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a b s t r a c t

Main aim of this paper is to twofold: firstly, to investigate the formation mechanism and secondly to
search the effects of fundamental parameters like magnetic field, shear velocity and wave number on
the growth rate of the magnetic Kelvin–Helmholtz instability occured in the solar atmosphere. In this
investigation, occurrence and unoccurrence of instability are determined for the different values of mag-
netic field, shear velocity and wave number in the solar atmosphere. We have obtained the critical values
of shear velocity and magnetic field.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Instability can be defined as an unstable response to a small
perturbation. A system must have a free energy source for instabil-
ity to occur (Chandrasekhar, 1961). It will grow in amplitude to
non-equilibrium stages, once this small perturbation to the initial
equilibrium is applied (Lobanov et al., 2003). The free energy of
the Kelvin–Helmholtz instability (KHI) comes from the kinetic
energies of the anti-parallel velocity components across a plane
boundary of fluids. KHI in fluids results from a turbulence of two
fluid layers which move at different speeds and directions. When
the interface is slightly disturbed, growing of perturbations evolve.
Therefore, KHI must be well understood for plasma, gas and fluid
dynamical applications (Foullon et al., 2011; Ofman and Thomp-
son, 2011).

There are many theoretical studies on the effect of shear flow.
Early works concentrated on the effect of shear flow on the struc-
ture as it is stated in the work of Knoll and Brackbill (2002). Shear
flow in unmagnetized plasma gives rise to the KHI. It can be stabi-
lized by a magnetic field in the direction of the flow (Cassak, 2011).
Shear type flows are typical of many atmospheric structures of the
Sun and are subject to both resistive and fluid instabilities. Such
instabilities may play a crucial role in the formation and accelera-
tion of both the slow and fast components of the solar wind (Velli
et al., 2003). In the work of Landi and Velli (2009) it was shown
that, the effects of KHI type shear-flow instabilities may cause

much of the observed events seen in the solar atmosphere such
as wind, coronal plumes and pressure-balanced structures in the
solar wind.

Flows and instabilities take a crucial position in the dynamics of
MHD plasma of solar atmosphere as said in the work of Foullon
et al. (2011) and Ofman and Thompson (2011). The studies denote
the possibility of MHD wave propagation along magnetic struc-
tures in the solar atmosphere as it is noted in Rae (1993) and Frank
et al. (1996). Observations indicate the presence of guided flows in
which the surface and body waves become unstable under certain
flow and plasma conditions. The study of KHI in the solar atmo-
sphere is therefore important. According to theoretical studies
KHI is important in dissipation of free energy in shear flows and
jets, and in the transition to turbulence. In their observational
study of KHI, Ofman and Thompson (2011) stated, this instability
may also arise on small scales in solar corona in the existence of
shear flows, leading to enhanced dissipation of waves and impul-
sive events (such as flares) in the solar corona, and can help the
heating of the solar coronal plasma.

In the atmosphere of the Sun, a large flare occurs when a prom-
inence becomes MHD unstable and it erupts from the solar surface.
A magnetic field below the erupting prominence closes back down
by magnetic reconnection and creates magnetic loops with tem-
peratures up 10 million Kelvins (Priest, 1983). For a low-speed flow
the KHI can drive magnetic reconnection which is defined as fast
dynamic decoupling of plasma magnetic fields (Knoll and Brackbill,
2002). These types of flows are often observed in the magneto-
sphere and solar corona. However, a clear understanding of the
role of KHI in reconnection requires a fully detailed study. There
have also been many theoretical studies on the effect of shear flow.

1384-1076/$ - see front matter � 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.newast.2013.04.001

⇑ Corresponding author. Tel.: +90 286 218 0018x1854; fax: +90 286 218 0533.
E-mail addresses: h_cavus@comu.edu.tr (H. Cavus), deryaaa_@windowslive.com

(D. Kazkapan).

New Astronomy 25 (2013) 89–94

Contents lists available at SciVerse ScienceDirect

New Astronomy

journal homepage: www.elsevier .com/locate /newast

http://crossmark.dyndns.org/dialog/?doi=10.1016/j.newast.2013.04.001&domain=pdf
http://dx.doi.org/10.1016/j.newast.2013.04.001
mailto:h_cavus@comu.edu.tr
mailto:deryaaa_@windowslive.com
http://dx.doi.org/10.1016/j.newast.2013.04.001
http://www.sciencedirect.com/science/journal/13841076
http://www.elsevier.com/locate/newast


Early analytical studies addressed the effect of shear flow on the
shock structure of reconnection as said in Cassak (2011). Therefore
this instability plays an important role for the turbulence and heat-
ing in the plasma of solar atmosphere (Ofman and Thompson,
2011).

The KHI is studied since this instability is considered as a new
possible mechanism for the formation of magnetic reconnection
and heating in the solar atmosphere. The main purpose of this arti-
cle is to describe the basic mechanism of magnetic KHI in the solar
atmosphere. MHD equations defining the momentum, mass and
energy conservations and magnetic induction for incompressible
plasma should be solved in order to define this type of instability.
The formalism used for this study is explained in more detail in the
following section. The effects of magnetic field, shear velocity and
wave number on the growth rate are searched. The boundary con-
ditions and our results are given in Section 3 for the solar atmo-
sphere. They are compared with other similar works in Section 4
together with a discussion and conclusion.

2. Physical and mathematical fundamentals

We consider the ideal MHD system of equations as formulated
by many authors (e.g. Chandrasekhar, 1961; Priest, 2000). For an
idealised case, without rotation, viscosity and turbulence, we as-
sume electronic charge density equal to ionic charge density. Fun-
damental MHD equations can be written as follows in the
application of this example to the investigation of KHI:

@q
@t
þ ~r � ðq~vÞ ¼ 0 ð1Þ

q
d~v
dt
¼ �rpþ q~g þ 1

l0
ð~r�~BÞ �~B ð2Þ

@~B
@t
¼ ~r� ð~v�~BÞ ð3Þ

~r �~v ¼ 0 ð4Þ

~r �~B ¼ 0 ð5Þ

l0 is the usual magnetic permeability constant. Basic MHD
equations to be solved consist of the equation of continuity (1),
the momentum transfer equation (2). Magnetic induction, incom-
pressibility and the absence of a magnetic monopole are repre-
sented by the Eqs. (3)–(5) respectively. Here q, ~v, p and ~B denote
the mean values of density, velocity, pressure and magnetic field
respectively. Eqs. (1)–(5) as given in the above forms describe
the behaviour of the mean flow as a function of time. However,
these equations being originally highly nonlinear, analytical solu-
tions are not so simple. Then, we shall proceed as follows.

In order to investigate the KHI arising at a velocity shear as
shown in Fig. 1, here we attempt some special solutions of the
Eqs. (1)–(5) highly conducting MHD plasma similar to Chandrase-
khar (1961) and Priest (2000). Our basic approach is modal analy-

sis. That is first linearize, assuming small perturbations around
z = 0, so that we can drop terms which are second and higher order
in these perturbations.

In order to proceed with the modal analysis, we take~v ¼~v0 þ d~v
where~v0 ¼ UðzÞ̂i and d~v ¼ ûiþ v̂jþwk̂ are the expressions of equi-
librium and perturbation for velocity respectively. The pressure
can also be decomposed as a summation of equilibrium p0 ¼ pðzÞ
and perturbation dp; p ¼ p0 þ dp. Similar to pressure, the density
is decomposed as q ¼ q0 þ dq. Finally, the magnetic field has its
equilibrium and perturbation part ~B ¼~B0 þ d~B similar to velocity
where ~B0 ¼ B̂i and d~B ¼ bx̂iþ byĵþ bzk̂.

Each perturbed quantity is assumed to have the form

df ðx; y; z; tÞ ¼ df ðzÞeiðkxxþkyyþxtÞ: ð6Þ

It is treated that the wave number ~k as given with a value
k2 ¼ k2

x þ k2
y and tried to find the behaviour of x. Using these, by

following the similar procedure in Chandrasekhar (1961), Priest
(2000), Knoll and Brackbill (2002) and Ofman and Thompson
(2011) the general characteristic equation for frequency is ob-
tained for magnetised case (for detail see appendix),

x ¼ � kx

q1 þ q2
ðq1U1 þ q2U2Þ

� gkðq1 � q2Þ
q1 þ q2

� kxDU
q1 þ q2

� �2

q1q2 þ k2
x V2

A

" #1=2

: ð7Þ

In the last equation VA denotes the Alfven speed of plasma having
density (q1 + q2)/2. U1 and U2 are the values of shear velocity in the
region of fluid-1 and fluid-2 respectively and finally DU = U1 � U2

shows their difference. The value of kx is equal to kcosh, where h
is the angle between x-axis and propagation direction of
perturbation.

The frequency x can be decomposed as x ¼ xreal þximaginer . In
particular if x is real, Eq. (6) simply represents the oscillatory
waves so that the system is stable. However if x has imaginary
part it represents a perturbation with grows exponentially with
time that is the system is unstable as summarised in the following
Table 1.

In the remaining part of this paper, the analysis of KHI mecha-
nism will be done by x2

imaginer obtained from Eq. (7) for solar atmo-
sphere by means of two and three dimensional plots.

3. Investigations

3.1. Values of some physical parameters in solar atmosphere

We search some solutions to Eq. (7) for solar atmosphere using
the method given in previous section with MAPLE 9.5 mathemati-
cal package program (produced by division of Maplesoft in Water-
loo Maple Inc. Company). We have chosen the values of physical
parameters from old studies concerning solar atmosphere as tabu-
lated in Table 2.

3.2. Results

Using the values of physical parameters given in Table 2, we at-
tempt to solve Eq. (7) for x2

imaginer in order to analyse the instability
in the solar atmosphere. In Figs. 2–7, the variations of x2

imaginer are
given with respect to h, k, B and DU.

3.2.1. Some three dimensional results
In Fig. 2, the three dimensional graph of x2

imaginer is given with
respect to DU and k for the values of angle h = 45� and the magnetic
field B = 8 G. The system is unstable for the increasing values of
shear velocity DU > 780 km/s as shown in figure. The plot of

Fig. 1. The origin of KHI: Shear at an interface between two fluid layers in relative
motion leads to instability and eventual mixing of the two fluids.
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