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ABSTRACT

The effect of suction/injection on unsteady MHD
Oscillatory flow of Jeffrey fluid with heat
source/sink through porous medium under slip
condition was investigated. The dimensionless
governing equations are solved using perturbation
technique. The analytical expressions for the
velocity, temperature, skin friction and Nusselt
number of the fluid have been obtained. The effects
of flow parameters of Jeffrey  fluid,
Suction/injection, Grashof number, Hartmann
number, slip parameter, porosity parameter,
radiation parameter and frequency of the oscillation
are  studies. The result obtained for
suction/injection parameter was computed for
velocity and skin friction, which shows that
increasing Grashof number and slip parameter has
enhancing effect on velocity. It was also observed
that skin friction increases with increasing injection
parameter while decreases with increasing suction
parameter.

Keywords: Jeffrey fluid, Suction/injection, Heat
transfers, Oscillatory flow, Heat source/sink,
Porous Medium, Slip condition, MHD

l. INTRODUCTION

The effect of suction/injection on MHD
Oscillatory flow of Jeffrey fluid with heat
source/sink  through ~ porous  medium are
encountered in a wide range of engineering and
industrial applications such as molten iron flow,
recovery extraction of crude oil, geothermal
systems.

The phenomenon of slip-flow regime has
attracted the attention of a large number of scholars
due to its wide ranging application. The problem of
the slip flow regime is very important in this era of

modern science, technology and vast ranging
industrialization. In practical applications, the
particle adjacent to a solid surface no longer takes
the velocity of the surface. The particle at the
surface has a finite tangential velocity, it slips
along the surface. Many researchers carried out
their research work in this area. Some of these
include, Makinde and Mhone (2005) who
examined heat transfer to MHD oscillatory flow in
a channel filled with porous medium. Mehmood
and Ali (2007) extended the work of Makinde and
Mhone (2005) by considering the fluid slip at the
lower wall. Kumar et al. (2010) extended the work
of Mehmood and Ali (2007) by employing
perturbation technique to the problem. The effect of
viscous dissipative heat on three dimensional
oscillatory flows with periodic suction velocity has
been studied by Sahim (2010). While Jha and
Ajibade(2010) reported some interesting results on
the free convective oscillatory flows induced by
time dependent boundary conditions. Hamza et al.
(2011) investigate the transient heat transfer to
MHD oscillatory flow through porous medium
under slip condition and oscillating temperature.
The effect of magnetic field on free
convective flow of a viscous incompressible fluid
past an infinite moving porous hot vertical plate in
the presence of porous medium and radiation was
analyzed by Singh et al. (2012). Uwanta and
Hamza (2012) investigate unsteady heat transfer
flow of a viscous, incompressible, electrically
conductive fluid through porous medium with
periodic suction and temperature oscillation. Kavita
et al. (2012) investigate the influence of heat
transfer on MHD oscillatory flow of Jeffrey fluid in
a channel. In their work they observed that, the
axial velocity increases with increasing Jeffrey
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fluid. Also, the maximum velocity occurs at the
centerline of the channel while the minimum at the
channel walls. Moreover, the velocity is more of
Jeffrey fluid than that of Newtonian fluid.
Additionally, Aruna Kumari et al. (2012) studied
the effect of heat transfer on MHD oscillatory flow
of Jeffrey fluid in a channel with slip effect at a
lower wall where the expressions for the velocity
and temperature are obtained analytically.
Asadullah et al. (2013) consider the MHD flow of a
Jeffrey fluid in converging and diverging channels.
The flows between non parallel walls have a very
significant role in physical and biological sciences.
Idowa et al. (2013) studied the effect of heat and
mass transfer on unsteady MHD Oscillatory flow
of Jeffrey fluid in a horizontal channel with
Chemical Reaction. Adesanya and Makinde (2014)
studied MHD Oscillatory slip flow and heat
transfer in a channel filled with porous medium.
Al-Khafajy (2016) investigates the effect of heat
transfer on MHD Oscillatory flow of Jeffrey fluid
with variable viscosity through porous medium.
Ahmad and Ishak (2017) studied steady two-
dimensional mixed convection boundary layer flow
and heat transfer of a Jeffrey fluid over a stretched
sheet immersed in a porous medium in the presence
of a transverse magnetic field.

Yale et al. (2019) studied transient heat
transfer to MHD oscillatory flow of Jeffry fluid
through a porous medium under slip condition and
oscillating temperature. The authors have not
considered the problem wunder effect of
suction/injection on Oscillatory flow of Jeffry fluid
with heat source/sink through a porous medium in
their work. Therefore in the present study, the
effect of suction/injection on Oscillatory flow of
Jeffrey fluid, slip conditions, heat source/sink,
magnetic field and radiative heat transfer on
unsteady flow of conducting optically thin fluid
through a porous medium have been analyzed.

1. MATHEMATICAL
FORMULATION
Consider the flow of a conducting
optically thin fluid in a channel filled with
saturated porous medium under the influence of an

X ' ’ v’ ' u’ ’
X==—=X =Xa,y:y—=>y :ya,V0=U=>v =V,U, u=45=>u = ul,
a a

externally applied homogeneous magnetic field and
radiative heat transfer. It is assumed that the fluid
has a small electrical conductivity and the
electromagnetic force produced is very small. Take
a Cartesian coordinate system (x, y), where x lies
along the center of the channel, y is the distance
measured in the normal section.

Within the frame of the above the assumptions
of a Boussinesq incompressible fluid model of the
equations governing the motion are given as:

ou’ v,au’ _1ap’ v a2u’ v ur
at' L ay’ ~  pax  (14+pp) dy'2 K
oeBju ’ ’
2B a1 - 1)
O _ g2 kO 109 4 @y
7 T = 2 T
at ay pcp dy pcp dy pcp 0
)

With boundary conditions
u —y*%z 0, T =T, ony=0
W=0T=Ty+(T,—-Ty)cosw't ony =a
®)

Where u’ is the axial velocity, t’ is time,

' is frequency of the oscillation, T* the fluid
temperature, p is the pressure gravitational force,
c, is the specific heat at constant pressure, K is the
thermal conductivity, q is the radiative heat flux, 8
is the coefficient of volume expansion, k’ is the
porous medium permeability coefficient, B is the
electromagnetic induction, o, is the conductivity of
the fluid, p is the denity of the fluid, v is the
kinematics viscosity coefficient. It is assumed that
walls temperature Ty, T ,, are high enough to
induce radiative heat transfer, and y* is the
dimensionless slip parameter. Following Makindi
and Mhone (2005), it is assumed that the fluid is
optically thin with a relatively low density and the
radiative heat flux is given by :
% = 4a%(T o —T)
@
Where a is the mean radiation absorption
coefficient.

The following dimensionless variables and
parameters are introduced:

w'a ' wU t'U ' ta T-T' '
W=—2w=—t=—>t=—,0=—-=T =T, +6(T, —T),
U a a U T'w=T (5)
ap’ r_ ppvU v . S 1 K’ , 2
= — = —_— = — = aS = — Da=—=>k=aDa
p pvU p a ’ Y a Y Ya, Da ’ a2

N2 = 4a“a H2 = aZGEB(Z) Gr = gB(T ', —T o)a? Pe = Uapcp
)

)

k pv vU

Ua Q’a2
Re:— = —_—
v 'Q k
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Where U is the flow mean velocity, the
dimensionless governing equations together with

appropriate boundary conditions can be written as:
ap 1 9%u

ou vy Ouy _ 0P %u 2, 2
Re[at Voay T ax | (1+By)ay? (H® +5%u
© 2

96 _y 09] _ 070 2
Pe| 2 Voay]—ay2+(N +0)0
(7

Subject to the boundary condition
u—yz—;=0,9=Oaty= 0

u=0,0=coswt aty=1
®)

Where By s the Jeffrey fluid, V; is
suction/injection parameter, Q Heat source/sink
parameter, Gr is the thermal Grashof number, Ha is
the Hartmann number, N is the radiation parameter,
Pe is the Peclet number, Re is the Reynolds
number, Da is the Darcy number, Pr is the Prandtl
number, vy is the slip parameter and s is the porous
medium shape factor.

1. METHOD OF SOLUTION
In order to solve equations (6), (7) and (8) for
purely oscillatory flow, let the pressure gradient,
fluid velocity and temperature be:
u(y, t) = up(y)e' + uy (y)e ™
9)
0(y,t) = 6p(y)e'™ + 0;(y)e "
(10)
Assume that —g:k[ei"’t + e
Where A <0 for favorable pressure, ®  is the
frequency of the oscillation. Substituting the above
expressions: (9) and (10) into (6), (7) and (8), we
obtained
0, + PeVy0, + N?0, = 0
(11)
0] + PeV,0; + N30, =0
(12)
Uy + aReVyuy — M7u, = —ar-aGro,
(13)
uj + aReVyu; — M3u; = —ak-aGré,
(14)

With the following boundary conditions

Uy —Yuy =0,uy —yu; =0,0 =0, =0,aty =0

1

u0=0, u1:0,90=%, 91—5 aty=0

(15)
Wheren? = N?+Q,a=1+p;
NZ = (n? — Peiw), N} = (n? + Peiw)
M?_a (H* + S? + Reiw) And M?_a (H? + 5% —
Relw

Equations (11) to (15) are solved and the solution
for fluid temperature and velocity are given as
follows;

0(y,t) =
1

[ 1
2(e7"2—e"1)
1

2(e7T2—e"1)
1

[2(8*7’4—873) 2(e7T4—e"3)
Orf(y,t) = [Be "2 + Ae™V et +

[De ™Y +Ce™Y et

(16)

u(y,t) =[Ee™ + Fe ™Y + G + Hie™¥ +
H2e—r2yeiwtt|/er] y+ Ke—r8y+ X+ H3er3 y+
Hye ™V ]e™ it ()]

-1y __ e’”l}’] eimt +

T4y __ rgy]e—imt

Skin friction or shear stress is given by;
To = Z_f’/y=0= [AT1 - Brz]eiwt + [CT3 -

Dr,] e™it (18)
o o i
T, = E/y:1= [Arle.r1 — Brye "2]e't +
[Crse™ — Drye4]e™™" (19)

Nusselt number or rate of heat transfer is given by;
Nu, = j—; /y=o= [Ers — Frg + Hyry —

H2r2eiot+[Jr7—Kr8+H3r3—H4r4]e—iot (20)
Ny, = 3—;/y=1= [Erse™ — Frge™™ + Hyrqe't —

H2r2e—r2eiot+[Jr7er7—Kr8e—r8+H3r3er3—H
4r4e—rdle—imt
(1)

IV. GRAPHICAL RESULTS AND
DISCUSSION

To analyze the effect of suction/injection
on MHD Oscillatory flow of Jeffrey fluid with heat
source/sink through porous medium, the velocity u,
and skin friction (tgandt; ) profiles are depicted
graphically against y for different values of
different parameters; Jeffrey fluidB,,
suction/injection parameter V,, Heat source/sink
parameter Q, thermal Grashof number Gr,
Hartmann number H, radiation parameter N, Peclet
number Pe, Reynolds number Re, Darcy number
Da, Prandtl number Pr, slip parameter y and porous
medium shape factor s. We made use of the
following parameter values except otherwise
indicated, B; = 0.01, Re=1,S=1,Ha=1, Gr=
10,Pe=1,N=1,A=1,y = 0.5 andw = 1.

The velocity profiles have been studied
and presented in Figures 1 to 5. The velocity
profiles for different values of Grashof number Gr
(Gr =1, 5, 10) is shown in figure 1. It is observed
that the velocity increase with increasing Grashof
number. The Velocity profiles for different values
of slip parameter (y=0.1, 0.5, 1 and y=-0.1, -0.5, -
1) is shown in figure 2. It is observed that the
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velocity increase with increasing slip parameter.
The velocity profiles for different values of the
Hartmann number (Ha = 1, 2, 3), heat source
parameter (Q=1, 5, 10) and Jeffrey fluid parameter
(B1=0.1, 0.2, 0.3) are shown in Figures 3, 4 and 5
respectively. It observed that the velocity decreases
with increasing Hartmann number, heat source and
Jeffrey parameter.

The variation of the skin friction on the
porous plate with material parameters are shown in
figure 6 to 9. The skin friction profiles for different
values of slip parameter (y=0.1, 0.2, 0.3), Jeffrey

" i s "
o o9 02 0.2 o4

—— | Ty = 0.1 Suction

fluid parameter (B;=0.1, 0.2, 0.3) and heat
source/sink parameter (Q=1, 2, 3) are shown in
figure 6, 7 and 8 respectively. It is observed that
skin friction decreases with increasing of slip
parameter, Jeffrey fluid parameter and heat source
parameter. The skin friction profiles for different
values of suction/injection parameter (V,=0.1, 0.5,
1) is shown in figure 9. It is observed that skin
friction increases with increasing injection
parameter while decreases with increasing suction
parameter.

=== Gr =1 Injection
Gr=18
Gr =10
Gr w1 Suction
Cr =65
Ge =10

= 0.1 Injection
y= 0.6
veq

it y = 0.6

H=1 Injection

e H =1 Suction

Figure 3: Velocity profiles for different values of Hartmann number
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Figure 4: Velocity profiles for different values of heat source/sink parameter

0 0:‘ 0z 0:3 0:4 o;s 0:8 Q..Ib o8 b.‘. 1
Figure 5: Velocity profiles for different values of Jeffrey fluid parameter
1.4 v v b » ——-y = 0.1 injection
-—ry w02

-y = 0.3

¥y = 0.1 suction
y=02

as " y
Figure 6: skin friction profiles for different values slip parameter
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Figure 7: Skin friction profiles for different values of Jeffrey fluid parameter
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Figure 8: Skin friction profiles for different values of heat source/sink parameter
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Figure 9: Skin friction profiles for different values of suction/injection parameter
V. CONCLUSIONS studied. The conclusions of the study are as
This paper analyzes the effect of follows;

suction/injection on MHD Oscillatory flow of
Jeffrey fluid with heat source/sink through a porous
medium. The velocity and skin friction profiles are
obtained analytically. The effect of different
parameters namely, the Grashof number, Hartmann
number, Jeffrey fluid parameter, Porosity
parameter, Slip parameter, heat source/sink
parameter and suction/injection parameter are

(i) It is observed that increasing Grashof number
and slip parameter has enhancing effect on
velocity.

(ii) It observed that the velocity decreases with
increasing Hartmann number, heat source and
Jeffrey fluid parameter.

(iii) It is observed intensification of slip parameter,
Jeffrey fluid parameter and heat source
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parameter has diminishing effect on skin
friction.

(iv) It is observed that skin friction increases with
increasing injection parameter while decreases
with increasing suction parameter.
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