h, Advances and Applications in Mathematical Sciences
Volume 21, Issue 11, September 2022, Pages 6513-6527

© 2022 Mili Publications, India

MHD AND RADIATION EFFECTS ON AN OSCILLATORY
FREE CONVECTIVE FLOW PAST A VERTICAL PLATE
IN SLIP-FLOW REGIME WITH VARIABLE SUCTION
AND PERIODIC PLATE TEMPERATURE

DEEPJYOTI KALITA! and LUKENDRA KAKATI?

1Department of Mathematics

Rabindranath Tagore University

Hojai 782435, Assam, India

E-mail: deepjyoti_kalita2007@rediffmail.com

2Department of Mathematics

Lanka Mahavidyalaya

Lanka 782446, Assam, India

E-mail: lukendrakakati23@rediffmail.com

Abstract

A study of radiative viscous, incompressible convection oscillatory flow of an electrically
conducting Newtonian non-gray fluid past a vertical porous plate in sleep-flow regime with
variable suction and periodic plate temperature in presence of uniform transverse magnetic
field is presented. The fluid is assumed to be optically thin and the magnetic Reynolds number
consider small enough to neglect the induced hydro magnetic effects. Analytical solutions of the
coupled non-linear equations governing the flow and heat transfer and derived by using

perturbation method with Eckert number E(< 1) as perturbation parameter. The expressions

for velocity field, temperature field, skin friction in the direction of the flow and coefficients of
heat transfer at the plate have been obtained and their numerical values for different values of
the parameters involved in the problem have been demonstrated in graphs.

1. Introduction

MHD (Magneto hydrodynamics) flows and heat transfer have become

more important in recent years because of its varied agricultural engineering
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and petroleum industries. Recently considerable attention has also been
focused on new applications of magneto-hydrodynamics (MHD) and heat
transfer such as metallurgical processing, plasma propulsion in astronautics,
nuclear reactor thermal dynamics and ionized-geothermal energy system etc.
The present form of MHD is due to the pioneer contributions of several
notable authors like Alfven [1], Cowling [2], Shercliff [3], Ferraro and
Plumpton [4] and Crammer and Pai [5].

The problems of interaction of free convection with thermal radiation of
viscous incompressible MHD unsteady flow past infinite vertical plate are
being studied now a days due to many applications of such problems in
Astrophysics, Geophysical and different Engineering fields. The heating of
rooms and buildings by use of radiators is an example of heat transfer
through electromagnetic waves. Radiative convective flows are encountered
in many industrial and environment process like heating and cooling
chambers, evaporation from large open water reservoirs, astrophysical flows
and solar power technology. Due to importance of the above physical aspects,
several authors have carried out model studies on the problems of free
convective flows of wviscous incompressible fluid under different flow
geometries taking into account of thermal radiation. Some of them are Tak
and Kumar [6], Mahamed et al. [7], Makinde [8], Ganesan et al. [9], Ahmed
[10] and Ahmed and Sarmah [11]. Samad and Rahman [12] presented a
thermal radiation interaction with unsteady MHD flow past a vertical porous
plate immersed in a porous medium. Orhan and Ahmet [13] studied the
radiation effect on MHD mixed convection flow about a permeable vertical

plate.

Recently Ahmed et al. [14] have studied the radiation effect with thermal
diffusion on a MHD flow past an impulsively started vertical plate with
ramped temperature by adopting Cogley-Vincentine-Gilles equilibrium model
[15]. The objective of the present work is to study the effects of magnetic field
and thermal radiation on a free convective flow past a vertical plate in sleep-
flow regime with variable suction and periodic plate temperature. This is an
extension to the work of Ahmed and Kalita [16] to consider the effect of

radiation.
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2. Mathematical Formulation

We consider the unsteady oscillatory free convective flow of an electrically
conducting, viscous and incompressible fluid past a vertical plate in slip-flow
regime with variable suction and periodic plate temperature under the
influence of uniform transverse magnetic field. We introduce a coordinate

system (x, ¥, z) with x-axis is taken along the upward vertical plate and y

axis perpendicular to it directed to the fluid region and z-axis along the width
of the plate. Since the plate is of infinite length therefore all the physical
quantities except the pressure p are independent of x. Let g(u, 0, 0) denote

the fluid velocity and B (0, B, 0) be the applied magnetic field at the point
(x, ¥, 2, t) in the fluid.
Our investigation is restricted to the following assumption

(1) All fluid properties are considered constant except the influence of the

variation in density in the buoyancy force term.
(2) The viscous and ohmic dissipation of energy are negligible.

(3) The magnetic Reynolds Number is so small that the induced magnetic

field can be neglected in comparison to the applied magnetic field.
(4) The plate is electrically non-conducting.

(5) The radiation heat flux in the direction of the plate velocity is

considered negligible in comparison to that in normal direction.

(6) No external electric field is applied for which the polarization voltage

is negligible leading to E = 0.

The present flow configuration is shown in figurel
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Figure 1. Flow configuration of the problem.

The equations governing the flow are

Equation of continuity

D _ 0= 7 = (1 + 846 2.1)
0y
where vy and A being constants.

Momentum equation

ou o7\ Ol = = 0% oBE _
A @2
Energy equation

o |2L _, (1+aAeiai)@ —k—aZT+U (62)2—8(7’" (2.3)
Pep| o7 ~ V0 o] "gr T N@) T ‘

(Neglecting the higher powers of )

The boundary conditions are

aty >z =0T =T, (2.9

We assume that the medium is optically thin with relatively low density.
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Following the Cogly-Vincentine-Gilles equilibrium model, we have
(2.5)

%G, -4 -, Kw(aL_bj A = 41T -T,)
0 oT )y

y
Thus with the help of equation (2.5), equation (2.3) can be rewritten as

o2 aV i
_p 0T | (?y) _4I(T -T,) (2.6

>

oT oT

iot
pcp[ 5 (1 + ghe'") >

We introduce the following non-dimensional variables and similarity

|

parameters to normalized the flow model
pe
rte g 41v ’

= 7.2
y:&,t:tﬂ,m:%’u:_,
L L vd Vo A kv
mo_m 2
o- LT E=—2
Tw 1o Cp(Tw - Too)
p— 2 A
G gBU(T3 Too), V- oBjv h= voh
vo pUY v
All the physical quantities are defined in Nomenclature
The non-dimensional equations with boundary conditions are
. 2
W14 eae)H — go+ T8 _ @.7)
ot oy ayz
. 2 2
PP _p +eaeio)® - 99, Ep(a—”) o 2.8)
ot oy ayZ oy
subject to boundary conditions
ou _ iot
=1+ ¢cAe (2.9

|

= N = h—
y=0u 2’ ¢]
y—>wo,u—>0,0—->0
3. Method of solution

Assuming the small amplitude oscillation (¢<1), we represent the
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velocity u and temperature 0, near the plate as

uo(y) + ee™uy () + o<82)}
00(y) + £e™'0; (y) + O(?)

u
(3.1)

6

Substituting from (3.1) in (2.8) and (2.9) and by equating the harmonic
terms and neglecting the higher powers of e, the following equations are

obtained
up = up — Muy = —Gb (3.2)
W = — (o + M)y, =-G6; — Ay (3.3)
b + POy — F9y = —EPug (3.4)
0 + PO] — (F + ioP)8; = —~AP®, — 2EPu\u, (3.5)

The corresponding boundary conditions are

ou, ou
y=0;u0=ha—;),90=1,u1=h6—y1,91=1

y >0 uy > 0,00 >0, >0,6 >0

(3.6)

where, dashes denote differentiation with respect to y.
The equations (3.2) to (3.5) are still coupled for the variables ug, 1y, 6

and 6;. To solve them we note that 6;. for all incompressible fluids and

assume that

uy = ugo = Eug; + O(E*uy = ujg + Eugp + O(Ez)} (3.7)

90 900 + E'901 + O(EZ), 91 = 910 + Eell + O(Ez)

Substituting from (3.7) in the equations (3.2) to (3.5) and equating the
terms independent of E and coefficient of E in each equation and neglecting

higher powers of E the following equations are obtained

upo + upo — Mugy = —GOgg (3.8)
upy +upy — Mugy; = -G, (3.9)
LL{O + lLiO — (l(D + M)um = —ALL(/)O — Gelo (310)
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ui'l + u],_]_ - (l(,O - M)u]_]_ = —Ge]_]_ - Au01 (311)
960 + PebO - FBOO_ =0 (312)
661 — Poo1 — FBo1 = ~Pup (3.13)
910 + PO'10 — P(F + i®)910 = —APGE)O (314)
911 + PO'H - (F + ioo)@u = —APG{H - 2Pu(’)0uio (315)

subject to boundary conditions

_ 3 Ougo _ ;4 Ougy _; Oup _; Ouny
aty:()’ uOO_h ay’u()l_h ay’ul()_h ayaull hay
900 = 1, 601 = 0, 610 = 1, 611 = 0
(3.16)
Upop — 0, Up1 — 0, U9 — O, U1 — 0
y =0, 3.17)
900 - 0, 901 —> 0, 910 —> 0, 911 -0

Solving these equations from (3.8) to (3.15) with the help of boundary
conditions (3.16) and (3.17) we get

000(y) = e (3.18)
uoo(y) = Aje ™ + Age 2 (3.19)
001(y) = Age ™Y + Age MY 4 Ao P2 4 A5e_(7‘1+7‘2)y (3.20)

upy () = Aj1e 2 + Age ™87 4 Age MY 4 Age P2 4 Aloe—(xlﬂz)y (3.21)
010(y) = Bie ™17 + Bye 3 (3.22)
u10(y) = Bee ™ + Bge ™Y + Bye 2 + Bye Y (3.23)
0,1(y) = Byge ™3 + Bjse ™Y + Byge 2MY + Bl7e_(k1+7‘2)y + Byge 2*2Y

+ Blge—(M”»z)y + 32067(7»1%3)3’ + 3216—(7»2+7M4)y + 32267(7»2”»3” (3.24)
u11(y) = Byge ™Y + Byye ™ + Byge ™2 4 Byge "3 + Byre MY
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+ 3289_27‘” + nge_(M”‘Z)y + B3Oe’(7‘1 A3)y 3316*(7»2 +13)y

+_133264{X2+k4)y +}}33364(k1+K4)y (3.25)

Now substituting equations (3.18) to (3.25) in equation (3.1) and splitting
into real and imaginary parts we get the expressions for the velocity and

temperature profiles in the following form
_ R R I I\
u(y, t) = ugo(y) + Eug(y) + e{(wip + Euii)cos ot Huo + Euiq)sin ot}
_ R R I VR
6(y, t) = B00(¥) + EBo1(y) + e{(610 + EB11)cos ot — (01 + E6y1)sin ot}

where, superscripts R and I respectively represent the real and imaginary

parts and
P++VP% +4F 1+~1+4M P+\/(P2 +4F) + i(4oP)
e > ’
1+ +4M) + i(4o)
Ay = 5

The other constants A;, Ay, Ag, ..., A;; (veal) and By, By, Bs, ..., By,

(complex) are obtained but not presented here for the sake of brevity.
4. Coefficient of Skin-Friction

The coefficient of skin friction in the non-dimensional form at the plate 1s

given by

Tza_u} :%Heiwt%}
W ly—o O Y ly—o

0 . 0
= [@ {ugo + Eum}} + &(cos ot + i sin wt) [@ {ui0 + Euu}}

y=0 y=0
5. Rate of Heat Transfer (Heat Flux)

The rate of heat transfer (Nusselt Number) between the fluid and the
plate is given by
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ly—o O Y Jy-o

0 . . 0
= [a—y {800 + Eeoﬂ} + &(cos t + i sin ot) [@ {010 + E(%)H}}

y=0 y=0

6. Results and Discussion

In order to get physical insight into the problem the numerical values of
velocity distribution, temperature distribution, skin friction, rate of heat
transfer in terms of Nusselt number have been obtained and they are

demonstrated graphically.

For the purpose of discussing the effects of various parameters on the
flow behavior near the plate, numerical calculations have been carried out for
different values of M, F, G, ot and for fixed values of P, E, ¢, A and o.

Throughout our investigation the Prandtl number P is taken to be equal to

0.71 which corresponds to the air at 20°C. The values of Eckert number E is
assumed to be 0.01. The values of small reference parameter ¢, frequency o,
suction parameter A are taken 0.001, 1, 2 respectively. In our investigation,
Grashof number for heat transfer Gr > 0 corresponds to externally cooled

plate.

Figure 2. Velocity u versus y for various values of Hartman Number M
When A=04,E=001,G=5P=07,0=38 0ot=nr/6,h=.4,F=09,
e = 0.001.
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Figure 3. Velocity u versus y for various values of Thermal radiation
parameter F When A =04, E=001,G=5 P =0.71,0=3, of = /6,
h=.4,M=4,¢=0.001.

Figure 4. Velocity © versus y for various values of G, when A = 0.4,
E=001,M=4,P=07,0=3 of =n/6, h =.4, F =9, ¢ = 0.001.
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Figure 5. Velocity u versus y for various values of Frequency parameter ot,
when A=04,E=001,G=5P=0.7,0=3F=9,h=4, M =4,¢=0.001.

Figures (2)-(5) depict the change of behavior of velocity profile u against y
under the effects of Hartman number M, radiation parameter F, Grashof
number G and frequency parameter wt. From these figures we observe that
fluid motion is accelerated due to the effects of magnetic force, thermal
radiation and bouncy force. But due to increase values of w¢ (phase angle),

the fluid velocity is retarded.

Figure 6. Temperature 0 versus y for various values of M, when
A=04,E=001,G=5P=07,0=3 of =n/6,h=.4, F =9, ¢ = 0.001.
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Figure 7. Skin friction t versus M, for various values of F when
A=04,FE=001,G=5P=0.71,0=3, of =x/6, h=.4,¢c=0.001.

Figure 8. Skin friction t versus M for various values of (G, when
A=04,E=001,P=07,0=3 o =nx/6 h=.4,¢c=0.001.

M +~ - +- -+ - +— — —

Figure 9. Nusselt Number Nu versus M for various values of F, when
A=04,E=0.01,P=07,0=3 ot =n1/6,h=.4,G =5, ¢ =0.001.
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Figure (6) corresponds to the change of behavior of temperature against y
under the effect of Hartmann Number M. It is inferred from the figure that
an increase in magnetic force leads the temperature to decrease. The
variation of skin friction t at the plate y = 0 against Hartmann Number M
for different values of F and G are demonstrated in figures (7) and (8). It is
seen from the figure (7) that skin friction at the plate y = 0 is increased due
to radiation. Again from the figure (8) it is clear that due to increase of G (low
viscous force or high bouncy force), the magnitude of drag force is increased.
From both figures it is cleared that due to applied magnetic field viscous drag

falls slowly as it magnitude is concerned.

Figure 10. Nusselt Number Nu versus M for various values of Grashof
Number G, when A=04,E=0.01,P=0.7,0=3 0t =n/6,h=.4, F =9,
g = 0.001.

Figures (9) and (10) exhibit how the Nusselt number Nu at the plate is
affected by the parameters M, F and G. This figure clearly establishes the fact
that Nu rises due to the effect of radiation and bouncy force. It is also inferred
from the figure (9) that due to strength of the magnetic field heat flux is
decreases. It is cleared from the figure (10) that for small value of G (high
viscous force or low bouncy force), there is no effect of magnetic field on heat

flux.
7. Conclusions

1. Fluid velocity increases due to thermal radiation and bouncy force.

2. Temperature falls due to applied magnetic field.
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3. Drag force at the plate increases due to effect of radiation.

4. Heat flux rises due to effect of radiation and bouncy force.

= v

SRS

R

8. Nomenclature

Suction parameter
Applied magnetic field

Specific  heat at
pressure

Eckert number

Grashof number

Acceleration due to gravity

Rarefaction parameter

Prandtl number

Hartman number

Thermal radiation parameter
thermal conductivity

Coordinate normal to the plate

constant

K,, Absorption coefficient

q, Radiative heat flux
T Temperature of the fluid
near the

plate

T, Temperature of the plate

T, Temperature at main

stream fluid

t time

t time

t velocity component in x-
direction

u dimensionless velocity

x Coordinate along the plate

Dimensionless coordinate along the plate

Dimensionless coordinate normal to the plate

Greek symbols

B coefficient of thermal expansion

p fluid density

v kinematics viscosity

o frequency parameter

1 Dimensionless skin friction
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