W

Gen. Math. Notes, Vol. 17, No. 2, August, 201366p/5
ISSN 2219-7184; Copyright © ICSRS Publication, 2013
WWW.i-CSrs.org

Available free online at http://www.geman.in

Effect Boundary Roughness on Rayleigh-
Taylor Instability of a Couple-Sress Fluid

Krishna B. Chavaraddi’, Vishwanath B. Awati® and Priya M. Gouder?®

! Department of Mathematics
Government First Grade College
Yellapur (U.K) - 581359, Karnataka, India
E-mail: ckrishna2002@yahoo.com

2 Department of Mathematics
Rani Channamma University
Belgaum, Karnataka, India
E-mail: await_vb@yahoo.com

3 Department of Mathematics
K.L.E. Society’s Dr. M. S. Sheshagiri College of
Engineering & Technology, Belgaum - 590008, Karkatdndia
E-mail: priyagouder@gmail.com

(Received: 19-4-13 / Accepted: 24-6-13)

Abstract

The effect of boundary roughness on Rayleigh-Taylstability (RTI) of a
couple—stress fluid layer bounded above a cleaidfland below by a rigid
surface with roughness boundary is studied usimgpali stability analysis.
Because of the growing importance of non-Newtofliaids (Couple-stress fluid)
in modern technology and industries as well as ousipractical applications
investigations on such fluids are desirable. Anreggion for the growth rate of
RTI is derived using suitable boundary and surfaoeditions in addition to
couple-stress boundary conditions. From this itlesar that the effects of couple-
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stress parameter, roughness parameter and bond eupiay a significant role
in maintaining the stability on the two fluid syste

Keywords: Rayleigh-Taylor instability (RTI), couple-stressuid, surface
roughness.

1 I ntroduction

The Rayleigh-Taylor Instability (RTI) occurs whemeavy fluid is supported by a
lighter one in a gravitational or equivalently, wh& heavy fluid is accelerated by
a lighter one. Similar to pouring of water into d, dhe heavier fluid, once
perturbed, streams to the bottom, pushing the figid aside. This notion for a
fluid in a gravitational fluid was first discoverdsy Lord Rayleigh [1] and later
applied to all accelerated fluids by Sir Geoffregylor [2]. He RTI has been
addressed in several studies owing to its impoeancscience, engineering and
technology. RTI in hydrodynamics and magnetohydnadgyics has been
extensively investigated (see Chandrashekar [3hatiB [4] has studied the
stability of a plane interface separating two inpoessible superposed conducting
fluids of uniform density, when the whole systemuisder the influence of a
uniform magnetic field. He has carried out the itgbanalysis of two highly
viscous fluids of equal kinematic viscosity andeliént uniform densities. RTI of
two viscoelastic (Oldroyd) superposed fluds havenbstudied by Sharma and
Sharma [5].

Nevertheless, much attention has not been giveheriterature to the study of
RTI in a poorly conducting non-Newtonian fluid likiouple stress fluid with the
effect of surface roughness that in spite of fredye occurring in many
engineering and physical situations namely, inerfizsion energy (IFE),
geophysics and supernova, the consideration of $ludts is desirable. The
couple-stress effects are considered as resulh@fattion of one part of a
deforming body on its neighbourhood. Stokes [6] fuamulated the theory of a
couple-stress fluid. The theory of Stokes [6] abofer the polar effects such as
the presence of couple-stresses and body coupbtehas been applied to the
study of some simple lubrication problems(see Siehal. [7], Bujurke and
Jayaraman [8]). According to Stokes [6], couplesdses appear in fluids with
very high molecules. Since the long chain hylaww@uid molecules are found as
additives in synovial fluids, Walicki and Walick@][modeled synovial fluid as
couple-stress fluid in human joints. The preserfcarall amounts of additives in
a lubricant can improve the bearing performanceiriyeasing the lubricant
viscosity and thus producing an increase in thed logpacity. This additive in a
lubricant also reduces the coefficient of frictiand increases the temperature
range in which bearing can operate. Later Rudratafl., [10] have studied the
RTI in a non-Newtonian (power-law) fluid layer. TH&TI of two superposed
infinitely conducting couple-stress fluids of untfio densities in a porous medium
in the presence of a uniform magnetic field by Suwati al., [11]. Recently,
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Rudraiah et al., [12] have studied the electro bdgignamic RTI in a couple-stress
fluid layer bounded above by porous layer. It isaclnotice that the profound
effect of surface roughness with couple-stressdflu region -1 with proper
choice of couple-stress parameter and roughnessmeter in reducing the
asymmetry of the two fluid composite systems atitterface.

Keeping in mind the importance of non-Newtonianfdetstress) fluids in
modern technology and industries as well as variapglications mentioned
above, the RTI in a poorly conducting couple-strisd layer bounded above by
a clear fluid with the effect of boundary roughr{sssface roughness condition at
the boundary formulated by Miksis and Devis [18this paper. The plan of this
paper is as follows. The mathematical formulatiabjected to the boundary and
surface conditions is given in Section 2. The esgian for the dispersion relation
is derived using the basic equations with boundargl surface conditions in
section 3. The cutoff and maximum wave numbers #rel corresponding
maximum growth rate are also obtained in sectiorandl some important
conclusions are drawn in final section of this pape

2 M athematical For mulation
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Fig. 1: Physical configuration

The physical configuration is shown in Fig.1. Ilnests of a thin target shell in
the form of a thin film of unperturbed thicknebks(region 1) filled with an
incompressible, viscous, poorly electrically conthg light couple-stress fluid of
density p, bounded below by a rough rigid surfaceya® and above by dense
incompressible, viscous poorly conducting cleandflof densityp, of large
extent compared to the shell thicknes3 he fluid in the thin film is set in motion
by acceleration normal to the interface wherea$énclear fluid it is assumed to
be static and small perturbations are amplifiedwaeceleration is directed from
the lighter fluid in the thin film to the heavy ealefluid above the interface. This
instability at the interface by definition of Raigh-Taylor instability (ERTI). To
investigate this RTI, we consider a rectangulardimate systemx( y) with the x-
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axis parallel to the film ang-axis normal to it. The interface between the clear
fluid and thin film (couple stress fluid) is dedmd by 7(x,t) as the perturbed
interface between two fluids in regions -1 and 2ere region-2 is a region of
dense liquid and region-1 is a region of light dewgiress liquid.

To investigate the problems posed in the paper ftiwwing combined
lubrication and Stokes approximations are used.

0] The clear dense liquid is homogeneous andagatr

(i) The film thicknessh is much smaller than the thicknddsof the porous
layer bounded above the film. Thathsg < H.

(i)  The Strouhal numbe®is assumed to be negligibly small.

(iv)  The surface elevation is assumed to be small compared to film thickness
h. Thatis, 7< < h.

(v) Nonuniform polarization and electric chargeertjon are negligible.

(vi)  The fluid viscosity and thermal conductivilye assumed to be constants.

Following these assumptions and approximationshéséc equations are

O0G=0 (2.1)
p(%%qﬂ)q] = -Op+ 40 q- 0" (2:2)
o=0,[1+a,(C-GC,)| (2.3)

where g =(u,Vv)the fluid velocity, A the couple-stress parameteg, the
dielectric constant,p the pressureC the concentration,g, the electrical

conductivity at the reference concentratiGg a;, is the volumetric expansion
coefficient of g, u the fluid viscosity ang the fluid density.

Let us non-dimensionalize the equations using

n-X :z = u = v :_p
A A T A Tyl 1 (24)

Following the assumptions and approximations aedtabove (i.e., Stokes and
lubrication approximations), assuming that the lyeffvd in the porous layer is

almost static because of creeping flow approxinmagad substituting Eq.(2.4)
into Egs.(2.1) and (2.2), we obtain (after neglegthe asterisks for simplicity)

Ju ov
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a%u

_op Q4 v -
" T Moy (2.6)
op

o_—a—y (2.7)

where M, =4/A / uh? is the couple-stress parameter.

3  Dispersion Relation

To find the dispersion relation, first we have itadfthe velocity distribution from
Eq. (2.6) using the following boundary and surfammditions in addition to
couple-stress boundary conditions.

(i) Roughness condition

ou
-B—=u at =0 31
B oy y (3.1)
(if) no-shear condition:
M _ 0 =1 3.2
y at 'y = (3.2)
(iii) Couple-stress conditions:
2
9U_p at y=0a&1 (3.3)
oy
(iv) Kinematic condition: v = a5t at y=1 (3.4)
o 1 0%
(v) Dynamic condition: p=-n- Bl at y=1. (3.5)

Where B:thly is the Bond numberg is the roughness parameter and
n =n(x,y,t)is the elevation of the interface.

The solution of (2.6) subject to the above condgics

y Y P 2
u=C +Cy+ CscosmM—o) + Gs mbM—o) + 5 M, Y (3.6)
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Where
_ Mg(~1+cosh(1Mg ))
% T T sinh@My)

2 . a
a, =M, smh(l/MO)—M—0 cosh(IM, » M,

3 Pag _op
2 _'Ba1+Mo_|\/|—o' P_&

Q
1

O
|

3
,=a,P, C,=aP, C, =-PM,, C, =aP.

After integrating Eq. (2.5) with respect tobetweeny = 0 and 1 and using
Eq.(3.6), we get
tou 9%p
viD)=v =—| — =—— N 3.7
=y {ax - &7
Where

4
\ 2M sinh(1/M )+aM,-a M coshIM, ra,- & /2y M, /6

2

My

Then Eq. (3.4), using Egs. (3.5) and (3.7), becomes
9 2 4
m_ _{6 /7+16 /7} N
ot x> Boax?

To investigate the growth rate, of the periodic perturbation of the interface, we
look for the solution of Eqg. (3.8) in the form

(3.8)

n =n(y)exp{i’x+ nt (3.9)

where /¢ is the wave number ang(y)is the amplitude of perturbation of the
interface.

Substituting Eq. (3.9) into Eq.(3.8), we obtain thepersion relation in the form

n=1¢ |1-—|N. (3.10)
B

In the absence of couple-stress parameters, thdtis. 0, the growth rate given

by Eq.(3.10) reduces to,_. Now the dispersion formula can be expressed in the
form

n=n - E,Bva (3.11)
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Where

R )

Settingn = 0in Eq.(3.10), we obtain the cut-off wavenumbey, in the form

r =B (312)

The maximum wave number,,, obtained from Eq.(3.10) by settidn/d/ =0
is
) = B _ ot
mT\2 V2

The corresponding maximum growth ratgfor applied voltage opposing gravity
is

(3.13)

n, =7 N (3.14)

m

Similarly, using ¢,,=+vB/2, we obtain

B
=—. 3.15
Nom 12 (3.15)
Therefore,
nm
Gm = — =3N. (3.16)
r]bm

The growth rate given by Equation (3.10) is comg@utemerically for different
values of parameters and the results are presgraptiically inFigures 2-4.

4 Results and Discussion

In this study we have shown the effect of boundanghness on RTI in couple-
stress fluid above by a clear dense fluid and bebywrigid rough surface.
Numerical calculations were performed to deternthree growth rate at different
wave numbers for various fluid properties like cleugtress parametdf,, Bond
numberB and roughness paramefer We have plotted the dimensionless growth

rate of the perturbation against the dimensionleagenumber for some of the
cases only.
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Figure 2: Growth raten versus the wavenumbef,for different values
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Figure 3: Growth raten versus the wavenumbef,for different values of
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Bond numbeB whenMy=0.3and S = 3.3x 10
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Figure 4: Growth raten versus the wavenumbef,for different values of
Roughness parametef, when B= 0.02andMy=0.3

When we fix all the input parameters except thorat the Hartmann numbé,
we find that the higher the couple —stress paranteéemore stable the interface
is. In Figure 2, we have plotted the growth rataiagt the wavenumber in the

case where B 0.02andf = 3.3x 10 3for different values of the couple-stress
parameteiMy. Increasing the couple-stress ratio results ightly increasing the
critical wavenumber and decreasing the maximum traate this is because of
the action of the body couples on the system. Thhas a stabilizing effect for
the selected values of input parameters due toirtbieeased in couple-stress
parameter.

In addition, we have investigated the effect of shieface tension of the fluid on
the instability of the interface. In our samplécadations, we have takevli; =0.3

and f = 3.3x% 103 and varied the Bond numbBr For this input parameters,
the critical wavenumber and maximum growth ragerdased as the ratio of the
Bond numberB decreased from 0.4 to 0.1 as observed in Figuréhd. Bond
number is reciprocal of surface tension and thuswsig that an increase in
surface tension decreases the growth rate and heake the interface more
stable.

However, in order to understand the effect of ssgfeoughness properties on the
instability, we now fix values of other parametBrs: 0.02andM=0.3 and vary
the ratios of the roughness paramgter We note that an increase in surface

roughness parameter decreases the growth rate oftdrface; this is because the
resistance offered by the surface roughness shmmutm/ercome, in that process a
part of kinetic energy is converted into potentalergy. Hence the effect of
surface roughness is to reduce the growth ratbeointerface and hence to make
the system stable.
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