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Abstract – A local description for the uniform flow past the 

leading surface of a bluff body such as a cylinder is to consider 

the region near the stagnation point. The body surface is 

assumed to be flat, locally and corresponds to the boundary at 

y = 0 with the stagnation point at x = 0, y = 0.  If the flow is 

inviscid, the flow is locally given by the u = alpha times x and v 

= - alpha times y, for alpha > 0. The corresponding stream 

function is psi = alpha * x*y.  We show that this satisfies the 

inviscid flow boundary conditions at the surface but not the 

viscous conditions. We formulate the vorticity equation using 

the stream function and show that a solution can be found with 

psi = alpha * x *f(y/delta) for some function f of eta that satisfies 

the viscous conditions and matches the inviscid flow far above 

the surface. We determine the length scale delta and derive the 

nonlinear differential equation for f of eta and find the vorticity 

balance in this flow.   
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A local description for the uniform flow past the leading 

surface of a bluff body such as a cylinder is to consider the 

region near the stagnation point. The body surface is 

assumed to be flat, locally and corresponds to the boundary 

at y = 0 with the stagnation point at x = 0, y = 0.  If the flow 

is in viscid, the flow is locally given by the u = alpha times 

x and v = - alpha times y, for alpha > 0.   

 

So, for the stagnation point with n = 1 case, the stagnation 

point is at (x, y) = (0, 0) or x = 0 y = 0. 

 

 
 

 
 

The corresponding stream function is psi = alpha * x*y.  

We show that this satisfies the in viscid flow boundary 

conditions at the surface but not the viscous conditions.  We 

formulate the vorticity equation using the stream function 

and show that a solution can be found with psi = alpha * x 

*f(y/delta) for some function f of eta that satisfies the viscous 

conditions and matches the in viscid flow far above the 

surface.   

 

 
 

 
 

 

 
 

We determine the length scale delta and derive the 

nonlinear differential equation for f of eta and find the 

vorticity balance in this flow.  So, plugging the above into 

the Boundary Layer Equations (*) in Appendix, we get the 

following: 
 

 
 

   And, for similarity, we get 
 

 
 

We need the following, because of the n = 1 case from 

above. 
 

 
 

 
 

 
 

 
 

 
 

 
 

Where we have the following: 
 

 
 

And, 
 

 
 

So, we have delta as the following: 
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And, the vorticity balance is the following: 

 

 
 

Appendix (*):  Boundary Layer Equations 
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