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INTRODUCTION

The study of flow and heat transfer in slip flow regime is of great interest due to its application in high speed flight in the upper
atmosphere.
Sharma and Yadav [2006] have reported steady MHD boundary layer flow and heat transfer between two long vertical wavy walls.

Dash[2007] has studied the effects of radiation and chemical reaction in MHD flow past a stretched vertical permeable surface through
a porous medium with constant suction.

Sharma et al. [2007] have analyaed the steady MHD flow and heat transfer between two rotating porous disk.

Das and Panda [2009] have reported the effect of heat source and variable magnetic field on unsteady hydromagnetic flow of a
viscous stratified fluid pasta porous flat moving plate in the slip flow .

JETIR2403959 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | j440


http://www.jetir.org/

© 2024 JETIR March 2024, Volume 11, Issue 3 www.jetir.org (ISSN-2349-5162)

Panda and Das[2010] have analyzed the MHD free convection flow of a particulate suspension past an infinite porous inclined
flat plate with heat absorption.

The aim of the present problem is to study and bring out the effect of rarefaction parameter R, Hartman number M, Schmidt number Sc
and Grashof number Gr, on velocity, concentration and skin friction of the MHD free convective flow of visco-elastic fluid (Walters

B[ 1Model) through a porous medium bounded by an oscillating porous flat plate in slip flow regime.
FORMULATION OF THE PROBLEM

The physical configuration consists of an unsteady flow of an electrically conducting and incompressible elasticoviscous liquid of Walters
B[] model near an oscillating infinite porous flat plate in slip flow regime under the influence of a transverse magnetic field of uniform
strength.

The x-axis is taken along the flat plate in horizontal direction and y-axis is perpendicular to it. A uniform magnetic field of strength
Bo is applied in the direction of y — axis.

The pressure P in the fluid is assumed to be constant. The Vo represents suction velocity. Initially the plate and fluid are at rest.
Then the plate is set to an oscillatory motion.

The plate is at constant temperature Tw and concentration Cy.

With the following assumptions the present problem has been studied.

The molecular transport properties are assumed to be constant.
The density variation due to temperature and concentration difference is approximated by Boussinesq approximation.
Mass fraction of diffusing species is low compared to the other species in the binary mixture.

The viscous dissipation in energy equation is negligible.

No chemical reaction takes place in the fluid.
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The permeability of the medium is uniform.

¢ The governing equations for visco-elastic liquid of Walters B[] model is given by
v
— =001 v=constant( = -V at y=0) 1)
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First order velocity slip boundary condition of the problem when the plate executes linear harmonic oscillation in its own plane are
given by

u=Uoee™ +L U T=T4,C=CH aty=00y

u—0, T—>T7,C—>Cq asy—1[] (5)
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¢ On introducing the following nondimensional quantities
y u T-T
y* :UO _, u*=__ ,D*: —J
O uo TO-TO
t*=Up2 _t, VO*=__V0,1*=____ C-C[J n*=___n2
0 uo CO-COo uo
R="Y L! (Rarefaction parameter),
(]
Rc= ___ 'koue (Elasticity parameter)
2
Sc= __" (Schmidt number), D
Pr=" (Prandtl number) o
(]
Bo 101111/ 2
M= _ OO0 (Hartman number), [
uo o oo
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gc(T-T) (Thermal Grashof number)
Gr= J3 0
Uo
Gm= gDD* (CL—CL)
Uo3 (Mass Grashof number),

in equation (2), (3) and (4), after dropping the asterisks (*)
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fu
-V —=Gri+Gm+ — -M2%-VRc ®6) u
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Prij___00—-V0__ 000 =___[20210 O3y
SOt Oy 5 y
0 J3u
(7)
000 000t-V0___000yDood=__ . 00y?02 0 -
with the boundary conditions
u=e™+R__"Y [0=1,0=1 aty=00y
u—0, 0—-0,0—-0 as y—l]
©)
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METHOD OF SOLUTION

Equation (6) is the third order and two boundary conditions are available. Due to inadequate condition a perturbation method has been
applied with Rc<1 as the perturbation parameter. Let

U=Up+Rcui+RC2Ust. ..o

O=o+Rc 1 +RC ot =g+ Rc1+RC otevvininnn....

Substituting in equation(6)-(8) and equating the powers of Rc we get the following zeroth order and first order equations with the
boundary conditions.

Zeroth order

Out0 —VO —_[Juy0 = GrJ0 +GmLI0 + [0J2yu20 —M 2u0 (10)
(]
Pro00 00 -V0 oo gog = 002y020 (11)
0 Ot Oy O
SCLL:D_D:DIO -V0 J_L:yo JJJD ZL_DZyJZO

(12)
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First order
COul V [ul Gr Gm 12ul M 2u V [J3ul [J3u0 (13)
t— O0y=01+01+ [y2 _ u®
__ N U= e"™+R ,u1=0,0o
Ly
- 1-0 Oy3—-[tly2
ool VO OOl ooo=
O02y021
(14)
Pri01 Ot — Oy [
[l
(15)
— ScOOHEHEO00O1=\M0E0 0yl
DO000= 002y021
) N =1,0:=1,00o=1,01:=0 aty=0
with boundary conditions
Uop— 0,u1— 0,[1o0— 0,11 — 0,[lo— 0,[11—>0asy — [J (16)

Further we introduce
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u0 =u00 +ul0l eint  (17) ul =ul0 +ull eint (18)

(o = [loo +[Jo1 ™ (19)
(1= Do +0117 ™ (20)
[Jo = Lo +[Jo1 €™ (21) 01 = 10 +11 gint (22)

in zeroth order and first order equations harmonic and non-harmonic considerations separately and obtain the the following
equations .

u000][J +VOu00[] —M2u00 = -GrJ00 -Gm[]

(23)
Uo1[J 1 +Vouo1[J (M 2+in)u01 = _Gruor—Gm_o1 (24)
uloO O +V0ul0 — M2u01 =—-Gr110 —-Gm{J10 +V0Ou00[1 1 [ (25)

U100 +Vour1J —(M 2 +in)uy1 = —Grl11 =GmilJ11 +Vouo1 1[I +inug1 [ [

(26)

(27)
oo +VoPrdool =0
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(28)
o100 +VoPr o100 —inPrido1=0

O1000 +VoPriped =0 (29)
OO0 +VoPriu0 —inPriin=0

OooJ 0 +VoSclgoll =0

Ho1 00 +VoScp1] —inScllp1=0

U100 +VoSc1000 =0

(1200 +VoScl11 0 — inSclJ11 = 0 with boundary condition

Ju00 Ou01

ud0 =R U0l=1+R ,U10=0,u11=0
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Ly Y

(000=1,001=0,010=0,011=0, Ogo= 1,001
=0,[010

(30) (31)

(32)

(33)

(34)

=0,00u
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=0 as y=0
u00 — 0,u01 — 0,u10 — 0,u1l — 0,100 as y—I[]
(35)
010 —-0,011 —- 0,000 —» 0,001 —- 0,010 - 0,011 — O

—0,001—0

Hence the velocity, temperature and concentration field can be expressed in terms of the fluctuating part as

u=—A1e—PrVoy —A2e—ScVoy +Aze—[11y

+e  BY A4 cos(nt —s2y)— Asz sin(nt —zzy) [
+ RcJA5 (e—PrV0y — e—[11y )+ A6 (e-ScVOy — e—[11y) A7e—[11yy +VOye—[131y[I1M1cos(nt —[132y)

— Mzsin(nt —Cazy) 0+ nye™ BY[IM3 cos(nt —[z2y) + M asin(nt —[z2y) [

] =e—PrVoy

[1=e—ScVoy
CONCLUSION

Heavier species with higher Prandtl number fluid contributes  to decrease the velocity. Lorentz force contributes to enhance the velocity
at all points except a few layer away from the plate.

JETIR2403959 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | j451


http://www.jetir.org/

© 2024 JETIR March 2024, Volume 11, Issue 3 www.jetir.org (ISSN-2349-5162)

2. The effect of the permeability parameter is just opposite to that of magnetic parameter.

3. Rarefaction parameter contributes to decelerate the fluid particles in the flow domain. Elastic elements contributes to sudden rise of
the velocity near the plate.

The buoyancy effect due to mass transfer enhances the velocity.
Magnetic force enhances the skin friction as the time elapses.

The skin friction decreases as Rarefaction parameter increases, but skin friction increases as elasticity parameter increases.
Harmonic oscillation of the plate contributes to the sinusoidal variation of skin friction

No ok
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Fig-1 Velocity profileswhen Pr=0.71, n=2, Gr=5,t = 0.2
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