
Flow past a circular cylinder 
 

The incompressible flow past an impulsively started 
cylinder is usually studied as a model for unsteady 
separated flows and has been extensively studied 
theoretically, experimentally and computationally. The 
earliest known experimental investigation of the flow past 
an impulsively started cylinder was done by Prandtl (1925). 
Bouard and Coutanceau (1980) did one of the most 
extensive experiments to date. They used specially 
designed apparatus to produce nearly instantaneous starts 
and analyzed photographically the flow field visualized by 
solid tracers put in uniform suspension in fluid 
 
 
HereThe Flow past a circular cylinder At  Reynolds 
number (Re) = 9500   is solved using Numerical method 
.The same has been solved by Dr T.K Sengupta and Dr 
R.Gupta in(1994) . 
 
The numerical solution to flow past an impulsively started 
cylinder poses a greater challenge. The difficulty lies in the 
formulation of boundary and initial conditions of the 
problem. High resolution is necessary for simulation at 
higher Re 
 
The Navier stokes theorem in ?-?  formulation  describing 
the above flow is written in x,y coordinates and then it is 
transformed to 
.?-? coordinate system .where 



 
x =ae2p ? cos(2p ? ) 
y =ae2p ? sin(2p ? ) 

 
 

 
 

 
 

 
 
The equation in non- dimensional form are 
 

 
 
The above two equations are coupled with each other so we 
need to solved them simultaneously . 
 
Initial Condition : 
The initial flow around the cylinder is potential since 
initially there is no vorticity in the fluid and no boundary 



layer has yet formed on the surface. With the advancement 
of time however a boundary layer is formed on the surface 
and vorticity, which is created inside the boundary layer is 
released into the flow. Here essentially the flow field is 
divided into the outer and inner flows.The invicid 
irrotational flow around a cylinder give us the initial 
condition at time t = 0 . 
 
The equation for inviscid solution in non dimensional form 
is                                                                                                                                                                         

 

      
 



  boundary conditions : 
 

1) The  boundary at the surface of the cylinder are  
a)No Slip condition 

 
and the vorticity at the surface is 

                     
   b)Far stream condition for vorticity is  

        
 
 
Mesh Generation : 
 
The transformation to ?-? coordinate system leads to the 
generation of O type grid which are not uniformly 
spaced in the physical plane as radius goes exponentially 
with ? .The grid are generated in such a way that in ?-? 
coordinate system we get orthogonal grids where as in 
the x-y plane .The grid spacing I nthe radial direction is 
geometric grid spacing i.e  the grid spacing in the radial 
direction  is such that  there are more grids in the part 
near the cylinder  and they are placed very closely .but 
then the grid spacing increases exponentially and  grids 
are a bit far . 



 

 
 
 
 
 



 
 
Solution procedure : 
 

 Time step of  0.0001 is taken and solutions are obtained to 
the non dimensional time of t = 3  . 100 points in the  ? and 
100 points in the ? direction are taken so that we get a 
reasonable number of points in the separation region and to 
take care of the numerical stability . A third order 
upwinding scheme is used to discritize the navier stokes 
theorem in the ?- ? plane .Solution of the vorticity equation 
is obtained at each and every point which is then used to 
get the stream function at that point by solving the 
corresponding poissons  equation  by Gauss siedel iteration 
method the stability criteria is strictly taken into 
account.With this procedure we march with the time step of 
0.0001 to the non dimensional time of 5 . 
 
 
Result: 
 
It is found from the result that at Re = 9500 the flow past a 
circular cylinder remains nearly symmetrical and the wake 
s are formed at the downstream end .The wakes are large 
and clear and they are symmetrical to the x axis . 
 
The solution obtained are compared with the Experimental 
solutions given by Coutanceau and defaye in 1991 . 
 
 
 



 

                      Figure 1.a         At t(non dimensional) = 1.5  
 

 
 
 



 
 
       Figure 1.b     Showing The back end of The cylinder at t=1.5 
 
In this figure we can see the wake behind the cylinder has started 
developing , the wake is symmetric w.r.t the flow . 
 



 
                  Figure2.a   at t = 2.4 
 
 
 



 

 
        figure2.b  showing only the back end of the figure  at t = 2.4 
 
 
 
 
 
 



 
                                                     Figure 3.a  at t=3 
 
 
 In this figure we can see clearly that the flow has separated  from 
the cylinder surfaces and wake is formed behind the cylinder . 
 
 
              
 
 
 



 

 
 
figure 3.b showing only the back end of the figure  at t = 3 
 

 
 
 



                                          Figure 4.a  At t = 3.5  
 

 



 
 
 
         figure 4.b showing only the back end of the figure  at t = 3.5 
 
 
 
 
 
 



 
                        Figure at t =4.5 showing vortex shedding 
 
We can see vortex shedding has started in a regular pattern of 
alternately shed clock wise and counterclockwise vortices . 
 



Conclusion : 
 
Although a approximate and basic numerical methods and finite 
difference schemes have been used we can see the trends in the 
numerical solution are close to the experimental observations. 
 
 
Improvement in the solution: 
 
The numerical method used above is just a basic learning method 
as I have used 2nd order difference scheme for solving the 
vorticity equation and Gauss Siedel Iterative scheme for solving 
the Poisson Equation .the predictor-corrector finite difference 
scheme for the vorticity transport equation and a fast Poisson 
solver for the stream function can be used to smoothen the 
solution and to get better results. 
 

 
 
 
 
 
 
 
 
 
 
 
 


