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Figure 2:  Sketch of supersonic flow pattern around a cylinder-shaped blunt fin 

(Barnhart, 1995) 

 

The similarity between the cases allows us to consider initially only the front half of the cylinder 

facing the incoming flow for the study of the complex shock wave/boundary layer interaction. 

 

4. Preliminary Numerical Results 

The numerical simulation of the three-dimensional flow upwind of a vertical cylinder (or a blunt 

fin) over a flat plate is achieved with a parallel code using FORTRAN and Message Passing Interface 

(MPI). 

The reference length in the simulation is taken as the diameter of the cylinder.   The domain is 

cylindrical-shaped with radius 15 and height 4 (Figures 3 and 4).  The cylinder is assumed to have 

infinite height; therefore, a symmetry boundary condition is taken at the top of the domain. 

 

 
Figure 3:  Full representation of problem with curvilinear coordinates.  

 Radius of flat plate = 15; height of cylinder = 4 
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Figure 4:  Domain of simulation: computational grid 129x70x256.   

Every third grid point is shown. 

 

 Current results for Mach number 2.5 and ReD = 1,000,000 with the 5
th
 order WENO scheme 

(Jiang & Shu, 1996) and ILES technique are shown in Figures 5-9.  We observe that with a coarse grid 

the flow structure is similar to experimental observations (see Section 3).  The bow shock is very clear, 

and a separation shock is formed (lambda-structure).   

 
Figure 5:  Line contours of Mach number around cylinder near the top of domain. 

 

Inside the separation region, there is a supersonic zone that is clearly visible (Figure 6).  We also 

observe a high pressure zone near the cylinder wall, where the separation shock meets the bow shock 

(Figure 7).   
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Figure 6:  Mach number profile at the symmetry plane.  Cylinder wall at x = -0.5. 

 

We observe high temperatures at the cylinder surface, as detected in experiments (Figure 8).  The 

streamlines show the separation zone and the vortices are clearly outlined (Figure 9).  Also, the root 

vortex is clearly shown on Figure 9(b), at the base of the cylinder.  With a finer grid, it will be possible 

to observe more details of the structure.  

 

 
Figure 7:  Pressure profile at the symmetry plane.  Cylinder wall at x = -0.5. 
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Figure 8:  Temperature profile at the symmetry plane.  Cylinder wall at x = -0.5. 

 

(a)  

(b)  

Figure 9: (a) Streamlines of flow direction.  (b)  Zoom of (a) near the base of the cylinder. 
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5. Future Work 
Based on current results, our plans are to run a new case on a finer grid to capture more details of 

the flow, modify the current numerical scheme (WENO) to a new high-resolution scheme that is under 

development, and also to test cases with a micro-vortex generator at the flat plate. 
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