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Development of high order shock capturing scheme based on BVD principle
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We present a high order shock-capturing scheme based on BVD (Boundary Variation Diminishing) principle. The
scheme uses the linear-weight high-order polynomials and THINC (Tangent of hyperbola for interface capturing)
functions with different steepness level as the candidates for spatial reconstruction. A multi-stage (cascade) BVD
algorithm has been devised to suppress both oscillation and dissipation errors in numerical solution. The scheme
has been verified by Fourier analysis and benchmark tests in comparison with the WENO (Weighted Essentially
Non-Oscillatory) scheme, which shows that the present scheme is able to retrieve the highest possible accuracy of
the upwind schemes that use linear-weight high-order polynomials, and effective remove the spurious oscillations

around discontinuous solutions.
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Fig. 1: Dispersion properties.
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Fig. 2: Dissipation properties.
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Fig. 3: Initial profile of the accuracy verification.

Tab. 1: Numerical errors and convergence rates.

Scheme Mesh L1 error Order
10 x 10 | 1.292 x 10~ 1 -
20x 20 | 1.077 x 1072 | 3.59
40 x 40 | 3.917 x 1074 | 4.78
80 x 80 | 1.267 x 1075 | 4.95
10 x 10 | 1.292 x 10~ 1 -
20 x 20 | 1.077 x 10=2 | 3.59
40 x 40 | 3.917x 1074 | 4.78
80 x 80 | 1.267 x 1075 | 4.95
10 x 10 | 1.385 x 10—t -

20x 20 | 1.325 x 1072 | 3.39
40 x 40 | 4.223 x 10~4 | 4.97
80 x 80 | 1.271 x 10~° 5.05

P4-THINC-BVD
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Fig. 4: Density of Double Mach Reflection computed

by WENOZ scheme.
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Fig. 5: Density of Double Mach Reflection computed
by P4-THINC-BVD scheme.
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Fig. 6: Dispersion properties of high order schemes.
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Fig. 7: Dissipation properties of high order schemes.
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Tab. 2: Numerical errors and convergence rates for high
order schemes.

Scheme Mesh

Ly error Order
10 x 10 | 1.702 x 10—2 -
20 x 20 | 7.627 x 10~° 7.80
40 x 40 | 1.783 x 10~7 8.74
80 x 80 | 3.642x 10710 | 894

5x5 4577 x 1072 -
10 x 10 | 5.725 x 10~ 6.32
20 x 20 | 5.219 x 1078 | 13.42
40 x 40 | 2.050 x 10712 | 14.64

P8-THINC-BVD

P14-THINC-BVD

7.2 Shock-Turbulence Problem
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Fig. 8: Density of 2D shock-turbulence problem com-
puted by P14-THINC BVD.
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