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ABSTRACT 

In this paper we investigate the numerical simulation of laminar viscous flow over a smooth flat plate and rough 

plate. The aim of this paper is to study the unsteady vortex dynamics. The plate considered is of 0.1 m length and made 

of Kevlar. The analysis carried out computationally using Star CCM+. The study is done on flat plate to inspect the 

difference in the force and wake behind the flat plate. The results how that the generation of vortex is high in rough plate 

compared to smooth plate. It also found that the velocity is depending on the strength of the vortex. In addition to the 

above we also found that velocity and circulation are independent in nature. 
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1. INTRODUCTION 

Vortices useful for assorted application, however it also plays a negative part. For example wingtip vortex causes 

drag in aircraft which reduce the performance of the aircraft, as the aircraft turn the vortex strength is increased. It is 

controlled by placing winglets at the tip of the wing. In this study the material of the plate is Kevlar. The Kevlar fiber is 

taken since it has a superior strength when compared to the other fibers. Von karman sheet offer us the superior clearness 

on the flow behind any bluff bodies. Reynolds number varies with the kinematic viscosity of fluid. The potency of the 

vortices is depending on Reynolds number and the Reynolds number depends on the viscosity. If viscosity increases the 

vortices will be weedy. 
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Numerical Simulation: The problem is solved using some numerical equations and modified boundary condition Navier 

strokes equation in three dimensional modes is considered as, 
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Where u, p, f are velocity, pressure and surface force.  

Reynolds number of the fluid flow given by            𝑅𝑒 =
𝜌𝑢𝐶

𝜇
 

U is the free stream velocity, C is the length of the plate and μ is the kinematic viscosity of the fluid. 

Forces are said to be 

𝐶𝐷 =
𝐹𝑥

0.5 ∗ 𝜌𝑣2𝑐
 

2. EXPERIMENTAL SETUP 

Simulation is done in a domain of 1 X 0.8. The velocity of air given in x-axis. Inlet and outlet are given with the 

condition, velocity of 100m/s and the pressure of 1.05 bar, all four sides of domain named as wall. The flat plate modeled 

with circular and noncircular hole wrapped up in the domain and the boundary condition of adiabatic wall. Grid size 

used in model 50 x 10 x 30 to 100 x 40 x 50 with the aspect ratio of 3. Boundary conditions uniform except the outlet. 

The specimen placed at center of the domain in three dimensional axes and it is solved using computationally using Star 

CCM+. The computational approach is used and boundary conditions are derived by lattice method. 

3. RESULTS AND DISCUSSION 

The specimen is tested for two cases flat plate with circular and non circular hole. The flow is steady, segregated 

and isothermal process. Data and plots are derived from the post processing. 
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Table.1. Flat plate with smooth surface 

Velocity (m/s) Pressure (Pa) Circulation (rad/s) 

75.7 1.7 36.3 

80.0 1.7 34.2 

85.5 2.8 41.6 

88.1 3.2 34.7 

93.8 3.8 64.1 

98.5 4 57.4 

 

  
Figure.1. Comparative plot data of Velocity and 

pressure 

Figure.2. Comparative plot data of velocity and 

circulation 

  
Figure.3. Circulation in smooth plate Figure.4. Circulation in rough plate 

  
Figure.5. Pressure behind the flat plate Figure.6. Pressure behind the flat plate 

 

The figures.1-8, gives the plot and representation of the circulation and pressure of the smooth and rough flat 

plate subjected to the free stream velocity of 100m/s. the figure represents the circulation is high in rough plate when 

compared to the smooth plate which made of Kevlar of thickness 0.1 * 0.01 m. 

Table.2. Flat plate with rough surface 

Velocity (m/s) Pressure (Pa) Circulation (rad/s) 

75.7 2.1 46.3 

80.0 2.7 49.2 

85.5 3.5 55.6 

88.1 4.8 62.7 

93.8 5.5 84.1 
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Figure.7. Comparative plot data of velocity and 

pressure on rough surface 

Figure.8. Comparative plot data of velocity and 

circulation on rough surface 

Tables.1 and 2, gives circulation and the pressure magnitutde when the flow pass through the flate plate at 

different velocty.  

4. CONCLUSION 

The results and plots show that the efficiency vortex and ciculation is high rough flat plate when compared to 

smooth surface. The results shows that rough flat plate producing high circulation with the help of boundary layer 

thickness. It is found that , potency of the circulation is depend on the velocity of the flow and pressure is indpendent 

with the vortices formation behind the flat plate. 

REFERENCES 

Ahuja, Sunil, Clarence W, Rowley, Ioannis G, Kevrekidis, Mingjun Wei, Tim Colonius and Gilead Tadmor, Low-

dimensional models for control of leading-edge vortices, equilibria and linearized models, AIAA Paper, 2007, 709. 

Breuer M, Jovicic N and Mazaev K, Comparison of DES, RANS and LES for the separated flow around a flat plate at 

high incidence, International journal for numerical methods in fluids, 41, 2003, 357-388. 

Manigandan S, Computational Investigation of High Velocity Ballistic Impact Test on Kevlar 149, Applied Mechanics 

and Materials, 766-767, 2015, 1133-1138.  

Manigandan S, Determination of Fracture Behavior under Biaxial Loading of Kevlar 149, Applied Mechanics and 

Materials, 766-767, 2015, 1127-1132. 

Manigandan S, Gunasekar P, Devipriya J, Saravanan WSR, Reduction of greenhouse gases by the effect of window 

position and its size in isolated building, Journal of Chemical and Pharmaceutical Sciences, 2016. 

Pitchamuthu G, Sekar M, Anderson A & Jayakumar D, Evaluation of iron–epoxy metal nanocomposite in glass fibre 

and Kevlar, Journal of ambient energy, 2016, 1-5. 

http://www.jchps.com/

