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Abstract

The stability of streaming self-gravitating triple superposed fluids layers
of different densities pervaded by magnetic fields has been developed.
Such a study is of interest since it is essential for understanding the
reason of the breaking up of the fluids layers resulting in the appearance
of condensation within astronomical bodies. On utilizing the
perturbation technique, the problem is formulated and solved. The
eigenvalue relation is derived and discussed. The magnetic field is
stabilizing while the streaming is strongly destabilizing. The self-
gravitating force as well as the densities ratio of the triple fluids are
stabilizing under certain restrictions. Such results are logic and may be

found true during flying of the planes in bad weather of the atmosphere.
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1. Introduction

The dynamical stability of superposed fluids layers subject to uniform
Earth gravitating force has been considered by a lot of Researchers cf. [1-
12] and [22]. The gravitating stability of two stationary superposed fluids
under the external gravitating force, Rayliegh-Taylor instability is
studied by Chandrasekhar [4]. See also the Kelvin-Helmholtz instability
there. The stability of self-gravitating fluid is the task of many scientists
in the present era due to its astrophysical applications. It was Jeans
(1929) who the first to investigate the stability of self-gravitating
homogeneous medium. The stability of self-gravitating fluid jet in very
simple case is elaborated for the first time by Chandrasekhar and Fermi
[3]. Later Chandrasekhar [4] made some modifications for such studies.
In the recent decades, many advanced works concerning stability of
different models influenced by several external forces have been
documented by Radwan [14-21].

In the present work we investigate the stability of streaming self-

gravitating triple superposed magnetized fluids layers.

2. Formulation of the Problem

We consider three superposed fluids of densities p(l), p(z) and p(3) in
the regions “I(-0 <z <0)”, “II(0 <z < d)” and “III(d < z < ®)” pervaded

by the uniform magnetic fields
Eg = (HO9 09 O)a s = (1)’ (2)’ (3) (1)
This system of fluids is assumed to be streaming with velocity
ug = (U, 0, 0). @

The model is acting upon the self-gravitation and electromagnetic
forces in addition to the internal pressure gradient and inertia forces,
where the effect of the surface tension is ignored. The fluids are
considered to be incompressible, non-viscous and perfectly conducting.

The fundamental equations describing such kind of problems are the
combination of the ordinary fluid dynamic equations together with
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Maxwell equations of the electrodynamics’ theory and those concerning
self-gravitating forces. Under the present circumstances, these equations
are given by

S
pt A= VP (W A HY) A B 4 VY ®)
dH?®
a - E v, @
V29® = —4nGp®, 6)
v-u® =0, (6)
V-H’ =0, (7)
where
d 0
7 al w-v) )
0 0 0
V_(ara_yagj7 (9)
2 2 2
o [&% o* o
v (a—aﬂ a0

Here p, u and P are the fluid density, velocity vector and Kkinetic

pressure, H and p are the magnetic field intensity and permeability
coefficient, ¢ is the self-gravitating potential and G is the gravitational

constant.
3. Perturbation Analysis

Let the system of triple self-gravitation streaming fluids layers be

perturbed along the interfaces. Every variable quantity Q(x, y, z, )

could be expanded as

Q(x’ Y, 2, t):QO(Z)"’Ql(x’ Y, 2, t)+"" (11)
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where @ here stands for u®, H®, ¢° and P°® with s denotes different

regions of fluids, @, is the value of @ at ¢ = 0 while @;(x, v, z, t) is

small fluctuating variable of @ at any instant of time ¢. In view of the
expansion (11), the z-distance of the surface waves along the different

interfaces of the fluid may be written as:
zZ=29+M (12)
where, zp = 0 and zy = d while nis being
n = g expli(k,x + kyy) + ot]. (13)

The elevation of the surface wave is n while g the initial amplitude, o
the growth rate, while k, and k&, (real) are the wave numbers along x

and y directions. z =0 at “I-II” interface and z=d at II-III

interface.

By the use of the expansion (11) into equations (3) - (7), we get the
following unperturbed and perturbed systems of equations.

Unperturbed system

d S
p* 0 — VS + W(Y A HY) A H + 0V, (14)
dH} s s
e (Hy - V)ug, (15)
v2gd = —4nGp®, (16)
V-Hj =0. (18)

Perturbed system

ou’
ps[a;tl + (g - V)ﬂf] ~WH V) HS = -V(PF - pSof +w(HY - HY)), (19)
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dH?

— = Hy Vg (20)
V2§ =0, (21)
Veui =0, 22)
V-H; =0. (23)

The unperturbed system of the equations (14) - (18) has been solved
and the required unperturbed variables are identified upon applying the
boundary conditions: the selfgravitating potentials and their derivatives
must be continuous at z = 0 and z = d. interfaces. The kinetic pressures

and potentials are given by,

B = A° _gﬂg + %05, (24)
gog) = 21GpW2? + ¢12 + ¢y, (25)
(pgz) = —2nGp(2)22 + 12 + cq, (26)

(pgS) = —275Gp(3)z2 +c1z+c9 — 4nGd(p(2) - p(3) )z + 2nGd? (p(2) - p(3) ), (27)

where A%, ¢; and ¢y are arbitrary constants of integration.

Now, we are going to solve the perturbed system of equations (19) -
(23). Equations (19) and (20) may be written as

0
(G + b V) Juf - Wl - V)H] = v, 29
oH?
= = (Hp - V)ui~(ug.V)HS, (29)

where

5 = PP - p°ef +uHy - Hy). (30)
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Based on the perturbation technique, every perturbed quantity
@, (x, y, 2z, t) could be expressed as:

Qi(x, , 2, t) = Q) (2) explilkyx + kyy) + ot]. (31)

The perturbed system of equations (21) - (23) and (28) - (30), leads to the
equations,

Hi = iuiHyK, /(o + ik, ), (32)
uf = [ (o + ik UWVIEYp®((o + ik UY + OF], 33)
v = o, (34)

with

Q4 = VkHiu/p. (35)

The last equation (35) presents the Alfven wave frequency Q4 defined in
terms of Hy, p, k, and p.

In view of the space-time dependence (31), equation (34) leads to
second order differential equations. Apart from the singular solutions,

S . . .
Hl in the different regions “—0 <z<0”, “0<z<d” and “d<z<®©”

are given by,

M) = BUnetz, (36)
m? = (B®ek? 4+ cPe2)n, 37
Hgg) = C@ye k2, (38)

where, B(l), B(2), c® and C® are arbitrary constants of integration,

1
with k(: (kg + kg)gj is the net wavenumber of perturbation.

By means of equations (36) - (38), and in view of (32) - (34) the

magnetic fields H; and velocities u; due to perturbation in the different
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regions could be obtained. Moreover, on utilizing the same technique as
above, equation (21) is solved and finally we have obtained

ofY) = DWnet, (39)
(p§2) = (DPek= 4 E(z)e_kz)n, (40)
(pgg) = D(3)ne_kz (41)

where D(l), D(Q), D® and E® are constants of integration to be

determined.

The foregoing constants B(l), B(2), C(z), C(S), D(l), D(z), DB and

E® could be determined upon applying the following boundary
conditions.

(1) The gravitational potentials and their derivatives across the
perturbed fluids interfaces must be continuous at the boundaries “z = 0”

and “z = d”.

(1)) The normal components of the velocities of the fluids must be

continuous across the boundaries “z = 0” and “z = d”.

(111) The normal component of the velocities of the fluids must be
compatible with the velocity of the perturbed boundary interfaces at
“2 — 07’ and “2 — d”'

Finally, by the use of the resulting data and applying the balance of
the pressure across the perturbed interfaces “z = 0” and “z = d” with
taking into account the effect due to unperturbed pressures, the following
relation is obtained,

(- e%)(2p® —p%) —p®)

(o + ik U)? = L| uHZk2 -
(p® - p®) (p® — p®)sinh(z)

+2nGl26p® + (- e) () - 20® o] |, (42)

where
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C=Fkd (43)
is the dimensionless wave number while L is defined by

L= (p® - p@)(p® - p®)sinh(c)/(p® - p®@)[p® sinh(c)

~p®{1 - cosh(©)}] - (0 - pM)[pP {1 - cosh(C)} - p@ sinh(Q)]. (44)
where the stability criterion is being Re(s) > 0

4. Discussions

The relation (42) is the desired general relation for analyzing the
stability of the present model of selfgravitating streaming triple
superposed magnetized fluids layers. It relates the growth rate ¢ with

o, p(2) and p(3), the non-dimension wave number (, the

the densities p
streaming speed U, the wave number £, in x-direction and the

parameters G and H of the problem.
In absence of the magnetic field influence, the relation (42) gives,
(o + ika)2 = 2nGL2p@ + (1 - e %) (pP - 2@ + p®)). (45)
This is the stability criterion of self-gravitating streaming triple

superposed fluids layers of non-conducting fluid.

If we neglect the effect of the self-gravitating forces, the general

eigenvalue relation (42) reduces to

(1-e%)(2p® —p —p®)
(p® =) (" ~p®)sinh(0) |

(o + ik, U)* = nHZE2L (46)
This is the stability criterion of streaming triple superposed magnetized

fluids layers of different densities.

Several dispersion relations for different models of problems could be
obtained from the general criterion (42) under the following

simplifications:
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@ p® =0,p® 20, p® =0
i) p® =0, p® 20, p® =

for G =0, Hy # 0 (47)
i) p = 0, p® =0, p® =0 ’
@) p =0, p 20, p® =0
) p® =0,p® 20,p® 20
(vi) p® =0, p® = 0,p@ =0
(1) 2 _ 3
(vii) pr ' # 0, p=0 =0, p"" # 0l ¢ 7 0, Hy = 0. (48)

(viii) pM =0,p? %0,p® =0
(ix) p® =0,p® =0,p® =0
(X) p(l) %= 0, p(2) =0, p(3) =0

In order to discuss and determine the stable and unstable domains
and their characteristics we have to write the eigenvalue relation (42) in

the following dimensionless form,

(o +ik,U)* _ L[ uHE ] £2(1 - e6)(2p@ — pM) _ p3)
2nGp'?) 21G pPd? ) (0@ - p@) (p@ - pW)sinn(©),

- 20p@ + (1= e C) (W) - 2p) 4 )] | (49)
p

where &(= k,d) is the dimensionless wave number in x-direction, while

the dimensionless common factor “L” is still defined by equation (44).

The dispersion relation (49) has been computed via the computer for

different and several values of the densities ratios “u = (p(l) / p(2))” and

“v = (p(3) / p(z) )”. Such calculations have been carried out for different

values of (Hy/Hg =0, 0.2,0.5 and 0.8) and different values of



288 AHMED E. RADWAN and ABDELTAWAB A. A. SHALABY

U*(:—ika/\/ZnGp@)j:O, 0.3,0.7and 0.9) where Hg=+21Gp®d?/u

has a unit of magnetic field. The results and discussions of stability in

the simplest case as U =0 may be classified into three classes as

follows.

() As (Hy/Hg) = zero for (u,v)= (0.1, 0.1), it is found that the

model is completely unstable for all perturbed wavelengths. This is the
most dangerous case for the present triple superposed magnetized fluids
layers. This must be taking into account in the natural life (as

p(l) : p(2) : p(3) 1s 1:10:1) during flying the plane in the upper layers of
the atmosphere from country to another.

(i1) This case as (Hy/Hg) = zero for (u, v) = (7, 0.3), (9, 0.3), (4, 0.5)
and (6, 0.5). This case is the most crucial one where we found that there

are some stable domains and unstable domains of certain values of
(Hy/Hg). Corresponding to the foregoing values (7, 0.3), (9, 0.3), (4, 0.5)

and (6, 0.5), it is found that the unstable domains are “0 < ¢ < 1.3397”,
“0<(<1192147, “0 < <0.40547” and “0 < ¢ < 0.223144”. The
stable domains are given by, “113398 < { < ©”119214 < < «”,
“0.40547 < £ < ©” and “0.223144 < { < o7, where the equalities
are corresponding to marginal stability states. The following states are
exactly same as that case.

As (Hy/Hg)=0.2 with (u,v)=(7,0.3), (9, 0.3), (4, 0.5) and
(6, 0.5), it is found that the unstable domains are “0 < ¢ < 1.3399”,
“0 <€ <119214”7, “0 < < 0405477 and “0<(<0.223144”. The
neighboring stable domains are “1.33977 < { < w0 7, “119214 < { <07,
“0.40547 < { < ©” and “0.223144 < { < o”. The critical points at which
transition from stable to those of instability are being “x, = 1.3398,

1.1921, 0.4055 and 0.22314”.

For (Hy/Hg)=0.5 with (u,v)=(7,0.3),(9, 0.3),(4,0.5) and

(6, 0.5), it is found also, there are stable and unstable domains.
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For (Hy/Hg)=0.8 with (u,v)=(7,0.3),(9,0.3), (4, 0.5) and
(6, 0.5), the unstable domains are “0 < { < 1.33977”, “0 < { < 1.19214”,
“0 < <040547” and “0 < { < 0.223144, while the ordinary and
marginally stable domains are “1.13398 < { < «©”, 119214 < { < «©”,
“0.40547 < { < ©” and “0.223144 < { < »”.

(i) For (Hy/Hg)= 0.8 with (u, v)= (3, 0.1), (4, 0.1), (5, 0.1) and
(3, 0.3), it is found that the model of magnetized triple superposed fluids

is completely stable for short and long wave lengths.

In addition, there are a many cases like this case.
5. Conclusion

In taking into account different values of the streaming “u, = (U,
0, 0)”, in all foregoing cases and states we find that the unstable

domains are increasing while those of stability are decreasing. That is
the streaming has a destabilizing influence. The electromagnetic force is
strongly stabilizing but in some cases, the destabilizing influence of the
self-gravitating force is dominant over that of the magnetic field. The
densities ratios “u” and “v” are stabilizing or not according to restrictions.

The present results may be used for testing the stability of
superposed fluids layers in the high levels of atmosphere to avoid the
very deep cavities during the flying of the planes in traveling from
content to another. That is as the plane flying through the finite layer of
depth d and there is already unstable region anywhere in this layer due
to some natural effects caused by the inertia force, say due to the
streaming character of the model.
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