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ABSTRACT

In this paper, an analysis of an oscillatory flofva viscous, incompressible and electrically cartohg fluid with
heat radiation in a horizontal porous channel witissipation function is carried out. The lower satry plate and the
upper plate in unsteady periodic motion are sulgdcto a same constant injection and suction vefospectively.
The temperature of the upper plate in periodic ootiaries periodically with time. The flow in thieaninel is also acted
upon by periodic variation of the pressure gradiehimagnetic field of uniform strength is appliedlhie direction normal
to the plates. A closed form solution of the probie obtained. The effects of various flow paranseta the velocity and

temperature fields have been shown graphicallydiadussed in detail.
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1. INTRODUCTION

The problem of finding exact solutions of the MaaStokes equations presents insurmountable mattieah

difficulties. This is primarily due to the fact thBlavier-Stokes equations are non-linear. This livearity is because of

the presence of the convective teMnJV in these non-linear equations. There are onlyva dgact solutions of the

Navier-Stokes equations known in the closed forich #wat too for very simple configurations of thewl patterns where

the termV.JV vanishes in a natural way. The very basic exddtisas of the Navier-Stokes equations are foundtia
plane Couette flow, Poiseuille flow, Stokes flow.€iSchlichting and Gersten [1]). Exact solutioosion-steady Couette
flow were derived by Steinhauer [2] for the caseemtone of the walls is at rest in a steady flow #r&h suddenly
accelerated to a given constant velocity. Eckdrbf8ained an exact solution of the plane Coudtte fvith transpiration
cooling, which is a very effective process to pebteertain structural elements in space shuttlinduhe re-entry, in the
turbojet and rocket engines, exhaust nozzles étghd4] analyzed a three dimensional Couette fleith transpiration
cooling. Taking magnetic field into account Singtd&harma [5] have also studied MHD three dimeraiQouette flow
with transpiration cooling. A magneto hydrodynarfiav between two parallel plates with heat transfas been analyzed
by Attia and Kotb [6]. Chang and Lundgren [7] azal¢t a duct flow in the magnetohydrodynamics. Naartth Mohanty
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[8] studied the hydromagnetic flow in rotating chah Singh and Mathew [9] investigated the effexdtmjection/suction
on an oscillatory hydromagnetic flow in a rotatihgrizontal channel. Exact solution of an oscillgtree convective
MHD flow in a rotating channel in the presence adliactive heat has also been studied by Singh ard {30]. An
analysis of an oscillatory flow of a viscous, inquessible and electrically conducting fluid withaheadiation in a
horizontal porous channel is studied by Singh [Pldonia & Chaudhary [14] and Poonia & Umashankéi Etudied
radiation and chemical reaction effects of MHD framvective flow past an accelerated vertical pE@edded in a

porous medium.

The present study is aimed to analyze the osmilfaMHD flow in a horizontal porous channel withetimal
radiation and viscous dissipation. The upper plakéch is oscillating in its own plane is at a péelially varying

temperature.
2. MATHEMATICAL FORMULATION

Consider the flow of an electrically conductingsagus incompressible fluid in a horizontal chaniiéle two
insulated plates of the channel are distance ‘drtaf he fluid is injected through the lower statioy porous plate and

then simultaneously sucked through the upper poptate in oscillating motion in its own plane. Tbenstant injection

and the suction velocities at both the respectoreys plates is V. A Cartesian coordinate sys{edh y') is introduced so

that X'-axis lies along the centerline of the channel 3fidaxis, along which a magnetic field of uniform sigéh B is
applied, is perpendicular to the parallel platelse Thagnetic Reynolds number is assumed to be veajl,sso that the
induced magnetic field is negligible. The tempemtdifference of the plates is assumed to be highugh to induce
radiation heat. All the physical quantities areeipendent ofX' for this fully developed laminar flow. The flow then
governed by the following equations:

ov'

3y =0 2.1)

ou' ,0u'_ 1P 94°u’ oBiu' uvu
4y = =-= +y - -2
o' ady' pou  9y* p K'

+gaT (2.2)

oT' 0T 1 09 « 0°T' 1 ou’
-+ — = - —+ >+ — (2.3)
ot ay pC,0y" pC ay" pGlay
99’ 49°T" (2.4)
oy'
where, @ is the mean radiation absorption coefficient.
The relative boundary condition can be written as
1 l —_ | - I —L d
u'=Ul+eccoswt )v=V IT=T] (ke comt’) at y=—
2 (2.5)

u'=0,v'=Vv, T'=0 at y'= —%
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where, @' is the frequency of oscillation. For the oscillgtanternal flow in the channel the periodic prassu

gradient variables are assumed to be of the form

la—P =Pcoswt' (2.6)

pou'

Because of the assumption of constant injectionsametion velocity V at the lower and upper platespectively,

continuously equation (2.1) integrates to

v'=V (2.7
Substituting  equation (2.7) and introducing  the lofwing non-dimensional  quantities
XI ] ul Tl a)l Pl Kl
X:_,y:l’u:_,gz_, =w't'\w=— ,P=—— ,K=—
d d T, U oUV of

into equations (2.2) and (2.3), we get

ou au 0P 0%u ) 1}
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ot Reay Fi36x oy’ ( K G (2.8)
00 00 ou 10°u N?
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v 7] K K CT Uv

The boundary condition in dimensionless form become

u=l+ecost f= e cos at y:—1
L 2 (2.10)
u=6=0 at y=—=
y 2

3. SOLUTION OF THE PROBLEM

For the mathematical solution of this unsteadyqabci flow in the porous channel when the fluid isocaacted

upon by a periodic drop in pressure, we assumedhgion in complex variable notations as

uy, )=y (Y+eu, &, 8(yd=6,(y+eb, &, —g—z=£ P (3.1)

where, P is a constant. The real part of the smiutiill have a physical significance.

The boundary condition can also be written in carplotation
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u=l+ed ,8=1+céd at = 1
1 2 (3.2)
u=60=0 at y==
y 2
Substituting expressions (3.1) into equations (2rg) (2.9), we get
. . , 1
uo_&uo_(M +Ej‘-{):_q"60 (3.3)
. : , 1 .
ul—&q—(M +E+ qu:—Plg— Go, (3.4)
6-PRR6~ NG, =-EPY (3.5)
6,~-PR6,~( N+ wP)§,=-2EPy y (3.6)
where, the primes in these ordinary differentialatpns denote differentiation w. r. t. y.
The boundary condition (3.2) reduces to
1
U =1u=16,=16,=1 at y:E
(3.7

u,=0,u=06,=06,=0 at y:—%

The Equations (3.3) to (3.6) are still coupled awodh-linear, whose exact solution are not possitbeyve can
expandU,, u1,90,91 in terms of E (Eckert no.) in following form, aset Eckert number is very small for incompressible

flows.

( )
u (y)=u,( )+ Eu,( y
(3.8)
6 (Y)=65.(¥)+ Epa( Y)
6,(y)=6.(y)+ Ef,( Y)
Introducing Equation (3.8) into (3.3) to (3.7), wietain the following systems of equations.
n 1
G(3) () Mg |l 9= 60 Y @)
n 1
() )= Mo | )= - 60, 3 @)
n 1 .
()R Wt ] u(§=- PR- @, e
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u{'z(y)+—ReL112( y)_( MZ"’%"' w) ulz( w:_ (3012

‘9(;1(y) - & F?g(')l( » - Nzgm( y =0
6,,(Y) - R PO,( Y- NG ( y=- PY( y

6,(y)-RPOL(Y-(N+ )6, y=0
&,(y)-RPE,()-( N+ )8,( Y=-2 Pt ¥ b ¥

and the corresponding boundary conditions are

y=%, Upy =1 Uy = 0,1, = LU, = 06 ,= 10= OF,= ¥, 0
y= —%,umzo,uoz: O,u,=0,u,= 0f4,= 08 .~ 9.~ & .~
Solving equations (3.9) to (3.16) under the boupdanditions (3.17), we get
Ga(y) = a2, + g €

Up(Y) = €+ g 87+ g &'+ a@’

() = 2,6V + 8, €[ g, €+ @ E+ g%+ gt e
+a15e(n1+n§)y+ qeéw ny 4 a, grm)y 4 Qg@rr m vy ?9(@* ) 1

Upp(Y) = 3 €7 + 8,87~ (13, &'+ 3 B'+ 87+ g°8% B
+a3362mzy+ as4ém3+rm)y+ a, gt vy §6(er9+ L %(@m)u_ é(@ m) y
+ag,€™ ™))

6.(y) =& + b &’

Ui(Y) =D&+ Qe+ br R+ P ¥

B(y) = b€ + b, & — (B, €+ BT i@y gl
+blae(m4+rg)y+ q7ém4+n4)y+ t?s éﬁﬁ MYy lgg gerw Doy, Q)(réﬁrg)y_'_ Q(éﬁ Dy
+bzze(ml+q)y+ bzeéni+ )Y, Q4 émz+rg)y+ 95 gery+n4)y+b26e(mz+q) Yy bﬂéna+ n) >)
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+b369(m3+“”+ Q7én@+ n) Yy b, gm 9 vy B, @andy 4 Q}(@ﬁﬂ% Yy Q(@r N
+b4ze(“l+fb)y+ Qsénl+n4)y+ b, gty bs(em D Vi Q(@+”“)y+b47e‘”“ n) y
+b4ge(mz+r1)y+ bdgén}+ @)>)
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Skin-Friction

The expression for the shear stress is given by

oF j o
r= —[— = —(uO +eu e ) ) (3.26)
ay y=0 at y=0
Nusselt Number
The expression for the rate of heat transfer ismgiyy

_(99) _(gsena
Nu= (a—yjyzo- (6,+c6,¢ )aty=o (3.27)

4. RESULTS AND DISCUSSION

In order to have a physical insight into the pesblwe have evaluated, numerically the expressionghe
velocity u(y, t), the Temperaturé(Yy, t), the skin friction7 and the rate of heat transfer Nu. These numeviales
are shown graphically to assess the effects ovélnebles of Reynolds number Re, Hartmann numbeil M, Pressure
gradient P, The Porosity Parameter K, The Eckemibar E and the frequency of oscillati@d. The effect of various

parameters on skin friction and Nusselt numbeailso shown in table-1 and 2.

Gr,w E
Pr, P 1.2 -

—— 0.72,-10 =151
1 4 —0—5, 5, 1

—0— 0.72, -5
——10,5,1
——072,0 0.8 - —>—1,10,1
—— 0.72,10 —%—1,20,1
5 —%— 072,5 . 5 —0—1,5 0

——1,5 5
—1, 5,10

—O0— 7.0, 5

-0.5 0.5 -0.5 %)
02 y—>» 02 - Y—>

Figure 1: Effects of Pr and P on Velocity Profile | Figure 2: Effects of Gr, @ and E on Velocity Profile
(Re=0.5, N=1, M=2, K=1, Gr=1@w=5,E=1,£ =0.2) (P=5, Pr=0.72, Re=0.5, N=1, M=2, K=1£ =0.2)

Figure 1, shows the effects of Prandtl number RIrthe Pressure gradient P on velocity profile agfayn It can
be seen that velocity profile is increasing expaiadig as increasing y. It also observed that as fdworable pressure
gradient P increasing the velocity also increasgsramains positive over the entire width of tharutel. This means that
the increasing favorable pressure gradient acaekethe flow field. It is also examined that thdoegy for Pr=0.72 is
higher than that of Pr=7.0. Physically it is possibecause fluids with higher Prandtl number haigth lviscosity and
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hence move slowly.

The variation of the velocity profile with the Greof number Gr. The frequency of oscillatiofis and the Eckert
number E are shown in figure 2. The magnitude &daity leads to an increase with an increase inl3s. due to the fact
an increase in the value of the thermal Grashofbmurhas the tendency to increase the thermal begyefifect. It is also
observed that increasing the frequency of osaillateads to decrease in the velocity field, wheraasincrease in the

Eckert number results an increase in the veloatd f

M, 1.2 Re, N
——0, —0—5, 1
1 ——05, 1

——05, 5

—>—0.5, 10

u

0.2

Ta)
A%

- -0.5 0.5
0.5 0o 0.5 on ) y—>

Figure 3: Effects of M and K on Velocity Profile Figure 4: Effects of Re and N on Velocity Profile
(P=5,Pr=0.72,Re=0.5,N=1,Gr=1@=5,E=1,£ =0.2) (P=5,Pr=0.72, M=2, K=1, Gr=1@w=5, E=1, £=0.2)

Figure 3, shows the variation of velocity profilaader the influence of magnetic parameter M, theogity
parameter K, it is evident from figure 3 that thedocity decreases with increase of magnetic pammehis is because of
the reason that the effect of a transverse magfiettt on an electrically conducting fluid giveseito a resistive type
force (called Lorentz Force) similar to drag foeze upon increasing the values of M increases tthg fdrce which has a
tendency to slow down the motion of the fluid.dtalso examined that the velocity increases witheiasing the porosity
parameter. The presence of a porous medium in@e¢hseaesistance to flow resulting in a decreagheénflow velocity.

This behavior is depicted by the decrease in thecitg as K decreases.

The variation of velocity profile with the Reynatdimber Re and the radiation parameter N are slofigure 4.

It is concluded that an increase in Reynold nunnésults a decrease in the velocity profile.

Figure 5 shows the variation of temperature utigeiinfluence of the Prandtl number Pr, the Reyonicthber Re
and the radiation parameter N against y. It is émaththat temperature profile increases with insirgg the Prandtl
number for y < -0.2, after that the magnitude ofiperature for air (Pr=0.72) is greater than of w@e=7.0). This is due
to fact that the thermal conductivity of fluid deases with increasing Pr, resulting a decreaskeimial boundary layer

thickness. It also concluded that the temperaturél@ decreases with increasing Re.

In both figures 4 and 5, velocity and temperatprefile increase with the increase of radiationgpaeter N.
The effect of radiation is to increase the ratewdérgy transport to the gas, there by making teertal boundary layer

become thicker and fluid become warmer, this enbsutite effect of thermal buoyancy of the drivinglypéorce due to the
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mass density variation which are coupled to tentpegaand there for, increasing the fluid velocity.

The variation of temperature profile in the freqoye of oscillationscwand the Eckert number E are exhibited in
figure 6. It is found that the temperature fieldegan increasing with the increase @f four y <0 and after that the

temperature field decreases with increaginglt is also examined that an increase in the Hckamber leads to an

increase in temperature profile.

Pr, Re, N 3 j w, E 25 -
—0—0.72,0.5, 2 —o—5, 1
—0—7.0, 05,2 ——20,1 2 -

——0.72, 1, 2 2
——0.72, 2, 2

—%—0.72,05,1 15
—0—0.72,05,5

-0.5 . -
0.5 0 y 0.5

Figure 5: Effects of Pr, Re and N on Temperature Figure 6: Effects of awand E on Temperature
Profile, (P=5, M=2, K=1, Gr=1,w=5, E=1, £ =0.2) Profile, (P=5,Pr=0.72,
Re=0.5,N=1,M=2,K=1,Gr=1£ =0.2)

Table 1 and Table 2 shows that the effect of varilaw parameters on skin-friction and Nusselt nemb
respectively. It is concluded from table-1 thatnskiction increases with increasing Re, N and Mheve as, it decreases
with increasing P, Pr, K, Gr and E. It can be seem table-2 that Nusselt number increases witheiasing Re and N,

where as, it decreases with increasing Pr and E.

NOMENCLATURE
U - the constant velocity of vertical porous char(i@l s? )

T, - the temperature at the channel (K); the temperature in the boundary (K)

u',V - denotes the component of velocity in the boundiygr in X' and Y’ respectively M.s™*)

t' - the time (S), d — constant, g — the acceleration due to theityr(m. S'l)

C, - the heat capacity of the fluid) Kg™.K™), B, - the magnetic inductiont| — the Radiactive heat flux,
P - the Prandtl number, K’ — the Porosity parameier, Non-dimensional Porosity parameter

M - the magnetic parameter, Re — the Reynold nuniberthe Eckert number, P — the pressure gradient

N — the radiation paramete@, - the thermal Grashof number, Nu — the Nusselt rermb
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GREEK LETTERS
Q - the mean radiation absorption coefficient

[3 - the volumetric coefficient of thermal expansidf (l), P - the density of the quing.m’3

@ - Dimensionless temperaturg - the coefficient of viscosity (Pa.s)

T - Dimensionless skin-friction/ - the kinematics viscosityr(lz.s_l)

O - the electrical conductivityk - the coefficient of thermal conductivitM/m'l K'l)

- the frequency of the suction velocity

Table 1
O P Pr Re N | M | K Gr | E
-0.98132| -10| 0.72 0.5 1 2 1 1 1
-0.98985 0 0.72 0.5 1 2 1 1 1
-0.99838| 10 0.72 0.5 1 2 1 1 1
-0.99412 5 0.72 0.5 1 2 1 1 1
-1.17644 5 7 0.5 1 2 1 1 1
-0.96154 5 0.72 1 1 2 1 1 1
-0.89339 5 0.72 2 1 2 1 1 1
-0.98783 5 0.72 0.5 2 2 1 1 1
-0.96239 5 0.72 0.5 8§ 2 1 1 1
-1.17572 5 0.72 0.5 1 Q 1 1 1
-0.63611 5 0.72 0.5 1 4 1 1 1
-1.02814 5 0.72 0.5 1 2 5 1 1
-1.03252 5 0.72 0.5 1 2 10 1 1
-1.18569 5 0.72 0.5 1 2 1 5 1
-1.3862 5 0.72 0.5 1 2 1 10 1
-1.01755 5 0.72 0.5 1 2 1 1 i
-1.04683 5 0.72 0.5 1 2 1 1 10
Table 2
Nu Pr Re N E

-1.29427 0.72 0.5
-8.07233 7 0.5
-1.28016 0.72 1
-1.20662 0.72 2
-1.12064 0.72 0.5
-0.25769 0.72 0.5
-1.93679 0.72 0.5
-2.73993 0.72 0.5

[l Ll K0 NS Kl el el o
Pl e e L L Ll

5. CONCLUSIONS

In this paper, we analyzed an oscillatory flow ofiscous, incompressible and electrically condggfinid with
heat radiation in a horizontal porous channel wligsipation function. The lower stationary platel dhe upper plate in

unsteady periodic motion are subjected to a samsta&not injection and suction velocity respectively.

The velocity for Pr=0.72 is higher than that of P& due to fluids with higher Prandtl number havghh

viscosity and hence move slowly. It is observed iihereasing the frequency of oscillation leadgégrease in the velocity
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field, whereas, an increase in the Eckert numbsult® in an increase in the velocity field and atssamined that the

velocity increases with increasing the porosityapagter because the presence of a porous mediueagss the resistance

to flow resulting in a decrease in the flow velgcit
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