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1. Acoustic Waves

2. Turbulence

3. Vortex Dominated Flow

4. Rarefaction Fan

Flow Structures in Compressible Multi-component Flows
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F/A18-F in transonic flight (NASA Gallery) 

Vortex-dominated flow near helicopter 
(Advanced Dynamics Inc.) 

Smooth Solutions

1. Shock Waves

2. Contact Discontinuities

3. Material Interfaces

4. Detonation Front

Discontinuous Solutions



Difficulties in Designing Numerical Schemes in FVM
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Smooth Solutions

High Order Schemes based on

unlimited polynomials:
1. High-order polynomials

2. Optimized polynomials

3. Compact schemes

Sufficient



Difficulties in Designing Numerical Schemes in FVM
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Discontinuous 

Solutions

High Order Schemes 

equipped Limiting Processes

TVD ENO WENO WENOM WENOZ WENOCU TENO

years

Numerical oscillations Numerical dissipation

Above schemes try to solve inbuilt paradox of current high order schemes



The so-called high order schemes fail in some cases
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2D Riemann Problem: Kelvin-Helmholtz instability

(San, Computers & Fluids, 2014)



The so-called high order schemes fail in some cases
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Stiff C-J detonation waves

5th order WENO scheme



The so-called high order schemes fail in some cases
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Shock-Bubble Interaction

Right moving shock R22 bubble

Diffused material interface

Under-resolved flow structures

Smeared waves



The so-called high order schemes fail in some cases
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Spectral Properties



The so-called high order schemes fail in some cases
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• Fail to Resolve Discontinuous Solutions: Diffusive 

Interfaces, Under-resolved Flow Structures, Incorrect 

Wave Structures

• Fail to Preserve the Spectral Property of High Order 

Interpolation for Smooth Solutions.

➢ Less-diffusive and Less-oscillation for Discontinuous 

Solutions

➢ Retrieve the Spectral Property of High Order 

Interpolations

Numerical Schemes For High-fidelity Simulations
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Finite Volume Method 

Shock-capturing schemes
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Godunov Scheme

Shock-capturing schemes
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Reconstruction Functions

Shock-capturing schemes
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Boundary Variation Diminishing (BVD) Algorithm

Shock-capturing schemes

BVD algorithm is to choose the reconstruction functions that 

can minimize the BV and fit the solution structures.
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BVD Admissible Reconstruction Functions

Shock-capturing schemes
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BVD Admissible Reconstruction Functions

Shock-capturing schemes
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BVD Selecting Algorithm

Shock-capturing schemes
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BVD Selecting Algorithm

Shock-capturing schemes
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MUSCL-THINC-BVD

Shock-tube:
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MUSCL-THINC-BVD

2D Riemann Problems:
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MUSCL-THINC-BVD

C-J detonation wave with the Heaviside model

5th WENO MUSCL-THINC-BVD
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MUSCL-THINC-BVD

Interaction between a detonation wave and an oscillatory profile

5th WENO MUSCL-THINC-BVD
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2D detonation waves

5th WENO
MUSCL-THINC-

BVD
Reference Reference 5th WENO

MUSCL-

THINC-BVD

MUSCL-THINC-BVD
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MUSCL-THINC-BVD

Liquid-Gas Advection

Passive advection of a square liquid column with constant pressure and 

velocity while there is a jump about volume fraction and density
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MUSCL-THINC-BVD

Shock-Bubble Interaction

BVD

MUSCL

WENO

BVD
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MUSCL-THINC-BVD

Shock-Bubble Interaction

Anti-diffusion
(So,JCP,2012)

MUSCL-THINC-

BVD

Same Grids

Resolution

MUSCL-

THINC-

BVD

Multi-scale
(Luo,JCP,2016)

1150 along diameters

400 along diameters
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MUSCL-THINC-BVD

Under Water Explosion
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Under the same grids number

Top: MUSCL-THINC-BVD

Bottom: 5th WENO + artificial interface compression (Shukla,JCP,2010)

MUSCL-THINC-BVD
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MUSCL-THINC-BVD Unstructured Grids

Under Water Explosion
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Conclusions

Low-order non-oscillatory schemes + THINC + BVD algorithm can 

achieve higher resolution across discontinuities.
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PnTm-BVD Schemes

Unlimited upwind-biased n degree polynomial + THINC with m level 

+ BVD algorithm

P4T2-BVD
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PnTm-BVD Schemes
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PnTm-BVD Schemes

Advection of Complex Profiles

P4T2-BVD
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PnTm-BVD Schemes
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PnTm-BVD Schemes
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Conclusions

PnTm-BVD schemes can retrieve the spectral property of the 

underlying high order interpolations, and solve both discontinuous and 

smooth solutions with high-fidelity.


