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Abstract: 

Shock wave propagation is a complex phenomenon occurring in various fields, including aerospace, biomedical, 

and geophysical engineering. Accurate simulation of shock waves is crucial for understanding and predicting 

their behavior. This review paper provides an overview of advanced numerical methods for simulating shock 

wave propagation, highlighting recent developments, applications, and challenges. The paper focuses on high-

fidelity methods, such as finite difference, finite element, and lattice Boltzmann techniques, as well as advanced 

techniques like shock-fitting and heterogeneous one-way approximation. 
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Introduction 

Shock waves are nonlinear, high-frequency pressure waves propagating through fluids, solids, and gases.Shock 

waves are high-speed, nonlinear disturbances that can cause significant damage to materials and structures. 

Simulating shock wave propagation requires efficient and accurate numerical methods to capture complex 

phenomena, such as: 

- Nonlinear wave interactions 

- Turbulence and viscosity 

- Material deformation and failure 

- Multiphase flow 
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Traditional numerical methods often struggle to accurately capture these effects, leading to the development of 

advanced techniques. This review aims to: 

1. Discuss the fundamentals of shock wave propagation 

2. Examine advanced numerical methods for simulation 

3. Highlight recent applications and case studies 

4. Identify challenges and future research directions. 

 

 Numerical Methods 

1. Finite Volume Methods:A numerical technique used to solve partial differential equations (PDEs) by 

dividing the domain into smaller volumes and approximating fluxes at interfaces. 

2. Finite Difference Methods:Finite difference methods are widely used for simulating shock wave 

propagation. They involve discretizing the governing equations using finite differences  

3. Discontinuous Galerkin Methods:Discontinuous Galerkin methods are a class of numerical methods used 

to solve partial differential equations (PDEs). They combine features of finite element and finite volume 

methods. 

4. Weighted Essentially Non-Oscillatory Schemes:WENO schemes are high-order, finite difference methods 

used to solve hyperbolic partial differential equations (PDEs), particularly those with shocks or discontinuities.  

 

High-Order Accuracy Methods 

1. Spectral Methods:Spectral methods are numerical techniques used to solve partial differential equations 

(PDEs) by representing the solution as a sum of basis functions. 

2. High-Order Finite Difference Methods:High-order finite difference methods are numerical techniques used 

to solve partial differential equations (PDEs) by approximating derivatives with high accuracy. 

3. High-Order Finite Element Methods:High-order finite element methods are numerical techniques used to 

solve partial differential equations (PDEs) with high accuracy. 

 

 Parallel Computing Techniques 

1.Domain Decomposition Methods: Domain decomposition methods are numerical techniques used to solve 

partial differential equations (PDEs) by dividing the domain into smaller subdomains. 

2.Message Passing Interface:MPI is a standardized communication protocol for parallel computing, allowing 

processes to exchange data and coordinate computations. 
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Methods for Complex Geometries 

1. Finite Element Methods; FEM is a numerical technique for solving partial differential equations (PDEs) by 

dividing the domain into smaller elements. 

2. Boundary Element Methods:BEM is a numerical technique for solving partial differential equations (PDEs) 

by discretizing the boundary of the domain. 

 Methods for Multiphase Flows 

1. Volume of Fluid Method:VOF is a numerical technique for simulating multiphase flows, tracking the 

interface between fluids. 

2. Level Set Method:LSM is a numerical technique for tracking interfaces and shapes in complex geometries. 

 

Conclusion 

Numerical simulation of shock wave propagation requires careful method selection.Advanced numerical methods 

for simulating shock wave propagation have significantly improved our understanding of this complex 

phenomenon. Future research directions include developing efficient algorithms and applying machine learning 

techniques. 
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