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Abstract 
 
The temporal evolution of the plane interface between two ideal semi-infinite plasmas is considered by means of 
one-dimensional Riemann solver for the MHD equations. Using two-dimensional Riemann solver for the MHD eq-
uations, the time evolution of the rectangular perturbed interface is investigated. It is shown that in the presence of 
magnetic field, the perturbation vanishes gradually but in the absence of magnetic field the perturbation grows simi-
lar to a mushroom instability such as Rayliegh-Taylor and Richtmyer-Meshkov instabilities in fluids. 
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1. Introduction 
 
The study of fluids and plasmas instabilities is impor-
tant. However, because of very small duration of their 
occurrence times, this will be a challenging task. In 
these cases invoking to numerical methods and com-
puter simulations to study such ultra-fast phenomena 
is of worth. Fluid counterpart of such instabilities can 
be found widely in our peripheral environment such as 
formation of ocean waves and evolution of sky clouds 
and many other such examples. Between different 
fluid instabilities, the interface instabilities can be 
noted. These instabilities start to occur when two dif-
ferent fluids interact with each other through an inter-
face. For example when a fluid lies over the other flu-
id and moves tangentially with respect to it then the 
interface will become a pseudo-stable interface and 
Kelvin-Helmholtz instability starts when the interface 
is perturbed. This instability amplifies the baroclini-
cally generated vortices ( ρ∇∇

rr
.P ) and lead to a wave-

like interface. This instability is well-known in fluid 
dynamics. When a fluid is placed over the other fluid 
and is accelerated normally with regard to it (e.g. gra-
vitational acceleration of water with respect to beneath 
oil) then the pseudo-stable interface in the presence of 
surface perturbations (such as natural roughness of the 
interface) will again be unstable and leads to mu-
shroom Rayleigh-Taylor instability. Ref [1] is a good 
review paper about interface instabilities. 
The subject of acceleration of one fluid about the other 
is mostly occurred in Inertial Confinement Fusion. In 
this case the shock wave, generated from laser-plasma 
interaction, will cause surface instability when propa-

gates and refracts from first fluid to the second one 
(e.g. interface between ablator vapor and fuel) and 
eventually leads again to a mushroom instability 
known as Ricthmyer-Meshkov instability [2]. This 
instability prohibits the optimum compression of fuel 
in order to fulfill Lawson criteria. 
In this paper the temporal evolution of plane interface 
of two ideal plasmas in shock tube experiment of Ref. 
[3] is first investigated. Then by adding a square per-
turbation to the plane interface, the temporal evolution 
is numerically analyzed. Finally, it is shown that in the 
presence of magnetic field, the perturbation can not 
grow and will disappear with time. 
 
2. The governing equations of ideal plasma 
 
There are three approaches for plasmas study, namely 
the orbit theory, the fluid method, and the statistical 
method (or kinematic). In the fluid approach, seven 
coupled equations can be obtained by combining fluid 
equations (Navier-Stokes equations) with Maxwell’s 
equations. These equations are known as MHD equa-
tions and are particularly useful for cases where a 
magnetic field is applied on plasma. For plasma which 
there is no dissipation processes such as viscosity, 
electrical resistivity, and/or radiation then these equa-
tions can be cast into a compact and conservative form 
as: 
                                                                               

0=
∂
∂

+
∂
∂

x
F

t
U                                                             (1) 

 
This is a conservative and hyperbolic equation and 
contains seven coupled scalar equations. The state 
vector U and flux vector F can be defined as: *Corresponding author: Ardavan Kouhi;  
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In these vectors ( ) ),,(,,, wvuVBBBB zyx ==
rr

are veloc-
ity and magnetic field vectors, respectively. pT is total 
pressure, sum of hydrodynamic and magnetic pres-
sures, and e is total energy (i.e., sum of internal, kinet-
ic, and magnetic energies) of the system. In such a 
medium, seven eigen-waves can be excited: two Alf-
ven waves (left- and right-propagating), four magneto-
acoustic waves (two fast and two slow shocks), and an 
entropy wave. The combined waves can also be ex-
cited. 

For a certain initial values and boundary conditions, 
the analytical solutions of these equations can not be 
practically obtained and this will also be more rigor-
ous when space dimensions increase from one to two 
and even to three dimensions. In these cases the nu-
merical solutions can be very promising and can be 
incorporated in various methods. 
One of the widely used numerical approaches for fluid 
equations is Riemann solver. In this method after 
segmentation of space into fine elements it is tried to 
find fluxes in each cell boundary with known left and 
right states (Uleft and Uright). There are many Riemann 
solvers such as Roe [4, 5], Oshe, HLL [6], and Lax-
Friedrich solvers. Many useful discussions on Rie-
mann solvers can be found in Ref. [7]. In this paper 
we make use of HLL solver to calculate the fluxes on 
cell interfaces. In this solver an intermediate interface 
state U* is related to each boundary which is defined 
as 
 

 
Fig. 1. Plasma interface of two ideal plasmas at t=0s (top), and its evolution for unmagnetized (middle) and magne-
tized (bottom) cases. 
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Fig. 2. plane interface of two plasmas with added square perturbation (top), growth of mushroom in the absence 
of magnetic field (left plots), and evolution of interface in the presence of magnetic field (right plots).
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With the help of this boundary value and integral form 
of equation (1), we can calculate the boundary flux as 
the following 
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In which SL and SR are minimum velocity of left-
propagating and maximum velocity of right-
propagating waves, respectively. It is very suitable to 
use Riemann solvers for shock wave studies. In the 
flowing after a brief discussion about the AEOIMHD 
code its ability in simulation of perturbed interface in 
the presence and absence of magnetic fields is investi-
gated. 
 
3. AEOIMHD code  
 
This is a standard C code developed by the AEOI 
(Atomic Energy Organization of Iran) simulation cen-
ter. The code can be implemented both serially and in 
parallel with MPI (massage processing interface) ar-
chitecture. Initial values that are used here are the 
Riemann values and the boundary values are the inter-
polated ones. The used Riemann solver is of HLL type 
solver. The time steps will stem from Rung-Kutta me-
thod. One of the ways for justifying the correctness of 
a fluid code is applying it for simulation of shock 
problems. This code was designed for temporal evolu-
tion of 2-D plasmas and can reproduce the empirical 
data of Ref. [3]. The code output is demonstrated in 
Fig.1 for the unperturbed case in the presence and 
absence of magnetic field. The initial values have the 
following form. In the absence of any magnetic field, 
the field components should be set equal to zero:  
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Now, we are going to add a square perturbation to the 
interface of two plasmas, on the other hand, one of the 
plasmas will be allowed to enter in the other plasma in 
the form of a square (square condition will not satisfy 
the magnetic field refraction condition because the 
magnetic field should satisfy its own boundary condi-
tions for passing from one medium to another, but as 
long as the amplitude of the applied field is small 

enough the square condition can be preserved for it). 
This simulation was done by 24 parallel CPUs in si-
mulation center of Iran Atomic Energy Organization. 
The code has been run for this perturbed case and the 
evolutions of the density interface are shown in figure 
2. The outstanding result that is clear from these plots 
is that the presence of magnetic field has quelled the 
growth of mushroom cap, a thing that can become 
very interesting in suppression of mushroom instabili-
ties. 
There is a brief book chapter about the effect of mag-
netic fields on interface instabilities [8], but a new 
field of researches has been started on the study of the 
suppression of interface instabilities after the outstand-
ing work by Samtaney et al [9]. They have developed 
a new algorithm to see the exact and fine details of 
suppression of the Richtmyer-Meshkov instability in 
the presence of magnetic fields [10]. In fact, they have 
used a semi-analytical formulation of vortex evolution 
in the interfaces. Their results are very novel and im-
portant and they could present those results as a new 
discovery. After their discovery, some other research-
ers have been using their findings and method to in-
vestigate the interface instabilities more [11, 12]. Re-
cently, the inclusion of viscosity and shear effects 
along with application of magnetic field has been 
down by other group to simulate more realistic cases 
[13-15]. The main drawback of Samtaney’s work is 
that it is very time-consuming in simulation of large-
scale evolution of the perturbations, but, the code that 
we have developed in our work by HLL solver is very 
fast in comparison with Samtaney’s algorithm and 
shows very well the large-scale details of suppression. 
However, it has its own weaknesses in generating fine 
structures. Other Authors are developing new kind of 
analytical and numerical methods to study magnetized 
interface instabilities more efficiently [16, 17]. 
 
4. Conclusion 
 
If we compare the pictures of the perturbed state in 
time t = 0 with other cases of unperturbed states, we 
can point out that in the absence of magnetic field, 
perturbation will grow in the form of a mushroom. 
Perturbation will not grow in the presence of magnetic 
field and as the time passes it will be disappeared and 
will get the unperturbed form of Fig.1. This phenome-
non is a known process in fluid dynamics [2]. 
This conclusion is very interesting and it can be found 
that instabilities which are related to the interface be-
tween two plasmas will not be allowed to grow in the 
presence of magnetic field or they will have only a 
little growth rate. In the case of ICF, there is always 
self-generated magnetic field [18] so; the obtained 
result can be used in the suppression of unwanted in-
stabilities. If we want to apply this conclusion to Iner-
tial Confinement Fusion (ICF) we should study it in 
the spherical geometry. But it should be noted that 
applying of radial magnetic field in that geometry is 
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not a challenging task from mathematical point of 
view, because we can make use of the concept of 
mono pole magnetic field to generate radial field. This 
will remain as our future work. 
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