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ABSTRACT

Wind is the flow of gases on a large scale. On Earth, wind consists of the bulk movement of air. Wind is
caused by differences in pressure. In the field of structural engineering it includes strong winds, which may
cause discomfort, as well as extreme winds, such as in a tornado, hurricane or heavy storm, which may cause
widespread destruction. The wind engineering community has addressed the Computational Wind
Engineering (CWE) as a field from last three decades to evaluate the interaction between fluid and building
numerically. The study of flow around bluff bodies of rectangular shape has a deep engineering interest
because many civil and industrial structures can be assimilating to this shape. A comprehensive numerical
study of wind effects on the surfaces of Bluff Body is presented in this paper. The techniques of
Computational Fluid Dynamics (CFD), such as Standard k-g Model was adopted in this study to predict wind
loads on surfaces of Bluff body and wind flow around Bluff Body. To study the wind effect, 3-D Wind Flow
condition around Bluff Body has been developed using Computational Fluid Dynamics (CFD) Code namely
Fluent / Gambit and then numerical computation has been executed to evaluate wind pressure values and the
wake region around the bluff body.
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I. INTRODUCTION

Computational Wind Engineering (CWE) as a branch of Computational Fluid Dynamics (CFD) has been developed
rapidly over the last three decades to evaluate the interaction between wind and structures numerically, offering an
alternative technique for practical applications [1]. The techniques of CFD have been widely used to predict wind
flow around bluff bodies in wind engineering. Gloria Gomes M., Moret Rodrigues A. and Pedro Mendes have
examined the results of numerical analysis and flow over cubical obstacle [2].

Modeling the wind atmosphere associated with proposed or existing buildings is of great importance for the Wind
Engineering, Civil Construction sectors as well as Structural Engineering Sectors. The potential market for wind
engineering studies around buildings is very large. CFD simulations can provide information on all flow parameters
in the entire computational domain. Moreover, a reliable numerical evaluation of the interaction between fluid
namely wind and buildings can be achieved with CFD modeling in a time- saving as well as economic manner.
Thus, CFD can offer more flexibility when exploring a variety of building designs and modifications and their
impact on the flow around them. CFD could also potentially supersede traditional wind tunnel studies as a more
cost-effective and powerful design tool for wind engineering studies. However, wind tunnel studies have been
proved quite useful for development, evaluation, validation and general performance assessment of CFD methods.
The distribution of the fluctuating surface pressure and the wind forces acting on bluff shaped bodies are of great
practical interest in the field of structural design in wind engineering.

Here, in this paper an attempt has been made to determine numerically the wind pressures on the surfaces of Square
Plan Shape Bluff Body using Computational Fluid Dynamics Code namely Fluent / Gambit.
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Il. METHODOLOGY

In order to study the effect of Wind on Bluff Body with respect to Wind Pressure, wake region, drag force, etc., a
Bluff Body with square plan shape having dimensions as shown in figure 1 has been considered. The height of the

Bluff Body considered is 186 mm. To execute study, Computational Fluid Dynamics Code namely Fluent and
Gambit have been used.
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Fig. 1 Plan and Elevation View of Bluff Body
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The location of Model in Computational Domain is as shown in figure 2.

Top Surface of Tesl Section

Yind Diracton

. 300

1

Botinm Surface of Taast Sacion
ElL E-ZATION

s
& G
Right Hand Elda Yall of Tesi Saction
T

\’7%‘_

Yind Direction

. 300

T

1200
Left Hand Skis VWall of Teat Saclon
PLAM
All Dimensions Are in MW

Fig. 2 Location of Model in Computational Domain of Fluent
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I11. DATA CONSIDERED IN NUMERICAL (CFD) ANALYSIS
Size of Fluid (Computational) Domain : 300 x 300 x 1200 mm
Type of Fluid : Air

Density of Air : 1.225 kg/m®

Viscosity of Air : 1.7894e % kg/m.sec

Size of Model : 109 x 109 x 186 mm

Operating Pressure : 101325 Pascal

Model : Standard k-e Model

Solver : Pressure Based

Inlet Velocity : 8 m/sec
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IV. DOMAIN SIZE

There are no explicit rules dictating the size of a computing domain [3]. For this study, size of the computational
domain considered is 1200 mm x 300 mm x 300 mm in the longitudinal (X), lateral (Z), and vertical (YY) directions,
respectively as shown in figure 2, 3, 4 and 5. Here, computational domain is shown along with Square Plan Shape
Bluff Body.

Fig. 3 3- D View of Computational Domain along with Bluff Body Model

Fig. 4 View of Computational Domain in X-Y Plane (Vertical Plane)
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Fig. 5 View of Computational Domain in X-Z Plane (Horizontal Plane)
V. BOUNDARY CONDITIONS

The boundary conditions for the computational domain is considered as follows,
. The ground at the bottom of the computational domain was simulated with a smooth wall using
log law wall function.
. The free slip boundary conditions are applied to top and side surfaces of computational domain.
The flux normal to the boundary is considered zero.
. The no slip boundary conditions are applied to the surfaces of Building Model.
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VI. COMPUTATIONAL GRID

3-D Unstructured grids are created in the computational domain. The Computational Grid Patterns for the Building
Unit situated in computational domain is shown in figure 6 and figure 7.

Fig. 6 Computational Grids in X-Z Plane (Horizontal Plane) in Gambit
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Fig. 7 Computational Grids in X-Y Plane (Vertical Plane) in Gambit

VII. RESULTS OBTAINED BY CFD ANALYSIS USING GAMBIT / FLUENT
In order to study the variation in Wind Pressure on surfaces of Bluff Body, different points are located on surfaces of

Bluff Body as shown in figure 8 and 9. At all these points, wind pressures are obtained in post processing of Fluent.
The results interpreted from the Pressure Contours obtained in CFD Analysis are shown in table 1.
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Fig. 8 Points Identity at Top Surface of Model
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Fig. 9 Points Identity on Side Faces of Model
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Table 1 Numerical Analysis Results

www.ijera.com

Points Identity on Model Static Vzll\ilrllrcri]gressure Pointshjlgzrgfity on Static Vzll\ilr;rcri]gressure
Wind Ward Face Leeward Face
1 35.8 10 -139
2 35.8 11 -101
3 35.8 12 -76.5
4 234 13 -139
5 234 14 -101
6 234 15 -89
7 -14.1 16 -139
8 -14.1 17 -101
9 -14.1 18 -89
Top Surface
19 -89 21 -89
20 -76.5 22 -101

The results tabulated in above table are shown graphically in Graph 1

Wind Pressure (N / m?) Vs. Points Identity

Wind Pressure ( N / m?)

Points Identity on Model

M Wind Pressure (N / m2)

Graph 1 Wind Pressure vs. Points Identity on Model
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VIIl. CONCLUSION

From the table 1 and graph 1, it can be seen that positive wind pressure is developing on point number 1 to 6 and
thereafter negative wind pressure is developing on remaining points considered on model. The points 1 to 3 are near
to sharp windward edge; hence maximum positive pressure i.e. 35.8 N/m? is developed as the flow is steady
undisturbed and directly impinging the windward face of model. The points 4 to 6 are at middle of windward surface
i.e. away from sharp wind ward edge where wind pressure is less i.e. 23.40 N/m? The negative pressure is
developed on points 7 to 9 of wind ward face i.e. -14.10 N/m?. This is due to separation of flows and development
of vortices. Of course, the vortices are weak in nature and hence suction effect is less.

The points 10 to 18 are on leeward face of model, where maximum negative pressure (suction pressure) is developed
due to formation of strong vortices in horizontal and vertical plane. The flow has become turbulent on leeward side
of model and hence suction effect is more.

The points 19 to 22 are on top surface of model. Here, from table 1, it can be seen that point 19 is near windward
face and point 21 is near leeward face where the negative pressure is less compared to negative pressure at point 22
which is at the centre of top surface. It indicates the level of turbulence in flow is less near windward and leeward
corner face and it is more near the centre of top surface.
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