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ABSTRACT

Heat and Mass Transfer on MHD Oscillatory Flow of a Couple
Stress Fluid in Asymmetric Tapered Channel with suction
effects. The temperatures prescribed at the channel walls are
non-uniform. Magnetic field strength which is uniform is applied
transversely to the channel. Dimensionless parameters are used
to non-dimensionalized the governing equations to dimensionless
form. Closed form solution method is used to solve the dimen-
sionless equations govern the flow and the solutions for velocity,
temperature and concentration distribution are obtained. The
effects of flow parameters on velocity profile, temperature distri-
bution amd concentration distribution are presented, discussed
and shown graphically in details. The results of this work is in
agreement with the results obtained in [11] when the suction
parameter s = 0. It can be concluded that Increase in suction pa-
rameter s accelerates the velocity of the fluid. Increase in suction
parameter s declines the temperature distribution. Higher values
of Hartmann number M retards fluid velocity. Increase in Peclet
number decreases the temperature distribution. And increase in
radiation parameter N increases the temperature distribution.
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1. INTRODUCTION

Heat transfer in the other hand can be said to be the transmission of energy
from one region to another as a result of increase in temperature difference be-
tween them. While mass transfer can also be said to be the transportation or
movement of materials or substances from a region of higher concentration to a
region of lower concentration through a semi permeable membrane. Heat trans-
fer occurs when there is temperature difference between two or more regions or
surroundings. Much of the understanding of plasma came from the study of
Magneto hydrodynamics (MHD) as it is the study of interactions of electrically
conducting fluids and electromagnetic fields. When fluid such as ionized gases
(plasma, mercury and molten iron, electrolytes which are only but a few electri-
cally conducting fluids, moves through a magnetic field, consequently a current
is induced, and in turn the current interacts with the magnetic field to produce
a body force on the fluid. Such forces (current) generated has been used in the
generation of electricity by the help of (MHD) designed generators. The analysis
of suction effect on fluids through magneto hydro dynamics has attracted many
researches due to its application in geothermal and oil reservoir , where it deals
with the behaviour of fluids under rest and motion, the phenomenon of unsteady
Magneto-hydrodynamics (MHD) flow with suction effect have become very pop-
ular and a subject of growing interest due to its application in many engineering
and geophysical processes such as cooling of nuclear reactor, geothermal reser-
voirs, underground energy transport, MHD pump, MHD power generators, and
so on. The fundamental concept behind MHD is that magnetic fields can induce
currents in a moving conductive fluid, which in turn polarizes the fluid and re-
ciprocally changes the magnetic field itself. This has many applications in the
field of engineering and science and as such attracted considerable attention of
engineers and scientists all over the world.

Heat transfer in magnetohydrodynamic (MHD) flows emerge in various innovative
applications. The MHD flow in the planar channels prompts a start-up procedure
suggesting in this manner a viscous layer at the limit is all of a sudden set
into movement and ends up imperative in the utilization of different branches
of geophysics, astronomy and liquid building. A field in which MHD will assume
a basic part is atomic combination, where it is engaged with no less than two
distinct issues: the control and elements of plasma, and the conduct of the fluid
metal amalgams utilized in a portion of the right now considered outlines of
tritium reproducing covers. A hypothetical investigation of the oscillatory flow
of a couple stress impacts, in a rotating,channel, has been directed by [11]. [3]
discussed the consistent hydromagnetic flow of a couple stress liquid affected by
a uniform magnetic field.

A hypothetical investigation of the heat and mass transfer impacts on an unsteady
flow of a couple-stress liquid in a horizontal wavy permeable space with travelling
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thermal waves employed by [15]. [13] studied the effect of chemical reaction of
a couple stress fluid on an inclined assymetric channel. The oscillatory flow in
the optically thin thermal radiation limit has been studied by [5]. The peristaltic
motion of a couple stress fluid in a porous medium is studied by [10]. [13] stud-
ied the effects of chemical reaction in oscillatory flow and mass transfer in an
asymmetric wavy channel. Sunspots are caused by the solar magnetic fields, the
sun power is also governed by MHD. The effect of MHD oscillatory flow through
porous medium with heat source has been investigated by [12]. [7] studied the
effects heat and mass transfer in the oscillatory flow of blood. The oscillatory
flow have extraordinary pertinence with applications in oil-penetrating, fabricat-
ing, preparing of nourishments, oil investigation, and polymer enterprises. The
oscillatory channel flow in viscous fluid is extended to a non-Newtonian Jeffrey
fluid model discussed by [1]. [9] analyzed the oscillatory flow in an asymmetric
channel under the effects of chemical reaction and heat transfer. Couple pressure
fluid theory, created by S[14], is one among the polar fluid theory which considers
couple stresses notwithstanding the traditional Cauchy stress.

The cardiovascular framework is delicate to changes in the heart, and flow quali-
ties of blood are adjusted to fulfil changing requests of the life form. For numerous
reasons, uses of MHD in physiological stream issues are of developing interest.
Oscillatory flow of a fluid and heat transfer with porous under the magnetic field
is discussed by [2]. The problem of an oscillatory MHD convective flow in a verti-
cal porous channel is discussed by [4]. Tapered channel may fill in as a model for
the intrauterine fluid movement in a sagittal cross-segment of the uterus under
tumour treatment. [6] discussed the effects of magnetic field in the peristaltic flow
in the tapered-asymmetric channel. However, in this work, due to the porosity
of the channel, we shall consider the effects of suction on the flow of the fluid.

2. FORMULATION OF THE PROBLEM

We consider the viscous incompressible flow of electrically conducting couple
stress fluid in an asymmetric tapered wavy channel.
The geometry of the wall as elucidated by [11] is given as (1).

Hy =—d—m'X —a;sin [2;()() +¢):|
’ . 27
(1) Hy =d+m + agsin [)\(X)]

In which a; and as are the amplitude of the left and right of the walls and
m’ (<< 1) is the non-uniform parameter of the channel, ¢ varies in range 0 < ¢ <
m. When ¢ = 0 corresponds to the symmetrical channel.
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a1, a2, d and ¢must satisfy the condition of the channel

a2 + a2 + 2a1ascos(p) < (2d)?

The governing equations are given by Equation of momentum in (2), (3) & (4):
({“)u/ 8’&/ 1dP 8211// v o O'Bg 1 ’ ’ / /
— V) = =V — — U ——— T —1T, C -C

( ) ot ’any/ de +l/ay/2 Ku P U +g/8T( ())"i'gﬂc( O)

Energy equation

or' or  k *T 4a* _,
(3) 7~V = i (T —Tp)

ot oy pCp0y=  pCh
Concentration equation:

el ac L
4 -~ — -=D—— —K_(C —C
4) o~ Wy = D5~ KUC - C)
The boundary conditions are:
(5) y=H, «=0T="1, C'=0
(6) y =Hy, u =0,T =T, C =0C,
The radiative heat flux is given as (7):
8(] ’ ’

(7) oy = 4a%(T] ~T')
where o? = fooo Ky Bgz? d\, Ky, is the absorption coefficient, e,y is a plank’s
function.

2.1. Non-Dimensionalization of the Governing Equation. In order to write
(2)-(6) in dimensionless form, we use the following dimensionless parameters

7y ot h2p
r=— ==, u= = — =
U T R o2
T - T))d? T — Cy)d? C T - T,
GT‘—QBT( ) ’ Gc_gBC( 0) : PT‘:p pl/’ g — : 97
V2 V2 k T, - T,
® » -
C -C 4 vK Bih K h
Qb: 7 9)5: - , V= aHa2:ae 0 aDazﬁvsva;SCZE
¢, -G, pCpv g, pv h v D
The channel wall equations becomes:
h1 = —1 — mz — asin 27z + ¢]

9) ho =1+ maz + agsin 27z
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The governing equations in dimensionless form together with appropriate bound-
ary condition are (10), (11) & (12) as follows:

2 4
(10) ou 8u__£+@ 8u_<

1
el e M+ —
5 S 9y i o n8y4 + > u+ Grf + Geop

Da

o0 90 1 9%

11 — —§5—=———+N?0

(11) ot Say Pe 0y?
1ol 0 1 0%

12 —~ st =——"T_K,
(12) ot S@y Sc 0y? ¢
The boundary conditions now become:

(13) y=hy, u=0,0=1 ¢=1
(14) y=ho, u=0,60=0, ¢=0

Stress free conditions giyg =0 for y = hy, hs
2.2. Method of Solution/Solution of the Problem. As shown by [11], the
system of equations can be reduced to closed form (purely oscillation) by assum-
ing:
(15)

dP

= o= A () = uo (y) €, 0(y,1) = o (v) €', 6 (y,1) = do () "

Now substituting equations (15) into equations (10)-(14), we obtain the following
equations:

tu 0%y ou

0
(16) Tofd " o2 oy Laug (y) = A+ Grog (y) + Gego(y)
%0 00
(17) 87242 + L387y + L490 (y) =0
¢ | o B
(18) oy? + 887(7; — Lspo (y) =0

where, L1 = (M—FD%I), Lo=11+1iw.
The corresponding boundary conditions in equations (13) and (14) become:

(19) y=hy, up=0,0p=1, ¢pg=1
(20) y=ha, ug =0, 6o =0, ¢o =0
Stress free condition is (21) as follows:

(21) y=hi, hy, ug =0
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Substituting the above boundary conditions (19)-(20) in the equations (16)-(18),

we obtain the following solutions:

(22)

u(y,t) = (c5e™Y 4 ce™Y + c7e™™ + cge”Y + Ko + K1Y + Koe™?Y + K3e™3Y 4 Kqe™Y) et

(23) 0 (y,t) = (c3e™Y + cqe™V) et

(24) b (y,t) = (cr1e™Y 4 coe™2Y) et

where, Ly = M + 3, Lo = Ly + iw, A3 =sPe, Ly = Pe(N —iw) , Ls = K, +

. . em2h2 _ —cpe™mih2 o emaha _

W, C1 = iR Fmohy _gmihaFmahy s C2 = ~mghy s C3 = Cmghi¥mahy _gmahotmahy C4 =
—cremihe _ Ag—Ajoce _ Ajpe™s—Age™s6 _ —Latvy L§+4L4 —

T emahy C5 = A9 y €6 = AmemS—AgemS’ml - 2 , M2 =

—L3—+/L2+4L4 —s+y/s—4L L

— 5, m3 = ——5——, m5 = Ly, mg = —Ly, my = 3, mg =

ngK _ A Ky — —Gecy Ky — —Gcecy Ko = —Gres K4 =
n 0 Ly 1 nm‘llfm?Jrsmlsz ’ 2 nm§7m§+sm27L2 ’ 3 nm§7m§+sm3fL2 ’ 4

—Grea

nmifmi+sm4ng ’
3. DATA PRESENTATION AND DISCUSSION OF RESULTS
Data presentation and discussion of our results are as follows:

3.1. Data Presentation. Data presentation are as expressed in Figures 1 - 6
below:
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Figure 1: Velocity profile for different values of M
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Velocity profile
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Figure 2: Velocity profile for different values of s
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Figure 3: Temperature profile for various values of NV
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Figure 4: Temperature profile for various values of Pe
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Figure 5: Temperature profile for various values of w
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Figure 6: Temperature profile for various values s

3.2. Discussion of Results. The magnitude of the fluid velocity varies with
different values of Hartmann number M and suction parameter s. These are
analysed in Figures 2 and 3. Figure 2 illustrates the drag force effect on fluid
flow. The velocity profile decreases with the increment of Hartmann number
(1 < M >4). The role of Hartmann number which is the magnetic parameter is
to suppress turbulence. Physically, when magnetic field is applied to any fluid,
the apparent viscosity of the fluid increases to the point of becoming viscous elas-
tic solid. It is of great interest that yield stress of the fluid can be controlled very
accurately through variation of the magnetic field intensity. The result is that the
ability of the fluid to transmit force can be controlled with help of electromag-
net which give rise to many possible control-based applications, including MHD
power generation, electromagnetic casting of metals, MHD propulsion and so on.
The impact of suction parameter s profile are depicted in Figure. 2. It is clearly
seen that velocity profile diminish with the increase (0.7 < S > 1.3) of S. This is
due to the porosity of plates. The magnitude of the fluid temperature is also af-
fected with different values of thermal radiation parameter N, suctionparameter
s, Peclet number Peand frequency of oscillation w. Figure 4 depict temperature
fields for increment of thermal radiation parameterd (0.1 < N > 1.2). Thermal
radiation is known as electromagnetic radiation or the conversion of thermal
energy which generates the thermal motion of particles in matter. Thermal ra-
diation could be attributed due to thermal excitation. The temperature field is
affected significantly with increase in thermal radiation parameter (N). Ther-
mal radiation for a medium which contains it inevitably has pressure and density
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gradients, and the treatment requires the use of hydrodynamics. Increase in
Peclet number N decreases the temperature distribution. This is clearly shown
in Figure 5. Figures 6 and 7 depict the effect of frequency of oscillation w and
suction parameter s on temperature profile respectively. Increase in both the flow
parameters decrease the temperature distribution.

Conclusion: Heat and Mass Transfer Effect on MHD Oscillatory Flow of a Cou-
ple Stress Fluid in Asymmetric Tapered Channel. The temperatures prescribed
at the channel walls are non-uniform. Magnetic field strength which is uniform is
applied transversely to the channel. Dimensionless parameters are used to non-
dimensionalized the governing equations to dimensionless form. Closed form solu-
tion method is used to solve the dimensionless equations govern the flow and the
solutions for velocity, temperature and concentration distribution are obtained.
The effects of flow parameters on velocity profile and temperature distribution
are presented, discussed and shown graphically in details. The results of this
work is in agreement with the results obtained in [11] when s = 0.

It could be concluded that:

(1) Increase in s accelerates the velocity of the fluid.

(2) Increase in s declines the temperature distribution

(3) Higher values of M retards fluid velocity

(4) Increase in Peclet number and frequency of Oscillations decrease the tem-
perature distribution.

This work can be extended to further studies such as viscous dissipation. This

2
can be done by adding (‘g—;j) to the energy equation.
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