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Abstract 
In this paper, we applied modified weighted compact scheme developed by Liu et al (2008) for 1-D shock wave 
and 2-D incident shock boundary layer interaction. The basic idea is that because the weighted compact scheme 
(WCS), developed by Jiang et al (2001), does not have enough dissipation for shocks, we add a percentage of 
WENO dissipation to modify WCS and call the new scheme as  modified weighted compact scheme (MWCS). 
The 1-D test shows the MWCS scheme is perfect and we capture the shock sharply and resolve the high frequency 
waves. For 2-D incident shock – boundary layer interaction, the new scheme obtained higher resolution. 
Preliminary results for 3-D shock – blunt body interaction are shown; fully developed results will be reported in the 
final paper. 
 
1. Introduction: 

Compact schemes (Lele, 1992) are very popular in the simulations of transitional and turbulent 
flows because they can provide better spectral resolution and high order accuracy without increasing 
the width of stencils. However, the traditional compact schemes don't work well with shock waves. 

The Weighted Compact Scheme (WCS) proposed by Jiang et al (2001) is constructed by 
introducing the idea of WENO scheme to the standard compact schemes. By combining several 
candidate stencils, the WCS can preserve high order accuracy and good spectral resolution in smooth 
regions, but unfortunately, the implementation of Weighted Compact Scheme for shock tube and 
shock entropy interaction test is not promising with a lot of wiggles around the shock. This is 
because WCS does not have enough dissipation to remove these wiggles. In order to achieve high 
order accuracy and high resolution for shock boundary layer interaction, we still stay in the WCS 
frame, but introduce the WENO scheme for the shocks which leads to a combination of WCS and 
WENO which we called modified WCS or MWCS. 

All tests we have for 1-D shock tube and shock entropy interaction show the scheme is superior 
to 5th order WENO and both sharp shock capturing and high frequency waves are obtained. 

The new work is to use MWCS for incident shock and shock-cylinder interaction and the results 
obtained by WENO and MWCS are compared which show MWCS can get higher resolution and 
sharper shock capturing. 
 
2. Modified Weighted Compact Scheme 

The 5th order WENO can be written: 
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The weighted compact scheme (WCS) can be written as: 
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Since the WENO scheme is too dissipative for small length scales, but WCS has some oscillations 
around the shock, we combine the two schemes with weights to form a hybrid scheme: 
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(2.3)

 Let us first pick: 72.0wcs  to see what happens to 1-D shock tube and 1-D shock-entropy 

interaction problems. 

 
3.  Comparison of WENO and MWCS 

 
1) Shock tube 

Let us first take a shock tube problem to see how the WENO works. The governing equations 
are the 1D Euler equations: 
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The initial conditions are given as follows: 
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To solve the Euler equations, three-step TVD Runge-Kutta is used in time marching and 
Lax-Friedrichs flux vector splitting is used and the derivatives of splitting flux 


F ,


F  are 

calculated using WENO.  From Figure 3.1, the shock is smeared before and after shock and the 
expansion wave is smeared and deformed.  This shows WENO has too much dissipation and 
mistreated the expansion wave.  We then use modified WCS and compare with WENO in Figure 
3.2. Apparently, shock is sharper and expansion wave deformation is removed.  The improvement 
by the WCS-WENO hybrid scheme (blue) is very visible. 

 

  
Figure 3.1 WENO for 1-D shock tube (T=2, grid=100) 
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Figure 3.2 Modified WCS vs. WENO for 1-D shock tube (T=2 and grids=100) 

 
2) Shock-entropy interaction 

To test the capability of the new scheme in both shock capturing and resolution, we applied it to 
the 1-D problem of shock/entropy wave interaction. In this case, Euler equations (3.3) are solved 
with the following initial conditions: 
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On a coarser grid with grid number of N=200, the MWCS scheme shows much better resolution 
for small length scales than the 5th order WENO (Figure 3.3). This is because MWCS uses central, 
non-dissipative, compact scheme with weights near the shock area and recovers high order compact 
right off the shock.  
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Figure 3.3 MWCS vs. WENO for 1-D shock/entropy interaction (T=1.8 and grids=200) 

 

3) 2-D Incident Shock / Boundary Layer Interaction 
 
3.1)  Numerical grids for the main flow solver 

In order to resolve the separated boundary layer and separation bubble, the numerical grid is 
stretched in wall-normal direction. The overall grid is shown as follows. 
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Figure 3.4 Stretched Grids 
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3.2)  Initial and boundary conditions for the main flow solver 
The inflow boundary is given by the profile of the previous inflow generator. The oblique shock 

is given such that the flow deflection angle is ten degrees. At wall surface, adiabatic and non-slip 
boundary condition is employed. Non-reflection boundary condition is used at outflow boundary to 
avoid non-physical reflections. 
 
3.3)  Numerical results 
 

  
Figure 3.5 Pressure Contour and Stream 
Lines of Coarse Grid MWCS (129x129) 

Figure 3.6 Pressure Contour and Stream 
Lines of Coarse Grid WENO (129) 

 

 
Figure 3.7 Pressure Contour and Stream Lines 

Fine Grid WENO (257x257) 
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Figure 3.8 Wall Pressure by WENO & 

MWCS 
Figure 3.9 Pressure at J = 28 by WENO & 

MWCS 
 

 
Figure 3.10 Wall Pressure Obtained by Coarse MWCS and Fine WENO 

 
Figures 3.5-3.6 show that MWCS has a better resolution than WENO in the separation zone with 

same grids (129x129) and coarse grid MWCS almost get same resolution as fine grid WENO (see 
Figure 3.7). The contour and stream lines are snapshots taken at same time step.  

Figures 3.8-3.10 give a pressure distribution. Figures 3.8-3.9 show MWCS captures the shock 
sharper than WENO and Figure 3.10 shows the coarse grid MWCS has almost same pressure 
distribution as fine grid WENO, but some visible oscillations are found in coarse MWCS.   
 
4)  3-D Shock / Blunt Body Interaction – Preliminary Results 
 
4.1)  Numerical grid 
 The numerical grid used for the 3-D interaction, with a vertical cylinder set over a flat plate, is 
given by a half-cylinder form with stretching in the normal and the radial directions (see Figure 3.11).  
The cylinder is centered at (x,z) = (0,0)  Only the flow upwind of the cylinder ( 0x ) is simulated. 
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Figure 3.11 Grids for shock/blunt body interaction; every third point shown 

 
4.2)  Boundary conditions for the 3-D flow solver 

Non-reflecting boundary conditions are used at outflow boundary to avoid non-physical 
reflections.  A supersonic inflow boundary condition is employed, except at the boundary layer.  
At wall surface, an adiabatic and non-slip boundary condition is applied.  
 
4.3)  Numerical results (preliminary) 
 Preliminary results with a coarse grid (129x70x256) are compared for the 5th order WENO and 
for MWCS.  Figures 3.12-3.13 show a close view at the symmetry plane (z = 0), near the junction 
of the flat plate and the cylinder, where a separation shock and the bow shock intersect.  The 
contour and the stream lines are taken at the same time step, and they show that MWCS has better 
resolution than WENO in the separation zone.  This is observed by the clear outline of the vortices, 
including the root vortex at the base of the cylinder in Figure 3.12, compared with Figure 3.13. 
 

  
Figure 3.12 Mach number Contour and  

Stream Lines – MWCS 
Figure 3.13 Mach number Contour and  

Stream Lines – WENO 
 
4.  Concluding remarks 

The computational results show the 6th order MWCS scheme has much higher resolution than 
the 5th order WENO scheme for both 1-D shock tube and shock entropy interaction problems. 
MWCS is better in resolution for 2-D incident shock-boundary layer interaction. Preliminary results 
for 3-D shock-cylinder interaction also show a higher resolution with MWCS than with the 5th order 
WENO. 
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