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 The main features of our problems (see figure 1).

• Multi-Material ； 

• High temperature ；

• High pressure ；

• Large-deformation ；

• Compressible fluid dynamics.

Lagrangian method is essential for such problemsLagrangian method is essential for such problems ！！

Fig.1 The characteristics of problems
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 The 2D Cartesian Euler equations in non-conservative form
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 Burn function for explosive 
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 Equation of state  for explosive  
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 Equation of state for metal material
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 These are three main methods for high nonlinear partial differential equation

s in engineering design and basic science research: Lagrangian, Euler, ALE 

(Arbitrary Lagrange-Euler). 
 Eulerian methods with fixed mesh are usually suitable for flow with large 

deformation, but are usually not suitable for multi-material fluids where 

interfaces among materials should be accurately. 

Fig.2 Euler Solver
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 Lagrangian method with mesh moves with the local fluid 

velocity is usually suitable for multi-material fluids to 
accurately capture interfaces among different.

 Lagrangian method is the most popular method and the main 
simulation tool in compressible fluid dynamics with multi-
material flows of high temperature and high pressure.

Fig.3 Lagrange Solver
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Lagrangian method
• Lagrangian methods have the advantages of well-resolved 

material interfaces ， but it is inevitable that the applications 
with a large shearing distortion lead to highly distorted cells. 
For example, mesh intersection, mesh tangling, large 
deformation (see Fig.4). These will reduce the accuracy of the 
discrete scheme ， and the computation will run termination 。 

intersection tangling deformation

Fig.4  Examples of large deformation in computational grids
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Purpose and motivation
• In this report, we propose an efficient computer code (LAD2D-

Lagrangian Adaptive HydroDynamics Code in 2-D Space). 
LAD2D uses a Lagrangian finite volume numerical technique. 
The method manages the sliding meshes and the internal 
meshes unifying as arbitrary polygonal meshes. Spatial 
discretizations are formed with respect to a mesh of arbitrary 
polygonal unstructured cells. Of particular interest is the 
changing connectivity of mesh technology to handle the large 
deformation mesh and to close gap during numerical simulation 
processes. 
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Polygonal meshes and motivation(1)Polygonal meshes and motivation(1)

 Structured & Unstructured
• There are two main classes of grids. If the internal points are 

connected to their neighbours in a way independent of their 
position ， the mesh is called structured. (Fig. 5a)

• When the pattern of the connections varies from point to point
， the mesh is called unstructured. (Fig. 5b)

Fig.5  Definition of the grids
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Polygonal meshes and motivation(2)Polygonal meshes and motivation(2)

 Structured & Unstructured
• In the structured grids ， the connectivity of the grid is 

implicitly. On the contrary ， the connectivity of unstructured 
grids must be explicitly described by an appropriate data 
structure. unstructured grids can be crucial when dealing with 
domains of complex geometry or when the mesh has to be 
adapted to complicated features of the flow field.

Fig.6  Management of the grids
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Polygonal meshes and motivation(3)Polygonal meshes and motivation(3)

Polygonal meshes
• The motivation of this work is the development methods for changing 

connectivity of mesh technology. A key component of the changing 
connectivity of mesh technology is polygonal meshes.

Fig.7   Polygonal mesh and notations. The set of nodes for cell c=12 is 
CNL(C=12)={5,2,1,4}, and the set of cells sharing node, n=39 is NCL (n=39)={1,8,4} 
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 Computational scheme

The computational method is based on the arbitrary unstructured polygonal grid. The 
Lagrangian finite volume method and various viscosity such as classical Von 
Neumann-Richtmyer viscosity (the quadratic form viscosity), Landshoff viscosity 
(linear viscosity), shock wave viscosity, subzonal pressure method, artificial heat 
exchange in eliminating nonphysical deformation of Lagrangian mesh.

The changing connectivity of  mesh(1)The changing connectivity of  mesh(1)
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The changing connectivity of  mesh(2)The changing connectivity of  mesh(2)

• The changing connectivity of mesh (topology transformation) is 
allowed during numerical simulation.
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The changing connectivity of  mesh(3)The changing connectivity of  mesh(3)
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The changing connectivity of  mesh(4)The changing connectivity of  mesh(4)

• This approach has successfully been implemented in 
LAD2D software, and applied to close gap (see Figure 4) 
and to handle the large deformation mesh(see Figure 5) 
during numerical simulation.
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 The main features of LAD2D   
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 The LAD2D code architecture (see Figure 1)  

Including: 1 support layer of basic calculation;          2 support layer of application 
module;
3 personality function layer of application software; 4 assemble application software 
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• To illustrate the effectiveness of our technique, three  

simulations are presented. 
• The first comprises a detonation wave propagating through 

the channels with suddenly expending section. 
• Next, the cavitations or void closure properties of the 

method are investigated by simulating sliding detonation 
model of one point initiation.

•  Finally, the large deformation capabilities of the method are 
investigated with the simulation of a high velocity impact. 
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 The diffraction problem of a detonation wave behind a backward-facing step

Numerical examples (2)Numerical examples (2)

Fig.1 Computational domain for detonation wave behind a backward-facing steps, 
and in near corner containing Lagrangian reference point A and point B. 
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 diffraction of a detonation wave behind a backward-facing step

Numerical examples (3)Numerical examples (3)

The changing connectivity of mesh technology was used during the computational 
process. 
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 diffraction of a detonation wave behind a backward-facing step

Numerical examples (4)Numerical examples (4)

Fig.3 The comparison between the numerical results and the experimental data 
(upper: mesh; center: contours of density; under: experimental results) 
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 The sliding detonation model of one point initiation

Numerical examples (5)Numerical examples (5)

Fig.1 The computational domain of one point initiation 
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 The sliding detonation model of one point initiation

Numerical examples (6)Numerical examples (6)

Fig.2 The computational grids changed at central vacuum zone

In the simulation process, the central vacuum zone used the changing connectivity of 
mesh technology. Figure 2 shows process of the central cavity closing. The point-a 
and point-b on the Figure 2 gradually closed cavity by using the changing 
connectivity of mesh technology.
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 The sliding detonation model of one point initiation

Numerical examples (7)Numerical examples (7)

Fig.3 Panels (a)-(f) display the distributions of pressure  P at increasing times 

Figure 3 display the distributions of pressure  at increasing times, which also shows 
procedure of detonation wave propagation. In the simulation process, the central 
vacuum zone used the changing connectivity technology of mesh. We can see from 
Figure 3 that the detonation wave propagation is reasonable by the changing 
connectivity technology of mesh, it is can be used to verify the LAD2D software.
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 The high-velocity impact simulations

Numerical examples (8)Numerical examples (8)

Fig.1 Domain configuration for the higt-velocity impact of 
steel projectiles on a thin aluminum target. and in target 

containing Lagrangian reference point A and point B. 

Fig.2 The initial mesh distribution is unstructured 
mesh of 3244 elements for steel projectile and 

structured mesh of  15*200 elements for aluminum 
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 The high-velocity impact simulations

Numerical examples (9)Numerical examples (9)
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 The high-velocity impact simulations

Numerical examples (10)Numerical examples (10)

Fig.3 Detail of Lagrange computational mesh with the changing connectivity of mesh technology for the 
high-velocity impact simulation of steel projectile on the aluminum target
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 The high-velocity impact simulations

Numerical examples (11)Numerical examples (11)

Fig.4 Transient results illustrating material deformation and geometry structures for the high-velocity 

impact of a circular steel projectile on an aluminum target 
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 The high-velocity impact simulations

Numerical examples (12)Numerical examples (12)

Fig.5 Time histories for high-velocity impact simulation, recorded at Lagrangian reference point A and B 

within the target (see Fig.1) 
The three  simulations shown the large deformation capabilities of the Lagrange 
method with the changing connectivity of mesh technology. 
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ConclusionsConclusions

• Lagrangian method is a main simulation tool in multifluids under 
high temperature and high pressure. 

• Besed on the unstructured arbitrary polygonal mesh, the new 
methods with the changing connectivity of mesh technology 
to to handle the large deformation mesh and to close gap was 
presented during numerical simulation processes.

• The three numerical examples have demonstrated that our new 
method has strong simulation the large deformation capabilities.  
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