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Abstract - Instead than being driven by aerodynamic concerns, new generations of tall structures are becoming taller, more flexible,
and slimmer due to architectural factors, functional requirements, and site constraints. Tall buildings are hence more vulnerable
to lateral loads like wind. Aerodynamic form adjustment can considerably lessen these effects. In terms of fluid dynamics, drag
force describes how a solid object behaves in the direction of the relative wind flow velocity. This investigation involves drag
coefficient of aerodynamically shape modified buildings with combinations such as setback with void(S+V), corner cut with
void(CC+V), setback with corner cut(S+CC) comparatively with square, setback and corner cut. The model is generated using
SOLIDWORKS software and further analyse in the ANSYS FLUENT 19.2.) The velocity and pressure contours for these model has
been studied along with drag and lift coefficient.

IndexTerms - CFD, SolidWork, Wind load, Aerodynamic shape modification.

1. INTRODUCTION

A new generation of tall, slender, and light buildings have been developed as a result of the development of high strength materials,
improved structural behaviour understanding, sophisticated analytical tools, and structural design techniques. In addition to gravity
stresses, these structures are also vulnerable to time-varying loads from wind, earthquakes, etc. Over specific frequency ranges,
these loads are dominating. One of the most important factors in the design of buildings is the wind loadsEmploying "Aerodynamic
Shape Modification™" techniques is one way to lessen the wind pressures on buildings. These techniques successfully alter the
aerodynamic shape of the buildings to lessen wind loads. They do this by utilising straightforward and creative design
characteristics. Aerodynamic changes help by preventing strong corner vortices from forming, rupturing coherent vortex
formations, or rerouting flows in the separation zone over the roof edge or away from the weak components.

1.1. WIND

In most cases, the wind blows quickly and horizontally toward the ground. High rise structures are therefore more vulnerable to
wind loads and wind-induced excitations, which could decrease their structural safety and be uncomfortable for the occupants. Also,
the cost of the structure may rise as a result of these excessive motions' high base loads. For typical tall buildings, the aerodynamic
forces are the torsional moment, the lift force, and the drag force (following the wind) (Fig. 1). According to Fig. 1, wind vortex
shedding causes dynamic across-wind loading, which typically dominates the wind-induced response of tall buildings.

A.G. Davenport (1961a) proposed that the statistical ideas of the stationary time series are employed to ascertain how a
straightforward construction will react to a turbulent, gusty wind. This makes it possible to explain concepts like peak stresses,
accelerations, deflections, etc. in terms of the mean wind speed, the gustiness spectrum, and the mechanical and aerodynamic
characteristics of the structure. A. G. Davenport (1963b) found the involution of a satisfactory to the loading of structures by gusts.
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It is suggested that a statistical approach based on the concepts of the stationary random series appears to offer a promising solution.
A. G. Davenport (1967) developed the "Gust Factor Approach" for analytical prediction of along wind response of tall buildings.
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Fig-1: Aerodynamic forces on a tall building and Vortex shedding (plan view)

1.2 AERODYNAMIC MODIFICATIONS TO BUILDING SHAPE

The largest wave of tall building construction in history is currently taking place throughout the world. The weight, stiffness, and
damping values of tall structures have been decreased by the use of lighter floors, greater strength materials, and curtain wall
systems. Tall buildings are therefore more vulnerable to wind loads.Based on geometry, there are many atypical tall buildings are
as follows:
1. Basic
1.1. Square
1.2. Rectangle
1.3. Circle
1.4. Triangle
2. Corner modification
. Void/Opening
. Tapered
. Setback
. Helical
. Tilted
. Combinations
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2. DETAILS OF SUPER-TALL BUILDINGS WITH UNCONVENTIONAL CONFIGURATIONS

The current work examines the CFD analysis of a square-shaped structure that has undergone several aerodynamic alterations.
The study is conducted for modifications like setback, corner cut, void\opening and their combinations such as corner cut with
opening, setback with corner cut, setback with void\opening.

2.1 MODELLING

The analysis work in this paper is based on the outcomes of CFD simulations. SolidWorks was used to produce the building's 3D
models, as seen in the square model in fig. 2.2.1. For this study's tunnel modelling, ANSYS Design Modeler is utilized. The
simulation of wind tunnel testing was done with ANSYS FLUENT. The drag coefficients of the building were calculated using
these simulated wind loads.

2.2 MODEL

According to Fig. 2.2.2, the model employed in the study has a square-shaped plan. The building has a B/H ratio of 1/8, with a
breadth of 50 m and a height of 400 m. To make it easier for further wind tunnel experiments, the model has been scaled down to
a 1:1000 scale. The models of the building were made with three aerodynamic modifications including setback, corner cut,
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void\opening and their combinations such as corner cut with opening, setback with corner cut, setback with void\opening as shown

in fig. 2.2.2.
Model Square Setback Setback with Setback with Corner cut with
comer cul Vosd voad
SolidWork =
View < i i
Fig -2.2.1: Square Model Fig -2.2.2: Tested Models

2.3 DETAILS OF COMPUTATIONAL DOMAIN

According to Fig. 2.3, the wind tunnel is a rectangular box. It is designed to have a downstream fetch of 15B and an upstream fetch,
side clearance, and height of 5B, where H is the height of the building. These domain dimensions were determined by Y. Meng
and K. Hibi[13]. In order to prevent the recommended inflow profiles along the empty computational domain of the building's
windward side from deteriorating, the windward distance was set only a little bit below the suggestions by the AlJ guideline [14].

Fig -2.3: Computational Domain

Both the domain's inlet and output have a velocity inlet and an outflow condition applied as their respective boundary conditions.
Zero Pa is assumed to be the outlet's relative pressure. The building's walls are given a no-slip wall condition, while the free slip
wall condition is applied to the domain's other four rectangular sides.

2.4 BOUNDARY CONDITIONS AND NUMERICAL METHODS

The wind environment in this study is produced using the well-known k-epsilon (k-) Reynold's-averaged Navier-Stokes turbulence
model. The variance of velocity fluctuations is known as the turbulent Kinetic energy, or k. The turbulence eddy dissipation, or,
calculates the rate at which velocity fluctuations dissipate. The turbulence kinetic energy and turbulence dissipation rate's
differential transport equations provide the values for k and «.
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The fluid's density and velocity are represented by p and U, respectively. Py is the kinetic energy of the generated turbulence that
results from mean velocity gradients, Py is the generation that results from buoyancy, and Y is the contribution of fluctuation
dilatation incompressible turbulence to the overall dissipation rate. C1 and C2 are constants. Prandtl number for k and ¢ are ok and
o.. The values of Cy., ok and o are 1.44, 1 and 1.3. Atmospheric boundary layer (ABL) wind profile is used, is governed by the
power law equation, which is given as follows:

0.27
_ y
U = Upes Vrer

Vref IS the height of the computational domain , ursr is the free stream velocity, and the power law coefficient is 0.27, where u is
the velocity at heights above ground,(for sub-urban area).

2.5 VALIDATION OF WIND PROFILE

To confirm the accuracy of the work, the velocity profile that was developed must be evaluated. The wind tunnel data utilized as
illustrated in fig. 5 and the computed profile are compared. Since the wind environments employed in both situations are similar,
figure 2.5 demonstrates that the simulated profile reflects the profiles from wind tunnel studies and the power law equation with
sufficient accuracy. As a result, it may be said that the study's flow characteristics are acceptable.

Fig -2.5: Wind profile Diagram

The square Model is used for validation purpose. The result obtained like Drag coefficient values are 0.48. The corresponding value
obtained from this study are in close range as compare with Yukio Tamura, Hideyuki Tanaka, Kazuo Ohtake, Masayoshi Nakai,
Yongchul Kim [2010].

2.6 MESHING

The software ANSYS FLUENT is used for meshing. To ensure that the solution variables decrease to acceptable values, mesh is
modified. Tetrahedron meshing is applied. The domain face and edge has been appropriately adjusted. Fig.2.6 illustrates the meshing
of the base model. For each model, grid convergence studies were done. To obtain convergent values of drag coefficients, the mesh
conditions are modified while increasing the number of elements.

Fig -2.6: Meshing of Square Model
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3. RESULTS

The outcomes of the CFD study performed on the models are described in the sections below. For each model, the values of the
drag and lift force coefficients are examined. The pressure contours and velocity contours of the each model for are also be studied.

3.1 VELOCITY CONTOUR

The velocity contours is as follows:

Velocty
B ANSYS sz, ANSYS
s

Fig -3.1: A Square Model Fig -3.2: B Setback Model Fig -3.3: C Corner Cut+Void Model

o2 ANSYS
w92

Fig -3.4: D Setback+Void Model Fig -3.5: E Setback+Corner Cut Model

3.2 PRESSURE CONTOUR

The Pressure Contour from top view is as follows:
ANSYS

Fig -3.2.3: C Corner Cut +Void Model

Fig -3.2.4: D Setback+Corner Cut Model  Fig -3.2.5: E Setback+Void Model
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3.3 CONCLUSION

The drag coefficient values is maximum for square model and minimum for SB+Void Model. As certain modification is done on
models such as CC, SB and SB+CC, the values are in between 0.5 to 0.3 as shown in chartl. Although the wind force coefficients
for the SQ and SB+VOID model were the smallest among the models tested. The lift coefficient is small for SQ and SB+VOID and
highest for SB+CC. The lift and drag coefficient are in the range of 0-1.

Drag Coefficient Lift Coefficient
1
0.6
0.5 0.8
0.4
0.3 0.6
0.2
01 0.4
0 o . o . o 0.2
C ) O N
L
sQ cc SB  SB+CC SB+VOID
Chart -1: Comparison of Drag coefficient Chart -2: Comparison of Lift coefficient
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