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Fig. 1. Schematics of the initial configuration.
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Fig. 2. Contour of vorticity at 1 ns (a) and 3 ns (b) of case
SPI1. Blue circled part is the density perturbation region,
and the red dashed line indicates the position of the shock.
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Fig. 3. Time histories of the width of the vortex pair (a) and the maximum tangential velocity (b) of case SPI1.
#1 AFEHRSHEE
Table 1.  Initial physical parameters in different cases.
=X 1] SPI1 SPI2 SPI3 SP14 SPI5 SP16 SP17 SPI8 SPI19 SPI10 SPI11 SPI12
n 0.1 0.1 0.1 0.1 0.05 0.3 0.4 0.1 0.1 0.1 0.1
Ma M, M, M, M, M, M, M, My/8  My2  15M,  2.0M,
Ay/um 20 40 60 80 20 20 20 20 20 20 20
k,Aun 0.037 0.019 0.012 0.009 0.019 0.075 0.11 0.15 0.0014 0.018 0.056 0.075
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Fig. 5. Contour of density of the RM-like instability and
interface coupling problem, the physical parameters in this
case are Ma = 9.5, 7= 0.3, A\, = 20 um, A; = 0.77.
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Abstract

The interaction between the shock and the internal density perturbation of the target material produces a
Richtmyer-Meshkov-like (RM-like) instability, which couples with the ablation front and generates instability
seeds. Recent studies have demonstrated the significance of internal material density perturbations to implosion
performance. This paper presents a two-dimensional numerical investigation of the growth of the RM-like
instability in linear region and its coupling mechanism with the interface. Euler equations in two dimensions are
solved in Cartesian coordinates by using the fifth-order WENO scheme in space and the two-step Runge-Kutta
scheme in time. The computational domain has a length of 200 pm in the a-direction and A, in the y-direction.
The numerical resolution adopted in this paper is A, = A, = A, /128. A periodic boundary condition is used in
the gy-direction, while an outflow boundary condition is used in the z-direction. The interaction between shock
and density perturbation will deposit vorticity in the density perturbation region. The width of the density
perturbation region can be represented by the width of the vortex pair. The growth rate of the RM-like
instability can be represented by the growth rate of the width of the density-disturbed region or the maximum
perturbation velocity in the gy-direction. The simulation results show that the growth rate of the vortex pair
width is proportional to the perturbation wave number k, the perturbation amplitude 7, and the velocity
difference before and after the shock wave Aw, specifically, dvoc k,Aun. In the problem of coupling the RM-like
instability with the interface, we calculate the derivation of the interface perturbation amplitude with respect to
time to obtain the growth rate of the interface. It is concluded from the simulations that the coupling of the
RM-like instability with the interface has two mechanisms: acoustic coupling and vortex merging. When the
density perturbation region is far from the interface, only acoustic wave is coupled with the interface. The
dimensionless growth rate of interface perturbation caused by acoustic coupling decays exponentially with kL,
ov;/ (k,Aun) o e "L When the density perturbation region is closer to the interface, acoustic coupling and
vortex merging work together. The vortex merging leads to an increase in the perturbation velocity when the
Atwood number of the interface is positive. When the Atwood number is positive, reducing the Atwood number
at the interface and increasing the width of the transition layer at the interface can both reduce the growth of

interface perturbation caused by the RM-like instability coupling.

Keywords: inertial confinement fusion, density perturbation, Richmyer-Meshkov-like instability, instability

seeds
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