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Abstract: This study investigates how different velocity angles affect the aerodynamics of irregular shape structures, focusingon Y, L,
and + configurations. Its main goal is to evaluate how varying velocity angles influence the aerodynamic characteristics of these designs.
Additionally, it explores the impact of mesh finite element density on result accuracy. Computational Fluid Dynamics (CFD) is employed
to analyse the effects of 50 m/s wind speed on these buildings, providing a robust solver and extensive pre and post-processing capabilities
for a comprehensive study. Pre-processing involves geometry modeling, meshing, material specification, and boundary condition setup.
The k-¢ model and momentum, fluid energy, and continuity equations are utilised for response calculation. Post-processing includes the
examination of velocity profiles, path lines, pressure distributions, and forces. This research contributes to understanding how building
shape, wind angles, and mesh density influence fluid dynamics around structures, aiding in the development of more slender, efficient, and
resilient structures in the face of climate change.
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Nomenclature

Density G, Generation of turbulent kinetic energy
k  Turbulent Kinetic energy Y, Turbulent dissipation rate due to molecular viscosity
t Time Sr  Turbulent dissipation rate due to turbulence-transport processes

u; Velocity components in the i direction g,  Turbulent Prandtl number for turbulent kinetic energy

x;  Spatial coordinates in the i direction E;; Rate of strain tensor
. . . N ~  Generation of turbulent kinetic energy due to mean velocit
x;  Spatial coordinates in the y direction Gy . gy y
gradients
u;  Turbulent viscosity Y, Dissipation of turbulent kinetic energy due to turbulence
e Source/sink term for turbulent kinetic energy due to other
I,  Turbulent diffusivity of k Sk 9y

physical processes

1. Introduction is a comparable static wind load method. In addition to wind

. - . . and turbulence, it considers structural height [1].
Towering structures maximise land use while serving as

iconic symbols of a country's prosperity in an era of rapidly
increasing urbanisation. However, as buildings get taller, it
becomes increasingly challenging to keep stable against
external factors like wind pressure. The dynamic and ever-
changing nature of wind impacts posed a significant
problem for structural engineers. The Gust Factor Method is
a widely used technique for assessing various wind loads. It
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The behavior of wind is complex and flexible. Many types
of structures and barriers change flow conditions, which
influence the flow [2]. The wind around Earth is turbulent
due to eddies of various magnitudes and rotating patterns.
Earth-surface interactions, especially in the lower
atmosphere, cause powerful winds to gust. Wind speeds rise
over time, while gustiness diminishes with height [3]. For
these complexities, CFD is a viable alternative to wind
tunnel investigations. CFD wuses the Navier-Stokes
equations to solve fluid flow issues [4]. Due to advances in
computer technology, sophisticated simulations can now be
done efficiently, making CFD essential in wind engineering.
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It is used in nature ventilation research, building heat
transfer, pollutant dispersion, and pedestrian safety [5]. The
CFD software improved its transonic and turbulent flow
modelling. The study showed the accuracy of software in
atmospheric boundary layer dynamics [6].

Tall structures are designed to withstand winds via lateral
stiffness rather than sheer structural strength. However,
modern methods need an understanding of effect of wind on
non-uniform structures [7]. CFD analysis is necessary to
understand the impact of mesh precision and velocity angles
on the turbulent wind behaviour of irregular objects. Given
changing urban contexts and worldwide building height
constraints, understanding the complex influence of wind on
diverse building forms is essential to ensure the structural
stability and safety of these architectural wonders [8].
Dynamic facades and aerodynamic shape adjustment have
helped to overcome wind fluctuations. Studies show that
Acrtificial Intelligence (Al) agents and sophisticated
morphing technologies can reduce wind damage to civil
infrastructure. This new technology allows structures to
dynamically adjust in real time, optimising aerodynamic
configurations for efficiency and stability. Artificial
intelligence and other new technologies in civil engineering
helped create a flexible, strong, and sustainable
infrastructure that could bear wind and other dynamic
factors [9]. Visual analysis using fuzzy visibility findings to
detect tall structures placements is the recommended
strategy, taking practical and aesthetic factors into account.
Fuzzy logic, a mathematical tool for controlling uncertainty
and imprecision, is used to account for subjective
evaluations of visibility and attractiveness [10]. In 2018,
scalar dispersion in an array of uniformly raised buildings
with flow was compared to that in an array with a building.
It was observed that when the wind directly confronted the
highest side of the structure, it responded more to minute-
to-minute wind direction changes [11]. Thus, wind tunnel
model configuration must be carefully considered to obtain
a symmetrical flow field. It also suggested that significant
temporal averaging is needed for Large-Eddy Simulation
(LES) to converge to nearly symmetric mean fields.

Wind direction and speed are important aspects to take into
account while analysing the wind flow characteristics of tall
buildings. To lower the damping capacity, the strength and
design criteria were investigated in the research on the
impacts of wind loads on thin structures. The design load
and vibration were discovered as a result. It produced the
perfect blend of needs for flexibility, serviceability, and
durability [12]. Other approaches, such as gust factor and
wind tunnel techniques, are also used to calculate the shear
and deflection of tall buildings and to produce reliable
results. Although the dynamic-wind technique or gust factor
methodology described in IS 875-2015 [13] was considered
to offer a significant margin of safety, the wind tunnel
experiments produced more accurate findings that were

more by the real site circumstances. An investigation into
the impacts of various geometric plan configurations—
Square, Circular, Hexagon, and Octagon—on the force
coefficients of tall structures with equal plan areas was the
goal of an experimental project [14]. A three-dimensional
wind flow scenario surrounding a tall building was
generated using the CFD Code Fluent/Gambit in order to
assess the effects of wind. Then, a numerical computation
was performed to determine the pressure coefficients and
the wake zone around the structure. During the
investigation, the wind pressure coefficient was maximum
for tall structures with square plan shapes but reduced for
circular plan shapes. The octagonal plan form was shown to
be more successful than the hexagonal plan shape in
decreasing the wind pressure coefficient when tall buildings
have prominent windward sides. The aerodynamics of
different building forms were examined using wind tunnel
research to determine whether it would be possible to
capture wind energy produced by airflow over built regions
[15,16]. The study calculated surface pressure and flow
velocity by systematically examining high-rise buildings
with flat roofs, tilted roofs, low-rise roofs, and industrial
buildings with slanted roofs. Individual building shapes
were investigated from numerous flow angles. The
disruptive effects of building arrangements were also
explored. For each design, roof velocities were measured at
different building heights. Depending on structural design,
surface pressures on one or two rings and the roof were
evaluated at different heights. In addition to wind tunnel
testing, the study used CFD models to compare the two data
sets.

Wind tunnel testing was utilised to analyse cladding loads
for a high-rise building in the commercial sector of
Chongging Municipality. The structure was 295m tall.
External pressures on the structures were calculated using a
rigid model. The wind tunnel investigations provided vital
data on wind pressure distribution over building surfaces,
including interfering and independent situations. The
FLUENT Code was used for CFD analysis to validate and
improve wind tunnel results. The study used the Reliable k-
" turbulence model to simulate stable three-dimensional
turbulent flow. The accuracy and dependability of computer
models in duplicating wind pressures on high-rise building
surfaces were examined by comparing CFD findings to
wind tunnel tests. Wind tunnel testing was popular in tall
skyscraper development. However, computational fluid
dynamics analysis is being used to evaluate design early in
locations with minimum to moderate turbulence. Both CFD
analysis and wind tunnel testing give reliable assessments,
CFD analysis is more commonly used due to its efficiency
and affordability. In contrast to wind tunnel testing data,
CFD analysis provided direct and thorough reporting. It
excels at resolving unstable gusts and eddies, making it
useful for investigating highly turbulent winds [17]. The
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ability of CFD to avoid scaling and probing ensures data
integrity, which is a significant advantage. Apart from other
approaches, CFD analysis shows data with high resolution
and visual clarity and show flow patterns in a way that is
clear and appealing [18]. Designers were able to
communicate complex information by understanding the
aerodynamics of tall structures. CFD is a specialist science
that studies complex fluid-liquid-solid-gas interactions.
This field employed computational techniques to study fluid
flow dynamics, specifically solid-air interactions. The CFX
mode of ANSYS was used in CFD to calculate streamlines
and pressure coefficients. The CFD technique included
essential components to understand fluid dynamics. A
detailed formulation and a mathematical model were built
to accurately represent the system before solving the flow
problem. The fluid dynamics simulation environment was
created by establishing starting and boundary conditions. It
was very important to make a mesh, which is a discretised
model of the computing area. After laying the groundwork,
a simulation plan solved the governing equations using
numerical methods and algorithms. For the simulation to
work, input the essential files and settings. The simulation
was then run, and the results were carefully checked for
correctness and completeness [19]. The thorough analysis
ensured data correctness and conformity with fluid
dynamics.

2. Material Properties and Study Area

CFD is used to explore the aerodynamics of a non-
rectangular building in 50 m/s wind speed. The research
sought to understand the velocity, pressure, and forces of
these conditions. The study used Ansys Design and CFX
2022 R1. Simulations of fluid flow and building structures
using ANSYS CFX evaluated pressure distribution, velocity
profile, and wind force magnitude. In complex geometries,
ANSYS CFX was capable of analysing both incompressible
and compressible fluid flow as well as heat transmission.

2.1. Material Properties

The understanding of the interaction between air and
concrete relies on the characteristics of the materials
involved. The molar mass provided molecular weights and
structure information about a material. The ratio of mass to
volume, and density, affected aerodynamics and structural
stability, controlling how materials reacted to external
forces. The specific heat capacity of a material provided a
quantitative measure of its thermal response, which was
crucial for understanding thermal properties. Standard
temperature and pressure allow reliable analysis in many
scenarios. Thermal expansion demonstrated how
temperature affected the size of material, while specific
enthalpy assessed its energy. Building design, study, and
evaluation require structural integrity, thermal control, and
performance.

Table 1. Material properties of building

Material Properties | Details of Air Details of
Concrete

Molar Mass 28.96 kg/mol 1 kg/mol

Density 1.185 kg/m? 2300 kg/m?®

Specific Heat 1.0044 E+03 8.80E+02

Capacity J/kgK J/kgK

Ref. Temp. 25°C 25°C

Ref. Pressure 1 atm -

Ref. Specific 0J/kg 0J/kg

Enthalpy

Thermal Expansion | 0.003356 K™! -

Molar Mass 28.96 kg/mol 1 kg/mol

The material properties outlined in Table 1 play a vital role
in optimising structural design, thermal control, and
evaluating building performance. The molar mass, density,
specific heat capacity, thermal expansion, reference
temperature, pressure, and specific enthalpy were crucial
factors in understanding material behavior.

2.2. Basic Wind Speed

When constructing buildings and structures in compliance
with Indian Standard code 1S 875-2015, reference wind
speed, also referred to as basic wind speed is the essential
parameter to take into account [11, 13]. Statistics and
historical records were used to establish basic wind
velocities over 50 years. The annual likelihood of wind
speeds exceeding this is 2%. Every wind zone in India had
a baseline wind speed, from Zone | to Zone V. Zone V had
the highest wind speeds and Zone | had the lowest. The wind
speeds in Zone V reach a velocity of 60 m/s, whereas Zone
| averages 33 m/s. The study set the maximum wind speed
in Maharashtra at 50 m/s based on the criteria outlined in 1S
875-2015.

Bengaluru, Mysore
B0

S50

Ahmedabad, Kezhikede,

Darbhanga
8 ¥ ete,

Kolkata, Bhubaneshwar,

Kohima, Mumbai, etc.
ete.

Agra, Ajmer, etc,
Fig. 1. Basic Wind Speeds in Important Indian Cities as
per IS 875-2015 [13

Fig.1 shows the basic wind speeds of a number of important
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cities located in various zones of India. Local environmental
factors, climatic conditions, and geographic characteristics
are considered while determining fundamental wind speeds.
Strong winds frequently affected coastal communities,
resulting in high wind speeds in open regions and adjacent
water. Inland areas with flat or rising plateaus have milder
wind patterns. The findings highlighted the significance of
geometrical designs in guaranteeing building safety and
structural integrity in various urban situations.

3. Research Methodology

The study examined the generated contours and streamlines
to evaluate the fluid-structure interaction, which was
necessary to comply with the coding requirement, and then
confirmed the results [20]. The method analysed the
influence of wind on low-rise structures and streamlined
investigations by utilising traditional k- €, k-®, and SST k-
® models.

3.1. Standard k - £ model

The k-¢ model, a two-equation computational fluid
dynamics model, replicated flow features in streamlined
flow circumstances. A uniform wind streamline velocity of
50 m/s was employed. Unlike the SST k-o model, this
model had a less noticeable streamline. For optimal kinetic
energy efficiency,

a(pk) | alpkuy) _ 9

9 | K 9K
at dx;

] + 2pEijEij — pe )

axj Ok axj

The k-e model Eq. (1), has been extensively utilised as a
turbulence model since its early conception. It is simple and
computationally efficient, making it suitable for many
technical applications. The model solved two transport

equations: one for turbulent kinetic energy and another for
turbulent dissipation rate. The two-equation k-¢ CFD model
is being selected due to its capability to accurately replicate
streamlined flow features. This model solve turbulent
kinetic energy (k) and dissipation rate (¢) equations, making
it ideal for wall-restricted flows. The approach produced
vague results for complex turbulent flows, despite being
computationally efficient. It was frequently utilised because
to its simplicity and suitability for high Reynolds number
flow.

3.2. Standard k — ® model

The analysis of streamline flow conditions at low Reynolds
numbers utilised the two-equation model. The k-@ model
was found to provide the most accurate answer for open
channel flow concerns. For optimal Kinetic energy
efficiency,

3pk) | dpew) _ 3 [ ok

at ox;  ox; "a_xj+G"_Y"+S"

)
The k-o model Eq. (2), performed better than the k-¢ model
as it addressed the limitations of the latter. The k- model
eliminates the necessity to calculate for € when o (specific
turbulence dissipation rate) is explicitly taken into
consideration. This approach was more resilient and well-
suited for complex flow conditions, including split and
whirling flows. The k- model outperformed the k-& model
near walls and provided more accurate forecasts in specific
conditions. However, pressure gradients and changing flows
caused problems.

3.3. SST k — ®» model

In unfavorable pressure gradients, the Shear Stress
Transport (SST) approach improved flow separation
prediction. To
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Fig. 2. Solid Model Geometry (a) Y- Shape (b) L- shape (c) Plus Shape

maximise kinetic energy efficiency,

d(pk) | dpkuy) _ 9 | 0Ok ~
at ax; [F" ij] + G = e + Sk (3)

- oxj

The SST k-o turbulence model Eq. (3), combined the
advantages of the k-e and k- models, while also addressing
their limitations. The k-o model accurately described
boundary layer behaviour in the near-wall area, while the k-
¢ model often faced difficulties. In the outer flow zone, the
SST model switched to the k-¢ model for more precise
forecasts. The hybrid approach enhanced the dependability
and applicability of the SST k-® model in comparison to its
separate components. It balances precision and processing
economy, making it a popular general-purpose turbulence
model. The appropriateness of each turbulence model for
different flow conditions and its accuracy-computational
cost balance determined its usefulness. The selection of the
model is being dependent on the flow characteristics and
computing resources. The SST k- model has commonly
been used as a default choice for undetermined flow
characteristics. Researchers and engineers often opted for a

model that met the simulation criteria in cases that called for
specialised knowledge.

4. Numerical Model Development

In the field of computational fluid dynamics, a systematic
approach is employed to solve the governing equations with
a high level of precision and yield meaningful findings.
First, inside the specified area, integrated partial differential
equations expressing conservation principles, such as mass
or momentum, over control volumes. This technique
examined every control volume by using conservation laws.
Integral equations were transformed into algebraic
equations through the introduction of certain assumptions.
This change simplified calculations. Iterative solutions are
found for the nonlinear algebraic equations. The answer
approached precision, a prerequisite for convergence,
through iteration. A residual, or error, is generated with each
repeat, which is used to measure the correctness of the flow
characteristics. The layout, residual values, and dimensions
of the control volume determined the accuracy of the
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solution. Complex processes, such as combustion and
turbulence, are approximated using empirical connections.
The approximations used in these interactions resulted in a
discrepancy between the CFD solution and the flow
dynamics observed in the actual world. The iterative
solution technique frequently achieved its goals with little
to no human involvement, despite these obstacles.
Following computations, the solver generated a
comprehensive results file. A post-processor examined and
displayed the file to gain a better understanding of the
simulated fluid dynamics.

4.1. Geometric Modelling

Computational fluid dynamics approaches are currently
used in research to accurately assess wind velocities,
pressures, and forces exerted on tall buildings. The
dimensions of the tall buildings under examination are
displayed in Fig. 2 and 3. The buildings have Y-shaped, L-
shaped, and 'Plus shape' cross-sections. To validate the
model, a structure with a height of 250 m was used. The
specifications of IS 875-2015 [13] were met, which specify
the acceptable ranges of deflection for force, pressure, and
velocity for both regular and irregular cross-sectional
shapes. The Solid model showed a 250 m tall skyscraper
with Y-shaped, L-shaped, and "Plus-shaped" cross-sections,
as shown in Fig. 2 of the CAD design process. The CFD
design modeler used a fluid domain measuring 300 x 600 m,
which covered the whole structure. Within this domain,
there were three separate sets of buildings, each measuring
250 m in height, as illustrated in Fig. 3. The fluid dynamics
analysis takes into account wind directions at 0°, 90°, and
45°, All surfaces were composed of solid materials,
featuring a smooth landscape with a "fixed" extension type.
The CFD analysis is centered on the complicated geometry
represented in Fig. 3, which comprises both fluid and solid
components. The entrance of the fluid domain had
dimensions of 300 x 400 m and a length of 600 m,
highlighted the necessity for a thorough analysis of the
interaction between fluid dynamics and solid structures.

T T

Fig. 3. Fluid-solid combined geometry
4.2. Meshing

A complete modeling tool was created with the successful
development of the fluid-solid model, as shown in Fig. 4.

Mostly, the achievement of precise and priceless results was
through the use of computational fluid dynamics
simulations. This tool achieved this by creating meshes and
defining boundary conditions (BC). The tool enhanced the
setup process, making it more thoughtful and thorough by
highlighting the significance of boundary conditions. The
quality and usefulness of the results were directly affected
by using the right boundary conditions, making it an
important step in ensuring the accuracy of the models. The
numerous features of the simulation tool ensured that the
CFD simulations ran on the fluid-solid model with increased
accuracy and stability overall. The solid and fluid domains
had a uniform total body size of 10m. A face size of 2 mm
was employed to ensure accurate representation at the
interface between the fluid and solid, hence enhancing
precision through the formation of an expanding layer. The
mesh contains a linear order element. As a result, a total of
735,868 elements and 250,297 nodes were generated. Fig. 4
exhibits the compound mesh configuration, facilitating a
more thorough examination of the complex mesh structure.

4.3. Domains

Understanding air movement dynamics in a fluid region was
essential to know air input. An extensive study was
conducted to understand the behaviour, mobility, and
interaction of air molecules in a specific region. The
maintenance of a constant air temperature in the designated
zone was crucial in this study. The temperature was kept at
25°C, providing a controlled setting for the study. The air
pressure was set to 1 atmosphere, which allowed

b) L-Shape

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(4), 10651082 | 1070



Cut section I

View

Mesh at Cut Sacton View

c) Plus Shape

Fig. 4. Mesh Details (a) Y- Shape (b) L- shape (c) Plus
Shape

for the examination of how pressure influenced airflow.
This ensured that outcomes were universally applicable. It
was important to note that the study only covered a fixed,
non-floating prototype. The research was simplified by
focusing on fluid dynamics without movement or buoyancy.
This focused method helps to explore the fundamental
concepts that regulate air movement more thoroughly,
improving understanding and forecasts. The size of the
computer area plays a crucial role in determining the
accuracy and usefulness of the results. Frank et al. [21] and
Revuz et al. [22] provided useful statistics and a methodical
approach to the investigation. Fig. 5 and Fig. 6 demonstrated
the crucial role of domain identification in this particular
case. Fig. 6 depicts a solid concrete construction. The
continuous, static structure accurately resembled the solid
area, much like a researcher would have observed in fluid
dynamics.

4.4. Inlet

It is essential to pay great attention to the particulars of the
inlet boundary conditions when analysing airflow.
According to the information provided in Fig. 7, a
predetermined normal speed of 50 m/sec is applied at the
air-fluid inlet. In this particular instance, the study is carried
out in the subsonic flow regime, more precisely with the
Mass Momentum option. The behavior of the airflow at its
typical speed is accurately characterised by this choice. For
the purpose of realistically simulating the effects of
turbulence inside the fluid domain, a turbulence option with
a medium intensity of 5% has been included. Intake
circumstances that are precise and properly described are
necessary for it.

Fig. 5. Fluid Domain Fig. 6. Solid Domain

a) 0°Y-shape

b) 90° Y- shape

c) 45°Y-shape
Fig. 7. Inlet boundary condition
4.5. Outlet

The configuration of the air inflow investigation output is
displayed in Fig. 8. The Mass Momentum option was
utilised to determine the average static pressure. The
pressure profile blend was 0.05, and the relative pressure
was zero Pascal. Pressure-averaging was applied equally
across the outflow to accurately analyse the subsonic air
behaviour and qualities as it departed the location. The
airflow dynamics analysis was made possible by utilising
the Mass Momentum option and incorporating pressure
averaging in the output configuration of Fig. 8. An
understanding of the aerodynamic usefulness of the system
was enhanced.

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(4), 1065-1082 | 1071



Fig. 8. Outlet boundary conditions

4.6. Solver Setting

Pressure was maintained at zero pascal to establish a
reference point for atmospheric pressure, ensuring
consistency in pressure measurement. A pressure profile
blend of 0.05 allowed small pressure distribution changes to
be fitted to unique simulation conditions or needs. The
metrics provided a detailed assessment of air quality and
behaviour after leaving the location, as well as airflow
patterns and aerodynamic system performance. Fig. 9
provided a complete overview of the Solver Setting, while
Fig. 10 illustrated the convergence test results for
momentum and turbulence, showcasing their progression
over time. Turbulence differed from momentum in that it
described the disorderly motion of fluid particles within the
flow, whereas momentum referred to linear velocity. The
convergence patterns revealed system stability and
efficiency. The data was plotted to reveal the interaction
between momentum and turbulence over time.

Details of Solver Controlin Flow Analysis 1

Basic Settings Egquation Class Settings Advanced Options

Advection Scheme

Option |High Resolution hd
Turbulence Numerics
Option |High Resolution -
Convergence Control
Min. Iterations |1
Max. Tterations |100
Fluid Timescale Control
Timescale Control |Aum Timescale = |
Length Scale Option |Conservat|ve - |
Timescale Factor |1.0 |

[[] Maximum Timescale

Solid Timescale Control

Solid Timescale | Auto Timescale = |

[ solid Timescale Factor

Convergence Criteria

Residual Type | RMS -

Residual Target | 1.E-4

Fig. 9. Details of Solver Setting

a) Number of iterations-100

b) Number of iterations-200
Fig. 10. Momentum, Turbulence Convergence graph

This study investigated the impact of increasing the number
of iterations in a computer simulation. The study
emphasized factors such as maximum velocity and solution
time. Despite doubling the number of repetitions from 100
to 200, the output velocity (Fig. 11) remained unchanged.
However, the change was quite minimal, at a mere 0.2%. It
was noteworthy to see that when the number of iterations
was doubled, the computation time increased by 108%.
However, it was seen that the shape of the velocity curve
and its size followed the same pattern over 100 to 200 times.
Based on the findings presented in Table 2. After careful
analysis, it was concluded that conducting 100 iterations
was sufficient for obtaining a stable answer without
compromising accuracy.
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Table 2. Iteration Precision and Efficiency

Parameters Initial | Final | %

Value | Value | Change
No. of iterations 1000 ) 2000 100%

0 0
Max Velocity (m/s) 70.00 | 70.12 | 0.2%
Solution Time

0,

(Minutes) 39.00 | 81.00 | 108%

5. Results and Discussions

The simulation measured several important factors for a
complete study. The data included velocity streamline,
pressure contours, velocity contours, and the applied pivot
force at different building heights. The simulation displayed
height-dependent forces and pressures, unveiling fluid
dynamics and structural interactions through meticulous
variable assessment. A variety of methods were used to
accurately evaluate the performance of the system and gave
insights for improving design and structural integrity in
varied conditions, making the research more important. The
main topic of this study was the examination of the
structural performance of structures with Y, L, and + shapes
under various wind speeds. The understanding of the fluid
dynamics and aerodynamics of each configuration was
crucial to ensuring stability and maximising design
efficiency, as each configuration presented its own set of
challenges. Y, L, and + structure structural dynamics and
aerodynamics were thoroughly examined. After that, the
investigation examined how velocity angles affect different
structures. The study investigated the impact of wind
directions on Y-shaped buildings at 0°, 90°, and 45°. It also
examined the aerodynamics and structural stability of L-
shaped buildings and '+' shapes at wind angles of 0°, 90°,
and 45°.

The study also explored how mesh density affected finite
element simulation accuracy. Coarse and fine meshes were
compared to determine the optimal mesh resolution for
fluid-structure interaction.  Strong  buildings  were
constructed by those who understood the effects of wind. An
extensive research was conducted to examine building
layout and wind forces in order to enhance structural
construction and durability. A total of eight samples were
utilised to investigate real-time reactions to various mesh,
wind orientations, and building designs.

Velocity
Contour 1
70.00
63.00 |
56.00
49.00 1
42.00
35.00
28.00
21.00
14.00
7.00 |
0.00
[m s*-1]
a) No of iteration-100
Velocity
Contour 1
70.12
63.11
56.10
49.08
42.07
35.06
28.05
21.04
14.02
7.01
0.00
[ms*1]

b) No of iteration-200
Fig. 11. Velocity path lines
5.1. The velocity Streamline

In this analysis, the wind was treated as a fluid, and
streamlines were employed as mathematical tools to
visually describe the speed of particle movement within the
fluid. Streamlines are commonly utilised to examine both
vertical and horizontal characteristics. The potential
trajectories for particles suspended in the fluid are
illustrated. Fig. 12 provides a top-down view of the
building, illustrating the airflow patterns and velocity over
the structure. This Fig. 12 also illustrates the speed
distribution in a streamlined flow, provides insight into the
direction of fluid particles in the area. The primary focus of
the study was on buildings that exhibited non-uniform
shapes. The purpose of this analysis was to assess the impact
of wind direction at 0°, 90°, and 45° angles on Y-shaped
structures in the first phase, L-shaped structures in the
second phase, and '+' shaped structures in the third phase,
with a specific focus on wind angles of 0° and 45°. Table 3
displays the highest velocities observed for the three types
of building geometries and the proposed. Table 3 displayed
the maximum velocities recorded for three different
building designs when they were exposed to different wind
directions. While observing Y-shaped buildings, the
maximum velocity of 87.88 m/s was observed at an angle of
0 degrees. At an angle of 90 degrees, the speed experienced
a notable decrease to 80.04 m/s. However, when the angle
was set to 45 degrees, the speed remained relatively
unchanged at 80.35 m/s. The velocity of L-shaped buildings
reached its peak at 79.94 m/s when it was at an angle of 0
degrees. The velocity decreased to 77.89 m/s at a 90-degree
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angle and then increased again to 80.04 m/s at a 45-degree
angle. The building, shaped like a "+", reached its slowest
speed of 85.04 m/s when it was at an angle of 0 degrees. It,
then, accelerated to its highest velocity of 97.61 m/s when it
reached an angle of 45 degrees. Every design has its distinct
profile that interacts with the wind, leading to variations in
aerodynamic performance. When the wind perfectly aligns
with the central axis of Y-shaped structures, it led to higher
speeds. However, any deviations from this alignment led to
a decrease in airflow speed. Similarly, L-shaped structures
experienced the highest velocities when the wind lined up
with the longest side. The study clearly demonstrated the
range of maximum velocities experienced by Y-shaped and
L-shaped buildings when exposed to different wind angles.
It was clear that these shapes were very sensitive to certain
wind directions. It was observed that the building with a "'+"
shape gained speed when confronted with a 45-degree wind
angle. It was clear that studying and improving aerodynamic
performance while taking into account the shapes of the
buildings and the direction of the wind was crucial.

5.2. Velocity contours at different heights

The data presented in Table 4 contained valuable
information regarding the velocity characteristics at two
distinct heights, specifically 200 m and 100 m. The data

provided valuable insights into the extent of increased speed
and the duration of speed fluctuations with respect to
altitude. At an elevation of 200 m, there was a noticeable
increase in the velocity magnitude when compared to the
lower height of 100 m. This behaviour aligned with
estimated outcomes, as elevated velocities at greater
elevations were frequently linked to less surface friction and
more exposure to unobstructed air currents. The visual data
presented in Fig. 13 to 15 provided evidence that supported
those results, demonstrating the patterns of velocity around
tall buildings at heights of 100 m and 200 m. The velocity
contours plotted at a height of 100 m in Fig. 13, 14, and 15
were instrumental in enhancing the understanding of the
airflow around tall buildings. Fig. 13, 14, and 15 displays
the contours of wind velocity at a distance of 200 m.
observing increasing wind speeds around buildings was
followed by a drop. The difference showed how buildings
affected wind patterns, creating wind zones and velocity
fluctuations. To understand urban wind behavior, it is
important to note that wind speed tends to increase as
altitude increases. Table 4 presents further evidence of the
above-mentioned results, showcasing the maximum
velocities for various types of buildings and impact angles
at heights of 100 and 200 m. Upon examining

Table 3. Observed Maximum Velocity

Shape Y-shaped L-shaped “+’ shaped
Angle (degrees)| 0 |45 |0 90 45 0 45
Max. Velocity 80.0 | 80.3 | 79.9 85.0 | 97.6
(mls) 87.88 4 5 4 77.89| 80.04 4 1
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Fig. 12. Velocity path lines

how incidence angles varied across various building forms,
the Y-shaped structure was found to have smoothly adjusted
to shifts in wind direction, ensuring consistent wind speeds.
On the other hand, the speeds of L-shaped and '+' shaped
buildings exhibited more variation when viewed from
different angles.

5.3. Pressure Contours of Building

From Fig. 16, it was observed that the wind moved at a
speed of 50 m/s around the building. This observation was
closely linked to the data shown in Table 5. This table
documents the highest positive and negative pressures
experienced by different building forms at different
incidence angles. Significant patterns in pressure
distribution were evident, indicating the notable impact of
both the geometry of the structure and the angle at which the
incident occurred. Table 5 illustrates the points at which
airflow detaches from the building surface due to negative
pressures. These phenomena arise from these events. The
pressure fluctuations were caused by the distinctive
structure and airflow patterns of the building. The study
examined building forms and incidence angles to gain a full
understanding of design and pressure distribution, and how
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they affect pressure patterns. With meticulous research, the
study carefully recorded the highest positive and negative
pressures encountered by different types of buildings at
different angles of incidence, revealing significant patterns
in pressure distribution. The patterns revealed how the shape
of the structure affects pressure changes and building
stability. The study also examined the impact of pressures
on the structural stability and functionality in turbulent
airflow. Through meticulous analysis of pressure profiles, a
deeper understanding of the intricate relationship between
the angle of incidence and pressure distribution has been
uncovered. Understanding this complex process is
facilitated by the discovery of both the highest positive and
lowest negative pressures. The findings had a significant
impact on building design and construction, enabling them
to better withstand turbulent wind.

An investigation was conducted on pressure profiles in
various building geometries and angles of incidence. The
study finally highlighted the importance of understanding
the impact of eddies, vortex shedding, and wake creation on
airflow. This work aimed to enhance the considerate of
design principles and structural
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Table 4. Velocities Contours

Shape Y-shaped L-shaped “+’ shaped
Incident Angle (degrees) | O 9 |45 |0 90 45 0 45
Velocity inm/sat 100m | 70.00| 78.6 | 70.9 | 75.6 | 76.14| 72.33| 82.1 | 84.1
height 8 0 1 6 8
Velocity inm/sat200m | 71.80| 77.3 | 73.3 | 74.8 | 75.20| 74.69| 81.0 | 85.6
height 4 5 2 1 5
Table 5. Pressure Profile Observed
Shapes Y-shaped L-shaped “+’ shaped
Incident Angle (degree) | 0 90 45 0 90 45 0 45
Max. Pressure (Pa) 2272.21 | 2339.48 | 2230.95 | 2289.56 | 2395.82 | 2018.31 | 2471.07 | 2967.97
Min. Pressure (Pa) -5286.92 | -4106.35 | -4116.46 | -3766.52 | -2155.82 | -5376.42 | -4278.14 | -6973.58
Table 6. Maximum Force Observed
Shapes Y-shaped L-shaped ‘+’ shaped
Incident Angle 0 90 45 0 90 45 0 45
(degree)
Force (N) 351E+07 | 405E+07 | o0 3956407 | 411407 | 208 4.34E+07 | 6.93E+07
E+07 E+07

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(4), 10651082 | 1077



Pressure

Pressure
Contour 3 P
27 21 °°m§;g3 56 Contour 3
1516.29 ' 2471.07
760.38 1083.95 1796.15
447 1078.34 12123
~751.44 47274 446.31
-1507.36 -132.87
226327 -738.48 -228.61
-3019.18 1344.09 -903.53
-3775.10 1949.69 -1578.45
-4531.01 2585.30 -2253.37
Pa -3160.91 -2928.30
-3766.52 -3603.22
[Pal -4278.14
[Pa]
o
(@) 0° Y- shape (b) 90° L- shape (c) 45° Plus- shape
Pressure Pressure
Contour 3 Contour 3
2339.48 2395.82
1694.89 1940.65
1080.31 148549
405.73
1030.33
-238.86
88344 575.16
-1528.02 120.00
-2172.61 -335.16
-2817.19 -790.33
-3461.77 -1245.49
-4106.35
[Pa] -1700.65
-2155.82
[Pa]
(d) 0° Plus- shape (e) 90° L- shape
Pressure Pressure Pressure
Contour 3 Contour 3 Contour 3
223095 2018.31 2967.97
1596.21 1278.83 1973.81
96147 539.38 679.66
2673 -200.11 1450
-308.01 '?23:26 -1008.65
94275 RS -2002.81
-2418.53 -2096.96
-1577.49 -3158.00 3991‘12
2212.23 389747 4935‘27
-2846.97 -4636.94 ‘
-3481.71 _5376.42 _Zzz ::
4116.46 (Pal Pa
[Pa]
(f) 0° Y- shape (9) 90° L- shape (h) 45° Plus- shape

Fig. 16. Pressure profile at building

International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(4), 1065-1082 | 1078



Velocit
suemme 1

HETSB

Velocity
Streamiing 1

60.06 }' s =

I S

2028 |

| | i
I

= l 040 | /
‘ - | s
e e Lo |

| | F
i
|

I -
4017 | =
| S

H 79.94 s

Velocity
Strearmine 1
8504

63.86 " I s ‘
= | sz68
2150

/ 0.32
1| tmsnen

(@) (b) (©
Velocity = Velocity
Streamiine 1 I b Streamiine 1 .
80.04 § 77.89 . L
. = S}
—~ e ==
= === = '
04T == s 47 ==
= = | T i
e |
40.1 |
3905 | ; |
|
20.26 \ \ E
| 19.62
033 | - ‘ ‘ |
msh] | e = |
1 0.20 | \ -
: ; [m s™-1] e ! e
(d) @
T~
i i Velocit Velocit
gle;le%c#h,;‘e 1 - Sirearmine 1 i Streamine 1 e
80.35 o i 80.04 e 97.61 /
60.33 60.18 > e ‘ 7327 - = ]
R = = [ |
= i I 40.31 : 48.93 | - |
4032 | J : | .
| o |
| 20.44 | 1 J
. 24.50
2030 | ’ | | ‘ . l
‘ 1‘ =3 fl | | L |
[ 057 0.25 T
= 59\:21? & J [mst1] = { 3| {m saon) =

(f)

(¢))

(h)

Fig. 17. Force acting on the building

stability in turbulent airflow conditions through the study of
pressure patterns. A safe option when finalizing your figures
is to strip out the fonts before you save the files, creating
“outline” type. This converts fonts to artwork what will
appear uniformly on any screen.

5.4. Force acting on the building

The findings of the study clarify how wind speed and impact
angles affect buildings, as seen in Fig. 17. Table 6 accurately
shows the maximum forces for Y -shaped, L-shaped, and '+'-
shaped buildings at impact angles of 0, 90, and 45 degrees.
The Y-shaped structure experienced a peak force of
4.05E+07 N when it was subjected to perpendicular wind,
while the L-shaped structure produces a force of 4.11E+07
N. Whereas, the plus-shaped structure experiences the
maximum force of 6.93E+07 N, from 45-degree wind. This

study demonstrated that structural configuration and wind
angle have a significant impact on wind forces. The Y and
'+' shaped structures experienced significant force
fluctuations due to the changes in wind direction and wind
impact angles. Wind direction has the potential to impact
these structures. The force applied to the L-shaped structure
experienced a significant increase of 4.05% when the
incidence angle was set at 90 degrees. The research
advanced knowledge by improving the understanding of the
complex interaction between wind, structural geometry, and
stress.

in

5.5. Accuracy and Efficiency Computational

Simulations

A "mesh sensitivity study" examines how mesh resolution
affects modeling results. Accuracy and efficiency are used
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to evaluate effect of mesh reinforcement on simulation
results. During the process of changing a mesh with
moderate density to a finer density, changes in velocity were
noted in the initial stage. The normal procedure involved
modifying the number of mesh nodes and mesh elements to
examine their impact on simulation results, such as
maximum velocity and processing time.

Fig.18. Moderate Mesh
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= Display
Display Style Use Geametry Setting
= Detaults

Fig.19. Moderate Mesh

Velocity
Contour 2

71.08

63.97
56.86
49.76
42.65

35.54
28.43
21.32
14.22
7.1

0.00
[m s*-1]

Fig. 20. Velocity path lines

Table 7. Mesh Sensitivity result summary

%
Parameters Moderate | Fine Chang

e
Mesh Node Count | 247543.00 | 440143.00 | 78%
Mesh Element 1120096.0 | 2177866.0

94%
Count 0 0
Max Velocity 70.00 71.08 1.5%
(m/s)
Solution Time 39.00 104.00 167%
(Min)

The summary Table 7 presented the results of a complete
mesh sensitivity analysis, investigating the impact of mesh
refinement on various param described in Fig. 18, Fig. 19
and Fig. 20. The transition from a moderate to a fine mesh
had a significant impact on important param. There was a
noticeable rise in the quantity of mesh nodes, going from
247,543 to 440,143, showcasing a percentage change of
78%. Similarly, there was a significant change in the
quantity of mesh elements, as it rose from 1,120,096 to
2,177,866, indicating a 94% increase. The simulation had a
minimal impact on the velocity. It increased by only 1.5%
from 70.00 to 71.08 m/s. However, the time required to find
a solution had a significant impact, rising from 39.00 to
104.00 minutes, indicating a considerable increase of
167%.The findings of this study highlighted the complex
correlation between mesh refinement and computational
output. The accuracy was improved by the finer meshes, but
due to the significant increase in solution time,
computational resources had to be carefully considered.
This highlighted the importance of finding a balance
between mesh refinement and simulation efficiency in real-
world applications. Based on the above study, the chosen
mesh proved to be sufficient for obtaining a clear illustration
of the result.

5.6. Turbulence Model Selection and Considerations

When it comes to computational fluid dynamics
simulations, the choice of turbulence model is of utmost
importance as it has a direct impact on the accuracy of
predictions and the computational expenses involved. The
three patterns that were examined had advantages and
disadvantages. The k- model was highly regarded for its
simplicity and effectiveness, making it a popular choice for
well-defined wall bounded flows with high Reynolds
numbers.

However, this approach could have been ineffective in
complex vortex or fragmented fluid dynamics scenarios. In
complex fluid dynamics, such as split and whirling flows,
the standard k- model outperformed the standard k-e
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model. The device demonstrated excellent performance
close to obstacles and exhibited enhanced precision. The
system encountered difficulties due to inadequate pressure
gradients and unforeseen flow patterns. The SST k-® model
surpasses both the k-o and k- Models in terms of
effectiveness. The k-model accurately predicted the
behavior of the boundary layer near barriers in the outer
flow zone in this model. The technique is valuable in
numerous scenarios because of its diversity, durability,
accuracy, and cost-effectiveness. This method is highly
effective for conducting generic turbulence simulations
when the flow variables are not known. When selecting a
turbulence model, it is crucial to take into account the
simulated flow situation and processing capabilities. An
objective assessment was conducted by considering the
advantages and disadvantages of computation cost and
accuracy, as carried out by experts and engineers. The
performance of the SST k-w model showed consistent
improvement across different settings. However, on certain
occasions, an alternative framework was required to
accomplish goals.

6. Conclusion

An extensive analysis was conducted on the complex
connection between the orientation of the geometry of a
building and the impact of aerodynamic forces. This study
investigated the maximum velocities, pressure distributions,
and force production of different geometric shapes to reveal
the aerodynamics of architectural structures. This paper
explored a concise overview of the key findings of the study
and its potential impact on structural design.

1. The alignment of the shape had a notable effect on both
the maximum velocity and pressure. The maximum
observed velocity was influenced by the location and shape
of the building. At a temperature of 25 degrees, Y-shaped
formations achieved a velocity of 87.88 m per second. The
shape orientation had an impact on the distribution of
pressure. A Y-shaped structure was built, resulting in a 0°
angle that generated the highest peak pressure of 2272.21
Pa. It has been demonstrated that the orientation of a
building in relation to the direction of the wind has a
significant impact on aerodynamic forces.

2. Different shape provided dissimilar pressure profiles.
Pressure measurements varied widely among structures,
highlighting the role of shape geometry in aerodynamic
forces. The pressure fluctuations ranged from -6973.58 Pa
for the "+" configuration at 45 degrees to -2155.82 Pa for
the "L" configuration at 90 degrees.

3. Irregularity in building shapes resulted in variations in the
intensity of wind force applied. More complex designs, like
the "plus" shape at a 45 degree angle, produced higher
magnitudes of force (6.93E+07 N) compared to simpler
shapes such as the Y shape at a 45 degree angle (2.68E+07

N). It was suggested that the complex geometric features of
architectural structures had a substantial influence on the
magnitude of aerodynamic forces experienced at high
speeds.

4. The study has identified clear aerodynamic
characteristics in geometries that were classified as Y, L,
and +. The Y-shaped configuration at O degrees
demonstrated the most efficient speed, while the "+" shape
at 45 degrees exhibited the highest level of force. These
observations highlighted the importance of fully
understanding the variations in aerodynamic efficiency
among different shape classifications to create more durable
building designs.

5. Shapes with irregular geometries designs, like the + shape
and a 45 degree wind angle, exhibited a higher velocity. The
irregular structure showcased a noteworthy wind velocity of
97.61 m/s. The alignment of a shape in relation to the wind
direction was of great importance. Shapes aligned with the
direction of the wind and had a wind angle of 0 degree,
which resulted in higher pressure. In this particular case, the
pressure was recorded as 2272.21 Pa. Shapes that were
aligned at a right angle to the wind (L: Shape-90 degree
wind angle) experienced a reduction in pressure of -2155.82
Pa. An extra force of 6.93E+07 N was generated as a result
of the discovery of irregular structures, especially those with
a 45 degree shape. The degree of irregularity in the shape
had a direct effect on the strength of the wind force. Y:
Shape, at 0 degree wind angle, was the fastest, but it had less
force than +: Shape, at 45 degree wind angle. There was a
deeper connection between shape, orientation, and force that
went beyond mere speed. Asymmetrical shape geometry led
to varying levels of positive and negative pressure.
Understanding the properties of each shape was crucial for
analysing their impact on pressure and force.

The findings emphasized the importance of considering not
only the magnitude of the forces but also their distribution
across different building shapes. When designing buildings
in regions that were prone to high wind velocities, engineers
and architects had to take into consideration the orientation
of the structures as well as the complexity of the structures.
This was done to minimise any potential structural
weaknesses that have been present.
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