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Abstract: 

This simulation is to study the changes in flow properties over the surface of a right circular cylinder placed 

in a laminar flow. The main objective of this simulation is to collect data on the variation of flow parameters 

(pressure and velocity) and force coefficients (Cd and Cl) about the cylinder at different given mediums and 

inlet velocities as well as to visualize Kármán Vortex Street generated due to such interactions. This study is 

carried out using various FLOSS software.  
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1. Introduction 
 

If the flow parameters of a flow field depend not only on the position in the coordinate system used to 

describe it but also on time, such a flow is said to be transient or unsteady. Such a flow field can be defined 

as: 

𝑝 = 𝑝(𝑥, 𝑦, 𝑧, 𝑡) 

𝑈 = 𝑈(𝑥, 𝑦, 𝑧, 𝑡) 

 

Unlike steady flow (which is time independent), unsteady flows show fluctuation of flow field with time 

thus exhibiting certain characteristic phenomena. 

One such phenomenon can be observed when a circular cylinder (or a blunt body) is placed in a fluid (Re > 

90), we obtain a repeating pattern of swirling vortices, caused by a process known as vortex shedding, which 
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is responsible for the unsteady separation of flow field about it. This phenomenon is known as Kármán 

vortex street (named after Aerospace Engineer Theodore von Kármán, father of supersonic flight). 

2. Problem Statement 
 

The objective of this case study is to simulate a Kármán vortex street which occur for Reynolds number 

between 180 and 200. 

 

3. Governing Equations 

 
This case study is based on Reynolds-averaged Navier–Stokes equations (or RANS equations or RAS 

equations), are time-averaged equations of motion for fluid flow. For a stationary flow of an incompressible 

Newtonian fluid, these equations can be written in Einstein notation in Cartesian coordinates as: 

 

The Navier-Stokes equation is supplemented with the incompressibility condition: 

∇⋅U=0 

 

4. Simulation Procedure 
 

A total of 10 cases are to be simulated by changing the inlet/freestream velocity and the kinematic viscosity 

of the working fluid, rest of the parameters are common throughout the cases/subcases. As mentioned in the 

transport properties, the simulation is divided into three cases (each case has distinct kinematic viscosity) 

each with 3-4 subcases (each subcase has distinct inlet/freestream velocity). 

 

4.1 Geometry and Mesh 

In this study the geometry and meshing of the domain is designed using Gmsh software. The geometry 

consists of a rectangular boundary region with dimension 4 u × 3 u, with a circle of radius 0.1 u placed in it. 

This geometry is given a depth of 0.1 u. 

 

 

 

An unstructured mesh is generated in the domain, with attractor set to refine the region around the cylinder. 

The mesh generated in Gmsh is converted into OpenFOAM usable format using the command 
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“gmshToFoam”. This creates the “polyMesh” folder, in the “constant” directory and the necessary mesh 

files are generated. 

 

4.2 Initial and Boundary Conditions 

 

o Boundary Condition/Initial Condition (BC/IC) Dictionaries 

 

o Transport Properties 

Transport model is set as Newtonian, with kinematic viscosity (ν) set as: 

CASE I - 1.00×10-6 m2 s-1 

CASE II - 5.555×10-4 m2 s-1 

CASE III - 1.18×10-3 m2 s-1 

 

o Turbulence Properties 

Simulation type and RAS model is set as laminar. 

 

4.3 Solver 

Since this study demands for transient incompressible flow field, the pisoFoam solver is used to simulate the 

case. The solver uses the PISO (Pressure-Implicit with Splitting of Operators) algorithm to solve the 

continuity equation: 

 

∇⋅U=0 

and momentum equation: 

 
𝜕𝑢

𝜕𝑡
+  ∇. (𝑢𝑢) − ∇. (ν∇𝑢) = −∇𝑝 

 

Boundary Pressure (p) Velocity (U) 

Inlet zeroGradient fixedValue 

Outlet fixedValue zeroGradient 

Top and Bottom Walls zeroGradient fixedValue 

Front and Back empty empty 

Cylinder Wall zeroGradient fixedValue 

Fig.3 Front and Isometric view of domain mesh. 



Convergence of flow parameters Lift coefficient vs Drag Coefficient (CL vs CD) 

4.4 Result extraction 

The plots are generated using GNUPLOT and the visualization of simulation is done using PARAVIEW. 

5. Result 

CASE I 

For the first case the kinematic viscosity is set at 1.00×10-6 m2 s-1. The fluid inlet velocity is set at 0.5 m s-1, 

1.0 m s-1 and 1.2 m s-1. The simulation results for each subcase is as follows: 

▪ At inlet velocity 0.5 m s-1 

Plots: 

 

Simulation results for velocity profiles at different time intervals: 

Time t (s) Result 

t = 0 s 

 

t = 0.5 s 

 



Convergence of flow parameters Lift coefficient vs Drag Coefficient (CL vs CD) 

t = 2.0 s 

 

t = 4.0 s 

 

t = 10 s 

 

 
Velocity Magnitude (m s-1) 

 

At 0.5 m s-1 the fluid converges without showcasing any vortex shedding pattern. 

▪ At inlet velocity 1.0 m s-1 

Plots:  

 

Simulation results for velocity profiles at different time intervals: 



Time t (s) Result 

t = 0 s 

 

t = 0.5 s 

 

t = 2.0 s 

 

t = 4.0 s 

 

t = 10 s 

 

 
Velocity Magnitude (m s-1) 

 

At 1.0 m s-1 the fluid converges without showcasing any vortex shedding pattern. 



Convergence of flow parameters Lift coefficient vs Drag Coefficient (CL vs CD) 

 

▪ At inlet velocity 1.2 m s-1 

Plots: 

 

Simulation results for velocity profiles at different time intervals: 

Time t (s) Result 

t = 0 s 

 

t = 0.5 s 

 

t = 2.0 s 

 



Convergence of flow parameters Lift coefficient vs Drag Coefficient (CL vs CD) 

t = 4.0 s 

 

t = 10 s 

 

 
Velocity Magnitude (m s-1) 

 

At 1.2 m s-1 the fluid converges without showcasing any vortex shedding pattern. 

 

The working fluid in Case I does not possess enough viscosity to undergo a boundary layer separation or a 

pressure difference between the top and bottom of the body. Though it can be noticed that the fluid 

parameters converge at a faster rate with increase in inlet velocity. 

CASE II 

For the second case the kinematic viscosity is set at 5.555×10-4 m2 s-1. The fluid inlet velocity is set at 0.5 m 

s-1, 1.0 m s-1 and 1.5 m s-1. The simulation results for each subcase is as follows: 

▪ At inlet velocity 0.5 m s-1 

Plots: 

 

 



 

Simulation results for velocity profiles at different time intervals: 

 

Time t (s) Result 

t = 0 s 

 

t = 2.0 s 

 

t = 6.0 s 

 

t = 8.0 s 

 

t = 10 s 

 



Convergence of flow parameters Lift coefficient vs Drag Coefficient (CL vs CD) 

 
Velocity Magnitude (m s-1) 

 

At 0.5 m s-1 the fluid converges with vortex shedding pattern occurring after 8 seconds into simulation. 

 

▪ At inlet velocity 1.0 m s-1 

Plots: 

 

 

Simulation results for velocity profiles at different time intervals: 

 

Time t (s) Result 

t = 0 s 

 

t = 0.5 s 

 



Convergence of flow parameters Lift coefficient vs Drag Coefficient (CL vs CD) 

t = 2.0 s 

 

t = 4.0 s 

 

t = 10 s 

 

 
Velocity Magnitude (m s-1) 

 

At 1.0 m s-1 the fluid converges with vortex shedding pattern occurring after 3 seconds into simulation. 

 

▪ At inlet velocity 1.5 m s-1 

Plots: 

 



 

Simulation results for velocity profiles at different time intervals: 

 

Time t (s) Result 

t = 0 s 

 

t = 0.5 s 

 

t = 2.0 s 

 

t = 4.0 s 

 

t = 10 s 

 



Convergence of flow parameters Lift coefficient vs Drag Coefficient (CL vs CD) 

 
Velocity Magnitude (m s-1) 

 

At 1.5 m s-1 the fluid converges with vortex shedding pattern occurring after 2 seconds into simulation. 

The working fluid in Case II possess enough viscosity to undergo a boundary layer separation and pressure 

difference between the top and bottom of the body thus, forming a vortex shedding pattern even at low inlet 

velocity. The fluid parameters converge at a faster rate when inlet velocity is increased. 

 

 

CASE III 

For the third case the kinematic viscosity is set at 1.18×10-3 m2 s-1. The fluid inlet velocity is set at 0.5 m s-1, 

1.0 m s-1, 1.5 m s-1 and 2.0 m s-1. The simulation results for each subcase is as follows: 

▪ At inlet velocity 0.5 m s-1 

Plots: 

 

Simulation results for velocity profiles at different time intervals: 

Time t (s) Result 

t = 0 s 

 



t = 0.5 s 

 

t = 2.0 s 

 

t = 4.0 s 

 

t = 10 s 

 

 
Velocity Magnitude (m s-1) 

 

At 0.5 m s-1 the fluid parameters do not converge over the 10 second time period of the simulation, however 

it does show the tendency to converge in near future. The simulation ends without showcasing any vortex 

shedding pattern. 

 

▪ At inlet velocity 1.0 m s-1 



Convergence of flow parameters Lift coefficient vs Drag Coefficient (CL vs CD) 

Plots: 

 

Simulation results for velocity profiles at different time intervals: 

Time t (s) Result 

t = 0 s 

 

t = 0.5 s 

 

t = 2.0 s 

 



Convergence of flow parameters Lift coefficient vs Drag Coefficient (CL vs CD) 

t = 4.0 s 

 

t = 10 s 

 

 
Velocity Magnitude (m s-1) 

 

At 1.0 m s-1 the fluid parameters converge with showcasing vortex shedding patterns, occurring after 5 

seconds into simulation. 

 

▪ At inlet velocity 1.5 m s-1 

Plots: 

 

Simulation results for velocity profiles at different time intervals: 

Time t (s) Result 



t = 0 s 

 

t = 0.5 s 

 

t = 2.0 s 

 

t = 4.0 s 

 

t = 10 s 

 

 
Velocity Magnitude (m s-1) 

 

At 1.5 m s-1 the fluid parameters converge with showcasing vortex shedding patterns, occurring after 3 

seconds into simulation. 

 



Convergence of flow parameters Lift coefficient vs Drag Coefficient (CL vs CD) 

▪ At inlet velocity 2.0 m s-1 

Plots: 

 

Simulation results for velocity profiles at different time intervals: 

Time t (s) Result 

t = 0 s 

 

t = 0.5 s 

 

t = 2.0 s 

 



t = 4.0 s 

 

t = 10 s 

 

 
Velocity Magnitude (m s-1) 

 

At 2.0 m s-1 the fluid parameters converge with showcasing vortex shedding patterns, occurring after 2 

seconds into simulation. 

The working fluid in Case III also possess enough viscosity to undergo a boundary layer separation and 

undergo pressure difference between the top and bottom of the body thus, forming a vortex shedding pattern, 

even at low inlet velocities. The fluid parameters converge at a faster rate when inlet velocity is increased. 

 

6. Conclusion 

 

It is evident from the above results, that the formation of Kármán vortex street phenomenon is dependent on 

the fluid viscosity as well as the flow velocity. It can be observed that the possibility of vortex street 

formation is more likely in a fluid with higher kinematic viscosity, which in turn can be expressed as the 

ratio of dynamic viscosity and density. With increase in fluid/inlet/freestream velocity, the rate of 

convergence of fluid parameters and frequency of the vortex street (swirling vortex patterns) increases, such 

effects are dormant in a fluid with low kinematic viscosity. It can also be observed that the initiation of 

vortex street can be delayed by decreasing inlet velocity and vice versa. 

While comparing two distinct working fluid (for instance take Case II and III) it can be observed that at 

same inlet velocity, the fluid whose kinematic viscosity is higher, takes more time to generate vortex 

shedding pattern. It is due to the fact that a higher kinematic viscosity results in more friction at the contact 

surface of blunt body and fluid, thus taking longer for flow separation. 
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System and Software 

This study was conducted on the system whose hardware specification is listed as follows: 

Device Acer Nitro 5 

Processor Intel i5-7300HQ 

GPU HD Graphics 630 

GTX 1050 

RAM 8 GB 

Drive Type HDD 

OS CAELINUX (Case Study) 

Windows 10 (Documentation) 

 

Software used for Case Study: 

• Geometry and Mesh- Gmsh v3.0.6 

• Simulation- OpenFOAM v4.1 

• Post-processing- Paraview v5.0.1 & Gnuplot v4.6 

 


