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Abstract:

The paper studies and analyses the result of a convective flow, in a porous medium, concerning
viscous Non- Newtonian fluid, electrically conducting, past a porous plate of semi-infinite nature in oscillat-
ing state influenced by transverse magnetic field. Values of temperature, velocity, heat flux and Skin Friction
have been derived by solving the problem analytically. Effects of magnetic field, permeability, heat source,
suction parameters, Prandtl and Hartmann numbers have been obtained using graphs and tables.
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Introduction:

The convective MHD flow has become a centre of attraction for many researchers and
acquired a great importance due to its vide range applications in several fields. It plays vital role in
chemical engineering, acrospace technology, food processing, , polymer technology, paper industry,
wire and fibre coating, heating and cooling chambers, purification of molten metals, solar power
technology and many other technological fields like nuclear power plants, satellites and missiles as
well.

Dass, S.S. et.al. 2008 examined mass transfer impact on MHD flow of free convection pertaining to
viscous fluid, limited within a porous oscillating plate in the presence of heat sourcein slip flow
regime. Veera Krishna et.al. Analysed Convective transfer of both heat and mass on Peristaltic
Williamson MHD fluid flow influenced by inclined magnetic field. Raghunath K.R et.al.Probed into
Hall effects on free convective MHD flow in rotating state, with in porous medium over infinite
vertical plate. Siva Prasad et.al. Studied the impact of radiation absorption and inclined magnetic
field on a flow pertaining to mixed convection of radiation and chemically reacting fluid over a
porous plate, infinite in nature. Gangadhar. R. et. .al, .Examined free convective MHD rotating flow
of fluid, viscoelastic in nature, over an oscillating infinite, vertical plate of porous nature.

Raghunath. K..R. et.al.Studied heat and mass transfer impactover an infinite oscillating vertical plate
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of porous nature pertaining to viscous MHD fluid flow.

2. Analytical solution of the problem:

i) Mathematical interpretation of Flow:
Impact of convective flow, in porous medium, concerning viscous Non- Newtonian fluid,

electrically conducting, past a porous plate of semi-infinite nature in oscillating state influenced by
transverse magnetic fieldByhas been studied. In figure -1,velocity u is taken along x axis and velocity
v along the y axis, which are normal to the plate. Considering involved physical quantities to be
functions of y and t, Induced magnetic field being negligible and Reynolds number very small, the
pressure is considered constant. Suction velocity at the plate taken as V,,. The equation of continuity

shall be

A Porous Medium

L4t

o0

T +(Tw—f;)€’iﬂ” .

U, cos mtI .
V » )

Figure 1. Physical model of the problem.

Considering y=0, v=—V,, boundary layer eq. will be

ou u 9 \0%u | 0 BT

- Vo % =(vta— )ay2 + gB(T — T,) RUT T e )

or _ . 9T _ 0721 g7 120

or Vs PY k[1+a 6t] 352 S sl | N = B = .(3)
The allied conditions regarding boundary are

y=0:u=U, coswt, T=Ty + (T, — Ty) et ]

y—oo:u—0, T-T,] 4)

here k is thermal diffusivity, a is stressmoduli,u the flow velocity component in the x-direction,g is
gravitational force, porous medium permeabilityK,, density p, v kinematic viscosity,  stands for
volumetric heat transfer expansion coefficient, S heat source parameter, T,, stands for fluid tempera-
ture remote from the plate, T for temperature.

According to Rosseland approximation related to radiative heat flux [Brewster (1992)]
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4 OT* .
-7 Hered means coefficient

%= o

of absorption, ¢ stands for Stefan — Boltzmann constant.
Since differences in temperaturewithin the flow are appreciably small so T* may be expressed as
linear function of the temperature.

By Taylor series expansion, T* can be written as,
T* ~4TT? -3T2, higher powers of T having neglected.

ii) Evolving the dimensionless quantities

2t p vw
t’ = UO - VO = (D =—
v uo UO
y u vS , Uy?
=U, u=— S=— G=a—
y 0 v > UO > U02 > v
’ T-T, vpC
T=—2 (_) P. = _?
Teo—Too
T, Too KOUO 160TS,
G, =vgp—= K R=——7=
gB Bsoy2 38k

Here P, Gr , M, stand for Prandtl number, Grashof number and Hartman numbers respectively,q,

for Radiative heat flux. Equations (2), (3) and allied boundary condition (4) reduce to,

2, 0%u

L e 2
o Voa =1 az 62+GT [ +M]u .............. %)
oT oT _ 1 0. 56 T
E_ Oa_Pr[l (Xat] T+P 1% ALY Dbl (6)

(Dropping sign “for convenience)
The conforming conditions of boundary are
—iwt

u =coswt, T=e

u—0, T— Ty,asy—oo
Solving the equations:

Dropping " and solving non-linear partial differential equation (5), (6) including boundary

condition (7),
u=uye@t+ye ot (8)
T=Tye'wt + Tye~i@t 9)

Whereu; , T; (1= 0,1) are functions of y only and uyu, , Ty, T; are unknown, to be determined.
Equating Harmonic and non-Harmonic terms andPutting the values of u and T in equations (5) and
(6) from equations (8), (9)

Obtained Ordinary differential equations are given as:-

1 2.,
——t+tM“+iw
d2u0+ Vo duo _ [Kp ] —GyT o

wy = Lo (10)

1-aiw

dy? 1-aiw dy 1-alw
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. 1
[iw — V{'MZ]

dz Uq Vo duq —GyTq

dy? 1-aiw dy 1-aiw M= e (1)
2 )

Llo y Wby _dly  PEHO ¢ . (12)

dy 1+R+aiw dy 1+R+aiw

2 i

T, Yobr 4T _Goio) po_ g .. (13)
dy 1+R—aiw dy 1+R—aiw

The resultantboundary conditions are,

aty=0  ug=su = ... (14)

at Y—oou, =0 u; = 1.......... (15)

atyZO T0=O T1= 1.......... (16)

at Y—oooT, =0 T, = 0......... (17)

From equation (12) and (13), obtained ordinary differential equations (16) and (17) with prescribed

boundary conditions which are solved as under:

To=0 AN (18)

Ti=exp ( -Myy) oveennnn (19)

Where m, = PAPINE where P = o Pr ’ Q:Pr(S—l'a'))
2 1+R—aiw 1+R—aiw

Now using the equations (18) and (19) in equation (10) and (11) we get differential equations of
second order.

uy,andu,are given by :

1 2
—+tM“+Iw
d*u Vo du k
P R u N al 20)
dy? = 1+alw dy 1+aiew
L1 2
iw——-M
d2u1 Vo duq -, Kp = —GreXp(—m4y) (21)
dy? 1-aiw dy 1—aiw 1 - 2

Using the boundary conditions ofu,and u; equations (20) and (21) are known and given by
1
Ug =3 exp(—mgy)  ...... (22)

U = G — Cs ) exp (—mgy) + Csexp(—m,y)...... (23)

A+VAZ+4B
Where mg = —
1 2,
—+M“+iw
V k C+VC2+4E
Where A = —— =p—-m8 =
1+aiw 1+aiw 2
1 2 .
—+M*—iw
_ Vo E _ kp
- , ) - .,
1-aiw 1-aiw

Now substituting the values of u,and u,, Ty and T; in equation (8) and (9)

u= %(GXP(_"%J’) Yelwt+ {G - Cs) (exp (—mgy)) + Cs (exp(—m4y))} et | (24)

WhereCs = L ( —Gr )

m2—-Cmyu—E \1-alw
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T=exp(—myy)e @t ... (25)
Results Interpretation:

Present study involves Impact of convective flow, in a porous medium, concerning viscous
Non- Newtonian fluid, electrically conducting, past a porous plate of semi-infinite nature in oscillating state
influenced by transverse magnetic field. Mathematical expressions pertaining to temperature and
velocity fields have been derived analytically solving the field equations. figures 2-5show the effect

of parameters S, R, Pr, v0 on temperature field T and figure 6-12 of flow parameters Pr, Kp, R, M,

Gr, vO0 and S on
Velocity field u.

Figure -2, It shows that taking varying values of S, heat source parameter, temperature T is
plotted against y. It means that the temperature field T decreases sharply near the boundary when the

value of y increases and approaches zero at the boundary.

Figure -3, It shows that taking different values of radiative parameter R temperatureT is plotted
against y. Increase in Radiative parameter R results in decrease of temperature which finally
approaches zero at the boundary.In Figure- 4,Taking different values of Pr, Prandlt number plotting
of temperature T is affected. It came to fore that value of Tdecreases and finally approaches zero at
the boundary. Figure- 5, in this figure it is shown that taking different values ofv0, suction velocity,
Temperature is plotted against y, There is sharp decrease in temperature when y increases and finally
approaches zero at the boundary.It appears from the figure- 6 that velocity field isplotted taking
varying values of Prandlt number. It is seen that when y increases velocity field decreases and finally
approaches the boundary. Figure-7, Itappearsthatfor different values of Permeability parameter
velocity field is shown against y. It is inferred thatincrease in value of y brings Sharp decrease in
velocity field which finally reaches zero at the boundary. Figure-8, figure shows that Velocity field is
plotted taking varying values of Radiative parameter. Increase in y results inSharp decrease in the
velocity filed which finally reaches zero at the boundary. Figure-9, it appears from the figure that
velocity field is plotted with varying values of magnetic field. It infers that due to retardation in fluid
flow due to increase in magnetic field velocity field decreases and finally approaches zero at the
boundary. Figure-10, in this figure velocity filed is shown plotted taking different values of thermal
buoyancy force parameter Gr. velocity decreases due to increase in values of Gr and finally reaches
zero at the boundary. Figure-11, in this figure, taking different values ofsuction velocity vOvelocity
field is shown plotted. When value of y increases there is decrease in velocity field which finally

approaches zero at the boundary. Figure-12. In this figure velocity filed is shown plotted with
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varying values of heat source parameter S. It gives rise to Sharpe decrease in velocity forincrease in

the value of S, which finally approaches zero at the boundary.

Table-1. It contains the value of Crthe Skin-friction. Due to heat source parameter S increasesk

in-friction decreases. It also decreases whenPrandltnumber and magnetic parameter increase. But

increase in Gr, Radiation and permeability parameters, skin-frictiongets increase.

Table-2. RepresentsNusseltnumber Nu. Increase in heat source parameter S decreases Nusselt

number. It also decreases when prandlt number Increases. Value of Nusselt number increases when

there is increase in Radiation parameter.
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Figure-2. at R=2, alpha=0.3, Pr=3, w=0.2,exp=2.7183,t=0.5,v0=1.
Temperature varies with heat source parameter
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Figure-3. at S=0.5, alpha=0.3, Pr=3, w=0.2, exp=2.7183,t=0.5,v0=1.
Radiation parameter affects variation in temperature.

IRJHIS2104017 | International Research Journal of Humanities and Interdisciplinary Studies (IRJHIS) | 112



www.irjhis.com

©2021 IRJHIS | Volume 2, Issue 4 April 2021 | ISSN 2582-8568 | Impact Factor 5.71

tempreture profile---

Pr=3
Pr=5 |7
Pr=7
<t
2
©
5081 ||\
£ W\
Loab ||\
03} \ \
\
ozl \\
01t \\ \
0 L —
0 1 2 3 4 6
valuse of y

Figure-4. at S=0.5, alpha=0.3, R=2, w=0.2, exp=2.7183, t=0.5, v0=1.
Prandtl numberbrings about variation in temperature
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Figure-5. at S=0.5, alpha=0.3, R=2, w=0.2, exp=2.7183, t=0.5, Pr=3.
The temperature varies with suction velocity
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Figure-6.at S=0.5, alpha=0.3, R=2, w=0.2, exp=2.7183, t=0.5, v0=1,M=0.5,Kp=0.3,Gr=5.
With Prandtl number velocity varies
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Figure-7. at S=0.5, alpha=0.3, R=2, w=0.2, exp=2.7183, t=0.5, v0=1,M=0.5,Pr=3,Gr=5.
The velocity varies with Permeability
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Figure-8.at S=0.5, alpha=0.3, w=0.2, exp=2.7183, t=0.5, v0=1,M=0.5,Pr=3,Kp=0.3,Gr=5.
Radiation parameter brings variation in velocity
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Figure-9. at S=0.5, alpha=0.3, w=0.2, exp=2.7183, t=0.5, v0=1,R=2,Pr=3,Kp=0.3,Gr=5.The velocity va-
ries with Magnetic field parameter
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Figure-10. at S=0.5, alpha=0.3, w=0.2, exp=2.7183, t=0.5, v0=1,R=2,Pr=3,Kp=0.3,M=0.5.
Grashof numbercauses variation in velocity

velocity profile-—

vo=1
v0=2|7
v0=3

ot
©

velocity
© ©o o o o o
w = [8,] (o] ~ (o8]
T T T T T

o
[N]
T

0.1

alue of y

Figure-11.at S=0.5, alpha=0.3, w=0.2, exp=2.7183, t=0.5, Gr=5,R=2,Pr=3,Kp=0.3,M=0.5.With suction
velocity Velocity varies
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Figure-12. at v0=1, alpha=0.3, w=0.2, exp=2.7183, t=0.5, Gr=5,R=2,Pr=3,Kp=0.3,M=0.5.
thevelocity varies with heat source parameter .
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Skin Friction (Cy) at the plate
It is given by:
d 1 i 1 .
Cr = [5ly=0 = 5 (—me)e®@tt {(5=Cs ) (=mg) + Cs (-mp)fe@t ... (26)

Table 1. Showing computed values of Cf

S Gr M Pr R Kp Cr
0.0 5 0.5 3 2 0.3 -0.4210
0.2 5 0.5 3 2 0.3 -0.5524
0.5 5 0.5 3 2 0.3 -0.6831
0.5 2 0.5 3 2 0.3 -1.7377
0.5 7 0.5 3 2 0.3 0.0201
0.5 5 0.7 3 2 0.3 -0.7798
0.5 5 0.9 3 2 0.3 -0.9023
0.5 5 0.5 > 2 0.3 -1.0338
0.5 5 0.5 i 2 0.3 -1.2633
0.5 5 0.5 3 4 0.3 -0.3572
0.5 5 0.5 3 6 0.3 -0.1660
0.5 5 0.5 3 2 0.5 -0.0383
0.5 5 0.5 3 2 0.7 -0.3259
Coefficient of heat transfer
It is given by:
Nu =[5, = (~my)e @t 27)
Table 2. Showing computed value of Nu
S Pr R Nu
0.0 3 2 -0.9946
0.5 3 2 -1.3588
0.2 3 2 -1.1646
0.5 5 2 -2.0584
0.5 7 2 -2.7419
0.5 3 4 -0.9198
0.5 3 6 -0.7207
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Conclusion:

e When the value of Grashof number Gr increases, there is increase in Permeability
parameter, Kp but Radiation parameter R increases the value of skin-friction.

e Value of skin-friction decreases for Increase in Prandlt number, magnetic field and heat
source parameter.

e Due to increase inPrandlt number Pr and heat source parameter S, decreases Nusselt number.

e Nusselt number increases by the increase of Radiation parameter, R.

e Increase in S, heat source parameter , Gr, Grashof number, Magnetic parameter M, Pr,PrandIt
number, Permeability parameter , Kp and Radiation parameter R decrease both velocity

profile u and temperature profile T.
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