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Abstract. The Eulerian code Multi-Fluid Piecewise Parabolic Method (MFPPM) is employed 

to investigate the effect of dimensions of the impactor on the velocity and planarity of the filer 

plate. A convex impactor is carried out to further improve the planarity and velocity, while 

keeping the impact velocity constant. Results indicate that 12 percent increase in flier velocity 

of the central position and about 70 percent improvement in the planarity at the muzzle of the 

extensional barrel is present in the optimal model considering the limited launch capability of 

the two-stage light-gas gun. In addition, the convex impactor leads to a conspicuous increase 

of the filer velocity in central part but a slight increase of the velocity in other portions, which 

results in the variation of the planarity. However, the planarity of the filer plate at a given time 

or position can be improved by tuning the dimensions of the impactor, and the flier plate 

keeps relative flat in a short duration. Further studies will concern on the decease of the 

velocity difference in order to perform the EOS studies. 
 

Key Words: Numerical Optimization, Enhanced Hypervelocity Launcher, MFPPM. 
 

1 INTRODUCTION 

It is an important technique to launch the flyer plate to exceed 10 km/s in researching the 

high-pressure equation of state (EOS) of materials. Recently, Sandia has developed a 

HyperVelocity Launcher [1] (HVL for short), which is capable to launch the gram size filer 

plate to over 10km/s. There are two crucial conditions to launch the flier plates to 

hypervelocities, one is the very high pressure and acceleration, and the other is that the 
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pressure must be uniform, structured, and shockless to prevent the flier plate from either 

melting or fracturing [2,3]. There criterions are achieved by using a grade density material 

referred as ‘Pillow’ [4] or ‘Multi-ply’ [5,6] to impact the flier plate. Not only does the flyer 

plate remain satisfied flight attitude, but also has small temperature increment, small 

distortions and no fracture. It was reported that a 1 mm thick aluminum, magnesium and 

titanium alloy plates were accelerated to velocities over 10 km/s, and 0.5 mm thick aluminum 

and titanium alloy plates were launched to velocity of 12.2km/s by the HVL [2,3]. However, 

the hypervelocity of the chunk flier could be attained by the Enhanced HyperVelocity 

Launcher (EHVL), which is composed of a two stage light gas gun and a sacrificial 

extensional barrel [7-9]. This facility allows the launch of a 1 mm thick titanium alloy flier 

plate to a velocity of 14.4 km/s, and a 0.5mm thick titanium flier plate to a velocity of 15.8 

km/s [10]. Velocity of 19 km/s in the titanium alloy flier was also realized [11]. 

By far a multitude of EOS studies has been carried out by HVL, but there is little 

information available in literature about the EOS studies performed on EHVL. A crucial 

problem is that the two-dimensional effects due to radial reshock waves (generated upon 

impact of the tungsten barrel) emanating from the edges of the plate may cause the edges to 

travel faster than the center of the filer plate initially [10]. These different loading histories 

cause the bending and large deformation of the flier plate, which pose a challenge to EOS 

studies. In this paper, we employed a Eulerian code MFPPM to further increase the chunk 

flier velocity based on the conventional setup carried out by the National Key Laboratory for 

Shock Wave and Detonation (LSD) Physics Research, and investigate the feasibility of the 

EOS studies performed on EHVL. Furthermore, the effects of structures and dimensions of 

the impactor on the planarity and velocity of the flier plate are also discussed. 

2 EQUATIONS AND ALGORITHMS 

2.1 Basic Equations 

Based on the volume of fluid model [12], we combine the PPM method [13] with the 

interface tracking, and apply it to Euler hydrodynamic equations. The Euler governing 

equations can be written as 
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Here, i and j represent the three directions of x, y, z, respectively, and the add criteria are 

implied; , uk (k=i, j), p are density, velocity and pressure of materials; E is the total energy of 

a unit mass; N is the number of species of media; Y(s) is the volume fraction of sth species and 

satisfies ∑Y(s)=1. The total energy of a unit mass is given as 

2 2 2( ) 2x y zE e u u u     (2) 

where e is the specific energy. A simplified Gruneisen EOS is used in this paper, and the form 

is as follow 

2
0 0( 1) ( )p e c        (3) 

where  is the constant of material, 0, c0 is the density and sound speed under the normality 

respectively. 

2.2 Multi-Fluid PPM Method 

A two-step Lagrange/Remap algorithm is adopted to solve multi-fluid problems. The first 

step is the Lagrangian step in which the computation cells distort to follow the material 

motion. The one dimensional Lagrange equation for multi-fluid can be written as 
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where  is the specific volume,  equals 0, 1, 2 corresponding to plane, axial symmetry and 

spherical symmetry problems, respectively. r is the spatial coordinate, and m is the mass 

coordinate defined as 

0

d
r

r
m r r   (5) 

The second step is the Remap step where the distorted cells are mapped back to the Eulerian 

meshes. In this step, the piecewise parabolic interpolation and integral method are the same as 

those in the Lagrange step. After the Remap step, we update the physical quantities in Euler 

mesh. This process can be extended to 2D and 3D easily according to the spatial operator-split 

algorithm. Moreover, in order to effectively capture interfaces of the materials, the two-step 

Lagrange/Remap algorithm applied to Eq. (1) can be divided into four steps: the piecewise 

parabolic interpolation of physical quantities, the approximately solution of the Riemann 

problems, the evolution of the Lagrange equations and the mapping of the physical quantities 

back onto the Euler meshes. 
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The verification and validation of MFPPM [14,15] are carried out with HVL and EHVL 

reported by Sandia National Laboratories. Numerical results of flier velocities excellently 

agree with the experimental and numerical results of Sandia, and the maximum relative error 

is less than 1.1%. MFPPM has been used to investigate the hypervelocity launch [15-17] and 

instability problems [18,19]. 

3 RESULTS AND DISCUSSION 

Present study aims at improving the velocity and planarity the flier plate in the intial 

model. In order to describe the planarity in digitization, a parameter  is introduced and 

denotes the distance between the highest and lowest positions of deformed free surface, while 

the two peaked edges in the case illustrated in Figure 1b is neglected. Moveover, D and H 

represent the diameter and thickness of the tungsten layer, respectively, and R is the radial 

position on the free surface of the filer plate. In order to discriminably describe the large 

number of calculations in present study, we commonly use Model 25-1.2 (initial model) to 

represents the calculation with 25 mm in diameter and 1.2 mm in thickness of the tungsten 

layer. 

 

Figure 1: Definitions of planarity parameters 

Table 1: Parameters of multi-ply grade-density impactor, filer plate and TPX buffer in initial model. 

Multi-ply Grade-Density 
Impactor Assembly 

PMMA/MB2/Al/TC4/Cu/
93W 

Thickness(mm) 

Grade-
Density 

Impactor 
Diameter 

(mm) 

Impact 
Velocity 
(km/s) 

Filer 
Plate 

Material 

Flier Plate 
Thickness/
Diameter 

(mm) 

TPX 
Buffer 

Diameter 
(mm) 

Barrel 
Material/Length 

(mm) 

0.9/0.35/0.3/0.28/0.32/1.2 25 6.8 Ta 0.5/10 28 tungsten/10 

The initial model is defined as follows: A grade-density impactor housed by a lexan 

projectile is fabricated by bonding a series of thin plates varied in shock impedance. The 

lowest impedance material is placed at the impact side, with impedance increasing as the 

depth in the impactor increases, as shown in Figure 2. The series of layers consists of poly 

methyl meth acrylate (PMMA), magnesium-aluminum alloy, aluminum, titanium alloy, 
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copper, and tungsten, the thickness of each layers as well as other parameters are listed in 

Table 1 

                                 

Figure 2: Schematic of the initial model 

 

Figure 3: Velocity histories of the flier plate at different radial positions in the initial model. 

The velocity histories on the free surface of the filer plate are depicted in Figure 3. The 

velocities of four different positions are identical during the initial loading. Then the two-

dimensional effects due to radial reshock waves emanating from the edges of the plate causes 

the two edges go faster than the central portion of the plate. As a result, the velocity 

differences appear at about 0.57s and increase with time before the impactor impacts the 

extensional barrel. This results in a concave bending of the flier plate, as shown in Figure 4. 

After that, the velocities increase rapidly due to the further acceleration within the stepped 

barrel, and finally keep relative steady. The steady velocities of four positions are 13.08 km/s, 

12.89 km/s, 12.78 km/s and 12.66 km/s (from inner to outer), and the planarity parameter  is 

0.488 at 1.4s. Compared with HVL, the greater velocity differences and worse planarity are 

present at the expense of the velocity enhancement of EHVL. Loading by EHVL, the flier 

experiences a deformation history from concave bending to convex bending due to the 

changes of the velocity difference. Therefore, there should be a short duration during which 

the flier keeps relatively flat, which is crucial for EOS studies. However, the determination of 

this duration is facile in numerical studies but difficult in experiments. 
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Figure 4: The density contours of the filer plate in the initial model at different times. 

The concave impactors are conducted via varying the dimensions of the tungsten layer 

and keeping the other layers invariable, as shown in Figure 5. A series of simulations is 

carried out with various diameters and thicknesses of the tungsten layer. The impact velocity 

is set as 6.8 km/s. It should be point out that not all the impact velocities in simulations will 

be obtained in the experiment due to the limited launch capability of the two-stage light-gas 

gun. Figure 6 shows the mass differences of the impactor in all models, the horizontal dash 

line represents the zero contours. Models over this line will add additional mass to the 

projectile, which lowers the impact velocity to less than 6.8 km/s. However, this does not 

inhibit us from exploring the effects of chunk fliers on the planarity, velocity and velocity 

difference, while cares must be taken in the experiments. 

 

Figure 5: The density contours of the filer plate in the initial model at different times. 

 

Figure 6: The mass difference of the impactor as a function of the diameter and thickness of the tungsten. The 

horizontal dashed line represents the zero contours of the mass difference. 
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The effects of the diameter and thickness on the flier velocity and planarity at 1.4 s is 

present in Figure 7. Assume that the impact velocity of 6.8 km/s is available in every 

simulation, the maximum velocity of 15.3 km/s is achievable, and the corresponding 

amplification ratio is 2.25. In all calculations, only the velocity of Model 15-1.4 is lower than 

that of initial model, but a significant mass decrease is present, with which a higher impact 

velocity can be attained. Moreover, all planarity parameters  are smaller than that of initial 

model, which indicates an improvement of the planarity. As the diameter increases, the flier 

velocity increases and planarity decreases more and more slowly while keeping the thickness 

constant. This tendency is similar as that when we increase the thickness and keep the 

diameter constant, and is partly related to the mass variation of the impactor. As the mass of 

the impactor increases, the forward momentum and kinetic energy transferred from the 

impactor to the filer plate are enlarged, which leads to the increase of the filer velocity. 

Another possible reason for the velocity enhancement is that the increase of the mass ratio of 

the tungsten in the impactor contributes to the flier velocity. This can be demonstrated by a 

comparison between Model 22-1.6 and the initial model. These two models have the same 

mass of the impactor, but differ in the mass ratio of tungsten. Model 22-1.6, with a higher 

mass ration of tungsten, provides a higher velocity. As a result, the high velocity, together 

with the change of the velocity difference discussed in the initial model, improve the planarity 

of the filer plate at the muzzle of the extensional barrel. 

 

Figure 7: The velocity and planarity of the flier plate as a function of the diameter and thickness of the tungsten 

at 1.4 s. The black solid dot denotes the result of initial Model. 

Considering the launch capability of the two-stage light-gas gun and the slighter 

variations of the velocity and planarity, model 20-1.8 is chosen as the optimal one. As 

compared to the initial model at 1.4 s, 3% decrease in mass of the impactor and 72.5% 

decrease in planarity parameter , as well as 12% increase in filer velocity of the center 

position are realized in the optimal model. 
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4 CONCLUSIONS 

The Eulerian code MFPPM is employed to numerically investigate the ways of improving 

the filer velocity and planarity via employing a convex impactor. The effects of the 

dimensions of the impactor is also carried out. The convex impactor contributes to the 

improvement of the flier velocity and the planarity at the muzzle of the extensional barrel due 

to the increase of the mass of the impactor and the mass ratio of the tungsten. The increase of 

the flier velocity and planarity becomes more and more slowly as the thickness or diameter of 

the tungsten layer increase while keeping the other constant. Model 20-1.8 is chosen as the 

optomal model on account of the limited launch capability of the two light gas gun and the 

laggardly variations of the velocity and planarity with a large diameter or thichness. 12.5% 

increase in the velocity and 75% decrease in the planarity can be realized in the optimal 

model. 

It should be noted that the material strength does not play a large role in the hypervelocity 

launch. Thus, present study does not take it into consideration. In addition, recent studies 

shows that the velocity difference across the surface of the flier plate increases with the above 

optimization. Further studies will focus on the decrease of the velocity differece. 
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