s, and 5 m/s), as
well as wind-inlet angles of 45° and 90°. The study
investigated a total of 65 numerical simulation cases, out
of which 15 were analyzed without isosceles triangle
facades. Additionally, 50 numerical simulation cases were
run at three various isosceles triangle facades (
a), two distances between the isosceles triangle facades
and the building's front wall (A), five different wind
velocities (Us), and three different wind-inlet angles for
inlet airflow (B).

A brief description of all the numerical simulations is
provided in Table 2.

The Ansys Fluent commercial software was
employed to solve the governing equations in the steady-
state airflow domain. The fluid domain was calculated
using the pressure-based solver type and the coupled
scheme. The governing equations were considered to have
converged when the minimum criterion of 108 as reached.
The continuity and momentum equations were all
competently solved until the convergence criteria were
reached.

1234
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Figure 4 illustrates a mesh that contains both
triangular and quadrilateral components, which has been
generated for the computational fluid domain. The multi-
block mesh construction method was utilized to divide the
solution area into multiple parts. A high-density triangle
mesh encircled the building and its isosceles triangle
facades, while a quadrilateral mesh covered the walls.
Mesh independence tests, specifically considering the
drag force value at a wind velocity of 5 m/s, isosceles
triangle facades at angles of 15°, and wind-inlet at an angle
of 0°, confirmed the simulations' accuracy, as shown in
Table 3. A total of 300.000 thousand elements were used
in the solution area for 65 various models. These models
achieved an error rate of under one percent at various U
and a values.

Hou and Sarkar (2018) conducted experimental
research on the aerodynamics of identical buildings,
whereas Jafari and Alipour (2021) conducted numerical
investigations. Both studies scaled down the original
building's size by a reduction factor of 1/400. In this
research, the CAARC defines a typical tall building with
dimensions of 182.9 meters in length, 45.7 meters in
width, and 30.5 meters in height. The building model
dimensions of 0.457 m x 0.114 m x 0.076 m are identical
to the real building size, which has decreased by a factor
of 1/400. This reduction allows for accurate comparisons
with the experimental and numerical results mentioned
above. Nevertheless, Hou and Sarkar (2018), Jafari and
Alipour (2021) and Amani-Beni et al (2024) fulfilled the
drag coefficient in the two-dimensional model with a B
value of 0.114 m and a D value of 0.076 m at a Reynolds

Table 3. Details of mesh independence study

Mesh resolution | Drag force (N) | % Difference
220.000 8.05 11
elements
250.000 7.68 4.8
elements
300,000 7.61 0.91
elements

number of 6.24x10% We compared the results of the drag
coefficient values from the present research to those from
previous experimental and numerical investigations by
Hou and Sarkar (2018), Jafari and Alipour (2021) and
Amani-Beni et al (2024) to confirm the validity and
accuracy of the method. Table 4 reveals a comparison
study of the drag coefficient result between the present
study and previous studies when wind directions are 0 and
90 for Re of 6.24x10% The comparison demonstrates a
good correlation between the present work and the
experimental and numerical results presented by Hou and
Sarkar (2018), Jafari and Alipour (2021) and Amani-Beni
et al (2024).

3. RESULTS AND DISCUSSION

3.1 Aerodynamic Forces Study

When a wind impacts a building, it can generate a
drag force on the building (Batchelor, 2000; Tabatabaei
Malazi et al., 2020; Amani-Beni et al., 2023). The value
of the FD can be calculated using the formula as follows:
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Table 4 Comparison of previous experimental and numerical results of drag force with the present study

Experiment NL_Jmeric_aI Nu_meric_al
B (Hou & Sarkar, 2018) (Jafari & Alipour, (Amani-Beni et al, Present study Error (%)
' 2021) 2024)
0 - 1.270 - 1.281 0.86
0 - - 1.274 1.281 0.55
0 1.250 - - 1.281 2.41
90 - 2.828 - 2.848 0.70
90 - 2.857 2.848 0.31
90 2.926 - - 2.848 2.73
l:‘D = l:D_pressure + 1:D_viscous = ¢P ﬁ . édds + 3 ¢0.02m
where Fp, ,ressure illustrates the pressure drag, Fp yiscous z
represents the viscous drag, p and t illustrate the pressure e 2
and the wall shear stress. g
('8
Figures 5-8 exhibit the drag forces under various 591
conditions, including varying wind velocity (U.=1 m/s, 2 [a]
m/s, 3 m/s, 4 m/s, and 5 m/s), isosceles triangle facades
(15°, 30°, and 45°), and distances (A = 0.01 m and 0.02
m) between the front surface of the building and the 0
isosceles triangle facades when the wind-inlet angle is (@ 1 2 . 3 4 5
0°. It has been accepted that when the incident flow Wind Velocity {m/s)
velocity (U.) is perpendicular to the frontal wall surface, 8 ©0.02 m
the highest drag force on the frontal wall of the model ©0.01m
building is caused by the stagnation pressure. The model 6 eWithout Facades
building, both with and without isosceles triangle facades, =
converts the kinetic energy of the incoming airflow into Y
pressure energy. The pressure applied to the wall's surface g 4
generates a force known as drag, which acts in the ~
opposite direction from the wall. Typically, the g 2

architectural design of a building integrates facades,
considering both thermal efficiency and visual appeal. For
all variations of the building with isosceles triangle
facades, the drag force increases with an increase in wind
velocity. As wind velocity increases, drag forces on the
isosceles triangle facades also rise (Figs 5a, 6a, and 7a).
The drag forces at isosceles triangle facades at angles of
15° are greater than the drag forces at isosceles triangle
facades at angles of 30° and 45°, when considering the
drag forces acting on the isosceles triangle facades. The
walls of an isosceles triangle facade with 45° angles
experience lower pressure forces compared to those with
15° angles. An isosceles triangle facade, with 15° angles,
behaves similarly to a plate against wind. On the other
hand, when the angles of the isosceles triangle facade
change from 15° degrees to 45° degrees, the pressure on
the walls decreases. It is clear that an isosceles triangle
facade with a 45° angle has a better aerodynamic shape
than an isosceles triangle facade with a 15° or 30° angle
because it can show less resistance to airflow. Figures 5b,
6b, and 7b illustrate that the building with isosceles
triangle facades has lower drag forces than the building
without isosceles triangle facades when the drag force is
considered only on the building. In this situation, the
frontal wall area experiences a minimal amount of drag
force because isosceles triangle facades act like a shield
and block the wind. Figures 5c¢, 6¢, and 7¢ depict the total
drag forces acting on the building with isosceles triangle
facades. The total drag forces of the building with

0
(b) 1 3 4 5
Wind Velocity (m/s)

00.02 m
00.01 m

=6 eWithout Facades

Py

e

o4

('

oo

i

o

N

0

@© 1 2 3 a 5
Wind Velocity (m/s)

Fig. 5 Drag forces vary with different wind velocities
at a = 15° and B = 0°, (a) isosceles triangle facades,
(b) building, and (c) building with isosceles triangle

facades

isosceles triangle facades at angles of 15° are greater than
the drag forces of the building without isosceles triangle
facades when the total drag forces are considered in the
building and its isosceles triangle facades. On the
other hand, the total drag forces of the building
with isosceles triangle facades at angles of 30° and 45° are
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Fig. 6 Drag forces vary with different wind velocities
at a = 30° and B = 0°, (a) isosceles triangle facades,
(b) building, and (c) building with isosceles triangle

facades

smaller than the drag forces of the building without
isosceles triangle facades when the total drag force is
considered for the building and its isosceles triangle
facades. It is understood that the difference in total drag
forces between the building without isosceles triangle
facades and the building with isosceles triangle facades
becomes greater as the wind velocity increases. When the
isosceles triangle facade angle is 45°, we observe the
largest difference in total drag forces between the building
without isosceles triangle facades and the building with
isosceles triangle facades. As the distance between the
building's front surface and the isosceles triangle facades
increases, the drag force increases in all models. The
building with isosceles triangle facades generates higher
total drag forces when the distance between the front
surface and the facades is 0.02 m, compared to when it is
0.01 m. The facades situated 0.2 m from the wall provide
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Fig 7 Drag forces vary with different wind velocities
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airflow through open gaps between the building's front
wall and the facades, so the front face of the building can
endure significant pressure forces. Figure 8 represents a
comparison of the drag forces of the building with
isosceles triangle facades at three distinct angles of 15°,
30°, and 45°. At all wind velocities, the building with
isosceles triangle facades at angles of 15° experiences
higher total drag forces than the building with isosceles
triangle facades at angles of 30° and 45°.When the wind
velocity is 5 m/s, the drag force of the building with
isosceles triangle facades at angles of 15° is nearly 12%
greater than the drag force of the building with isosceles
triangle facades at angles of 45° when the distance
between the front surface of the building and the isosceles
triangle facades is 0.02 m. In addition, this rate becomes
14% when the distance between the front surface of the
building and the isosceles triangle facades is 0.01 m. The
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Fig. 8 Comparison drag forces vary with different
wind velocities at a = 15°, 30°, and 45° with g = 0°, (a)
0.01 m distances, and (b) 0.02 m distances

drag force of the facade and building is significantly
affected by the angles of the isosceles triangle facades. A
review of the models shows that the drag forces results are
significantly influenced by the angle of the isosceles
triangle facades, rather than the distance between the
building's front surface and the facades.

Wall surface dimensions determine the value of the
pressure force that airflow creates. The magnitude of the
pressure force increases with the growth of wall surface
dimensions. The drag force on the building rises with the
growth of the pressure force. Figures 9-11 illustrate the
impact of the wind-inlet angle on drag forces. As the wind-
inlet angle shifts from 0° to 90° degrees, the surface area
opposing the wind becomes larger, resulting in a growth
in drag forces. This section considers the inlet airflow with
wind-inlet at angles of 45° and 90° for the building with
isosceles triangle facades at angles of 45°. Figure 9a
concludes that the isosceles triangle facades with a 45°
wind-inlet angle exhibit less drag force than those with a
0° wind-inlet angle. Figure 9b demonstrates that the use of
isosceles triangle facades on a building reduces drag
forces compared to a building without isosceles triangle
facades, specifically when considering drag force alone on
the building. Figure 9c shows that the total drag forces
created by the building with isosceles triangle facades are
nearly equal for two different distances between the
building's front surface and the isosceles triangle facades
(A =0.01 and 0.02 m). Figure 10 makes it clear that drag
forces on the building's isosceles triangle facades are
lower when the wind-inlet angle is 90° than when it is
0° or 45°. On the other hand, the drag forces acting on the

3

0.02m
¢0.01m

=)

]

e

5]

[

B0

S

o

0
(@) 1 2 3 4 5
Wind Velocity (m/s)

20.02m
0.0l m

= e Without Facades

o

(3]

a7

(¥

[=T1]

d

(=}

0
1 2 3 5
(b) Wind Velocity {m/s)
14
©0.02m
¢0.01m
Z  eWithout Facades 2
o
=
o7
[T
[
ju
[a]
0
() 1 2 . 3 4 5
Wind Velocity (m/s)

Fig. 9 Drag forces vary with different wind velocities
at isosceles triangle facades with g = 45°, (a) isosceles
triangle facades, (b) building, and (c) building with
isosceles triangle facades

building are greater when the wind-inlet angle is 90° than
when it is 0° or 45°. The building's contact surface with
the airflow increases at a wind-inlet angle of 90° compared
to a wind-inlet angle of 0°. Figure 11 displays a
comparison of the drag forces acting on the building with
isosceles triangle facades at angles of 45°, with the wind-
inlet angle set at 0°, 45°, and 90°. The drag force acting on
the building and its isosceles triangle facades at a wind
velocity of 5 m/s is about 79% more at a wind-inlet angle
of 45° than it is at 0°. This variation in drag force occur at
a distance of 0.01 m between the facades and the front
surface of the structure. Furthermore, at a distance of 0.02
m from the building's front surface to its facades, this
percentage becomes to 73%. The angle at which the wind
enters strongly influences the drag force. At a wind
velocity of 5 m/s, the drag force on the building and
its isosceles triangle facades is approximately 88% higher
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Fig. 10 Drag forces vary with different wind velocities
at isosceles triangle facades with g =90°, (a) isosceles
triangle facades, (b) building, and (c) building with
isosceles triangle facades

when the wind-inlet angle is 90° compared to when it is
0°. This difference in drag force occurs when the distance
between the building's front surface and the facades is 0.01
m. In addition, this rate changes to 76% when the distance
between the front surface of the building and the facades
is 0.02 m. The comparison of the models highlights that
the wind-inlet angle, especially at 90°, dramatically
impacts the drag force outcomes.

3.2 Velocity and Pressure Contour Plots of the
Numerical Study

Figures 12-14 depict a comparison of the velocity
contour plots around the building model. The comparison
is made between the model without isosceles triangle
facades and the model with isosceles triangle facades
when the wind-inlet angle is set at 0° and the isosceles
triangle facades are at three different angles: 15°, 30°, and
45°. The comparison was conducted at three distinct wind
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Fig. 11 Comparison drag forces vary with different
wind velocities with g = 0°, 45°, and 90°, (a) 0.01 m
distances, and (b) 0.02 m distances

velocities: 1 m/s, 3 m/s, and 5 m/s. Regardless of whether
they have isosceles triangle facades or not, all model
buildings exhibit the minimum velocity on their front
surfaces. This is due to the high pressure generated at the
front of the structure, regardless of the presence of
isosceles triangle facades. When setting the wind-inlet
angle at 45° and the isosceles triangle facades at 45°,
Figure 15 compares the velocity contour plots around the
building model with and without isosceles triangle
facades. Figure 16 demonstrates the comparison of
velocity contour plots around the building model with and
without isosceles triangle facades, when the wind-inlet
angle is fixed at 90° and the facades are set at 45°. This
result demonstrates that the wind direction directly
influences the diversity of the velocity distribution around
the building. Figures 17-19 illustrate a comparison of the
pressure contour plots surrounding the building model.
The comparison is conducted between the model without
isosceles triangle facades and the model including
isosceles triangle facades. The wind-inlet angle is
maintained at 0°, while the isosceles triangle facades are
at three distinct angles: 15°, 30°, and 45°.
Its comparison was carried out at various wind velocities:
1m/s,3m/s,and 5 m/s. Figure 20  exhibits  the
comparison of pressure contour plots around the building
model with and without isosceles triangle facades, where
the wind-inlet angle is kept at 45° and the facades are also
set at 45°. Figure 21 shows a comparison of pressure
contour plots surrounding the building model, both with
and without isosceles triangle facades. The wind-inlet
angle remains constant at 90° and the facades are at a 45°
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Fig. 12 collation of velocity distribution contour plots between building with and without facades for g =0°, (a)
no facades at U.= 1 m/s, (b) no facades at U.= 3 m/s, (c) no facades at U.=5 m/s, (d) a = 15° at U= 1 m/s, (e) a =
15° at U= 3 m/s, (f) a = 15° at U= 5 m/s, (g) a = 30° at U= 1 m/s, (h) a = 30° at U.=3 m/s, (i) fa = 30° at U= 5

m/s, , (j) a =45° at U= 1 m/s, (K) a = 45° at U.=3 m/s, (I) a = 45° at U= 5 m/s
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Fig. 13 collation of velocity distribution contour plots of building with and without facades for g = 45°, (a) no
facades at U.= 1 m/s, (b) no facades at U.= 3 m/s, (c) no facades at U»=5m/s, (d) a =45° at U= 1 m/s, (e) a =
45° at U= 3 m/s, (f) a = 45° at U,=5 m/s
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Fig. 14 collation of velocity distribution contour plots of building with and without facades for g = 90°, (a) no
facades at U= 1 m/s, (b) no facades at U.= 3 m/s, (c) no facades at U= 5 m/s, (d) a = 45° at U.=1 m/s, (e) a =
45° at U= 3 m/s, (f) a = 45° at U.=5 m/s
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Fig. 15 collation of pressure distribution contour plots between building with and without facades for g = 0°, (a)
no facades at U.= 1 m/s, (b) no facades at U= 3 m/s, (c) no facades at U»=5 m/s, (d) a = 15° at U= 1 m/s, () a =
15° at U= 3 m/s, (f) a = 15° at U=5 m/s, () a = 30° at U= 1 m/s, (h) a = 30° at U.=3 m/s, (i) a = 30° at U= 5
m/s, , (j) a =45° at U= 1 m/s, (K) a = 45° at U.=3 m/s, (I) a = 45° at U= 5 m/s
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Fig. 16 collation of pressure distribution contour plots of building with and without facades for g = 45°, (a) no
facades at U= 1 m/s, (b) no facades at U.= 3 m/s, (c) no facades at U»=5 m/s, (d) a = 45° at U.=1 m/s, (e) a =
45° at U= 3 m/s, (f) a = 45° at U.=5m/s
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Fig. 17 collation of pessure distribution contour plots of building with and without facades for g = 90°, (a) no
facades at U= 1 m/s, (b) no facades at U.= 3 m/s, (c) no facades at U.=5 m/s, (d) a = 45° at U.=1 m/s, (e) a =
45° at U.=3 m/s, (f) a = 45° at U.=5m/s
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angle. All model buildings exhibit the maximum pressure
on their front surfaces because this surface experiences
airflow first. The maximum pressure occurs on the front
surface of the building with a wind-inlet angle of 90°
because the surface experiences a large amount of wind.

4, CONCLUSION

Itis critical to use facades to improve energy savings,
building design, local environmental conditions, and flow
behaviors of buildings. The biggest goal of this study is to
determine the optimal location for facades in relation to
variations in wind load at U., values of 1 m/s, 2 m/s, 3 m/s,
4 m/s, and 5 m/s. Sixty-five numerical simulations were
carried out of the building with and without isosceles
triangle facades using CFD models to enhance our
understanding of the flow patterns around the building and
its facades The results of drag forces on the building with
and without isosceles triangle facades at three different
angles (15°, 30°, and 45°) were considered when wind-
inlet angles were set at 0°, 45°, and 90° and the distances
between the front surface of the building and the facades
were 0.01 m and 0.02 m. The results show that the drag
forces of the building, both with and without isosceles
triangle facades, are dependent on factors such as wind
velocity, the angles of the isosceles triangle facades, the
distances between the building's front surface and the
facades, and the angle of the wind inlet. When wind
velocity rises, the drag force acting on the building and its
facades increases. As the angles of the isosceles triangle
facade transition from 15° to 45°, the pressure forces
generated on wall surfaces get smaller. The building with
isosceles triangle facades at angles of 15° experiences
greater total drag forces than the building with isosceles
triangle facades at angles of 30° and 45°, regardless of
wind velocity. When the distance between the front
surface and the facades is 0.02 m, the building with
isosceles triangle facades exhibits more total drag forces
compared to when it is 0.01 m. The models' investigation
reveals that the angle of the isosceles triangle facades
significantly affects the drag force outcomes, compared to
the distance between the building's front surface and the
facades. The drag forces on a building with isosceles
triangle facades at 45° angles, when facing a 90° wind
direction, are higher than those in wind directions of 0°
and 45°. The comparison of the numerical simulations
points out that the wind-inlet angle, particularly at 90°,
significantly influences the drag forces findings. The
maximum drag forces on the building are obtained from
the inlet airflow at an angle of 90° with the wind-inlet. A
future study could consider all of a building enclosed by
smart triangular facade systems and triangular facades
capable of adjusting their angles to minimize drag forces
on structures using CFD techniques. This data can provide
important details for the design and placement of building
facades to optimize their efficiency in reducing drag forces
and creating more comfortable living environments for
inhabitants.
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