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Streszezenie: Przedstawiono liniowa stabilnodé uwarstwione] cicezy Waltersa {model B') w uwar-
stwivnym osrodku porowatym. Rezwarono pravpadki zmian wikladniczych gestodcl. lepkoscl,
lepkaspreaysiosci, porewalosei | preepuszezalnodei srodowiska. Swwierdzono, 2e w prevpadku
potencialnis stubilnege uwarstwicnia uklad jest stabilny lub niestabilny w zaleznosel od kinema-
tycznej lepkosprezystoded, K1ora muze vsiggad warloss mnicisza lub wicksza od wartadel atrzyima-
ngj preez podeiclenic przepuszezalnosc: srodowiska przez jege porowalosé, Stanowi 1o pricci-
wichsiwo stabilnodel uwarstwiane) cieczy Newlona. Jednakize uklad jest nicstzbilny w przypadiu
zakidees wervsikich licsb [alowyveh dia potencjalnic niestabilnepo uwarstwienia. Jeieli wprowy-
dei sig pewne ograniczenia. to szybkosE wrrostu 2wieksza sig lub smnicjsza wraz ze zwickszajg-
cymi sig wartosciami parametrdw uwarstwicniu. Oddzielnic oméwiona wplyw zmiennego posio-
mego pola magnetyeznego 1 jednorodne) retacii. S2vbkosé werostu stabtlnoscl w zaleZnodcei od
predkasei Alfvéna (w przypadku pola magnetyeznego) oraz w zaleznosei od predkosci katowej (w
preypadku rotacji) zbadano analityeznie i stwierdzono, ze w pewnych warunkach zaréwno pole
magnerverne, jak i rotacia majy spregzeny wphow na stabilnosc.

Abstract: The lincar stability of stratificd Walters' {modet ') Auid in stratilied perous medium is
presented. |he case of exponentially varving densily, viscosity. viscoclasticity. medium porosity and
medivm permeabilily 15 considered. It is found that for the potentially stahle stratificativns the svsiem
is slable or unstable, depending on the kinematic viscoslasticity whinh can be smaller or greater than
the medium permeabilily divided by medium porosity. This is in contrast o the stability of stratified
Nuwtonian fluid, However, the svstem is found 1o be unstable {or disturbances of all wave numbers
for potentially unstabls stratifications. If some restrictions are imposed, then the growth rales are
found 1o increase or decrease with increasing values of stralification parameters. The effects of vari-
able horizontal magnetic feld and uniform vertical retation have also been discussed separately. The
behavivur of srowth rate with respect to the Alfvén velacity (in the case of magnetic field) and an-
gular velocity (in the case of rotation) are examined analvtically and it is found that under ¢ertain
conditians both magnetic Neld and retation have a dual effeet on this stability problem
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NOTCHUHMAALIIG YCTOHMHBOH CIIMCTUCTH CHUTEME KRIMETCE YOTORHBOH ik neyeroiuuaoll B 3asncumacti
O KoHeMATIHNeCkOl BEIRONTIPYTOCTIL KOTOP2S MOMET A0CTHIATE MCHLUICTD MM BLICIUCTO 31EMCIHE, HCM
SHACHIEC, BOVICHHOS D0CPEICTBUM ASISHMS NPOHIREMACTH CPeiThl HA 28 MIOPHCTOCTE, DTN COCTARNAST
OPOTHRCMOIKINCTL YeToRumnocTit caonctol suuixoct Huorons Onpuge cremema SBIRCICH HeyeToi-
QHEOTT B CAVHAS TOMEX BCEX ROTHORRN YHCET T TOTEHIMATRID HeYETORUMEGH cnoucTocTi. Ecan soceti
HCKOTOPLIC OrPAI'CIMA. CKOPOCTL NOBLULCIEA YETORMHBOCIH PACTET I DUHMARETCH BMECTS ¢ HOHR-
UEAHMIHMACA IHAMCIINAMM MapaMeTpal croucTocTH. Oraeaunc ofcyAIcHo BIAMKHHE HIMCHIIOLICTOCH
FODIHOIMRILHOIY MAHHTHLIO. IIE B PAKHOMEDHAOTD RePTHRATRHOD RPAISIEA. BLICTPOTa NOBLIUCIEA
VCTOIMBEIOCTIE 10 OTHOLICIND K CKOPOCTH ATHPECH (B CVYRE MAUHMIHOID IUR) W VITIOROT CROPOCTH
{6 Cavhme BpMNIGITEIBROTD HIHEHHR) ORI MCCTIZANERHE! ANZTHTHYCCKK H OLLIO VCTAIBICHO, ‘o
D IICKOTOPLIN VEI0BHAN KiK MATIHTIOC HOJE Tk It BRI/ IbHOE IMDRSHIS MMEKIT /IRORHOS BINYHHE Ha
YETOHHMHOC

1. INTRODUCTION

The stability derived from the character of the equilibrium of an incampressible
heavy fluid of variable density (i.e. of 4 heterogeneous fluid) is termed as the Rayleigh—
Tavlor instability. The Raylelgh-Taylor instability of a Newtonian fluid has been stud-
ied by several authors accepting varying assumptions of hydrodynamics and hydromag-
netics, and CHANDRASEKHAR [1] in his celebrated monograph has given a detailed ac-
count of these investigutions. The Rayleigh-Taylor instability problems arise in
oceanography, limnology and engineering. The problem of the Rayleigh-Taylor insta-
bility of fluids in a porous medium is of great importance in geophysics, soil sciences,
groundwater hydrology and astrophysics.

With the growing importance of non-Newtonian fluids in modemn technology and
industry, the investigations of such fluids are desirable. There are many viscoelastic
fluids that cannot be characterized either by Maxwell's constitutive relations or by
Oldroyd's constitutive relations. One of such viscoelastic fluids is Walters” (model
B’} fluid. In recent veurs, the investigation ol [low of [luids through porous media has
become an important topic due to the recovery of crude oil from the pores of reservoir
rocks. The flow through porous media is of a considerable interest for petroleum en-
gineers and for geophysical fluid dynamicists [2]. A great number of applications of
such a flow in geophysics may be found in a book by PHILLIFS [3]. When the fluid
slowly percolates through the pores of rock, the gross effect is represented by Darcy’s
law. As a result of this macroscopic law, the usual viscous and viscoelastic terms in
the cquation of Walters' (madel B') fluid motion are replaced by the resistance term

1( R

s

where g and g are the viscosity and viscoelusticity of the Walters™ (model BY) fluid,
ki is the medium permeability and u is the Darcian (filter) velocity of the flyjd.
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SHARMA et al. [4]. [5] have studied the thermosalutal convection in Walters' (made]
B’) fluid in porous medium in the presence of rotation and magnetic field, respec-
tively.

Generally, it is accepted that comets consist of a dusty suowball. being
a mixture of frozen gases which, in the process of their journey, changes from
solid to gas and vice versa. The physical properties of comets, meteorites und
interplanetary dust strongly suggest the importance of porosity in astrophysical
context (MCDONNELL [6]). WOODING [7] has considered the Rayleigh instability
of a thermal boundary layer in flow through a porous medium. In stellar interiors
and atmospheres, the magnetic field may be (and quite ofien is) variable (and
non-uniform) and may altogether alter the nature of the instability. SHARMA and
SuNIL [8] have studied the Rayleigh-Tayler instubility of a partially ionized
plusma in a porous medium in the presence of a variable magnetic field. SHARMA
et al. [9] have studied the thermal convection in Walters® viscoelastic fluid B’
that with suspended particles permeates through porous medium. There is grow-
ing importance of non-Newlonian [luids in chemical technology. industry and the
dynamics of geophysical fluids.

To the best of our knowledge, the separate effects of magnetic field and rotation
on stratificd Walters” (model B') fluid in stratified porous medium have not been in-
vestigated yet. So keeping in mind the importance of non-Newtonian fluids in modern
technology and their various applications mentioned above, the presen! paper is de-
voled to the consideration of the stability of stratificd Walters® (model B*) fluid in
stratified porous medium. The effects of variable magnetic feld and uniform rotation,
bearing relevancy in geophysics, are also considered separately.

2. FORMULATION OF THE PROBLEM
AND PERTURBATION EQUATIONS

Lt us consider a static state in which an incompressible Walters' (mode! B”) fluid
layer of variable density and viscosity is arranged in horizontal strata in porous me-
dium of variable permeubility and porosity, and the pressure p and the density p are
functions of the vertical coordinate z only. The character of the equilibrium of this
initial state is determined by supposing that the system is slightly disturbed and then
by following its lurther evolution.

Let p,p.p 1" and u(u.v, w) denote, respectively, the pressure. density, viscos-
ity, viscoelasticity and filter velocity of pure Walters” (model B”) fluid. Here g, &, and
€ stand for acceleration due to gravity, medium permeability and medivm puTOsity,
x=(x,y z)and 2=(0, 0, 1). Then the equations of motion and continuity for Wal-
ters’ (model B’) fluid are
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'"P" !. J ~Vp-py) -%{ a] (1)

Vu=0, (M

Since the density of a fluid particle remains unchanged as we follow it with ils
motion, we have

dp
—_— Nlp=0. 3
Eﬂi+{u Jp=0 (3)

Let us consider a small perturbation of the steady state solution, and let dp, Jp and
u{u, v, w) denote, respectively, the perturbations of the pressure p, the density o and
the fluid velocity (0, 0, 0). Then the linearized perturbation equations governing the
motion of Walters’ {(model B") fluid layer through porous medium are

n du = 1 { . 7 ]
L = Vip-pglph-—|u-pg —|u, 4
£ d! G k,i\‘u 'ué‘ru )
Yu=0, (3
J _
e—dp=-w(Dp). 6)
a1

3, DISPERSION RELATION
Analyzing the perturbations into normal modes, we assume thal the perturbation
quantities have an x-, y-and ~dependence of the form
explik, x+ r'k}_}' +ni), (7
where &, k, are the wave numbers along the x- and y-directions, respectively,
k =\,'|[i’ +%7) is the resultant wuve number of disturbance and n is the growth rate

which is, in general, a complex constant.
For perturbations of the form (7). equations (4)-(6) give

i 1
£+L{V—U}I)!ﬂu=—fk,5§?- (8)
L& K -

-

|i.’.’.-;l-v—v:rjpv——:.t Sp. (9)

3
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|i£+l(v—vizjlpw=—£}5;?—gﬁp, (10)
£k

ik +ik v+ Dw=0, (11)

endp =-w(Dp), (12)

where

Multiplying (8) by —ik,, (9) by —ik,, adding and using (11), we obtain

- 1
)gﬁ-%[v —v’n)jpn-.-.-: ~k8p., (13)

L i

Eliminating dp from (10) and (13) and using (12). we arrive at

%[D(pﬂu')—k:pw]+ kl [ﬂ{(,u —un)Dwl-k* (- m:}u-] -i-‘i—’:(ﬂp)w =0.(14)
|

4. THE CASE OF EXPONENTIALLY VARYING STRATIFICATIONS

In order to obtain the solution of the stability problem of a layer of Walters’
(model BY) fluid. we suppose that the density p, viscosity u, viscoelasticity u’.
medium porosity and medium permeability vary exponentially along the vertical di-
rection, i.e.

p=pe®, u=pe®. We=pe®, e=ge® and k=ke®, (15

where py, 1, . €, k and B are constants, thus

v(=‘i—[=‘u—” and v’ =E-=—"l.
P P LR o

the coefficients of Kinematic viscosity and kinematic viscoelasticity, respectively, are
constant everywhere.
Using the stratification of the form (15), equation (14) transforms to
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(16)

We assume that the system is confined between two rigid planes =0 and z=4d,
then the vanishing of w at ; = 0 is satisfied by the choice

W=t <gTry, (17)

where

132

ak* {n g0 (vy —vin)- E}»
i

- 9 I k
thyp == o 23] B - : (18)
: 2 2 £g ’
1o — {Vu = Vt,n)
kltl

while the vanishing of w at ; = d requires

gl (19)
which implies that

(m; =y ) d = 2isw., (20

where 5 is an integer.
Inserting the values of #y and mr: from equation (18) into equation (20) and simpli-
fying the lutier, we obtain

i . 3]
, Vi€ v, 1202 @2gs )z
'n'{ 1-Yefu +n(ﬁ (1x2a? + B0 + 452 )-ak2d%eB=0. 1)
| it J"m

Equation (21) is the dispersion relation governing the effects of viscoelasticity,
porosity, medium permeubility on stubility of stratified (exponentially varying den-
sity, viscosity and kinematic viscosity) viscoelastic (Walters' BY) fluids in stratified
{exponentially varying medium porosity and medium permeability) porous medium.

(a) Stable stratifications (8 <0). For the stable stratification (8 <0), equation
{21) does not admit any positive root of n,if

€y

Lyt &, (22
ke - )
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Le. if

vicko (23)
&
So, the system is stable for disturbances of all wave numbers if (23) holds.
And if
o
vy >—2, (24)
€o
then equation (21) has one change in sign implying the existence of one positive root
of n, and so the system is unstable for disturbances of all wave numbers.
Thus for stable stratifications (f <0), the system is stable or unstable, depending

on

r k
vo< or >-2 (25)
€

(b) Unstable stratifications (3>0). For the unstable stratifications (f >0),
equation (21) has at least one change in sign implying the existence of at least one

positive root of n, and so the system is unstable for disturbances of all wave numbers.
Thus if >0, equation (21) has one positive root. Let ny denote the positive root

of (21). Then

n2| 1-Yofo [y 5 | Yofo 1(44&2:1'1+,81d3+432:1:3}—4k2d!g£=ﬁ. (26)
ki kig J

To study the behaviour of the growth rate of unstable modes with respect to kine-
matic viscosity, kinematic viscoelasticity and medium permeability, we examine ana-
lytically the natures of dn,/dv,, dny/dvy and dn,/dk,, . Equation (26) yields

dn, Eoy
by ’ ) 27)
dvy kg —€av5)2m + €5V ]
dny £415
o L . (28)
dviy (kg —€v0)2n, + €4V, )
dny Eylty (‘-"u ~Vohy ) (29)

dky, E kg [(km —-EVp }2"u s Eu""u] i
It is evident from (27) and (28) that if
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; R
Vg <=2 (30)
£y
then dn,/dv, and dn,/dvgare always negative and positive, respectively. The

growth rates, therefore, decrease with the increase in kinematic viscosity and increase
with the increase in kinematic viscoelasticity. If

k
Vo>t (31
Eﬂ
then dn,/dv, and dn,/dv, are negative or positive and positive or negative, re-
spectively, if
|{km - €V )Znu‘ S e (32)
Thus, the growth rates decrease or increase with the increase in kinematic viscos-

ity and increase or decrease with the increase in kinematic viscoelasticity.
Also, it is evident from (29) that if

v{,«:ﬁ-‘l and v;«:f-?-, (33)
£ ny
ie.if
v < min e Yo | (34)
p My

then dny/dk,, is always positive. The growth rates, therefore, increase with the in-

crease in medium permeability. Otherwise, growth rates increase with the increase in
medium permeability if

K, V,
Boylcl and ‘[km ~ V5 )2n| < €5V, (35)
£ ny
or
by v ‘
v > max[ﬁ, —G] and  |(kig—£v5)2n| > £, (36)
o T
Also, it is evident from (29) that if
v{,-::kﬂ and v{,}ﬁn (37)

£y fly
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ie if
Vo . ko
—'-{Vu, L — {38)
g Ey

then dn,/dk,is always negative. The growth rates, therefore, decrease with the in.

crease in medium permeability. Otherwise, growth rates decrease with the increase in
medium permeability if

Vo> max[i'i. Ei] and ‘{km —£qvg)2n1| <E5vq (39)
€ Ny
or
Ko .0 Vg ’
e i and  |(k,q - Ev5 20| > v (40)
1 ny

The growth rates, thus, both increase (under certain conditions) and decrease (un-
der different conditions) with the increase in kinematic viscosity, kinematic viscoe-
lasticity and medium permeability.

5. EFFECT OF VARIABLE HORIZONTAL MAGNETIC FIELD

The effect of a magnetic field on the stability of such a flow is of interest in geo-
physics, particularly in the study of the Earth’s core, where the Earth’s mantle, which
consists of conducting fluid, behaves like a porous medium that can become convec-
tively unstable as a result of differential diffusion. So in this section, we consider the
effect of variable magnetic field on the stability problem. Here the problem and con-
figuration are the same as these described in sec. 2 except that the incompressible
Walters' (model B) fluid layer arranged in horizontal strata is acted on by a variable
horizontal magnetic field H(Hg(z}, 0, {})_ Then the eguations of moticn and Max-

well’s equations are

pldu 1 1[ . @ i,
il B R ot MREC_ fereae ol £ H, {41)
EL_” +E(u ]u] Vp-pegi k..,'u U &]Hh{vx}l)x

V.H=0, (42)

e%.-? =(HV)u-(uV)H, (43)

together with equations (2) and (3). Here p_ denotes the magnetic permeability.
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Let h(h,.hy.h:) denote the perturbation of the variable horizontal magnetic field

H[Hu(z). 0, G). Then the linearized perturbation equations governing the motion of

Walters' (model BY) fluid layer through porous medium in the presence of variable
horizontal magnetic field are

pdu
Lo ¢ =2 sind A VxH 44
=5, ="Vép-gépi a,[‘” u ]\! (VxH)xh], (44)
Vh=0, (43)
Ea—h=(!-l.?)u-(u.\'f']ﬂ. (46)

ar

together with equations (5) and (6).
For perturbations of the form (7), equations (44)—46) give

{L-ki(v —v?i):lpu=—fk:§p+ Hap (DH,), (47)
£ 1
r u H
[ +—{v VR)}OU=—IL dp+—= “(:k h, —ik h ) (48)
£ K dn
Lid +l (v —v?z) pw=-Ddp 'i-'M‘—hrIJ ik.h.-Dh =h, PHy |_ gdp, (49)
£ kl 411 i l 4]
ik h, +ikh +Dh =0, (50)
enh, =ik Hyu—-wDH;, (51)
enh, =ik Hy , (52)
enh. =ik Hyw, (53)
together with equations (11) and (12).
Equation (48), with the help of (51) and (52), becomes
{E + L{v = vh)}pu =ik 8p + HeHo (ik H oL + ik, wDH, ) (54)
£k, dnEn

where { =ik —ik, u is the z-component of vorticity.
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Multiplying (47) by - ik, , (54) by —ik, , adding and using (11), we obtain

ke HE k; I
Beklly o BbHy e B (pa ),
dnen dnen 4n

[E +L(v —v’n)}pﬁ)w = —kzﬁp -

E K
(33)

Eliminating dp from (49) and (55) and using (11), (12) and (51)—(53), we arrive at

E [o(pDw)- 12w+ ki [D{(4a - i)W} K2 (- ]

2 2
=4 (e Dw)- 3K w]- 2 (Dp) . (56)

Let us assume

B E e w=uie?s, Hiz)=Hze"*, e=ege?t, k =kye"*,

(57)

P=pPye

where p,. M, . My, Hi, &, k and B are constants, hence

. i 2 :
v =£=ﬁ i V" =£=_ﬂ.ﬂ_ I a.nd V_l‘ :JlufHu =Jlur"',1 d
P b P oy dnp | anp,
the coefficient of kinematic viscosity, the coefficient of kinematic viscoelasticity, and

the Alfvén velocity, respectively, are constant everywhere.
Using the stratification of the form (57), equation (56) transforms to

* n ‘-'f"]"{"u v-v,jn)-!-;—w—i}

k‘[
3 %
D*w+ fDw~ 10 = lien (58)

T TR
{n+s—°(vu-—van)+ k,lﬂ}

k n

[18)

We assume that the system is confined between two rigid planes z =0 and z = d,
then vanishing of w at z = 0 is satisfied by the choice

w=A(e™ —e"™), (59)

where
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_— 1/2
4k=|,,+%-v;,n)+*_&_££}

1]l 5 n n
mlg=—Ei— B+ 8 —= . (60)
R £ rn)e KVa
n+ (v —von)+
kyy n

while vanishing of w at z = d requires

gk =, (61)
which implies that

(m, —m,)d =2isw, (62)

where s is an integer.
Inserting the values of m; and m; from equation (60) into equation (62) and simpli-
fying the latter, we obtain

10 'kllil

{n?‘[l—m]ﬂru[@]-ﬁ kﬁt{f](ﬂﬁd’ + B + 4517 - 4k2d ef =0. (63)

Equation (63) is the dispersion relation governing the effects of viscoelasticity,
porosity, medium permeability and magnetic field on stability of stratified (exponen-
tially varying density, viscosity, kinematic viscosity and magnetic field) viscoelastic
(Walters’ B") fluids in stratified (exponentially varying medium porosity and medium
permeability) porous medium.

(a) Stable stratifications (§ <0). For the stable stratification (8 <0), equation
(63) does not admit any positive root of n, if (23) holds. So, the system is stable for
disturbunces of all wave numbers if (23) holds.

And if (24) holds, then equation (63) has one change in sign implying the exis-
tence of one positive root of n and so the system is unstable for disturbances of all
wave numbers. Thus for stable stratifications (B <0), the system is stable or unsta-
ble, depending on

vy< or > by -
&g

(b) Unstable stratifications (8> 0). For the unstable stratifications (8 >0),

equation (63) has at least one change of sign if

4k zdzgﬂ

> > - * (64}
(4k*d” + B*d* +4s°n)

kV: <
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and if
242
Viptl apd §ly Skdeh -, (65)
& ' (4k“d”+B°d” +4s°n")

then equation (63) has exactly one change in sign. Thus, the existence of at least one
or exactly one positive root of n implies that the system is unstable for the distur-
bances of all wave numbers. However, the system can be completely stabilized if

x«q{,-.:kﬂI and  kiVi>—s ,4k-f-§"8 e
& (@Kd +Bd’ +as'n)

(66)

Thus if v{ <k,,/€,, then magnetic field succeeds in stabilizing wave numbers in
the range
gB 2, Bd +4sn

el
k*>=5sec" 0

— 67
% 4d’ G

which were unstable in the absence of magnetic field. Here @ is the angle between
k. and k (ie. kK, =kcos8).Butif

dk’d*gp

>0 and kzvf{ EBPE TR T T
A 2 (4k*d”+ B d* +4s77°)

(68)

equation (63) has one positive root and hence the system is unstable for all wave
numbers,
Let ng denote the positive root of (63), Then

[nﬁ[ —%&}Mu(vgj]+kﬁ{f}(4k’d1+ﬁzd: +4std) - ak a2 f=0. (69)

] 0

In order to study the behaviour of growth rate of unstable modes with respect to
magnetic field, we examine the nature of dn,/dV, analytically. Equation (69) yields

dn, 2KV ik,

=— - - (70)
dv, {(kyy —EWVe )20y +E5vy)

It is evident from (70) that if (30) holds, then dny/dV, is always negative. The

growth rates, therefore, decrease with the increase in the magnetic field.
If (31) holds, then dn, /dV, is negative or positive, respectively, if

| (ko =€vi)2ny < or > Egv,. (71)
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The growth rates, therefore, decrease or increase with the increase in magnetic
field.

6. EFFECT OF UNIFORM VERTICAL ROTATION

In many geophysical situations, the effect of rotation in porous medium is also
important. So in this section, we consider the effect of rotation on this stability
problem. Here the problem and configuration are the same as these described in
sec. 2 except that the incompressible Walters™ (model B} fluid layer arranged in
horizontal strata is acted on by a uniform vertical rotation (0, 0, £2). Then the

equations of motion are

pldu 1 1 , 0 20
L E v e VY |sep=poy e pep 2 o 2
EL_“ -a-E(u )u] P - pg kl['u J7i a{]u-{- = (uxQ), (72)

together with equations (2) and (3).

Then the linearized perturbation equations governing the mation of the Walters'
(model B’) fluid layer through porous medium in the presence of uniform vertical
rotation are

0 du = 4 ;| 2p
= V5p —gbph——| p-u'— lu+=={uxQ), 73
== p-gbp ki{uu&r]u —(uxQ) (73)
together with equations (5) and (6).
For perturbations of the form (7), equations (73) give
-§+ﬁ[v-v?1}-pu=—ik,5p+ Zp:ﬂ i (74)
[n 1 ] ; 2pull
h;+E(V—W|}1pu=—ak)5p— = (75)
[£+ki{v+-1.-'f-1]}pw=-ﬂﬁp“‘35ﬂ- (76)
£ i

together with equations (11) and (12). _
Multiplying (74) by ~ ik, , (75) by —ik, , adding and using (11). we obtain
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[ﬂ +-E—(v —v’n}]pﬂw =—k’8p - L ; (77)
£ k €

where { =ik L ~ik u is the z-component of vorticity.
Multiplying (74) by — ik, , (75) by ik, and adding (11), we obtain

&= _%..QD“_ (78)

n+flu(v—v}:}

Eliminating §p from (76) and (77) and using (12) and (78), we arrive at

2 2
2| mt = D(p0w)- £ L pf( - in) D}k (1= pin )]
[n+£—{v -v‘n}} = ’
k,
gk*
+<(Dp)w=0. (79)
En

Using the stratification of the form (15), equation (79) transforms to

k’lrn + 28y, —vﬁn:}-iﬁ}
kyy n

D*w+ fDw - w=0. (80)
4Q°

n+ =L (y, - v{,n]}
j:lﬂ

n o (Vo =vin)+
{{H] {

We assume that the system is confined between two rigid planes z = 0 and z = d,
then vanishing of w at z = 0 is satisfied by the choice

w=A(e™ -e™), (81)

where
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41:3{:: + -E-‘—’-(vu -vin)- ﬂg}
B+ 19 . . (82)

I+
B | —

2 |

n+8 (v, —vin)+ o i

s {n - :—“ vy = '.»':,n}}

10

while vanishing of w at z = d requires
elm=md _p (83)
which implies that
(my—m,)d = 2isr, (84)
where 5 is an integer.

Inserting the values of my and m; from equation (82) into equation (84) and simpli-
fying the latter, we obtain

# = !
[0 | g +[3"usu =k \]Anl
Ky k1o K j
-y [] A+40°8— 1"%.}6 n - -‘ﬁ\Cﬂ}, (83)
k!ﬂ kw k]U J
where:

A=B*d +4K%d* +4s°n°

B=p%%+45'2°,

C=4kd*gf.

Equation (853) is the dispersion relation governing the effects of viscoelasticity,
porosity, medium permeability and rotation on stability of stratified (exponentially

varying density, viscosily, viscoelasiticity) viscoelastic (Walters’ B”) fluid in stratified
(exponentially varying medium porosity and medium permeability) porous medium.

(a) Stable stratifications [ﬁ 40). For the stable stratification (ﬁ {0). equation
(85) does not admit any positive root of n, if v <k, /¢€,. So, the system is stable for
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disturbances of all wave numbers if (23) holds. And if v > k,;/£;, then equation (85)

has at least one change in sign implying the existence of at least one positive root of
n and so the system is unstable for disturbances of all wave numbers.
Thus for stable stratifications (ﬂ < 0) . the system is stable or unstable, depending

on whether v, <or >k,,/&,. From (85), it follows that the rotation does not have any
qualitative effect on the nature of the stability or instability,

(b) Unstable stratifications (8 >0). For the unstable stratifications (8 >0),

equation (85) has one change in sign implying the existence of one positive root of
n, and so the system is unstable for disturbances of all wave numbers.
Let ny denote the positive root of (83). Then

= Vi€ An{’; e W€y I_V(:EU An§
ko Ko ki

¥ [@] A+4933-[1-VT‘@2]C y -[V“E" ]C=U- (56)

W i ‘1

To study the behaviour of growth rate of unstable modes with respect to rotation,
we examine the nature of dn,/d$2 analytically. Equation (86} yields

o BL2Bn, . (87)
N 7 ] >
3 1-Y080 | ap? 44 Yofa ) _Yobo 4 ) assatp-f1-%8 c]
: kru klU kJU 2 i klﬂ klﬂ Ji‘
It is evident from (87) that if (30) holds, dn,/d€2 is negative or positive, respec-
tively, if

|5

d

s}

f , . 2 f . 2
482°8-| 1-1’-&5-“-H< or > 3[1-51] Anﬁ+4(£}‘l-vﬂ£“ }An”(mw Al-(88)
E.l Ko ki \ ko Sl ki ko

The growth rates, therefore, decrease or increase with the increase in the rota-
tion.
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