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The problem of studying instabilities, including Kelvin-Helmholtz instability [1], is very 

pressing at the present time. This instability type shows up, for example, in oblique collision of 
metal plates. 

The oblique collision of metal layers in the contact zone develops intense shear strains, 
the near-boundary metal layers become dramatically heated, shaped jets form. These effects 
distort the interface profile. Regular waves, asymmetric distorted waves appear. 

The subsonic oblique collision conditions, Ucontact points < Csound speed, have been studied 
comprehensively. In these loading conditions, a shaped jet always forms, if pressure in the 
vicinity of the collision point is higher than metal strength.   

The initial perturbation growth is known to occur under the supersonic collision 
conditions in the gas-dynamic approximation. The matter is more involved in the supersonic 
collision of strong plates. 

When the collision angle is constant, there is a critical velocity Ucrit. If Csound<Ucontact 

point<Ucrit, detached oblique shock waves form. In its transition across the wave front the 
supersonic flow transforms into the subsonic one. Both the flows arrive at the contact point with 
subsonic velocity. In the collision zone a shaped jet forms and the perturbations grow like in the 
subsonic collision. 

When Ucontact point> Ucrit, attached oblique shock waves are established at the contact point 
and no jet formation is observed. Also, it is believed that no perturbation development is possible 
in that case, as there is no major perturbation generator, i.e. shaped jet.  

The interface state in this type of supersonic conditions is poorly known.   
One of VNIIEF divisions [2] has conducted experiments to study aluminum plate 

collisions. Essentially prompt cessation of the perturbation development process was anticipated 
in the transition to the jet-free conditions of the plate collision. That is, as soon as Ucontact point= 
Ucrit, no perturbations should appear. However, it was found in the experiments that the 
perturbation amplitude monotonically decreased with further increase in the contact point. That 
data was obtained for the first time. 

All the computations were performed with program complex implementing technique 
LEGAK [3,4,6]. 

In the work reported in this paper, collision of two aluminum plates was simulated for 
experiments with different conditions of strong plate collisions. In the upper rod, initial velocity 
U0 was given.  On the lower rod surface, sinusoidal perturbation with mm5.0=λ  wavelength 
and mma 01.00 =  amplitude was given. 

The computational grid was taken so, that there were about 20 computational cells for the 
wavelength. The total number of points was 1120x740=828800. The computations in the scalar 
(one-processor) mode are problematic. Therefore the computations were conducted on a multi-
processor distributed-memory computer in complex LEGAK-MP [6]. 
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The material state was described in the elastic-plastic approximation . Pressure was 
evaluated by Mie-Grueneisen equation of state [5] with the following parameters: 
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First the computations were conducted for the plate collision in the liquid approximation. 

In such collision conditions the interface instability occurs and the perturbations grow. 
The computations in the elastic-plastic approximation are of particular interest. The 

critical collision velocity for the given angle is 1.4 km/s. At the subcritical collision velocity of 
1.0 km/s the perturbations develop and grow.  

In the supercritical region at 1.5-km/s collision velocity no jet forms and, as assumed 
previously, the interface instability should not appear. However, as the experiments and 
computations suggest, quite complex nature of material deformation takes place under these 
conditions in the interface-adjacent zone. A region of a high velocity gradient and, hence, high 
deformation rate forms near the contact point. Because of intensive deformation the local zone 
heating leads to significant softening of material. Kelvin-Helmholtz instability occurs at the 
interface between liquid and elastic-plastic material.  

The velocity gradient decreases with increasing collision velocity, as when the collision 
velocity is 1.75 km/s, there is essentially no velocity gradient and instability does not occur. 

The computations studied effects of different medium model parameters and melting 
heats on the perturbation growth. 

Also, the metal interface instability evolution was simulated at different initial 
perturbation wavelengths.  The computations showed that the perturbations of ~0.5-mm 
wavelength grew most intensively under the considered collision conditions. This can account 
for the fact that of the entire spectrum of perturbations that take place on “smooth” plates from 
their processing those of ~ 0.5÷0.6 mm wavelength grow and are detected in the experiments. 

Thus, the computations agree with the experimental data, which will allow us to study 
these processes more comprehensively later on. 

To conclude with, we would like to note the following. 
1. The numerical simulation of the Kelvin-Helmholtz instability in oblique collision of 

metal plates suggests that the process can be described properly from the standpoint of the 
agreement with the experiment using the Eulerian approach on a substantially refined 
computational grid. In its turn, this requires high-performance equipment. Therefore, the 
computations were conducted on multi-processor distributed-memory computer ARGUM within 
the program complex LEGAK-MP. 

2. The results of the computation for the oblique plate collision are in a good agreement 
with the experimental data. In particular, it has been shown that the perturbation growth is 
observed at a collision velocity higher than Ucrit. It has been therewith confirmed numerically 
that the perturbations of λ=0.5mm wavelength grow most intensively in the experimental 
conditions. The numerical simulation has revealed the effect of wavelength growth in low-
strength material, which needs more comprehensive study. 

3. Studies of the complex processes, such as the Kelvin-Helmholtz instability in metals, 
are of undoubtful scientific and practical interest. Hence, more perfect models describing solid 
deformation in conditions of high deformation rates and high pressure levels have to be 
implemented within the complex LEGAK. 
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