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ABSTRACT

The objective of present problem is to study effect of Kuvshinski fluid on double-diffusive convection- radiation
interaction on unsteady MHD flow over a vertical moving porous plate with heat generation and Soret effects. The
fluid is considered to be a gray, absorbing emitting but non scattering medium, and the Rosseland approximation is
used to describe the radiative heat flux in the energy equation. The plate moves with constant velocity in the
direction of fluid flow while the free stream velocity is assumed to follow the exponentially increasing small
perturbation law. A uniform magnetic field acts perpendicular to the porous surface. The effects of various
parameters on the velocity, temperature and concentration fields as well as the skin friction coefficient are
presented graphically and in tabulated forms.

Keywords: Kuvshinski fluid; MHD; boundary layer; porous niggh; thermal radiation; chemical reaction; thermal
diffusion; heat generation.

INTRODUCTION

The convection problem in a porous medium has itaporapplications in geothermal reservoirs and fyzrotal
extractions. The process of heat and mass traissércountered in aeronautics, fluid fuel nuclestor, chemical
process industries and many engineering applicationvhich the fluid is the working medium. The widange of
technological and industrial applications has stated considerable amount of interest in the stofipeat and
mass transfer in convection flows. The unsteady fllow past a moving plate in the presence of fteavection
and radiation were studies by Monsure [16], Ragti@ Perdikis [22], Ganesan and Loganathan [8],l&tlmgyu et.
al. [17], Makinde [15], and Abdus —Satter and Hamaim [2]. All these studies have been confineditsteady
flow in a nonporous medium. From the porous litematsurvey about unsteady fluid flow, we obsenat tfitle

papers were done in porous medium. The effect diitian on MHD flow and heat transfer must be cdestd
when high temperatures are reached. El-Hakiemt{idied the unsteady MHD oscillatory flow on freengection

radiation through a porous medium with verticalnité surface that absorb the fluid with a constaibcity. Ghaly
[9] employed a symbolic computation software Mathénal to study the effect of radiation on heat amdss
transfer over stretching sheet in the presenceaghmtic field. Raptis et. al. [21] studied the effef radiation on
2D steady MHD optically thin gray gas low alongimite vertical plates taking into account the inddaenagnetic
field.
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Cookey et al. [6] researched the influence of wiscdissipation and radiation on steady MHD freeveation flow
past on infinite heated vertical plate in porousdimm with time dependent suction. Abd El-Naby et [4]]

employed an implicit finite difference method tady the effect of radiation on MHD unsteady freenaction
flow past a semi infinite vertical porous plate loid not take in to account the viscous dissipatitekhar et. al.
[24] describe the radiation effects on MHD freeaertion flow past a semi infinite vertical plateinK[14] studied
unsteady MHD convective heat transfer past a sefimite vertical porous moving plate.

The study of heat generation or absorption efféctsnoving fluids is important in view of several ysical

problems, such as fluids undergoing exothermicnolothermic chemical reactions. Hossain et al. El@flies the
problem of natural convection flow along verticahwy surface with uniform surface temperature inpghesence if
heat generation / absorption. Alam et al. [3] stddithe problem of free convection heat and masster flow
past an inclined semi infinite heated surface roékectrically conducting and steady viscous in poessible fluids
in the presence of a magnetic field and heat ggioer Chamkha [5] investigated unsteady convedtieat and
mass transfer past a semi infinite porous moviageplvith heat absorption. Hady et. al. [10] studies problem of
free convection flow along a vertical wavy surfaambedded in electrically conducting fluids satulap®rous
media in the presence of internal heat generati@bsorption effects.

Combined heat and mass transfer problems with aameaction are of importance in many processeshane,
therefore received a considerable amount of atterniti recent years. In processes such as dryirsgpagation at the
surface of a water body, energy transfer in a weling tower and the flow in a desert cooler head the mass
transfer occur simultaneously. Possible applicaifidhis type of flow can be found in many industi For example
in the power industry among the methods of germnagiectric power is one in which electrical eneigextracted
directly form a moving conducting fluids. Many ptiael diffusive operations involve the moleculaffdsion of a
species in the presence of chemical reaction withirat the boundary. There are two types of reastidA
homogeneous reaction is one that occurs uniforrmhpughout a give phase. The species generation in a
homogeneous reaction is analogous to internal soofdeat generation. In constraint a heterogenesaction
takes place in a restricted region or within theirdmtary of a phase. It can therefore be treated bsuadary
condition similar to the constant heat flux cordlitiin heat transfer the study of heat and massfearwith
chemical reaction is of great practical importatoceengineers and scientists because of its almostersal
occurrence in many branches of science and engiigeer

Muthucumaraswamy and Ganesan [20] studied firstroothemical reaction on flow past on impulsivelgrid
vertical plate with uniform heat and mass flux. @kha [4] studied MHD flow of a numerical of unifolyn
stretched vertical permeable surface in the presesfcheat generation/absorption and a chemicaltiogac
Muthucumaraswamy and Ganesan [19] investigatedeffext of the chemical reaction and injection oawfl
characteristics in an unsteady upward motion afathermal plate. Raptis and Perdikis [23] anadythe effects
of a chemical reaction of an electrically condugtinscous fluids on the flow over a non linearlyéqratic) semi-
infinite stretching heart in the presence of comstaagnetic fields which in normal to the sheetaltim et al. [13]
analyzed the effects of the chemical reaction adiation absorption on the unsteady MHD free cotioadlow
past a semi infinite vertical permeable moving @hatth source and suction. Recently, Mohamed [18] discussed
double-diffusive convection-radiation interaction onsteady MHD flow over a vertical moving porodate with
heat generation and soret effects.

In spite of all these studies the effect of Kuvskirfluid on unsteady MHD double diffusive free wewtion for a

heat generating fluids with thermal radiation ah@rmicals reaction has received more attention. &letie main
object of the present investigation is to studyéffect of Kuvshinski fluid on the unsteady MHD dibel diffusive

free convection fluid flow past a vertical porodatp with a first order homogeneous chemical reagtthermal

radiation, heat source and thermal diffusion inpghesence of mass blowing or suction. It is assuthatlthe plate
is embedded in a uniform porous medium and movésavconstant velocity in the flow direction in theesence of
a transverse magnetic field. It is also assumettthigsfree stream to consist of a mean velocitytangperature over
which are superimposed an exponentially varyingpiihe.
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MATHEMATICAL FORMULATION OF THE PROBLEM

Two dimensional unsteady flow of a laminar, conthgtand heat generation/absorption fluid past ai $efinite
vertical moving porous plate embedded in a unifporous medium and subjected to a uniform porousumednd
subjected to a uniform magnetic field in the preseof a pressure gradient has been considereddwitble -
diffusive free convection, thermal diffusion, cheali reaction, and thermal radiation effects. Acomgdto the
coordinate system the x*-axis is taken along theop® plate in the upward direction and y*-axis nafto it. The
fluid is assumed to be gray, absorbing-emitting ban-scattering medium. The radiative heat fluxthe x*-
direction is considered negligible in comparisotthvthat in the y*-direction. It is assumed thatrthés no applied
voltage of which implies the absence of an eledigtd. The transversely applied magnetic field andgnetic
Reynolds number are very small and hence the inow@gnetic field is negligible. Viscous and Daregistance
terms are taken into account in the constant pebititygporous medium. The MHD term is derived fram order
of magnitude analysis of the full Navier-stokes atpn. It is assumed here that the hole size optiteus plate is
significantly larger than a characteristics micigsc length scale of the porous medium. We reghed gorous
medium as an assemblage of small identical sphexaticles fixed in space. A homogeneous firsteorchemical
reaction is between the fluid and the species aunaion. The chemical reactions are taking placthe flow and
all thermo physical properties are assumed to betaat of the linear momentum equation which isaxmation.
The fluid properties are assumed to be constamspethat the influence of density variation wigmiperature and
concentration has been considered in the body-feeom. Due to the semi-infinite place surface agstion
furthermore, the flow variable are function of yidat* only. The governing equation for this investiion is based
on the balances of mass, linear momentum energy candentration species. Taking into consideratioa t
assumptions made above, these equations can benarnitCartesian frame of reference, as follows:

ov* _

=0 e 1
oy ()
. 0 ,0u* ou* . 0, B* ou*
1+\ —)—+v* =41 +A +—
i lat*) o~ ! —*} ! laﬁ ax uﬁ* o 2
. 0
~pg - (0B +. )L+N; )
aT* +v* GT* = K azl;z + Q (T*-T*) _1_6q_*r ................... (3)
ot ¥ L.y €, .
CF &L p 0C 5 0T pucrcv) . @
at* a]* w* @,*
The boundary conditions at the wall and in the B&eam are:
u=u, T =T, +e(T,-T R, C=G+e(G-"¢Ne ay= L. 5)(
U U =u@+ed' )T -1, C- ¢ afy-w . ©)

where U*, V* - Velocity components in X, Y directions respeclyved - Gravitational acceleratiort,* -Time, V -
Kinematic coefficient of viscosity,0 - Electrical conductivity/] - The viscosity,p - Density of the quid,)\; - the
coefficient of Kuvshinski fluid, T* - Temperature of the quid,'I';v- The temperature at the platd, - The

temperature of the fluid in free streark,- Thermal conductivity,Cp- Specific heat at constant pressucg;, -
Radiative heat flux, K*- Permeability parametertloé porous medium, - the coefficient of chemical molecular
diffusivity, Dy - The coefficient of thermal diffusivity, C*- The dimensional concentratiorC;v -The

concentration at the waIC; - The concentration in free stream, R* - the reactiate constant, Q Source/sink
constant, Y and n* - constants. The magnetic and viscousphfisins are neglected in this study. It is assuthat
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the porous plate moves with a constant velodify,in the direction of fluid flow, and the free streaelocity U;

follows the exponentially increasing small pertditia law. In addition, it is assumed that the terapgre and
concentration at the wall as well as the suctidnoity are exponentially varying with time.

It is clear from equation (1) that the suction witip at the plate surface is a function of timeyolssuming that it
takes the following exponential form:

V==V Q+eA) @)

where A is a real positive constaatandeA are small less than unity, and ¥ a scale of suction velocity which
has non-zero positive constant.

In the free stream, from equation (2) we get

du; op S T
—==-—t —pg-oBU,-—U, 8
dt aX P9 K ®)
. ap _ . .
Eliminating PV between equation (2) and equation (8), we obtain
. 8, 0u* ou* . 0, du, = ou*
1+A, —)—+v* =@l +A — 2t —
e ? S - )
+(p. ~Pg+ (O +L)Ar N (U, -
by making use the equation of state
(P, -P)=pB(T -T)+pB (C -C,) (10)

where B is the volumetric coefficient of thermal expansi@in is the volumetric coefficient of expansion with
concentration ang,, is the density of the fluid far away the surfateen substituting from equation (10) into
equation (9) we obtain

R . N .
(_’]_+)\; i)ai +y* ou = (1+Aii)d—L{"° +Vg +gB(-|dk - T;)
o ar g a* “dt ¥ - - 11§
2
+oB (€ -G o Lyaex, 20 - u)
p K ot*
The radiation flux on the basis of the Rosselafifdision model for radiation heat transfer is expegbas:
. _ 40 oT*
S e, (12)

&= oy

where ¢ and k; are respectively the Stefan — Boltzmann constadt the mean absorption coefficient. We

assume that the temperature difference within litng &re sufficiently small such thal may be expressed as a
linear function of the temperature. This is accast@d by expanding in Taylor series ab&g} and neglecting
higher order terms, thus

T O4T3T =312 (13)
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By using equation (12) and (13), into equationig3educed to

oT*, ,OT* _k 9T* Q, 160' T2 o7 ™
STV = — (TFT*) ——=— (14)

ot § .y, 30C k', oy
We now introduce the dimension less variablespbews:

u v y'V \
u=—o, =—), = 0 , U =uU u , = U

U, Vv, y Y > LU, w= 4L

s ) s PP (15)
t:th a2V g T -T, (P:C_C‘”

v V2’ T, -T.' c,-C,

Then substituting from equation (15) into equati¢hs), (14) and (4) and taking into account equai{d), we
obtain

d.0u ou 0 dU_ 0%u
14N, —)— - (1+eAe" = (A, — —2+—
WA 505 ¢ )a_y N y?

£G4 G+ N, )(U, - U

00 00_1

4R .0
—(1+sAe™ )= =— (1 _>_ ................
ot (+se)y P( 370y 17

¢

dp 1 62(p 0°0
1+eAe™)—=—
( ) %ayz

S, 0y -6 118

where

G, =VoR(T. - T.)
VU

G, = vgB (C, - C,)
VU,

(Thermal Grashof number)

(Solutal Grashof number)

2,

oBgv L
M = >~ (Magnetic field parameter)
VO
*\/2

K =——* (Permeability parameter)
\Y

_VQ,K
n= 2
pVoC,
*+3
R= ﬂ (Thermal radiation parameter)

(Heat generation/absorption parameter)

R'v

0o

r
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\Y .
S = D— (Schmidt number)

(4

M
X =M (Soret number)
v(C,-C,)
*\ /2
)\l =-—1 9 (Visco-elastic parameter)
\%
1
N=M+—| 19
Mg a9
The corresponding boundary conditions are
u=U,B8=1+e€" p=te & aty « (20)
u- Um=(1+£é“),9—> 0,(p—> Oaty—>00 ................ (22)

ANALYTICAL APPROXIMATE SOLUTION
In order to reduce the above system of partiakdiffitial equations to a system of ordinary equatiordimension
less form, we may represent the velocity, tempeeadmd concentration as

u=u,(y)+e'y (yr 0€. (22)
0=0,(y)+ee"0,(y)+O€*) . (23)
e=0,(y)+ee"o, (Y)+O€*) (24)

By substituting the above equations (22) to (24p iaquations (16) to (18), equating the harmonid aon-
harmonic term and neglecting the higher-order tesfrd(e?), we obtain the following pairs of equations fag, @,

(pO) and (Lil.v 91! (pl)

u,+u,-Nu=-N-GO6,-Go, e (25)
u;+ull_(N+ N+ M )u=- & A, (N n) 26)
—Au'o _G.8,-Guo
(8+4RpP +3PO + WO = 27)
(3+4Rp, + 3P0, - 3(n-n 9, =-3A®, . (28)
@, +S09,-0S9,=-SP, . (29)
@ +So, - (n+8)Se,=-ASe-S¥®. . (30)
where, the primes denote differentiation with respe y.
The corresponding boundary conditions are
u,=U,,u=006,=10,= 1p,= Ip,= laty .. (31)
UO:].,U:l:].,eoﬂ 091—> 0(p0—> Qpl_’ 0 as Yo (32)
The analytical solutions of equation (25) to (30fweatisfying boundary conditions (31) and (323 given by
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u=(U,-1+L,+L)e” +1-Le™-Lew (33)
u, =1+ (-1- G+ D+ E+ F+ G)e™'+ C&eY - D&”
-Ee"Y -Fe™ -Ge™» (34)
8, =e"¥ )
g,=e™+z(E®¥-e> (36)
g,=e™+zEW-e» (37)
®=01-Z+2,+2)"+72e"-276e-ze>» . (38)
where
1+ /1+ 41+ i\, )(n+ N
L= Las i an) m, = &1 40 2, ) N)
3P 4(n-n)(3+ 4R) 1 :
=—— |1+ |1+ R,==(S+/S+ &
! 2(3+4R)( \/ 3P 1756 S+ 4S.

1 _ 3P [_4n(@E+4R)
R, = 2(5c+«/5i+ 4(n+3)S R, —2(3+ 4R)(1+ 1 —3E j

GrT_GrCZZ L. = Grc(1+ ZZ) C = LlA(UD+L2+L 3_1)

L. =—oT == = =
> R2-R,-N * R*-R,-N ' L2-L,~(n+N)@1+n\)
7 = 3ARR, 7 = S8R
' (3+4R)R-3PR- 3P (RN * RI-R,-3S
- ASCR1(1+ ZZ) Z - ScRs (AZZ+Sole3)
P RI-SR-§ (8] ' RI-SR-§ (3]
= SoScHi (2) D= ARL;+G Z;
> HI-S;H,-S (n+d) R =R, = (n+ N)(1+ ;)
— Gc(-2+27,+7Z) F= AR,L,+GZ,-G,Z,
Rg_Rz_(n"' N)(@+ ;) Rg_Ra_(n"' N)(@+ ;)

G, (1-Z)+ G Z
HZ-H,—(n+N)+m,)

In view of the above solution, the velocity, temgtare and concentration distribution in the boupdayer become
u(y,t)= (U, -1+ L+ L)e™ +1- Le™ - Le®+e & i+ ¢ + G+ [

+E+F+G)e™ + G&~ - D&Y - EEY- FB&Y- G& }
oy, t)=e" +e€{e™+ Z (Ee-e>vy (40)
Wy, t)=e™+Z, (" - " ye & {( Z+ Z+ Z)&

+ Z3e_R1Y - Z4e_R3y - % e_Hly }

...(39)
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It is now important to calculate the physical qutzag of primary interest, which are the local watllear stress, the
local surface heat and mass flux. Given the veldid in the boundary layer, we can now calculhie local wall
shear stress (i.e., skin-friction) is given by

ou’
oy’

TW = u( )y*:()
and in dimensionless form, we obtain

T, du n
C S oUV. (E)y=0 =-L,(U,-1+L,+L)+L R ;+L R +ee"{-m (-1-C +D .(43)

+E+F+G)- LG+ R D+ ER,+ R F GH}

RESULTSAND DISCUSSION

Fluid velocity distribution of fluid flow is tabutad in Table -1 and plotted in Fig. -1 having fiyephs atPr:

071,5,=047,G;;=5 G, =3, N=02,t=1,R=1,A=1,y=1,$=4,3=3n = 00L& = 0.002 for
following different value of M, KandA;.

M K A
For Graph-1 2 5 2
For Graph-2 4 5 2
For Graph-3 2 10 2
For Graph-4 2 5 5

It is observed from Fig.-1 that all velocity grap&i® increasing sharply up to y = 1.2 after thdbaity in each
graph begins to decrease and tends to zero witintheasing in y. It is also observed from Fig.thRat velocity
increases with the increase in K, but it decreaststhe increase in M ank,.

The temperature and concentration do not chandethédt change in above parameters taken for velocity

The skin friction distribution is tabulated in Tabl2 and plotted in Fig. -2 having five graphssibbserved from
Fig. -2 that skin friction increases with the irese in K, but it decreases with the increase imii)a.

PARTICULAR CASE
WhenA; is equal to zero, this problem reduces to thelprolmf Mohamed [18].

CONCLUSION

Velocity and skin friction increase slightly withd increase in, (Visco- elastic parameter).

Table-1: Valueof velocity ufor Fig-lat P.=071, S.=047, G ;=5 G,. =3 N=02 t=1,R=1,A=1U,=1,
S =4,0=3,n=0.01, €= 0.002 for following different valueof M, K and A;.

Graph1l | Graph 2 | Graph3 | Graph4
1.00000 | 1.00000{ 1.00000 1.000(
256237 | 1.93704| 2.62082 2.5611
2.2680¢ | 1.7063! | 2.3228 | 2.2680:
1.9386¢ | 1.5143( | 1.9808: | 1.9385¢
1.69599 | 1.38070| 1.72749  1.6957
1.51912 1.28422 1.54261 1.5189

» O

(]

QA |W|IN RO

©
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Table-2: Valueof skin friction T for Fig-2at P.=071, S.=047, G ;=5 G, =3 N=02 t=1,R=1,A
=1,Up=1,5=4,6=3,n=0.01 £€=0.002for following different valueof M, K and A;.

y | Graph1l | Graph 2 | Graph3 | Graph4
0 | 6.0904. | 4.7314( | 6.2462" | 6.0723t
0.2 | 6.09466 | 4.73377| 6.2519 6.075§
0.4 | 6.09908 | 4.73624| 6.2579%  6.0795
0.6 | 6.10369 | 4.73882| 6.26416  6.0833
0.8 | 6.10848 | 4.74150| 6.27061 6.0873
1 | 6.11347 | 4.74428| 6.27733  6.0914

ganN O 01

VELOCITY PROFILE

3.0 1

—e— Graph-1

—

0.5

0.0 T I T !

Fig.-1
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(1]

4 )
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1.0 1
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