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Abstract: The motivation behind this study is that of tall structures greater than 45m height is rising in India.
Due to the development of such skyscrapers, it results in improper air flow movement in and around the urban
environment and hence, finding of actual wind flow pattern is necessary for upcoming construction. For the above
study, conducting wind tunnel tests experimentally is too costlier and also time-consuming. To overcome these
difficulties, Computational Fluid Dynamics (CFD) plays a useful role in calculating the actual wind flow on the
structure. From the results obtained in CFD, the modification can be done in the elevation profile fagade features,
plan, shape and height of the building such that structure is able to attract minimum wind drag effects. Behavior
of air is like a Newtonian fluid and it is important to study fluid-structure interaction. This paper presents an air
flow moving around the building for different regular and irregular building plans. Modeling is carried out by
using SolidWorks software and wind flow pattern is studied by using Ansys Fluent software. For the present study,
different shapes such as a rectangle as regular plan and T-shape, L-shape as irregular plans are chosen. From the
results, the flow pattern and wake regions are identified.
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Aerodynamic forces for buildings include drag force,
cross-wind and torsion moment by Amin J.A and
Ahuja (2010). Drag force acts along with the wind in
the direction of mean flow and will result in pressure

I. INTRODUCTION

India is one of the fastest developing countries in the
world with increasing development of new skyscrapers

and Mega infrastructure project. With the increase in
population, lack of land availability in city and
development of new materials has led to such
development of skyscrapers. From the various surveys,
it is found that 170 skyscrapers more than 100+ meter
height will be possessed by 2020. These skyscrapers
will change the elevation profile of many cities and the
issue of wind flow pattern arises. The maximum wind
load calculation is introduced by Davenport in the year
1961 and it is valid till date (Haria Hangan et al.
(2017)). Davenport calculated the wind load as a guest
factor that is the ratio of maximum wind speed between
two different averaging times ‘t” and ‘T’ given by the
formula, G = 1 -0.6226 1,"*"*®Ln (U/T).

1.1 Aerodynamic forces in buildings

All engineering structures present above the earth’s
surface are subjected to aerodynamic forces.

fluctuation on windward and leeward sides of the
building. Cross-wind forces act perpendicular to the
direction of mean wind flow which tends to lift the
body. Torsion motion is developed due to the
imbalance in the instantaneous pressure on each side of
the building, which causes a twist in the body structure.
(Bert Blocken et al. (2011)).

Figure 1 shows the direction of various forces acting on
a building. Vortex shedding is associated with cross-
wind motion, which is an oscillation flow that takes
place when a buff body such as a building. The
aerodynamic shape of the building is the key deciding
parameter for wind flow around the building.
Computational fluid dynamics plays, a vital role in the
study of fluid-structure interaction.
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Figure 1: Shows the different wind force around the
buildings

Il. COMPUTATIONAL FLUID
DYNAMICS

In general, computational fluid dynamics is a method to
predict fluid flow, heat and mass transfer, chemical
reaction and related phenomena by solving numerically
a set of governing mathematical equations stated by
Bert Blocken et al. (2007). It is based on the law of
conservation of mass, momentum, energy, species and
effect of body flow.

2.1 Meshing

Meshing can be done in the form of a grid. In order to
predict the flow in and around the building with
acceptable accuracy, the most important thing is to
characterize the flow separation near the boundaries of
the building. Therefore, a fine grid arrangement is
required to resolve the flow near the corners. The
minimum grid resolution should be set about 1/10™ of
the building scale (Y.C.Kim et al. (2015); Chunming
Liu et al. (2017)). Grid dependence upon the solutions
and, it should confirm that the prediction of result does
not change significantly with a different grid system.
Here, fine mesh is adopted for all the models in
ANSYS Fluent.

2.2 Turbulence models

Turbulence is a violent or unsteady movement of a
fluid. This model is widely used for the movement of
air in and around the building. A small scale and high-
frequency fluctuation velocity are characterized in the
turbulent flow model. Since 100% accurate models
cannot be developed, fluid mechanics equations are
averaged to account for these small fluctuations (Enrica
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Bernardini et al. (2015). There are three major groups
of turbulence models: 1) RANS models (Reynolds
Average Navier-Stokes model) 2) LES model (Large
Eddy Simulation models). 3) Direct Numerical
Solutions (DNS). Most of the CFD modeling software
uses k-€ model, which is adoption in CFD.

In the LES model, the air movement is wider and
smaller eddies are filtered. RANS solve Navier-Stokes
equation by either time average. DNS model solves
Navier-Stokes equation and hence theoretically, all
turbulent flows can be simulated. RNS can be applied
to simple flow problems, usually in a laminar flow,
where the Reynolds number is relatively low
(Chunming Liu et al. (2017)). K-Omega SST
turbulence model is well suitable to study the flow
around the building.

2.3 Boundary condition

In fluid flow problem, it is very much important to
have a properly defined boundary condition for good
results (Lorenzo Raffaele et al. (2017)) The boundary
condition includes a condition for inlet, outlet, wall and
constant pressure. For inlet boundary condition, the
flow velocity needs to be specified at the inlet. (Okafor
Chinedum Vincent (2017)) Here there is no slip
condition and velocity of flow and normal to the flow
direction are set to zero.

2.4 Convergence of solution

The calculations have to be finished after the
convergence of the solution. It is important to confirm
that the solution does not change by monitoring the
variables on specified points (Georgios K. Ntinas et al.
(2017). When the calculation diverges or convergence
is slow, the following points need to be examined. The
aspect ratio and stretching ratio of the grids may be too
large. The relaxation coefficient of the matrix solver
may be too small. Periodic fluctuations such as a vortex
shedding may occur.

I11. RESULTS AND DISCUSSION

An Analysis is carried out as per the above procedure
for the different shapes of the buildings and the results
are displayed in the form of graphs. Inlet condition is
set up with a velocity of 7 m/s and the outlet gauge
pressure is of O Pa. No slip is given to the wall
boundaries.
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3.1 Square shape rectangle building

Wind flow on A Face for rectangular plan of the building
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Figure 2: Wind force on A face
of the building

Figure 3: Distribution of Pressure
coefficients at o = 0°

Figure 4: Distribution of Total
pressure coefficients at o = 0°

Wind flow on B Face for rectangular plan of the building
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Figure 5: Wind force on B face
of the building

Figure 6: Distribution of Pressure
coefficients at o = 45°

Figure 7: Distribution of Total
pressure coefficients at o = 45°

CFD results for rectangular shape plan wind force on B face
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Figure 8: Wind pressure coefficients of CFD simulation measuring at different points
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Figure 9: Wind pressure coefficients of CFD simulation measuring at different points
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For rectangular shape building, the wind force of about 7 m/s
with an angle of incidence o= 0° is applied on the A face as
shown in fig 2. It is observed that pressure coefficient Cj, is
maximum on the C face and it is found to have very low
pressure and wake on the B face as shown in fig 3. Since the
maximum wind force is observed on the A face, when
compared to the other three faces of the structure it may
sometime result in a twisting of the structure. It may be noted
that the result in the A face shows a perfect separation of
flow which has led to the formation of wake regions slightly
away from the surface of the building. The pressure is less on
both the side corners of the building. The total pressure is a
combination of static pressure, pressure coefficient, dynamic
coefficient, absolute pressure and the result is shown in fig 4.
When the wind force is applied on the D face of the building
with an angle of a = 45° as shown in the fig 5, it is observed
that the wake regions are created on the building surface on
C and B face as shown in fig 6 and fig 7 shows the total
pressure. Fig 8 and 9 represent the various measuring points
in a building where the forces are acting. The graphs are
plotted between measuring points and average wind speed at
various locations in a building and compared with total
pressure and pressure coefficient.
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3.2 L- shape building

For L shape building, 7 m/s wind force is applied with an
angle of incidence o = 0° on the C face as shown in fig 10. It
is been observed that pressure coefficient C, is maximum on
the C face and it is found to have very low pressure and a
wake is found on the D and A face as shown in fig 11. It may
be noted that the result in the A face shows a perfect
separation of flow that had occurred leading to the formation
of wake regions a little away from the surface of the building
as shown in fig 12. The pressure is less on both the side
corners of the building. When the wind force is applied on
the A face of the building with an angle of o = 90° as shown
in fig 13, it is observed that the wake regions are created on
the building surface on C face as in fig 14 and D face
absorbs low pressure on the face of the building as shown in
the fig 15. Fig 16 and 17 show the various measuring points
in a building where the forces are acting. The graphs are
plotted between measuring points and average wind speed at
various location in a building and compared with total
pressure and pressure coefficient.
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Figure 10: Wind force on C
face on the building

Figure 11: Distribution of
Pressure coefficients at o = 0°

Figure 12: Distribution of Total pressure
coefficients at a =0°
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Figure 13: Wind force on A
face on the building

Figure 14: Distribution of Pressure
coefficients at a.=90°

Figure 15: Distribution of Total
pressure coefficients at o = 90°

CFD results for L Shape building wind force on C face
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Figure 16: Wind pressure coefficients of CFD simulation measuring at different points
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CFD result for L shape building wind force on A face
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Figure 17: Wind pressure coefficients of CFD simulation measuring at different points

3.3 T- shape building
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Figure 18: Wind force on A face
of the building

Figure 19: Distribution of
Pressure coefficients at a = 0°

Figure 20: Distribution of Total
pressure coefficients at o. = 0°
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Figure 21: Wind force on B face
of the building

Figure 22: Distribution of
Pressure coefficients at o = 45°

Figure 23: Distribution of Total
pressure coefficients at o = 45°

CFD result for wind force on A Face in T shape buildings
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Figure 24: Wind pressure coefficients of CFD simulation measuring at different points
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CFD result for wind force on B face in T shape buildings
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Figure 25: Wind pressure coefficients of CFD simulation measuring at different points

For T shape building, the wind force of about 7 m/s
with an angle of incidence o= 0° is applied on the A
face as shown in fig 18. It is observed that the pressure
coefficient C, is maximum on the A face and very low
pressure and wake are found on the D and C face as
shown in fig 19. When total pressure is applied on the
A face low pressure is developed and two wake regions
are formed in the D face as shown in the fig 20. When
the wind force is applied on the D face of the building
with an angle of o.=45° from A as shown in fig 21, it is
observed that the low pressure is created on the D face
as shown in fig 22 and its combined wind force is
shown in fig 23. Force measuring points in various
location of the building is given in fig 24 and 25. The
graphs are plotted between measuring points and
average wind speed at various locations in a building
and compared with total pressure and pressure
coefficient.

IV. CONCLUSION

Studying the behaviour of wind is a complex process
and predicting the flow pattern is difficult, but
nowadays due to the development of supercomputers,
the CFD tool finds a solution to study the wind flow
pattern in and around the structures. In my study K-Q
SST turbulence model is chosen for measuring the flow
around the building. From the above results, for
different plan irregularities in buildings, the formation
of vortex flow and wake regions in the buildings are
identified. From the results, modifications can be done
in-order to avoid the formation of wake regions during
the air flow moving around the buildings. Building
setback limits can be fixed based on the results
obtained from the CFD in-order to maintain a constant
wind flow pattern within an area. The comfort of the
occupants inside a building will depend upon the wind
flow in and around the building.
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