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Effect of viscous dissipation on unsteady periodic MHD poiseuille flow with

transpiration cooling and thermal radiation

Mamta Goyal and Namrata Naraniya’

Department of Mathematics, University of Rajasthan, Jaipur, India

ABSTRACT

This paper deals with the effects of heat and mass transfer on unsteady periodic flow of a viscous incompressible and electrically
conducting fluid in a horizontal channel taking into consideration the effect of internal heating by viscous dissipation. The lower
stationary plate and the upper plate in unsteady periodic motion are subjected to a same constant injection and suction velocity
respectively. The temperature of the upper plate in periodic motion various periodically with time. The flow in the channel isalso
acted upon by periodic variation of pressure gradient. A magnetic field of uniform strength is applied in the direction normal to
the plates. A closed form solution of the problem is obtained. The effects of various flow parameters on the velocity, temperature
and concentration fields have been discussed. The skin friction and rate of heat and mass transfer are obtained. The results are
presented and discussed with the help of graphs.
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Nomenclature
Cc*

Cp

D

Ec

k

M

N

Nu

p

p*

Pr

d

Re

Sh

Sc

T

t*

u*(y* t*)
y

Greek symbols

fluid concentration
specific heat at constant pressure
molecular diffusivity
Eckert number
thermal conductivity
Hartman number
radiation parameter
Nusselt number
constant pressure
pressure

Prandtl number
radiative heat flux

Reynolds number

Sherwood numb

Schmidt number

fluid temperature

time

axial velocity

non-dimensional width of the channel

mean radiation absorption coefficient
fluid density

electric conductivity

kinematic viscosity

frequency of oscillations

skin friction
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INTRODUCTION

The most sensitive fluid property to temperatuse iis the fluid viscosity. Fluid viscosity due &rtperature may
affect the flow characteristics as well as the céfit operation of industrial machinery where lohtion is
important. Viscous dissipation heat cannot be regte for fluids with high Prandtl number or flow high
gravitational field. In [8] the effect of viscoussdipation in natural convection is appreciable miiee induced
kinetic energy becomes appreciable in comparisaché@amount of heat transferred. When a fluid sasbd some
of the work done is dissipated as heat and thershdaced heating definitely results to temperainmease within
the fluid. Bister and Emanuel [5] recognised thecwus dissipation of turbulent kinetic energy asgaificant heat
source in hurricanes and showed that this heatceoimcreases the efficiency of the hurricane. Bial§2?]
concluded that in the case of upward flow, dimemisiss velocity and temperature are increasing fomstof the
viscous dissipation parameter, while in the casel@fnward flow, velocity decreases despite the taipre
increase with viscous dissipation. Zanchini [13hdoded that in case of asymmetric heating, visaigsipation
enhances the effects of flow reversal in downwéoad fwhile it lowers this effect in case of upwdtdw. Barletta
and Rossi di Schio [3] investigated the effect sicous dissipation in a vertical tube with unifohmat flux and
concluded that in a buoyancy assisted flow, theedisionless velocity close to the wall of the duatréases as
Brinkman number increases. In a related work Ba@rlend Zanchini [4] were used two different peraiidn
expansions to study the fully developed laminaxediconvection in an inclined channel and it wgsoried that
the presence of viscous dissipation leads to gstiependence of the dimensionless pressure drdficoere and
the Nusselt number on the Grashof number. The teffeicheat generation and absorption on naturalexion
flow between two infinite vertical parallel platdgt are subjected to periodic heating in the pres®f suction and
injection were studied by Jha and Ajibade [9], vehirwas shown that the influence of heat genamnagiod that of
absorption on flow are reciprocal.

In the present paper, we study the effect of viscdigsipation on unsteady periodic MHD poiseuiltenf with
transpiration cooling and thermal radiation in ginesence of heat and mass transfer.

Mathematical Formulation
Consider an unsteady MHD flow of an electricallyndacting, viscous incompressible fluid in a horitadrchannel

distance o’ apart. A Cartesian co-ordinate system is intr@tlisuch thatx” -axis lies along the centerline of the
channel andy’ -axis is perpendicular to the wall of the chanAemagnetic field of uniform strengtB, is taken to

be acting along the/ -axis. The fluid is injected through the lowertgtaary porous plate and sucked through the

upper porous plate in oscillating motion in its oplane. The injection and suction velocity at bplétes is constant
and is given byV . The Reynolds number is assumed to be very smathat the induced magnetic field is

negligible. All the physical quantities are indegent of x for this problem of fully developed laminar flowh&
governing equations for the present physical sinatollowing [12] and taking into account viscodssipation
heating within the fluid are

oV

_*:O 1

oy 1)
. . . . -

ai*+v*ai*—_lai*+uazg _oBu (2)

ot oy £ 0X oy 0

o OT _ Kk FT 1 o4, u (o)
ot oy pCpay*> pCpay pCploay

£+v*£:Dyg (4)
ot oy ay

®)

It is assumed that the fluid is optically thin wittatively low density and the radiative heat flexgiven by

% - aa°r (5)
oy
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The boundary conditions relevant to the problem are
y =d/2:u =Ucoswt y =V T =T, cowt ¢ =C, cowt (6)

y =-d/2:0 =0y =V T =0C =0 )

For the oscillatory internal flow in the channkktperiodic pressure gradient variations are asgumée of the
form

10p .
——i* =Pcoswt 8)
£ 0X
because the problem of assumption of constanttiofe@and suction velocityy at the upper and lower plates
respectively, continuity equation (1) integrates to

vV =V 9)

substituting Eq. (9) and introducing the followingn-dimensional parameters

)(:X_,y:L'u:u_,T:T*_,t:a)*fk’a):a)dZ 'p:L,C:C_,&;:B (10)
d d U T, 0] oIV C, D

into Egs. (2), (3) and (4), we get

2 2
ﬁa_u+a_u:—%+ia_l:—'vl_u (11)
Reodt oy ox Redy Re

wdT oT _ 1 0T N? _ Ec auj2
4+ = +—

= — (12)
Reot 0dy RePry RePr edy

2
woC oCc__1 0 S’ (13)
Reodt dy ReSay

2
whereRe:ﬁ ,Pr:'u—Cp N = Zri Ec= u
v k Jk CpT,
The boundary conditions in dimensionless form bezom
u=cost,T =cos$C= colsaty:% (14)
1

u=0T=0C=0 at y=-3 (15)

1. Solution of the problem

The mathematical solution of this periodic flowtie porous channel when the fluid is also actedupoa periodic
drop in pressure, we assume the solution in thept®mmotations as

Uy, 1) = Uy ()€ T D=6, )& .Cly.tE@ ()& —% = pe'. (16)

The real part of the solution will have physicarsficance.

The boundary conditions (14) and (15) can also bien in complex notations as

u=€"'T=¢€",C=¢€", at y:% (17)
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u=0T=0C=0at y:—% (18)
Substituting Eq. (16) into Egs. (11), (12) and (12 get

u; —Reu; - (iw+ M*)u, =-PRe (19)
6, -RePig, - (iw Pw+ N ¥, =-Ec Puy (20)
@ —ReScg, — (iwScyy, = C (21)

These ordinary differential equations denote défftiation with respect tp

The boundary conditions (17) and (18) reduce to
u,=16,=1g=1at y:% (22)

u,=0,6,=0,¢4=0at y:—% (23)

The solutions of Egs. (19), (20) and (21) undertbendary conditions (22) and (23) are obtained as

— 1 W ainkl M _av eind M Em]_g_ny_% jt
ufy,t) = C+Smh(m_nj{c(e smh[zJ e sm){ 2}}2[6 e j} e (24)

Ty,t)=A,e” + Ae” +he’™ +h e’ +hg™"™ (25)
a b
ay+5 _ by+—2 .
Cyt=| S ¢ (26)
et —¢

where the constants m, n,r,s, A, A,,A;,A,,h; ,h, ,h;,a b are defined in the appendix. If the effect of viss
dissipation is neglectedsc = 0), the results presented in Egs. (24)-(26) coinueiidk the result of [12].

From the velocity field obtained in Eq. (24) we dam skin-frictionr at the lower plate as

r= [%J ' =|F|cos(t-¢) (27)
oy ), 1

with |F| ="“:r2 + I:i2 and ¢ :tan‘lg

r

where F, +iF =1 [ mesinh-nez sinh® |+ M2
. (m—nj 2 2 2
sinh 2

From the temperature field obtained in Eq. (25)cae find Nusselt numbeXu at the lower plate as
06,

Nu :{—] ' =|H|cos(t-y ) (28)
oy !

with [H|=/H?+H? andy :tan‘l%

r
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r—s it

whereH, +iH, = €

I

e -¢e

From the concentration field obtained in Eq. (2@) e&n find Sherwood numbé&h at the lower plate as

Sh= %
oy )1
77

with |G| =/G? +G? and 6 = tan‘lg

r

€' =|G|cos(t+6) (29)

a_b it
5 €

whereG, +iG ==—
e -e

RESULTSAND DISCUSSION

An unsteady periodic MHD poiseuille flow of viscoircompressible fluid is considered in a horizorghénnel

with transpiration cooling and thermal radiatiorheTinfluence of viscous dissipation heat on thevfis also

considered. The problem is presented in grapharah in Figs. 1 to 7 so as to clearly reveal th&ugfice of each of
the governing parameters on the flow behaviors.

From Fig. 1, it can be seen that velocity profilecetases with increase in magnetic field and frequeof
oscillations. The increasing strength of the magnftld physically means that the Lorentz forceiar to drag
force increase leads to increase the drag foréehvdhows down the motion of fluid, hence veloddigcreases. Also
this figure indicates that velocity increases witbrease in Reynolds number representing injectiation through
the lower and the upper plates of the channeledsmly. Physically, it means that the increase thud
injection/suction velocity strengthens of the floawthe channel.

It is observed from Fig. 2 that temperature profilecreases with increase in Reynolds number, freguef
oscillations and Prandtle number. In presence jetiion/suction more amount of fluid is pushed itite flow field
due to which the flow field suffers a decreaseemperature of the flow field at all points. Withetincrease of
Prandtl number, the thermal diffusivity decreased this phenomenon lead to the decreasing manrteeanergy
transfer ability that reduces the thermal boundizygr.

The effect of viscous dissipation and radiation the temperature of the flow field is shown in F&. The
temperature of the flow field is found to decreasth the increase in viscous dissipative heat im#eof Eckert
number and radiation parameter. Viscous dissipattoa source term in the energy equation convirgi& motion
of the fluid to thermal energy and give rise tolamge in the temperature distribution. The effectadliation
decrease the rate of energy transport to the flniteby decreasing the fluid temperature.
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Fig.1 Variation of velocity for different Re,w,M with
Pr=5t=0

Fig.2. Variation of temperaturefor different Re,w, Prwith
E=0,N=1t=0
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Fig.3. Variation of temperaturefor different E, N with
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Fig.4. Variation of concentration for different Re,w,Sc
with t =0
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Fig.7. Rate of masstransfer versus @ for different Sc,Re

Concentration profiles are shown in Fig. 4 for elifint values of the various parameters involvegurei 4 illustrate
that concentration field decreases with the in@easReynolds number, frequency of oscillation &@ahmidt
number. Higher values of Schmidt number amounts figl in the chemical molecular diffusivity i.eeds diffusion
therefore takes place by species transfer causieduetion in concentration.

The skin friction at the lower plate versus frequenf oscillations is depicted in Fig. 5. It is atefrom the figure
that coefficient of skin friction decreases with iagrease in Hartman number whereas it increasts Rriandtl
number and Reynolds number.

Figure 6 illustrates the variation of rate of hahsfer versus frequency of oscillation for vasqarameters. It is
clear from the figure that rate of heat transfethatlower plate of the channel decreases witmarease in Prandtl
number, Reynolds number and radiation parametereskét increases with Eckert number.

The variation of rate of mass transfer versus feegy of oscillation for various parameters is diggdn Fig. 7. It
is clear from the figure that rate of mass tranafehe lower plate of the channel decreases witinereases irsc
andRe.
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Appendix
PrRe R+, /R +4(iw+M?) R-/R?+4(iw+M?)
=- 5 m= , h= )
iw+M 2 2
_h
[e 2 —chinhn]
2 _my n
'Al:—a AZ:[_C_A.ezjez,
szh[m”)
2
h = —EcPrA’m’ h, = —-EcPrA’n®
4m2—2Rer—(ia) P+N2)’ 4n2—2RePrr+(ia) PfNZ)’
_ —EcPr2A A,mn

"= (m+n)? —Re Pr(m n)—(ia) P+ N2) ’

r:%(RePH\/ Ré PT+ @iw+N2)) ,s:izl( RePr/ Re Pr (i4)+N2)),

eE —

T [1+ h (e —e")+h, (e -e")+ ha[es_m;n ez D ,

s( _m+n
A =-¢€? [Aae 2+heg™+hge"+he ? J ,

%:

a:%(ReSC+\/RéSCZ+ z(ia)Sc)) , b:%( R& -, Resc? + (4a;5c)).

CONCLUSION

This work is extension of Swapna and Varma [12}inich they were analyzed the fluid flow and head amass
transfer without viscous dissipation effect. Whka viscous dissipation term is neglected in thiskwthere is an
excellent agreement with the results of [12]. Fritva present study, the concluding remarks have bsamn as
follows:

» The magnetic parameter retards the velocity giatits of the flow field and also skin friction.

» Velocity and skin friction increases with increasdreynolds number whereas temperature field, eatnation
field and the rate of heat and mass transfer deesea

» Frequency of oscillations reduces the velocityygerature and concentration field.

« Prandtl number decelerates the temperature figldate of heat transfer whereas enhances skiifrict

» Radiation parameter diminishes temperature fiettrate of heat transfer.

» Eckert number reduces the temperature field wherehances rate of heat transfer.

* Schmidt number reduces the concentration fieldratelof mass transfer.
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