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Abstract: - Buildings, cooling towers, chimneys, and other tall, thin structures are more vulnerable to wind
loads. Wind loads can be increased or decreased by additional structures surrounding these. The
interference effect refers to the influence on the primary structure caused by the presence of other
structures. The phenomena of interference have acquired importance because of the damage or collapse of
structures caused by it. Various experiments and limited computer simulations have studied interference
effects on diverse structures. Computational fluid dynamics (CFD) is a better alternative to wind tunnel tests
in determining wind loads owing to interference effects on structures. This research considers three
structures, two similar structures and one irregular structure such as T-shape with varied wind angles and
interfering distances. This study examines various forces and velocity vectors of wind interferences on the
structures. Furthermore, using Ansys, a comparative analysis is carried out between Wind Tunnel Test and
Computational Fluid Dynamics.
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numerical analysis (CFD) and wind tunnel testing.Wind
load determination and mitigation. Unsteady vortex
shedding can cause fluctuating crosswinds on slender
high-rises. If these oscillations match the structure's
inherent frequency, the motion might be amplified,

1. Introduction

The wind is a significant design factor for civil

engineers, architects, and urban planners. Wind risk is
significant for high-rise constructions. Coastal cities and
other places with significant wind speeds require wind
engineering analyses even for smaller urban structures
owing to complicated interactions. In most construction
projects, these assessments analyze wind loads and
pedestrian wind comfort. They can foresee potential
harmful impacts and assist enhance designs to mitigate
them. ldentifying structural and facade loads. This
utilizes steady-state modeling to identify high or low
peak pressure zones with increased wind forces. For
modest building designs, basic coding technique is
frequently sufficient for determining pressure loads.
Complex geometries and congested urban areas require
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causing damage or collapse. Standard wind engineering
studies involve wind tunnel testing, but an optimum
design approach incorporates numerical analysis with
CFD as an iterative design supplement. Once an
improved building model is developed using CFD
modeling, wind tunnel testing begins with many hazards
minimized. The CFD tool saves time and money.

CFD models a virtual wind tunnel to quickly
analyze pressure and wind loads. Simulation gives 3D
contouring and quantitative wind pressure, forces, and
speeds. Complex recirculating flow and vortex areas can
be enhanced. Advanced boundary layer profiles and
mean and peak wind conditions may be predicted. In this
new age, buildings are rising higher to conserve space
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and become intricate cultural symbols. Architects and
engineers developing complex projects must use novel
wind modeling techniques. High-fidelity engineering
simulation, and CFD in particular, may help evaluate and
optimize designs early in the development process to
supplement wind tunnel testing to ensure structural
safety and sustainability. Using wind tunnel tests and
computational fluid dynamics, the study's goal is to
compare the impacts of wind interference on many
structures (Ansys).

2. Background

A second structure interrupts the wind around
the first. The interfering impact alters the wind stresses
on the main structure by disrupting the flow. Wind
tunnel experiments [1-3] and CFD [4-6] are used to
study wind load implications. The model is utilized in
ANSYS Fluent as a CFD tool to simulate airflow around
the structure in this inquiry. Simulations study
interference between two similar buildings, chimneys
and wind turbines. These factors are examined using
pressure-efficient studies on the major structure at
various wind directions and interference distances for the
same terrain type. The wind angle, form and orientation
of the structure, the distance between structures, terrain
type, and other factors determine the risk of interference.
This research has sought to characterize the interference
phenomena between various structures, which can assist
the efficient design of structures to resist wind load
fluctuations produced by interference. This chapter
includes a literature overview of wind tunnel
experiments and CDF testing for irregular and tall
buildings.

Thordal, Bennetsen, & Koss (2019) [1] describe
how CFD simulations can determine wind loads on high-
rise structures. Key atmospheric boundary layer
parameters are reviewed to see if a numerical simulation
generates enough upstream wind flow. Inflow boundary
conditions may be constructed using four major
strategies. The newest potential methods are evaluated
for flaws and strengths. Comparing numerical and
experimental CAARC building outcomes. Shinde &
Shingade (2018) [2] researched turbulence modeling and
numerical methodologies employing Reynolds-averaged
Navier Stokes and Large Eddy Simulation (LES)
equations applied to a square prismatic prototype
structure was examined in this work.

These numerical algorithms reveal important
aerodynamics and improve flow visualization in a virtual
environment when coupled with realistic atmospheric
boundary layer flow simulation. Hu, Cheng, & Qian
(2018) [3] discuss how fast urbanization and expanding
construction needs in China have led to growing
residential building density and pedestrian discomfort in
residential wind environments. To evaluate the link
between residential building density and wind
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environment, simulated instances of residential structures
with varied densities were provided. Computer
numerical modeling was used to determine the wind
environment of residential areas with varied building
densities. Yu, Xie, Zhu, & Gu, (2015) [4] Wind pressure
distributions between tandem, oblique, and parallel
structures were studied using synchronous pressure
measurements. Due to its longer duration, the wind is a
more effective lateral load on tall buildings than an
earthquake. Sharma & Parekar's (2019) [5] literature
suggests analyzing a 200-meter building's wind loads.
Due to expensive modeling costs and a lack of
appropriate wind tunnels, only a few tall structures are
analyzed in wind tunnels. Thordal, Bennetsen, & Kaoss,
(2019) [1] Five different attack angles are studied in
experimental and digital wind tunnels to determine how
much wind the CAARC structure can withstand.

The Large Eddy Simulation is employed with a
precursor database model in Digital Wind Tunnel
simulations. The average, fluctuation, minimum, and
maximum facade loads are very well matched between
the Experimental and Digital Wind Tunnels. Bennetsen,
Thordal, & Capra, (2020) [6] Using CFD models, wind
tunnel studies may be replicated and post-processed
similarly. Both high-rises had mean surface pressures
that were in line with the tests. The surface pressure
coefficients at their lowest and highest points were in
good agreement.

Karrar., Shyama, & Jassim (2020) [7] studied
tall building wind load. Three-dimensional commercial
programs were used for CFD modeling. ANSYS Fluent
19.0. Using finite volume to forecast tall building wind
load using boundary conditions. The software
investigated wind turbulence using LES and k-. The
current numerical techniqgue was confirmed by
comparing drag and left coefficients with wind tunnel
experiments. Verma, Roy, Lather, & Sood's (2015) [8]
study's structures are octagonal.

Mean area-weighted average wind pressures on building
models are measured to explore the influence of 0o, 150,
and 300 wind incidence angles on wind pressure
distribution. Fouad, Mahmoud, & Nasr, (2018) [9] The
building's structural design incorporates the computation
of wind loads. Codes for listed structures were derived
from wind tunnel experiments but did not include all
planned constructions. Experimental data is expensive
and not always available; thus, designers must design
wind parameters. Xing & Qian, (2018) [10] At Reynolds
number 3900, one circular cylinder was simulated, and
three circular cylinders were arranged in equilateral-
triangular configurations. The numerical findings
matched wind tunnel tests, proving the model's
practicality. Two-dimensional models of three circular
cylinders were used to simulate flow around the three

high-rise  structures in an equilateral-triangular
arrangement.
Throughout history, humans have been

fascinated by tall towers and buildings created for
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protection and religious purposes. Modern tall building
development started in the late 19th century for
commercial and residential use. To be as near as possible
to one another and the city center, companies are
increasingly erecting tall commercial buildings, putting
further strain on available land. High-rise commercial
buildings in major cities are commonly seen as symbols
of corporate power. Businesses and tourists have
increased the demand for high-rise city center hotels.
Rapid urbanization and a lack of available space have
influenced cities' development. Due to rising land prices,
the desire to keep urban sprawl to a minimum, and the
need to keep workers productive, residential construction
has increased. The research is about reducing the design
by adopting CFD analysis compared to Wind Tunnel
Testing.

3. Research Methodology

Combining mesh- and micro-scale models, this
study used a geometric model. It's a micro-scale model in
geometry, yet it spans a community site and a weather
station many kilometers away. In contrast to a micro-
scale model, this domain is much larger. Three structures
made up the full-scale model. A full-scale model is
larger than a microscale model. An overview of CFD use
in modeling outdoor settings, "Best practice guideline for
the CFD simulation of flows in the urban environment,"
and "Guidelines for practical applications of CFD to
pedestrian wind environment around buildings" guided
our study. ANSYS Fluent, a commercial CFD package,
was utilized. CFX/ANSYS, PHOENICS, SIMSCALE,
SIMFLOW, and STAR-CD can be used for research.
This study employed FLUENT/ANSYS 19.0, a
commonly used CFD code in industry and academics.
The graphical interface is comparable to the commercial
product mentioned above in design and functionality.
Review ANSYS fundamentals before utilizing
FLUENT/ANSYS. This chapter explains problem
preparation, solution, and post-processing.

Flow chart of CFD geometry and meshes. After
installing mesh-making software, the geometry is
imported from CAD. The user generates the right mesh
based on the geometry specifications. Ideally, a CFD
solver should output the mesh. Mesh diagram: here.
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Open/Create Project
Create/Import Geometry

Geometry Manipulation/Clean up

Create Mesh Set Parts -
Auto Sizing BlO;lxmg.
Default Method/Type (Quad/Hexa)

Set Mesh Sizes,
Methods, and Types

I View/Edit Pre-Mesh

Shell Mesh Auto Volume Mesh €——

View/Edit Mesh €—————

Solver Setup —

Output to Solver

Figure 1: CFD Geometry and Meshing steps

3.1 Problem description

Tables demonstrate the dimensions of the building and
the domain that need to be addressed for the problem of
wind flow around an isolated building.

Table 1: Building Dimension

Width of Building | 30 m
Depth of Building 30m
Height of building | 85 m

Table 2: Domain Dimension

Width of Domain | 880 m
Depth of Domain | 1730 m
Height of Domain | 510 m
A Designing an ANSYS Workbench FLUENT Fluid
Flow Analysis System
B. Pre-Processing
a. Geometry
b. Meshing
C. Model set-up
C. Processor
a. Solver
D. Post Processing
a. Results

Begin by opening the ANSYS Workbench, creating a
new fluid analysis, and then browsing through the list of
files that ANSYS Workbench has produced. An
overview of the ANSYS Workbench window may be
seen in the figure below:

By opening the Windows Start menu, pick ANSYS 2019
Programs, then click ANSYS 2019 Workbench.
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Start — All programs — ANSYS 2019 — Workbench

Create a new FLUENT fluid analysis system by double-
clicking the Fluid Flow option in the Analysis System
Toolbox.

Save the project.

File — Save

4. lllustrative Problem

Section | introduces wind and its effects on
towering buildings. Section 1l covers CFD theory,
application, and methodology. This chapter outlines the
analytical models studied. In this work, CFD simulations
were run using ANSYS 2019 R.2 (FLUENT) and
compared to 1S:875 (Part-3), 2015, for validation. This
study will also evaluate the average pressure coefficient
for buildings with setbacks, various cross-section shapes,
and openings under isolated conditions. Changing the
distance and wind incidence angle on buildings was
studied. To conduct analytical studies, we assumed all
structures were in terrain category 2.

4.1. Parameters Considered

In the current study, eighteen different set-ups of
building models have been considered. The set-up 1 to 4
was the isolated building with a basic square cross-section
(plan shape) dimension 30m x 30m. Set-up 5 was an
isolated building with a single and double setback. Setup
6 was building with varying cross-section shape along the
height (33% height square + 66% height circular, 50%
height square + 50% height circular and 66% height
square + 33% height circular). Setup 7 was building with
large opening (1%, 2%, 3%, 4% and 5% of surface area).
Setup 8 was building with number of opening (1%, 2%,
3%, 4% and 5% of surface area). Set-up 9 was a three-
building model with triangular orientation for different
S/B ratios. Set-up 10 was three buildings model with row
patterns for different S/B ratios. Setup 11 to 14 was two
buildings model with different S/B ratios and different
height of interference building (h: H = 0.25, 0.5, 0.75, 1).
Where H is the height of the main structure and h is the
height of the interference building. Set-up 15 was two
buildings model with different S/B ratios and a large
opening at interference building (1%, 2%, 3%, 4%, and
5% of surface area). Set-up 16 was two buildings model
with different S/B ratios and several openings at
interference buildings (1%, 2%, 3%, 4%, and 5% of
surface area). S/B ratio for above mentioned building was
0.25, 0.5, 1, 1.5 and 2. The size of the object building and
the interfering building was kept the same with
dimensions of 30m x 30m x 85m except for two building
models without opening. Wind incidence angle (B) has
been varied from 0° to 90° with an increment of 15° in the
anticlockwise direction. Wind forces on the building
models are also measured for the building, as mentioned
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earlier, and different wind incidence angles. In this study,
the k-g(realizable) model has been used.

4.2. No. Of Models

For the present analytical study, there are 12
numbers of models that have been prepared, and the
details of each model are listed below in the table:

Table 3: Number of Models prepared for the experiment

No. | Type Quantity

Square Isolated Buildi 12
(Setup 1to 3)

4.3. Details Of Models

These are all of the building models that were
utilized for the research. The Cross-sectional area (900
m2) and surface area (2550 m2) For comparative
purposes, all 12 models are maintained the same. All
models' dimension is in meter (m).

Table 4: Problem for validation Setup 1, 2 and 3

Model | Face- | Face- | H Side | Aspect
Shape | A&C | B&D | Height| ratio | ratio
Width | Depth | (m)
(m | (m)
Square | 30 30 10 1 0.33
(Sa-1)
Square | 30 30 45 1 1.50
(8a-2)
Square | 30 30 85 1 2.83
(59-3)

b=30m b=30m b=30m
B B B
D C|d=30m D C|d=30m D cld=30m
A A A
> X A
B\ 5\ *95\
0 0 0
Setup-1 (Sq-1) Setup-2 (Sq-2) Setup-3 (Sq-3)

H=45m
I}—[: 10m
v v

Figure 2: Building CFD Models

The present study is to carry out a CFD simulation on the
building models which are already explained. Average
values of wind pressure coefficients (Cp) and Drag
forces are evaluated and presented in the present study.
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The results are presented as pressure contour and
velocity vector around the building.

5. Result & Discussion

A boundary layer wind tunnel research was
conducted to determine the wind microclimate of
potential development in Metro City. The pedestrian
level wind environment at the site has been assessed and
categorized according to the industry standard Lawson
criteria for pedestrian comfort and safety thanks to the
boundary layer wind tunnel investigation. Based on long-
term data on wind frequency and pedestrian level wind
speeds, the research identifies sites where wind speeds
are likely to exceed acceptable levels for various popular
pedestrian activities, as defined by the industry-standard
Lawson criterion. Wind conditions are safe and pleasant
for this kind of activity. The present study will carry out
a CFD simulation on the building models already
explained in the previous chapters. A total of three set-
ups of building models have been considered for this
study. Average values of wind pressure coefficients (Cp)
and Drag forces are evaluated and presented in the
present chapter. The results are presented as pressure
contour and velocity vector around the building.

5.1. Set-up 1 (Square Isolated Building)

The dimension of set-up 1 (30m x 30m x 10m) is
considered based on the height ratio and plan ratio of the
building.

N =

Building height ratio

!
Building plan ratio = 1 w

IA ==

<

Nlw

In this set-up, an isolated building model was considered,
and area average pressure coefficient (Cp) was calculated
for all faces of the building at different wind incidence
angles through a variation of 0° to 90° with an increment
of 15° clockwise direction, and the results have been
presented. Due to the direct influence of wind, the
windward wall (Face-A) experiences positive pressure at
an angle of zero degrees. The flow around the building's
perimeter separates, resulting in negative pressure
(suction) on the other three faces.

Table 5: Isolated building with varying wind incidence
angle: average pressure coefficient for all four sides (Set-

up 1)
wind inci Average Pressure Coefficier
angle (D¢ Face { Face{ Face { Face{ max ( minQ
0 0.625| -0.227 -0.387 -0.389 0.625| -0.38]
15 0.661| -0.267 -0.514 -0.144 0.661| -0.514
30 0.566| -0.347 -0.531 0.139| 0.566| -0.53]
45 0.394| -0.434 -0.43¢ 0.394| 0.394| -0.43
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60 0.139] -0.53% -0.347 0.566| 0.566| -0.537
75 -0.144 -0.514 -0.267 0.661) 0.661| -0.514
90 -0.387 -0.387 -0.227 0.625| 0.625| -0.383

Table 6: Isolated building with varying wind incidence
angle: average pressure coefficient for all four sides (Set-

up 1)

Average Face Pressure
FACE Coefficient (Cp)

CFD IS-875 Part-3| ASINZ1 ASCE
Face-A| 0.625 | 0.7 0.9 0.7
Face-B| -0.222 | -0.2 -0.6 -0.4
Face-C| -0.383 | -0.5 -0.75 | -0.6
Face-D| -0.383 | -0.5 -0.75 | -0.6

From center to edge, pressure on the windward wall
decreases as it gets closer to the wind's edge at an
incidence angle of zero degrees. 1S-875 Part 3 2015
states that the windward face-A is subject to a mean area
average pressure coefficient of 0.75. However, the table
shows that it is 0.625. (Table). According to 1S-875 (Part
3), the observed face average suction on the leeward side
is negative 0.222 and negative 0.3833, while the
measured values are negative 0.02 and negative 0.50.
CFD simulation results compared to those provided by
1S-875 (Part 3) were fairly accurate for all of the
building's faces. Figures. Depicts the highest area
average pressure coefficient (Cp) for various faces at
various wind incidences. The largest positive pressure
coefficient (Cp) was found at an incidence angle of 15
degrees and 75 degrees, whereas the maximum negative
pressure was found at an incidence angle of 30 degrees
and 60 degrees. Pressure on the square model (Set-up 1)
at wind incidence angles of zero, fifteen, thirty, and
forty-five degrees is depicted in the figure.

e S iing
9.656e+02
7.408e+02
5.160e+02
2.912e+02
B8.842e+01
-1.584e+02
-3.8320+02
-6.0808+02
-8.328e+02
-1.058¢+03
12820003

ssssss
9.951e+02
7.534e+02
5.118e+02
2701e+02
2.843e+01
-2.132e+02

-4.549e+02
-6.9658+02
-9.382e+02
-1.180e+03

-1.422e+03
[Pa]
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Pressure
Isolated Buiding
9.915¢+02
7.544+02
5.173¢+02

 2.803e+02

4.320e+01

-1.939e+02
4.309e+02
-6.680e+02
-9.051e+02
-1.142e+03
-1.379e+03
a]

[Pa]

Isolated Building
8.821e+02
6.842e+02
4.863e+02
2.884e+02
9.051e+01
-1.074e+02

-3.053e+02

-5.032e+02

-7.01e+02

-8.990¢+02

-1.097¢+03
[Pa]

Figure 3: Contour of pressure for 0°, 15°, 30°, and 45°
wind incidence angle (Set-up 1)

5.2. Set-up 2 (Square Isolated Building)

It is necessary to consider the building's height and plan
ratio when calculating set-up 2's dimensions (30m x 30m
X 45m).

1 h
- < - <
Building height ratio 2 — w —
l
w

MW

<

Nlw

Building plan ratio = 1=

An isolated building model was used in this setting, and
the area average pressure coefficient (Cp) was
determined for all sides of the structure at varied wind
incidence angles spanning a range of 0 to 90 degrees
with an increment of 15 degrees clockwise.

Table 7: Variation in wind incidence angle affects the
average pressure coefficient on all four sides of an
isolated building (Set-up 2)

Wind Average
inciden Coefficient (Cp)

angle Face Face| Facel Facel Max| Min
(Degres A | B | C | D | +ve| ve

0° 0.65] -0.33 -0.44 -0.4¢ 0.65] -0.4¢
15° 0.69] -0.37 -0.43 -0.34 0.69] -0.43
30° 0.604 -0.45 -0.4§8 0.09] 0.60{ -0.4§
45° 0.42{ -0.41 -0.47 0.42] 0.42] -0.4]
60° 0.09] -0.4§ -0.43 0.60{ 0.60{ -0.4§
75° -0.34 -0.43 -0.37 0.69] 0.69] -0.43

Pressu

90° -0.4¢ -0.4¢ -0.33 0.65] 0.65] -0.4¢

Table 8: At 0 wind incidence angle, CFD simulation
results were compared to those from the wind standard
of India.

Average Face
Pressure
Coefficient (Cp)

CFD| IS-875

FACE

AS/NZ| ASCE
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Part-3 1170.2| 0.2
Face - A| 0.652 0.7 0.7 0.7
Face - B| -0.33] -0.25 -0.6 -0.6
Face - C| -0.46] -0.6 -0.55 -0.8
Face - D| -0.46] -0.6 -0.55 -0.8

Compared to the 1S-875 (Part 3) provision of 0.7, the
windward face-A is subject to positive pressure when the
wind incidence angle is 0 (Table) (Table). For the front
face of the structure, it is evident that the average
pressure on the surface falls as the wind incidence angle
increases. At a wind incidence angle of 90 degrees, it
turns negative and becomes suction. Leeward and side
faces have average suction values of -0.331 and -0.463,
whereas the 1S-875 (Part 3) values are -0.25 and -0.6,
respectively. The maximum area average pressure
coefficient (Cp) for different sides was plotted with
varied wind incidence, as shown in Fig. The greatest
positive pressure coefficient (Cp) was found at 15 and 75
wind incidence angles, whereas the maximum negative
pressure was found at 30 and 60. As seen in the figure,
there is a pressure contour on the square model (Set-up
2) for wind incidence angles of zero, fifteen, thirty, and
forty-five degrees.

Pressure

Isolated Bukding
1.3600+03

H 1.0200403

67860402

33042402

7.119e-01

3409402 |

68106402 I

1021403

136103

1701603

-2.042¢+03
]

b — Crocatue | v
1.359e+03 1.260e+03
10076403 035702
6.55%+02 6.119e+02

biiie 2881002
48806401 et
4.000e+02 il
75200402 i
s 1.007e403

> 1.331e+03
-1.457e+03
1800403 =
18008
‘ 1.978e+03
2.161e+03 [Pa]
[Pa]

Figure 4: Contour of pressure for 0°, 15°, 30°, and 45°
wind incidence angle (Set-up 2)

5.3. Set-up 3 (Square Isolated Building)

Set-up 3's dimensions (30 x 30 m x 85 m) are determined
by the building's height to plan ratio.
Building height ratio = g < % <6

1 3

Building planratio=1 < o =3

These findings are displayed in Table and Fig. for an
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isolated building model at various wind incidence angles
ranging from 0° to 90° with a 15° clockwise increment.
The results of this analysis are summarized in the
following tables and figures.

Table 9: All four sides of an isolated structure with
varying wind incidence angles have the same average
pressure coefficient (Set-up 3)

Wind Average
incidenc Coefficient (Cp)

angle | Face| Face| Face| Face| Max| Min
(Degreel A |B | C | D |+ve|ve

0° 0.75( -0.31 -0.54 -0.54 0.75( -0.54
15° 0.70{ -0.41 -0.4¢ -0.41 0.70{ -0.49
30° 0.64¢ -0.49 -0.54 0.124 0.644 -0.54
45° 0.497 -0.53 -0.53 0.497 0.497 -0.53
60° 0.129 -0.54 -0.49 0.64¢ 0.64{ -0.54
75° -0.41 -0.4§ -0.41 0.70¢ 0.70¢ -0.49
90° -0.54 -0.54 -0.31 0.75( 0.75( -0.54

Presst

Table 10: Set-up 3 at 0 angles of incidence compares
CFD simulation results with national wind standards to
determine which building's four sides are most affected
by the wind.

Average Face Pressu

Coefficient (Cp)
FACE CFD IS-875 PalAS/NZ |ASCE

3 1170.2 [0.2
Face - A|0.75 0.8 0.8 0.8
Face-B|-0.316 [-0.25 -0.5 -0.5
Face-C|-0.546 |-0.8 -0.65 -0.7
Face- D|-0.546 |-0.8 -0.65 -0.7

Against the 1S-875 (Part 3) requirement of 0.8,
the windward face-A is under positive pressure when the
wind incidence angle is 0 (Table) (Table). For the
building's front face, it is evident that the average surface
pressure falls as the wind incidence angle increases. At a
wind incidence angle of 90 degrees, it turns negative and
becomes suction. If you look at the 1S-875 (Part 3), you
can see that the leeward face suction average is 0.316
and the side face suction average is 0.546. The maximum
area average pressure coefficient (Cp) for different sides
was plotted with varied wind incidence as shown in Fig.
Cp was highest at 0 and 90 degrees of wind incidence
angle, whereas Cp was highest at 0 degrees of the wind
incidence angle in this case.
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Figure 5: Contour of pressure for 0°, 15°, 30°, and 45°
wind incidence angle (Set-up 3)

There is a depiction in Figure 2 showing the
contour of pressure on the square model's faces (Set-up
2) for wind incidence angles of 0, 15, 30, and 45 degrees.
This research aims to do CFD simulations on the
building models described in Chapter 4 of the book.
Three different configurations of building models were
taken into account for this investigation. The current
chapter evaluates and presents average wind pressure
coefficients (Cp) values and drags force. Results are
shown as a pressure contour around the building and a
velocity vector. To determine the overall drag force of
setback buildings for wind incidences ranging from 0° to
90°, estimate the average pressure coefficient on the
various surfaces of single and double setback buildings,
and compare it to an isolated square structure (Set-up 3).
Tables and figures indicate the comparability of the
findings.

A. Tower A (or) B
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Figure 6: Tower One Geometry

Figure 7: pressure-volume rendering
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Figure 13: Tower A Force Analysis
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Figure 10: Velocity streamline of two towers
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Figure 11: Velocity vector and wind pressure of two towers
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Figure 14: Tower B Force Analysis

C. Tower C
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Figure 15: Tower C Velocity Vector
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Figure 16: Tower C velocity Vector
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Figure 17: Tower C Wind Tunnel vs. Ansys CD
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D. Com arison of Towers A, B, and C
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Figure 20: Velocity Vector of Three towers

E. Comparison of Tower A& C



Wagar Ismail Shaikh et.al, “Application of CFD simulation on various irregular-shaped buildings for
determining wind forces and interference effects . ”, International Journal of Computer Engineering In Research

Trends, 9(6):pp:93-103 ,June-2022.

ANSYS

2019 R2

= Outvenes

Figure 21: Tower A & C Velocity Vector

2019 R2

L2 airesn
{1 2onean l

00006400 LTSN F,
[ms1) i e

9 2009 ! 40000/(m) 1_.,
== =

Figure 22

: Velocity Vector top view of Tower A & C

ANSYS

2019 R2

Figure 23: 3D of the inlet, outlet, and velocity vector of
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Figure 24: Drag coefficient comparison of Ansys and Wind
tunnel analysis

Globally recognized wind rules focus on wind
loading, not ambient wind flows in the built environment.
Standard engineering approaches or handbooks can't
adequately examine the complex environmental wind fluxes
that affect pedestrians. Numerical/computational approaches

© 2022, IJCERT All Rights Reserved
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like computational fluid dynamics don't work well for built-
environment wind flows. Consequently, boundary layer wind
tunnel research was used to properly measure the pedestrian
wind environment, notably in the following critical areas:

. Footpaths to the building
. Entranceways

For a wide range of pedestrian activities, wind
speed-up factors at and around the site and long-term wind
frequency records are combined to assess the possibility of
local wind speeds exceeding comfort and safety norms at the
site. Threshold wind speeds depend on several factors. A
model-scale boundary layer wind tunnel can test a wide
range of wind directions for increased speed. The wind
statistics recorded by a meteorological station are transferred
to where it is most likely to blow.

Also included are photos demonstrating the model's
size, construction, and operation in a wind tunnel. When
utilized at full size, the model's 1:400 scale accurately depicts
the complexities that can influence local and global wind
flows. It is also possible to reproduce the wind's turbulence

on a huge scale.
6. Conclusion

ANSYS' commercial CFD software was utilized
when showing flow patterns and pressure distribution around
the tall buildings. Numerical analysis of the wind flow was
carried out using pre-defined models. The computational
result and the experimental data for the wind incidence angle
are in good agreement.

Variations have been observed in wind tunnel
testing and CFD Ansys tests, but to reduce design and testing
costs, CFD is recommended strongly for the initial
approximation results.

The major difference between wind tunnel testing
and CFD testing is the limitations with surface roughness; it
is considered while testing in the wind tunnel, but the same
gets complex to multiple levels while testing in CFD.
Real-world terrains can be designed and tested seamlessly in
wind tunnels. Complicated in CFD designing and testing is
massively time-consuming.

Regarding cost and pricing, wind tunnel testing is
very expensive. The same gets reduced with CFD by 70%.

6.1. Future Scope

The research can further be taken forward by
including Surface roughness while designing and testing in
CFD to achieve an optimized outcome. Using other 2D and
3D in combination can result in optimized testing and
reduces the cost by several times. These tools help include
real-world terrains to achieve a clearer picture of the wind
interfaces.
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