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Abstract—The flow around bluff bodies is an area of great research of scientists for several years. Vortex shedding is
one of the most challenging phenomenon in turbulent flows. This phenomenon was first studied by Strouhal. Many
researchers have modeled the various objects as cylinders with different cross-sections among which square and
circular cylinders were the most interested sections to study the vortex shedding phenomenon. The Vortex Shedding
frequency depends on different aspects of the flow field such as the end conditions, blockage ratio of the flow passage,
and width to height ratio. This case studies the wave development behind a D-Shaped cylinder, at different Reynolds
numbers, for which we expect a vortex street in the wake of the D-Shaped cylinder, the well known as von Kármán
Street. This body typically serves some vital operational function in aerodynamic. In circular cylinder flow separation
point changes with Reynolds number but in D-Shaped cylinder there is fix flow separation point. So there is more
wake steadiness in D-Shaped cylinder as compared to Circular cylinder and drag reduction because of wake
steadiness.In the present work CFD simulation is carried out for flow past a D-Shaped cylinder to see the wake
behavior. The Reynolds number regime currently studied corresponds to low Reynolds number, laminar and
nominally two-dimensional wake. The fluid domain is a two-dimensional plane with a D-Shaped cylinder of
dimensions B=90mm, H=80mm and L=200mm. CFD calculations of the 2-D flow past the D-Shaped cylinder are
presented and results are validated by comparing with Experimental results of pressure distribution on cylinder
surface. The experimentation is carried out using small open type wind tunnel. The flow visualization is done by
smoke visualization technique. Results are presented for various B/H ratios and Reynolds numbers. The variation of
Strouhal number with Reynolds number is found from the analysis. The focus of the present research is on reducing
the wake unsteadiness.
Keywords—D-Shaped cylinder, Drag Co-efficient, Lift Co-efficient, Vortex Shedding, SIMPLE, Pressure
Distribution, Strouhal Number, Flow Visualization.
I. INTRODUCTION
If velocity difference exists between a particle and its surrounding fluid, then fluid will exert a resistive force on
the particle and this exerted force by the fluid on the particle is called drag.A wind tunnel is a research tool developed to
study the effects of air moving over or around bluff bodies. It is used for technical support of any major development
process involving aerodynamic parts. Mostly it is used in automotive industry, laboratory research and construction. An
advantage of using wind-tunnels is that experiments there can be performed under well controlled flow circumstances
compared to experiments in the open environment. The most common experiment using wind tunnel is investigation of
vortex shedding. This is because the phenomenon of regular vortex shedding behind bodies in a stream of fluid is often
observed in nature. Generally the study of vortex shedding in aerodynamics is to avoid the flow induce vibration around
the body that results failure to the structure.
The present research involves the phenomenon of vortex shedding behind D-Shaped cylinder. This experiment
is based on existing wind tunnel that is already developed. For the simulation part, the number of meshing and blocks
should beconsidering as well for better result accuracy. The boundary conditions and wall condition around the bluff
model should be considered and applied corresponding to the experimental. The focus of the present research is on
reducing the wake unsteadiness, surface pressure calculation, Strouhal number calculation, Flow Patterns visualization.
A. Objective of the research project:
The objectives of this project are:
1. To study the characteristics of vortex shedding behind D-Shaped cylinder.
2. To reduce the drag using D-Shaped cylinder.
3. To make comparison between CFD simulation and experimental results of pressure distribution.
B. Scope of the research project:
The scope of this project consists of this below:
1. CFD simulation of air flow around D- Shaped cylinder.
2. Fabrication of D-Shaped cylinder.
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II. LITERATURE SURVEY
Many researchers have modeled the various objects as cylinders with different cross-sections such as square,
circular, and diamond sections. Cox(18) in 1998 studied circular cylinder and showed that choosing the right turbulence
model is highly important.
Aiba, S. And Watanabe (1), (2) reported that the drag force decreased by 50% and 25% for a circular cylinder
and a sphere, respectively, by cutting out at circumferential angle Өf=53º on the front surface of the bluff bodies.
However, the pressure distribution, Strouhal number, and flow patterns are not clear. Based on the above work above the
authors Tamotsu IGARASHI***and Yoshihiko SHIBA*** (3) investigated the drag reduction of D-Shape and I-Shape
cylinders Fig.1(a).

(a)

(b)

(c)

Fig.1 (a) Configuration of test models and symbols, (b)Surface oil-flow patterns and (c) visualization of the wake flow around D-Shape cylinder (3).

They found that the drag co-efficient of bluff bodies is small for a large Strouhal number S and small negative pressure
co-efficient –Cpb(3).Aiba et al. (1), (2) also did Flow visualization around a D-Shaped cylinder. Figure 1(b) presents the
surface oil-flow patterns on the circular arc of a D-Shape cylinder and Figure 1(c)presents photographs of the wake flow
obtained behind Circular, I-Shape and D-Shape cylinder.
Stalnov, Palei, et al. (4) investigated the effectiveness of a small array of body-mounted sensors, for estimation
and eventually feedback flow control of a D-Shaped cylinder wake. The research was aimed at suppressing unsteady
loads, a low dimensional Proper Orthogonal Decomposition (POD, Holmes et al. 1996) procedure was applied, and linear
stochastic estimator (LSE) was employed to map the surface mounted hot film pressure signals. The results show that the
estimates of the first two modes of the wake flow field are accurate to within 35% RMS error, with respect to the
measured POD time coefficients. SubhankarSen et al. (8),(10), used finite-element method to predict in two-dimensions,
the steady, laminar, incompressible flow past a stationary cylinder, results were presented for Re ≤ 40 and blockages
between 0.000125 and 0.80. It is found that the separation initiates from the base point, the separation bubble elongates
approximately linearly with Re.
Sabra Razughi et al. (9) has been carried out the Hydrodynamic analysis of flow around square cylinders at
different angles of attack at low Reynolds numbers, both in water and air using ANSYS CFX software, Twenty different
cases were modeled and the Strouhal numbers were extracted after 10 stable oscillations. It was proved that the results of
the derived formulas in EUREQA software are in good agreement with the computed results of the Ansys-CFX software
at each of the considered angle.
III. EXPERIMENTAL METHOD
In this case the experimentation is carried out by using small open type wind tunnel.
A. Types of Tests
The types of tests conducted in the wind tunnel are as follows:
1. Force Test: The strain gauge balance detects the forces and is capable of separating the components of total wind force. The
motion of air around the body produces the pressure and velocity variations, which produces the wind forces, and
moments, that can be experimentally detected and measured in wind tunnel. The forces acting on the model are:Lift: - The force component acting upwards, perpendicular to the direction of the flight. The aerodynamic lift is produced
primarily by the pressure forces acting on the vehicle surface.
Fl= (Cl×A×ρ×V2)/2
(1)
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Drag: - The net aerodynamic force acting in the same direction as the undisturbed free-stream velocity.
Fd= (Cd×A×ρ×V2)/2

(2)

Where,Fl = Lift Force (N)
Fd = Drag Force (N)
Cl=Co-efficient of Lift
Cd = Co-efficient of Lift
ρ = Density of air (Kg/m3)
A = Total surface area in contact with the fluid (m2).
2. Pressure Test
In this test, insert tiny tubes into the model surface and connect them to a pressure measuring device. Here the
pressure measuring device used is S-10 Pressure transmitter, it measures pressure in terms of water column. Fabrication
of D-Shaped cylinder with S-10 in wind tunnel is shown in Fig. 2.

Fig.2 Fabrication of Model in wind tunnelwith S-10 transmitter.

The pressure is calculated by using following empirical formula,
P gh

(3)

Where, P is Pressure in Pascal
ρ is density of air kg/m3
h is height of water column in mm.
3. Flow Visualization
Allow the streamlines of air flow to look at the body’s surface. It is the study of methods to display dynamic
behavior in liquids and gases. The laboratory flow visualization has become more and more exact, with careful control of
the particulate size and distribution. There are several flow visualization techniques.
B. Non-Dimensional Numbers
1.

Reynolds Number: The vortex shedding from a bluff body is a function of the Reynolds Number (Re). The flow characteristics of wind
passing across bluff body are depend on magnitude of inertial to viscous within the flow (the parameter are called
Reynolds Number). The Reynolds Number is defined as:
Re 

  V  L or
VD
Re 



(4)

Where, V is the wind velocity,
D, L is the lateral dimension of the body,
υ is kinematics viscosity of air,
µdynamic viscosity of air and
Different Re will affect the formation of vortex shedding over bluff bodies.
2. Strouhal Number: When considering a long cylinder, the frequency of vortex shedding is given by the empirical formula

St 

f D
V

(5)

Where, f = Vortex shedding frequency
St= Strouhal Number
V= Wind Velocity
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IV. NUMERICAL FORMULATION
A. Computational Fluid Dynamics (CFD):Computational fluid dynamics (CFD) is the science of predicting fluid flow, heat transfer, mass transfer,
chemical reactions, and related phenomena by solving the mathematical equations which govern these processes using a
numerical process. The use of (CFD) to predict internal and external flows has risen dramatically in the past decade.
B. Governing equations:Governing equations can be derived using Lagrangian and Eulerian methods and converted to the other form. Following
are the three Governing equations:
1. Continuity equation
( )=0
(6)
2. Momentum equation
−
=−
(7)
3.

Energy equation
−

=0

(8)

V. MODELLING andSIMULATION
A. Problem Definition: - CFD and Experimental analysis of Vortex Sheddingbehind D-Shaped Cylinderwith different
B/H ratiosanddifferent Reynolds number is carried out.
B. Geometry: - The 2D Plane geometry of a D-shaped cylinder with radius R=40mm is used for validation with
experimental results. ANSYSICEM CFD was used for making 2D geometry of D-Shaped cylinder with different B/H
ratios. First for B/H=1.125 was modeled. The length of the cylinder is 0.2m. The flow domain is taken of H=80mm,
L1=10H, L2=10H, L3=10H and L4=15H as any further increase in any direction produced no change in drag coefficient
values.

Fig.3Flow domain for CFD simulation of D-Shaped Cylinder.
C. Meshing: - 2D quad mesh is generated inICEM CFD fig. 4. ICEM CFD can generate both structured and unstructured
meshes using structured or unstructured algorithms which can be given as inputs to structured as well as unstructured
solvers, respectively.

Fig. 4 O-typeMesh around D-Shaped cylinder in ICEM CFD

VI. RESULTSand DISCUSSION
A. CFD and Experimental Pressure calculation
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Fig. 5 Graph of CFD and Experimental pressure values.

Fig. 5 shows the graph of CFD and Experimental pressure values. From this graph it is clear that there is minor % of
error which is acceptable between CFD and Experimental readings of Pressure values. From this graph we conclude that
the CFD results are nearly same with the experimental results.
B. Drag Co-efficient Calculation

Fig. 6 Graph of Reynolds number vs Co-efficient of Drag

Fig. 6 showsthat drag co-efficient reduces as the Reynolds number increases. It is also clear that drag co-efficient is more
for circular cylinder and it reduces for D-Shaped cylinder i.e. drag reduction by wake steadiness.
C. Strouhal number

Fig. 7 Graph of Reynolds number vs Strouhal Number

From Fig.7 it is clear that Strouhal number increases with increase in Reynolds number. Hence Number of vortices
increases with Reynolds number. Fig. 8 (a) and (b) shows the different vortices at different Reynolds numbers.
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D. Vortices generated behind the D-Shaped Cylinder.

(a)
(b)
Fig. 8 Vortices generated behind D-Shaped cylinder in CFD (a) at Re= 100, (b) at Re= 125

Fig. 9 Vortices generated behind D-Shaped cylinder in wind tunnel experimentally.

From figure 8 and figure 9 it is clear that there is fix flow separation point in D-Shaped cylinder.
VII.

CONCLUSION

From the experimental and CFD results we get the following conclusions: 1. Pressure at the upper side, bottom side and back side of cylinder is of negative pressure, it is because ofvortices
generated at that surfaces.
2. In circular cylinder flow separation point changes with Reynolds number, so there is wake unsteadiness but in
D-Shaped cylinder there is fix flow separation point, so there is wake steadiness as compared to circular
Cylinder. Because of this drag co-efficient is more for circular cylinder and it reduces for D-Shaped cylinder i.e.
drag reduction by wake steadiness.
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