International Journal of Sciences: . =

. . Sciences:
| IJSBAR Basic and Applied Research Basic and Applied
T (USBAR) Researoh
|sgwm2&3%7r5)31
ISSN 2307-4531

Pusished by

(Print & Online)

-

http://gssrr.org/index.php?journal=JournalOfBasicAndApplied

Magnetogravitodynamic Stability of Resistive Streaming

Triple Superposed of Fluid Layers

Alfaisal A. Hasan®, Khaled S. Mekheimer®, Bassem E. Tantawy®

@Police Science Academy, P.O. Box 1510 Sharjah, United Arab Emirates
b¢ Department of Mathematics, Faculty of Science, Al-Azhar University, Nasr City, Cairo,
"Egypt
aEmail: alfaisal772001@gmail.com
b Email: kh_mekheimer@yahoo.com

¢Email: bassem_tantawy@yahoo.com

Abstract

Stability of Magnetohydrodynamic streaming resistive triple superposed fluid layers has been studied. The basic
equations were obtained by combining ordinary hydrodynamic equations and Maxwells equations related to
electromagnetic field theory. The appropriate boundary conditions have been established for this model, then we
obtained the dispersion relationship. The behavior of the system in terms of whether stable or unstable has been
discussed. The curves are drawn to illustrate the areas of stability and instability. The effect of different parameters
on the stability and the instability of this system was studied. It is found in the magnetic field permeability
coefficient and the intensity of the magnetic field values has a destabilizing influence. Also, the increase of the

fluids density values has a stabilizing influence. The streaming velocity has a destabilizing influence.
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1. Introduction

The study of stability in the fluid mechanics aims to give a physical state stand with a disturbed and still return to
original state. Therefore, we have two cases, either stability or instability. Hydrodynamic stability is the field
which is described the stability and the instability of fluid flows. Stability theory addresses of trajectories of
dynamical systems under small perturbations of initial conditions. This study tells us stability in many areas, for
example, biology, geophysics, meteorology, oceanography and engineering. The Magnetohydrodynamic stability
of a gravitational medium with streams of variable velocity distribution for a general wave propagation in the
presence of the rotational forces has been studied by [1]. The axisymmetric magneto hydrodynamic (MHD)
stability of a streaming resistive hollow jet under oblique varying magnetic fields has been discussed by Hasan
and his colleagues [2]. The electro gravitational instability of an oscillating streaming fluid cylinder surrounded
by a self-gravitating tenuous medium pervaded by transverse varying electric field is discussed under the action
of self gravitating, capillary and electro dynamic forces were presented by [3]. The behavior of a dielectric fluid-
fluid interface in the presence of a strong electric field of a point charge and the line charge respectively, both
statically and in the latter case dynamically, this study was conducted by [4]. Self-gravitation is the gravitational
force exerted on a group of bodies, by the bodies that allows them to be held together. Self-gravitation has
important effects in the fields of astronomy, physics, seismology, geology, and oceanography. The axisymmetric
stability of the interface between two incompressible Selfgravitating non-conducting fluids in the presence of an
electric field has been studied by [5]. The magnetodynamic instability of a rotating self-gravitating fluid layer of
finite thickness embedded in a fluid of different density was presented by [6]. Reference [7] studied the two
superposed fluids and the self-gravitating hydrodynamic basic equations under upon appropriate boundary
conditions and general eigenvalue relation. The self-gravitating electrodynamic stability of an annular fluid jet
pervaded and surrounded by periodic time dependent electric field has been discussed by [8]. The self-gravitating
instability of the present model is discussed by using a simple linear theory. The problem is formulated for a
rotating fluid layer, and a dispersion relation valid for all kinds of perturbations is discussed by [9]. The nonlinear
stability of electrohydrodynamic of a cylindrical interface separating two conducting fluids of circular cross
section in the absence of gravity using electroviscous potential flow analysis has been studied by [10]. The
magnetohydrodynamic stability of streaming self-gravitational coaxial fluid cylinders with doubly perturbed
interfaces was presented by [11]. The electrogravitational instability of a dielectric fluid cylinder surrounded by
medium of negligible motion pervaded by varying transverse oscillating electric field has been investigated in the
axisymmetric perturbation has been studied by [12]. The nonlinear capillary instability of the cylindrical interface
between the vapor and liquid phases of a fluid is studied when there is heat and mass transfer across the interface,
using viscous potential flow theory has been discussed by [13]. The triple-diffusive convection in a micropolar
ferromagnetic fluid layer heated and soluted from below is considered in the presence of a transverse uniform
magnetic field was presented by [14]. The effect of a uniform magnetic Field on the capillary breakup of a thin
cylinder of magnetic liquid at rest, surrounded by an unbounded liquid with other coefficients of viscosity and
magnetic permeability, is investigated in the linear formulation is discussed by [15]. The self-gravitating
instability of an infinitely extending axisymmetric cylinder of a viscoelastic medium permeated with non uniform
magnetic field and the nonuniform magnetic field and rotation is considered to act along the axial direction of the

cylinder has been studied by [16]. Also, Reference [17] studied the effects of nonuniform rotation and magnetic
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field on the instability of a self gravitating infinitely extending axisymmetric cylinder of viscoelastic
ferromagnetic medium, the non-uniform magnetic field and rotation are acting along the axial direction of the
cylinder and the propagation of the wave is considered along the radial direction. Reference [18] studied the effect
of a uniform magnetic field on the capillary breakup of a thin cylinder of magnetic liquid at rest, surrounded by

an unbounded liquid with other coefficients of viscosity and magnetic permeability.

2. Definition of the problem

2.1. Basic equations

We consider three superposed fluids of densities p™, p@, p® in the regions (—oo< z < 0),
(0 £ z< h), (h < z<oo) respectively.

We suppose the streaming velocity of fluids as:

The uniform magnetic fields
f

Whereas f = 1,2,3. The fluids are considered to be incompressible, no-viscous under the effect of self-gravitation

force, electromagnetic force, pressure gradient force and the force due to resistivity.

The basic equations of this model can be written as follows:

dutf)
p(f)-_ — _VPU) +U(V /\ﬁ(f)) /\ﬂ(f) +PU)V¢U)
dt (3)
dHg
= (ﬂ(f) ,V)E(f) — VARV Aﬂ(f))_
dt 4)

Vel = —41er{”.

®)
V.l =0,
- (6)
CHD —
v-HD =o0. @
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Where p is the density, u is the velocity vector, P is the kinetic pressure, u is the magnetic field permeability
coefficient, ¢ is the self-gravitating potential, G is the gravitational constant and n is the coefficient of

resistivity, H is the magnetic field intensities.

2.2. Perturbation analysis

Considers the effect of small disturbances for a small departure from the unperturbed state, then every variable

quantity Y (x, y, z, t) can be expressed as follows

Y(a:, y? Z’ t) = 1/(-)(z) + Y’l(x,y7 Z? t) + i (8)

Y, represent unperturbed quantity and ¥; is a small increment of Y due to disturbances. Y expresses each of the

following variables u?, H, ¢ and PY), where f denotes different regions of fluids.

Suppose that the interface can be described by

z=2zp+ 21.
0 1 )
Where
— i(kzz+kyy)+ot
21 € s ( 1 0)

z, represented by the elevation of the surface wave, o the growth rate, while k, and k,, (real) are the wave
numbers along x and y directions. In the initial state, we can put the basic equations of motion Eq.s (3 - 7) and

by using Eq. (8) as follows unperturbed and perturbed systems of equations.

Unperturbed system

duyl’ () () 0
P =1 — w(Hy - V)Hy’ = —vAg.
(11)
dH(f)
;;J — (ﬂgf) . v)%()f) _ ﬂVQﬂ(()f),
(12)
V26 — _ancpd)
é mGp 13
v. (N _ 0,
£ (14)
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v - H(f) (15)
Perturbed system
oul”
( nl[% (f) . n] _ (f) (f) _ (f)
15+l v)d”| -l - V) H = VA )
itd (f) () _ (o) ) 2 7(f)

It = (Eg ‘V)Hl - (Ho : V)ﬁl -nV°H", 17)
Vi =0 (19)
V. g(lf )=, (19)
v-H —o. (20)
Where
A = PP — p e + w(H - HD). (21)
A(f) P (f)¢(f + ”(H(f) H(f)) 22)

22
The Kkinetic pressures and potentials are given by,
PP = Nl _ uH2 4 cW) )
¢E,1) = —27GpM22 + ¢12 + o, (24)
Qf)(()Q) = —QWGP(Q)ZQ + c12 + Ca,

(25)
qﬁga) = -mGp® 22 4 1z 4 ¢y — 4nGh(p® - p®)2 4 20GRY ¥ - ), -

Eq.s (24), (25), (26) have been solved in the unperturbed system upon applying the conditions that the self-
gravitational and its derivative must continous at the boundaries z = 0 and z = h, where ¢;, ¢, and C) are

arbitrary constants of integration. By using the normal mode , we can put Y; (x,y, z,t) in the following form :
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Yi(z,y, 2, t) = g (2)e'F=mthavtor,

(@7)
Substituting from Eq. (27) into Eq.(17), we get
2 2 0 ("
[(a $ikU) = (k2 + R~ )| HD = ik, Houl?
0z
(28)
By using Eq.(28) in Eq.(16)
() ; : 2 2 & 2 (n
oM [(a + ik, U) = (o + kU)K + K — 55) + QA)]gl -
82
_ [(a + ik U) — (k2 + k2 — —)]VAQ”.
¥oo922 (29)
Where the Alfven wave frequency is denoted by
Q2 _ P’“Hgk:ﬂ:
A .
P (30)
By using Eq.(19) and taking divergence of the two sides of Eq.(29), we get the following equation

Eqg.s (31), (18) leads to second order differential equations, these equations are solved in different regions

(—o0<z<0), (0< z<h), (h < z<x), then we get:

Agl) = B]Zlefz , (32)

Agg} = (Bgeez + Bge_fz)zl

, (33)
AY = Byzie®
1 4<1 i (34)
1) = Dyze” (35)
@(2} — (Dzefz + Dge—f’.z)zl
! | ' , (36)
(3) _ —€z
¢ = Dyzie | @7
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where

(= \/k2+kL
2.3. Boundary conditions

(i) The self-gravitational potential and their derivatives across the fluids interface must be continuous at the

boundaries z = 0 and z = h:

(1) @) @)
m,, 0% _ o 0 .o 04

Substituting (10), (24), (25), (26) and (35), (36), (37) into (38), then we can obtain the values of the constants
Dy, D,, D; and D,:

D, = _QZTG (69 = p@)e=t — (o0 - o)),
(39)
Dy = ZZE (5 - pP)e (40)
Dy = ZTC (0 g0, (41)
Dy = 21 [0 — e — (o0 - ). @

(if) Atthe boundaries z = 0 and z = h, the normal component of the velocity vector u must be continuous

and also suitable with the velocity of the perturbed boundary surface:

0z
m_ @ _ @) _
uy = uy uj . “3)

From equations (9), (10), (29), (32), (33) and (34) into (43), then we get

o)

b= e

!
-ﬂl_l | -fk_l 1l
1o gl 14] "
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o) [(a+z’kIU)-n(o+ikIU)(kf+k§—%)Jrﬂi)]

e |

" sinh {h . s
o4kl -1fe - £)
(45)
[(mku 1o+ ik D)@ - )+n?)}
B3 = —Upm [m(e_’h—l)ﬁ'l} ) .
s [(a+tk:U)—n(E - %T]
(46)
T2 _ ; 2 _ 8 2
Lo k0 (o + kD)8 - ) +.5)
B, = .
([lo+ik0) -n(e - )
(47)
(iii) The normal component of the total stresses in the fluid layer of density p must be suitable to that
of the surrounding fluid of density p®® and p® across the fluid interface at z = h:
op. aP op
Pl(l) P(2) P(3] ~1—,
i To 02 (48)
Eq. (48) can be written as follows:
A+ ully YY)+ = é” =047 + - )
n,(3)
00y 0

s p“"éﬁ” Fully B+ =

02 02 (49)
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3. Dispersion relation

Eq. (49) leads to the dimensionless dispersion relation

~uHik; uHkp®
6o+ iRl + k) + 2] 956[(o+ik0) ne]
1 ﬂHDk'.r
[Sinhl?h +1]+‘21r_G (04 ikU) - (o +ikU) + i J
1
, 1] [ @) _ 0 _ W)t _ () _ ]
[smhfh 41| = o430 =" -~ (0 - ) -

Now, we are studying the effect of the different variables on the stability and drawing the relation between the

growth rate and the coefficient of resistivity

st 4 (M _ 2 _ 3 _ |
=t e =l
ﬁl,::'rf IIIIIIIII p{]) — p(Z] — p{:‘u} =0.11
e V=@ =pP =012
i =P =Y =013
oL III:Il ]
I 1!5 ZTC' 2!‘ 30
r
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Figure 1: stability diagram for a system having the particulars: U = 0.8, H, = 1, z = 0.01
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Figure 2: stability diagram for a system having the particulars: p® = p® = p® =1,U =1, 4 = 0.01.
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Figure 3: stability diagram for a system having the particulars: p® = p(® = p®) = 0.8,U = 1,H, = 1.
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n

Figure 4: stability diagram for a system having the particulars: p® = p® = p® = 0.03,H, = 1,2 = 0.1.

From Figure 1, as (p® = p® = p® = 0.10, 0.11, 0.12, 0.13), we find the following domains (0 < ¢ <
0.919), (0 <6 <0.912), (0 <06 <0.905), (0 <6 <0.90) unstable states. The neighboring stable domains are (0.919
<6 <), (0.912< 6 <®),(0.905< 6 < ), (0.90 < 6 < ).FromFigure 2, as (Hy, = 1.0, 1.5, 2.0, 2.5),
we find the following domains (0 < ¢ < 0.841), (0 < ¢ < 0.855), (0 < ¢ < 0.873), (0 < 6 <0.894) unstable states.
The neighboring stable domains are (0.841 < ¢ < ), (0.855 < 6 <), (0.873 < ¢ <), (0.894 < 6 < o).
From Figure 3, as (u = 1.0, 1.1, 1.2, 1.3), we find the following domains (0 <o <0.804), (0 <o <0.823),
(0 <o < 0.835), (0 <o <0.841) unstable states. The neighboring stable domains are (0.804< ¢ < ), (0.823<
6 <), (0.835< 6 <), (0.841 < 6 < ). From Figure 4, as (U = 2.00, 2.03, 2.06, 2.09), we find the
following domains (0 <6 < 0.850), (0 < ¢ < 0.830), (0 < o < 0.810), (0 <6 < 0.790) unstable states. The
neighboring stable domains are (0.850 < ¢ < ), (0.830 <6 <), (0.810 < ¢ <), (0.790 < ¢ < ). From
what we had before, We observe that the increase of the fluids density values has a stabilizing influence (Fig.1).
We conclude that the increase of the intensity of the magnetic field values, the system gives a stable situation
(Fig.2). We conclude that the increase of the magnetic field permeability coefficient values, the system gives a
stable situation (Fig.3). Finally, we found that the streaming velocity has a destabilizing influence (Fig.4), which

is consistent with all previous studies.
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4, Conclusions

In this study, we have examined the influence of the existence of self-gravitating, magnetic field, streaming
resistive triple superposed fluid layers. After we obtained the dispersion relation, we plotted (¢ — n) plane and

studying the effect of different variables on the process stability.

The following is a general summary of the study in this paper:

1- The streaming velocity has a destabilizing influence.

2- We observe that the increase of the magnetic field permeability coefficient values, the system gives a
stable situation and with the continuous increase of the magnetic field permeability coefficient values,
the system is more stable and the stability zone increases.

3- We observe that the increase of the intensity of the magnetic field values, the system gives a stable
situation and with the continuous increase of the intensity of the magnetic field values, the system is
more stable and the stability zone increases.

4- The increase of the fluids density values has a stabilizing influence.
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