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Abstract

The flow around cylinder open the path for studying moreptemshape bodies that still keep in their external flow
properties the combinations of the flow properties of simpler bodiedl#k plates, cylinders, ellipses. The aim of this
study is to describe flow around cylinders with and without grobased on numerical simulations. The two positions of
groove were taken. The inlet flow properties are velocity of 10 m/sjtgieaf 1.225 kg/r, static pressure of 101325 Pa.
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1. Introduction

A cylinder represents a very basic geometry and different types of fiwess a cylinder have been
experimentally and theoretically studied over the years. Recently, kaHasobeen published on low speed
flows around a circular cylinder [1]. Interesting experimental resultdedound in Aloum of Fluid Motion
by van Dyke [2], see also [3]. The analytical solution for incomgressviscid flow over a cylinder resulted
in D_Alembert paradox. Flow over a rotating cylinder is used to explaiNagmus effect and the generation
of lift. Compressibility effects have been studied by Janzen, Rayleiwai and others [4]. The critical Mach
number was predicted accurately by van Dyke using computer series axtmwdiaiques [5]. Numerical
solutions of Euler equations are reported in many papers, see fqule{én9].

The flow over circular cylinder had been subjected to intensive researahdiog time. A circular cylinder
produces large drag due to pressure difference between upstreawvarstream direction of the flow. The
difference in pressure is caused by the periodic separation of flewsowvface of the cylinder. Periodic
separation induces fluctuations in the flow and makes the cylinder vibi@ateduce the amount of drag or
the drag coefficient of a cylinder various active and passive flow comgttods have been employed and
tested successfully. These methods include roughened surfacesl0klimpled surfaces [12]-[15], trip
wires [16] and active blowing and suction of air [17].

2. Numerical Analysis

For numerical calculations, two dimensional geometry, steady flowlimaevalls, laminar models for the
airflow were considered. The three geometries have chosen to instigatécatlyner

2.1.Geometry Selection

The cylinders with and without grooves are chosen to do numerioastigation. The three cases are
shown in Fig 1.

D=3 mm

Case 1 Case 2 Casestt

Fig. 1. Cylinder (left) and cylinder with groovesght)



Aye Aye Pyone / International Journal of ResearablRations (IJRP.ORG)

2.2.Computational Domain

Several computational domains with structured grids were constructed and testelrino get gird
independent result. The domain system shown in Fig. 2 gave theelsetit and was used for further

investigations.
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Fig. 2. Computational domain of a cylinder

2.3.Meshing

For two dimensional computations over the model, a structured griistinog of quadrilateral cells were
used. The grid independence test must be done by transforming the gepleyateal model into a mesh with
different number of node points. It is said to be grid independence when the result doesn’t change with
increasing grid numbers. The result obtained for this mesh is considdredhe best.

It was found in Fig. 3 that a medium grid of 51369 has a very dlbseith a fine grid of 75720
quadrilateral cells. A coarse grid of 30892 quadrilateral cells also showed closgimyagtion with the other
two grid levels. Therefore, the medium grid level is adopted for all casesdering numerical stability and
minimum computational cost. This medium grid resolution used herdfisient to capture the physically

relevant features.
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Fig. 3. Medium mesh for circular cylinder
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2.4.Boundary Conditions

The computational domain is bounded by velocity inlet, no-slip wallppeesbure outlet as shown in
Figure4.

No Slip Wall

10 m/s

O Cylinder

Velocity Inlet
u

Pressure Outlet

No Slip Wall

Fig. 4. Boundary conditions of a cylinder

3. Results
3.1. Coefficient of Lift over Cylinders

As shown in Fig 5-7 the lift coefficient over cylinders are small amdetiveen -0.01 to 0.01. €h
fluctuation of curves shows the effect of Von Karman Vortex espedatlg (1) and case (3).
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Fig. 5. Variation of lift coefficient of lift throgh 500 iteration for case 1
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Fig. 6. Variation of lift coefficient of lift throgh 500 iteration for case 2
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Fig. 7. Variation of lift coefficient of lift throgh 500 iteration for case 3
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3.2.Velocity Contours

The velocity contours are almost the same especially case 1 and case 3 thatemmib Fig 8 and Fig 10.
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Fig. 8. Velocity contour for case 1
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Fig. 9. Velocity contour for case 2
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Fig. 10. Velocity contour for case 3

3.3. Velocity Streamlines

157264001 -

1.179e+001 - .

7.8586+000

392004000

0.000e+000-
g™l . O

001 (m)

0.005

0.0025 0.0075

Fig. 11. Streamlines for case 1
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Fig. 12. Streamlines for case 2
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Fig. 13. Streamlines for case 3

4. Conclusion

A cylinder represents a very basic geometry and different types of floars @oxylinder have been
experimentally and theoretically studied over the years. By these résuftsw fields of various cylinder are
not very differ each other at upcoming velocity of 10 m/s, cylinder efianmof 10 mm, groove diameter of 3
mm, laminar flow and steady conditions. But the separation patterns likaingilinder are not similar with
each other.
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