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The frictional effect of collisions of ionized with neutral atoms on the Rayleigh--Taylor 
instability of a compositc mixture through porous medium is considered in the presence of 
a horizontal magnetie ficld. For the case of two uniform fluids separated by a horizontal 
boundary, the magnetic field completely stabilizes certain wavc-number band. For the case 
of exponentially varying density, the collisions ate found to have no cffect as such on the 
stratifieation. However for the stable stratification, the growth rates increase with the increase 
in permeability of the medium whereas for the unstable stratification, the growth rates may 
be both increasing or decreasing. 

1. Introduct ion 

CHANDRASEKHAR [1] has given a detai led aceount  of  the  s tabi l i ty  of  
superposed fluids in the  presence of magnet ie  field th rough  non-porous medium. 
When  a f luid permeates  a porous mater ia l ,  the  actual  pa th  of  an individual  
par t ic le  of f luid cannot  be followed analyt ical ly .  The effect,  as the  fluid slowly 
percolates  th rough  the pores of the rock,  is represented by  a macroscopie law. 
This is the usual Darey ' s  law. As a resul t  of this, the  usual viscous t e rm  in the 
equat ions of f luid mot ion  is replaced b y  the resistance t e rm (#q where 
is the viscosi ty of the  fluid,  k 1 the permeabi l i ty  of  the medium and q the  velo- 
e i ty  of the f luid,  calculated from Darey ' s  law. Woomr~G [2] has considered 
the Rayleigh ins tab i l i ty  of a the rmal  b o u n d a r y  layer  in flow th rough  a porous 
medium.  

I t  is quite  f requen t  t ha t  the medium is not  ful ly ionized and may  be 
permea ted  wi th  neut ra l  atoms.  The medium has been idealized therefore ,  follow- 
ing HAr• [3], as a composi te  mix ture  of  a hydromagne t ie  (ionized) eomponent  
and a neut ra l  component ,  the  two in te rae t ing  th rough  mutua l  collisional 
(frictional) effects. HANS [3] and BHATIA [4] have  shown tha t  the eollisions 
have a stabilizing effeet on the R a y l e i g h - - T a y l o r  instabi l i ty .  However ,  for 
the K e l v i n - - H e l m h o l t z  conf igurat ion,  Rxo  and KALRA [5] and HA~s [3] 
have found t h a t  the  eollisional effects are in fact  dcstabil izing for a suff icient ly 
iarge collision f requency.  

In  the prescnt  paper  wc s tudy  the  eollisional and poros i ty  effects on 
the R a y l c i g h - - T a y l o r  ins tabi l i ty  of  a eomposi te  mix tu re  th rough  porous 
medium in hydromagnet ies .  
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2 .  P e r t u r b a t i o n  e q u a t i o n s  

Consideran incompressible composite layer consisting of an infinitely 
conducting hydromagnetic fluid of density 0, permeated with neutrals of 
density 0d, arranged in horizontal strata; through porous medium and acted 
on by gravity foree g(0, 0 , - -g)  and horizontal magnetic field H(H, 0, 0). 
Assume that  both the ionized fluid and neutral  fluid behave like continuum 
fluids and that  effeets on the neutral component resulting from the fields of 
gravity and pressure ate neglected. The magnetie field interacts with the 
hydromagnetic component only. 

Let ~0, ~P, q(u, v w) and h(hx, hy, hz) denote respectively the perturba- 
tions in density, pressure, velocity and magnetie field H; qd, ve, #eand/~ denote 
the veloeity of the neutral  fluid, the mutual  eollisional (frictional) frequency 
between the two eomponents of the eomposite medium, the magnetie permea- 
bility of the medium and the viseosity of the hydromagnetic fluid, respecti- 
vely. Then the linearized perturbation equations governing the motion of 
the composite medium are 

aq = _ V ~ p  + ga O-I- fte (VXh) X H + OdVc(qd-- q) ---OV O (1) 
Ot 4zt kl q' 

O~qd = --Vc(qd -- q) ,  (2) 
~t 

V . q =  O, V . h =  O, (3) 

- -  ~0  ---- - - w  do 
dz ' (4) 

# 

t~t 

tgt 
= V X ( q X H ) .  (5) 

Analyzing the disturbances into normal modes, we seek solutions whose 
dependence on space eoordinates x, y, z and time t is of the forro 

f ( z )  exp (ikx x -4- i kyy  + nt) , (6) 

2 2 the w a v e  where kx, ky (k = V (kx -4- k~) ate numbers along x and y directions 
respectively, f (z)  is some function of z and n is a complex eonstant. 

Eliminating qd between Eqs. (1) and (2) and using (6), Eqs. (1)--(5) give 

Ou = --  ik x Jp , 

# e H  Ov = -- iky  ~p ~- (ikxhy - 
4~ 

(7) 

iky hx) , (8) 
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where 

(. +~low= - .o~- - -  
i k x u  + iky v + D w  = 0, 

ikx hx + iky hy + Dh  z = 0, 

n(t 0 = -- wD~ , 

nh x = ik  x H u ,  nhy = i kxHv ,  nh z 

# e H  (Dhx - -  i k  x hz) - -  g~~ ,  
4~r 

= ikx H w ,  

( % ve ) # ~d d 
, ~ = - - ,  ~ 0 =  and D - -  n ' = n  1 +  n + v c  ~ e dz 

Eliminat ing ~p between Eqs.  (7)--(9)  and using Eqs.  (10)--(13), we get 

1 
n ' [D(QDw)  - -  k 9 ~w] + -~l [D(evDw)  - -  k2 qvwl + - -  

(D z - k 2) w + - g k 2  ( D e ) w  = O. 
n 

#e k2x H2 

4 ~rn 
• 

(9) 

(lO) 
(11) 
(12) 
(13) 

(14) 

3. Two uniform fluids separated by a horizontal boundary 

Consider the case of two uni form fluids of densities ~t (lower fluid) and 
~2 (upper  fluid) separa ted  by  a hor izonta l  bounda ry  at z -~ 0. Eq.  (14) for 
bo th  regions of  f luid reduces to 

(D 2 --  k2)w = O. (15) 

The general solut ion of  Eq. (15) is 

w = A c  +~z + Be -kZ ,  (16) 

where A and B ate a rb i t ra ry  constants .  
The b o u n d a r y  conditions to be satisfied in the present  problem a r e a s  

follows. 

(i) The veloci ty  w should vanish when z--* +~,~ (for the  upper  f luid) and 
z . . . .  (for the lower fluid). 

(ii) w(z) is cont innous  at z = 0. 
(iii) The pressure should be cont inuous across the interface.  

The con t inu i ty  of pressure means tha t  

1 #e k2 H2 
n ' A o ( ~ D w  ) + - , - - A o ( ~ ~ , D w  ) + Ao(Dw) + 

kl 4~rn 
gk2 Ao(Q)w o = 0. (17) 

rt 
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Applying the boundary  conditions (i) and  (ii), we can write 

and 
w~ : Ae+kZ(z < 0),  (18) 

w~ = A e - ~ ( z  > 0),  (19) 

the  same constant  A has been chosen to ensure the cont inui ty  of w at  z = 0. 
Applying the condit ion (17) to the solutions (18) and (19), we get 

n3+ 

(20) ] 

+ gk(~~ - ~ ) / -  + [2k~v~ + ~k(~~ - ~)1 ,~ = 0 ,  
J 

where v~ = #eH2/4~r(01 + 02)" 

(a) Stable case (~1 > 0~)" 
In this case, Eq. (20) does not  allow any  positive root as there is no 

change of sign. This means t ha t  the sys tem is stable. 
(b) Unstable case (~2 > ~l)- 

In this case ir 

2k~ v~ < gk(~2 - -  ~1), (21) 

the  constant  term in Eq. (20) is negative. Eq. (20) therefore allows one change 
of sign and so has one positive root. The occurrenee of positive root implies 
t h a t  the system is unstable.  I f  

2 2 2kx VA > gk(a2 ~1) , (22) 

Eq. (20) does not  admi t  of any  ehange of sign and so no positive root oeeurs. 
The system is therefore stable. 

Thus for the uns table  case (ez > ~1), the  sys tem is stable or unstable  
accordi-g  as ~2 -- 01 is less t han  or greater t h a n  #J-I2k~q In the absence 
of magnetic field, the sys tem is unstable for 02 > 01, as one of the values of 
n given by  Eq. (20) is positive. But  the presence of magnetic field has got 
stabilizing effect and completely stabilizes the  wave-number  band  k > k ,  
where 

k ,  --  2 ~rg (02 --  ~1) s e d  0 ,  (23) 
g j /2  

and 0 is the incl inat ion of the wave vector  k to the direetion of magnetie  
field H. 
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4. The case of exponentially varying density 

Let us consider the density stratification in a continuously stratified 
medium of dcpth d a s  

#(z) = ~o epz, (24) 

where #o and/~ are constants. Let us assume that  fld ~ 1, i.e., the variation 
of dcnsity at two neighbouring points in the vdoci ty  field, which is much 
less than the average density, has a negligible effeet on the inertia of the fh id .  

Following CrtA~DRAS~XHAR [1], the boundary conditions for the c a s e  

of two free surfaces are 

w = D 2 w = O  at z = 0  and d .  (25) 

The proper solution of Eq. (14) satisfying (25) is 

w = A sin--m~tz, (26) 
d 

where A i s  a constant and m is any integer. 
Substituting (26) in (14) and neglecting the effect of heterogeneity on 

the inertia, we get 

n" A- ~ A- n - A- k2 8flk~n -- 0, (27) 

which on simplification gives 

where 

n3 A- [ve(u0 A- 1) A--k-1 ] n2A- [k- x ~'c -4- k~ V2 g~k~]L 

§ ~v2 g~k~] v c L  = 0, 

nA- 
(28) 

V 2 -  p e H 2  and L=-Im~_l A-k 2. 
4:~~o 

For the stable stratification (~ < 0), Eq. (28) does not have any positive 
root implying thereby that  the system is stablc. For the unstable stratification 
(/~ > 0) and for k 2 >  k~v2L/g~, the constant term in Eq. (28) is negative. 
This means tha t  Eq. (28) possesses one positive root implying thereby that  the 
system is unstable. Let n o denote the positive root of Eq. (28). Then 

n~ A-[vc(~0 A- 1)A--~-~l]n~ A- [-~I ~'c A- k ~ v2 g fl k 2 ] n A- 
(29) 

A-[ k2xvz gflkZ] v c L  = O. 
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To find the role of collisions coneerning the growth rate of unstable 
modes, we examine the nature of dnoq ~. Eq. (29) gives 

( gflk') 
dn.___~o = _ L (30) 

d~'t 3n~ + 2 [~c(~ 0 + 1 ) +  -~/1] no -~- [-~-1 ~c -~- k~x v2 gt~k2]L 

Therefore ii., in addition to k ~ > k~v2L/g~, which is a sufficient condition 
for instability, we have either of the eonditions 

~ - -  - - v c + 2 n  ~ vc(~ 0~_ 1) + v + 3n02 , (31) 
kl 

dno/dv c is always negative. Thus with the increase in collisional frequency, the 
growth tate decreases. 

We conclude therefore that  for k 2 > k~v2L/gt~, the system is unstable 
and the growth rate, under either of the conditions (31), decreases with the 
increase of collisions. I f  k 2 < kZxv2L/gt ~, the system is stable. 

To find the effect of permeability of the medium on growth rates, we 
examine the nature of dno/dk 1. Eq. (29) gives 

- -  (no + ~c) no 
dno _ k~ (32) 

V _ _  . dkt 3no 2-4- 2n0 ve(a0 A- 1) + v + - - %  -4-k~x v2 g 2 
kt 

Eq. (32) implies that  for stable stratifieation (fl < 0), dnoq 1 is positive; 
meaning thereby that  with the inerease in permeabili ty of the medium, the  
growth rate increases for the stable stratifieation. 

For unstable stratification (/~ > 0) and for 

~ 3 n  2-4- 2no vc(~o+ 1) + 1' + v ve 

dno/dk I i s  negative or positive for the greater than of less than sign, respeeti- 
vely; meaning thereby that  with the increase in permeability of the medium, 
the growth rates ate both decreasing and increasing for the unstable strati- 
fication. 
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