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ABSTRACT

The unsteady two-dimensional magnetohydrodynanat dred mass transfer free convection flow of an
incompressible, viscous, electrically conductindapdluid via a porous medium past a semi-infinite
vertical porous moving plate in the presence ofaadverse magnetic field with thermal diffusion and
heat generation is considered. The plate movesavithnstant velocity in the longitudinal directiand
the free stream velocity follows an exponentiaflgréasing or decreasing small perturbation law. A
uniform magnetic field acts perpendicularly to f@rous surface which absorbs the polar fluid with a
suction velocity varying with time. The mathematiexpressions for velocity, angular velocity,
temperature and concentration have been obtained] #he solutions are in terms of exponential
functions. Representative results for velocity ifesf temperature profiles and skin friction aretaibed
both in graphical and tabular form for several vatuof pertinent parameters which are of physical an
engineering interest. The method of solution carajyglied for small perturbation approximation. The
fluids taken in the study are air (Prandtl numbe=®.71) and water (Prandtl number Pr=7.0). The
numerical results of velocity distribution of polfluids are compared with the corresponding flow
problems for a Newtonian fluid. In the absence afjnetic field, the skin friction decreases in airda
increases in water. It is also observed that tHeotfof increasing values of Prandtl number resinta
decreasing skin friction which shows that the s#ation is more in air as compared to that in wate

Key Words: MHD; Free convection; Porous medium; Heat and Mtaassfer; Thermal

diffusion.
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INTRODUCTION

The study of flow and heat transfer for an eleathcconducting polar fluid past a porous plate
under the influence of a magnetic field has ate@dd¢he interest of many investigators in view of
its applications in many engineering problems sasimagnetohydrodynamic (MHD) generator,
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plasma studies, nuclear reactors, oil explorag@othermal energy extractions and the boundary
layer control in the field of aerodynamics [1]. 8Jdree convection flows are of great interest in
a number of industrial applications such as fibad aranular insulation, geothermal etc.
Magnetohydrodynamic has attracted the attentiamlafge number of scholars due to its diverse
applications. In astrophysics and geophysics,apglied to study the stellar and solar structures,
interstellar matter, radio propagation through tbeosphere etc. In engineering, it finds its
application in MHD pumps, MHD bearings etc.

Convection in porous media has applications in lygrobal energy recovery, oil extraction,
thermal energy storage and flow through filteringvides, Nield and Bejan [2]. From
technological point of view, MHD free convectionwls have significant applications in the field
of stellar and planetary magnetosphere, aeronautiemical engineering and electronics on
account of their varied importance, these flowsehaeen studied by several authors notable
amongst them are Shercliff [3], Ferraro and Plumg#) and Cramer [5]. Also, many transport
processes exist in industries and technology wthibee transfer of heat and mass occurs
simultaneously as a result of thermal diffusion aifflision of chemical species. In addition,
polar fluids are fluids with microstructure belongito a class of fluids with non-symmetrical
stress tensor. Physically, they represent fluidssisting of randomly oriented particles
suspended in a viscous medium [6-11, 26, 28]. Atgnember of Darcian porous MHD studies
have been carried out examining the effects of magrield on hydrodynamic flow without
heat transfer in various configurations, e.g., marmels and past plates and wedges, etc. [12 -
14].

Gribben [15] considered the MHD boundary layer flover a semi-infinite plate with an aligned
magnetic field in the presence of a pressure gnadi¢e has obtained solutions for large and
small magnetic Prandtl numbers using the methadaithed asymptotic expansion. Takhar and
Ram [16] studied the effects of Hall currents omraynagnetic free convection boundary layer
flow via a porous medium past a plate, using harmamalysis. Takhar and Ram [17] also
studied the MHD free porous convection heat transfevater at 4C through a porous medium.
Soundalgekar [18] obtained approximate solutions tiee two-dimensional flow of an
incompressible, viscous fluid past an infinite pgaertical plate with constant suction velocity
normal to the plate, the difference between theptrature of the plate and the free stream is
moderately large causing the free convection ctsren

Raptis and Kafousias [19] studied the influenceaofmagnetic field upon the steady free
convection flow through a porous medium boundedtynfinite vertical plate with a constant
suction velocity, and when the plate temperaturealso constant. Raptis [20] studied
mathematically the case of time-varying two-dimenai natural convective heat transfer of an
incompressible, electrically conducting viscousdluia a highly porous medium bounded by an
infinite vertical porous plate.

A study on MHD heat and mass transfer free coneedtow along a vertical stretching sheet in
the presence of magnetic field with heat generatwas carried out by Samad and
Mohebujjaman [23]. Saravana et al. [24] studiedriass transfer effects on MHD viscous flow
past an impulsively started infinite vertical platgh constant mass flux. Singh [25] analyzed
the MHD free convection and mass transfer flow wigat source and thermal diffusion. The
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paper deals with the study of free convection arabsntransfer flow of an incompressible,
viscous and electrically conducting fluid past atamuously moving infinite vertical plate in the
presence of large suction and under the influedicendorm magnetic field considering heat
source and thermal diffusion. Kim [27] considerdoe tunsteady magnetohydrodynamic
convective heat transfer past a semi-infinite gaftporous moving plate with variable suction.

However, most of the previous works assume thafpthte is at rest. In the present work, we
consider the case of a semi-infinite moving porgiate with a constant velocity in the
longitudinal direction when the magnetic field mposed transversely to the plate. We also
consider the free stream to consist of a mean wWgland temperature with a superimposed
exponentially variation with time. In view of theglications of free convective phenomenon,
heat source and thermal diffusion, in the presesrkut is proposed to study the unsteady two-
dimensional MHD free convective heat and mass tears polar fluids past a semi-infinite
vertical moving porous plate via a porous mediuaking into account the combined effect of
heat source and thermal diffusion. The aim of gaper is to make a numerical calculation, on
convective heat and mass transfer flow which haeenbof interest to the engineering
community and to the investigators dealing withpheblem in geophysics, astrophysics, plasma
studies, nuclear reactors etc. From the technioaitpf view, free convective flow past an
infinite or semi-infinite vertical plate is alwaysportant for many practical applications.

In general, the study of Darcian porous MHD is veoynplicated. It is necessary to consider in
detail the distribution of velocity and temperatutsstributions across the boundary layer.

Representative results for the velocity, anguldoaity and temperature profiles are displayed

graphically showing the effect of several governpagameters entering into the problem. Also,

we have prepared a table of the values of skitidnadisplaying the effects of various material

parameters. To the best of our knowledge this probhas not been studied before and the
results reported here are new.

NOMENCLATURE

A : suction velocity parameter

Bo : magnetic flux density

C : concentration of the fluid within the boundaryéa
Co : specific heat at constant pressure
G : Grashof number

G : Modified Grashof number

g : acceleration due to gravity

K permeability parameter

k thermal conductivity

M Magnetic field parameter

dimensionless material parameter
Nusselt number

dimensionless exponential index
Prandtl number

temperature

dimensionless time

scale of free stream velocity

c

cC*tH4UuSzzZ

o
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uv component of velocities along and perpendicudahe plate, respectively
Vo : scale of suction velocity

X,y distances along and perpendicular to the plaspeactively

GREEK SYMBOLS

S : dimensionless viscosity ratio

P : coefficient of volumetric expansion of the worgifiuid

Pe : coefficient of concentration expansion

spin-gradient viscosity
scalar constant (<< 1)
electrical conductivity

fluid density

coefficient of gyro-viscosity
fluid dynamic viscosity

fluid kinematic viscosity

fluid kinematic rotational viscosity
dimensionless temperature
skin friction

angular velocity vector
dimensionless concentration

REVNTDEFSE SD A @R

SUPERSCRIPTS
' differentiation with respect tp

* : dimensional properties
SUBSCRIPTS

p : plate

w : wall condition

o0 : free stream condition
FORMULATION

We consider the two-dimensional unsteady free ociiwee heat and mass transfer flow of a
laminar, incompressible fluid past a semi-infimitertical porous moving plate embedded in a
porous medium and subjected to a transverse magfelil in the presence of a pressure
gradient. The physical model and geometrical comatgis are shown in Fig. 1. It is assumed that
there is no applied voltage which implies the abseaf an electric field. The transversely
applied magnetic field and magnetic Reynolds nundrervery small and hence the induced
magnetic field is negligible [21]. Viscous and Dgscresistance terms are taken into account
with constant permeability of the porous mediume TWHD term is derived from an order-of-
magnitude analysis of the full Navier-Stokes edurei It is assumed here that the hole size of
the porous plate is significantly larger than arahteristic microscopic length scale of the
porous medium. We regard the porous medium as semddage of small identical spherical
particles fixed in space, following Yamamoto andahaura [22]. Due to the semi-infinite plane
surface assumption, furthermore, the flow variablesfunctions of* andt* only.
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Under these conditions, the governing equatioasthe mass, momentum, energy conservation
and diffusion equations can be written in a Caate$iame of reference, as:

continuity. ov =0 Q)
oy*
linear momentum
* * * 2 * * *
M e e LT 0 ) s (T-T )+gB.C-C ) -vt - TB2ur a2 2 (2)
ot* dy* 0 Ox* r ay*z f 00 c 00 K* p 0 rgy*
. [ dw* ow* dzw*
angular momentum p j* +V* =y 3)
ot* oy* P %2
y
2 *
energy of . +OT _ k 07T .S T-T) (4)

ot* oy * 'Ocp ay*Z pCp

2 2

diffusion 6(; +v* 6(1 -pdC, D, 0T (5)

ot dy ay*z ay*z
where x* and y* are the dimensional distances longitudinal andpgeedicular to the plate,
respectivelyu* and v* the components of dimensional velocities alongxhandy* directions,
respectively,K* the permeability of the porous mediura, the electrical conductivity of the
fluid, By the magnetic induction? the micro-inertia densityp* the component of the angular
velocity vector normal to thgy-plane,S* is the coefficient of heat sourcB, is the chemical
molecular diffusivity andD; is the thermal diffusivity.

The third term on the RHS of the momentum equa@)renotes buoyancy effects, the fourth is
the bulk matrix linear resistance, i.e., Darcy tethe fifth is the MHD term. Also, Darcy
dissipation term is neglected because it is of sheme order-of-magnitude as the viscous

dissipation term. It is assumed that the porougeptaoves with constant velocitw:() in the

longitudinal direction, and the free stream velp¢lt) ) follows an exponentially increasing or

decreasing small perturbation law. We also assuraethe plate temperatur&)(and suction
velocity (v*) vary exponentially with time.

Under the above assumptions, the appropriate boyradaditions for the velocity, temperature
and concentration fields are
2
ow* 0“u*

w=u T=T +&T -T )" U c=Cc +gc -c )M t" % -

p w w o w w o ay* 0y*2
U =U @& )T T .C-C ,af -0 7
w U= O( P22 )T T .C-C_ &~ asy* - o (7)
in whichn* is a scalar constant, at) is a scale of free stream velocity.

aty*=0 (6)

From the continuity equation (1), it is clear thlé suction velocity normal to the plate is a
function of time only and we shall take it in tloerh:
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Ve :—v0(1+gAe”*t*) (8)

whereA is a real positive constant,and €A small less than unity and, is a scale of suction
velocity which has non-zero positive constant. @atshe boundary layer, equation (2) gives
, du’
_1dpt "M U y* LT 52" (9)
0 dx* dt* K* © p 0 o
We now introduce the dimensionless variables, bswWe:

* * 2
* * V, y* U u t*V
u_u—’V:V_, = 0 'U”:_oo’upzu_p’wzui/ Wt = 0’
Yo Vo v 0 0 0'0 v
*y 2 2
T-Teo _ C-Cy n*UK K Vo j—V—oj*
TW_Too, CW_Coo, V02 , U2 , U ’
1)
S =% istheSchmidhumbey Pr =% =% is thePrandthumbey
oBZv U w )
M = 02 is themagnetidield parameterG :&2) is theGrashofhumbey
WO r UOVO
uvp.g(C,-C
G =M is themodifiedGrashofnumber
¢ UOVO2
D1 T -T
A== W2 |jsthermatiiffusionparameter
v| C -C
w (o]
*
= > istheheasourcgarameter
CV; (10)

Furthermore, the spin-gradient viscosity which gives some relationship between the
coefficients of viscosity and micro-inertia, is ohefd as

A, . 1
= — |i* = * — 11
y (,U+ 2)1 1 (1+2/J’j (11)
wheref denotes the dimensionless viscosity ratio, defamtbllows:
A
U

in which A is the coefficient of gyro-viscosity (or vortexseosity).
In view of equations (8)-(12), the governing edua (2)-(5) reduce to the following
non-dimensional form:
ou nt. ou dUoo 02u ow
—-(+eAe")—= +(1+B8)——+G 0+G p+NU -u)+28— (23)
ot gy dt ay2 r c © oy
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2
9w _ @+ sAent)a—w _1o%w (14)
oy n ayz
2
90 a0 1979 o (15)
ay P ayz
Q_ nt,0¢ _ 1 0° 97p.,
L+ehe ")— S ay2 Ai 2 (16)
where
N=|M +i , = H* = 2
K y 2+p

The boundary conditions (6) and (7) are then giwethe following dimensionless form:

2
u=U ,¢9=1+£ent,qo=1+£ent,a—w=—a—u aty=0 a7
u-»Uoo,9—>0,¢—>O,a)—>O asy—>°° (18)

whereU, is the plate moving velocity.

SOLUTION

In order to reduce the above system of partialediffitial equations to a system of ordinary
differential equations in dimensionless form, weymepresent the linear and angular velocities,
temperature and concentration as

u=ug(y)+ e (y)+O(e?) + T (19)
w= ap(y)+ &y (y) + O(e?) + I (20)
6= 6, y)+ ™6 (y) +O(£2) + o (21)
o= go(y)+"g (y)+0(e?) + mmmm (22)

Substituting equations (19)-(22) in equations (%) and equating the harmonic and non-
harmonic terms, neglecting the coefficient@xfzz), we get the following pairs of equations for

(UO'wO’HO’%) and (ul’a‘!l.’gl’gol)'

(1+ﬁ)u6+ub-Nu0=—N—Gr6'0—GC¢b—2,6’a)’0, (23)
@+ Ay +u;-(N+n)u, ==(N+n)- Auy =Gy 6, -G — 284, (24)
ay +najy =0, (25)
o +naq —nney =-Ana,, (26)
6+ P 6y +SR =0 (27)
g + P 6 - P (n-9)6, = -AP 6, (28)
#+S¢=-AS 6, (29)
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A+S.d-nS@=-AS¢-AS. G (30)
Here primes denote differentiation with respeagt.tdhe corresponding boundary conditions can
be written as:

uozup,u1=0,wg=—u6,q=—ui, =1 6=1 ¢p=1 =1 aty=0 (31)
Up=1 U =1 @ ~0a@ ~06y-0 6 -0 ¢ -0 @ -0 asy-ow (32)
The solutions of equations (23)-(30) satisfying taary conditions (31) and (32) are given by
— —hy ~hsy Iy _ -y sy
uo(y)—1+ ae ™ +ae™ rae” —(l+a,)a e +a 8,0, (33)
— —hy ~hyy ~hgy Ny ~hsy -y ~hy Sy
ul(y) =1+ ble + b2e + b3e +b et b5e + b6e + b7e + b8e : (34)
a)o(y) = cle"7y : (35)
e ey AT
ai(y) =ce L cpe v, (36)
Goly)=e™, (37)
6,(y)=e" + hi P (e -e™), (38)
6
%(y) —e S 4+ a, (e - e'hs)’), (39)
— 1 oY Sy -hey -hay
q(y) = k3e tae ™ +age ™ rage (40)
where
ho=2l1e 1420 p =L ivan@e )], by =t e JTra(N s B)),
12 n 2 201+p) 3 21+p)

2

P = P h2-Ph.-P (n-9)

ho=Tlge p+X02S | Sy o388 =25 15 ,
472 P 57 2 P |6 hy

Se 4n G
h,=—/1+ 1+— |, a =U -l1l-a,-a,+(1+a,) -a .a,, a, = ,
7727 s | 1 e 2T 420 311% 0 % (1+ﬁ)h52_h5_N
2

2
S.h AS h sh
= (1 ﬁ) §,7 N Cl’ a4 :ﬁ, a5 :%(Aehs _a4h6)! a6 - Aj-hc 4 (h6 +AR),
+ ,7 _,7_ 5 c 5 )
AS a a6 .

___ C - 5 - _
a, ==~ @a+a,), ag ;8 5 L2,
h-S h, -nS
4 “c4 C
G 2 Ah
c b Ay b =2

2
h5—SCh5—nSC
= b, = c,, b,=—%a,
@+ARZ-h-N 1 @+phZ-n-(N+m) 2 2D 1

4

- C
= .
@+ sz -, -N

A1
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2
- 2/3h1 (1+3,6’)h1 —hl—(N +n)k k1 |
3 @+3pn2-h -2M2 (N +n) 28y 2n

; {1 AP} . 1
= +—T [+G a ,
4 e ) CParphZ-n, -(N+n)

G, AP 1
A (a + )+ , b.= ,
B2 T )0 @+ AhZ-h =(N+r)  °  @+Bn%-n-(N+n)

~Goks

L+ ,B)hz h, —(N+n)

_ | 1
-|Al+a S +G a ,
0% “a+ps2-s ~(N+n)

b.

7" 'b8_

L+ By —1-(N/n) 2, 22 2_ a2
= U _-Dh2+(h2-h2)@, +a a,)+h2-s2)1+a )a |
1 (1—,8)/72—/7—N+23n§[ p M2 T g Ty N8, ¥ 8 43,) Ty T 4a10}

ol eng2] | =PI b b R g b S

=-(+b, +b, +by +b; +b, +hy), k3 =l-a; —a;—
By virtue of equations (19)-(22), we obtain the oey, angular velocity, temperature and

concentration, as follows:
u(y,t)=1+ae™ +a e™ +ae™ - (A+ay)a e " +a a,e ™

1 2 3 1174
iipe WV abe 2 ine 3 ibe @Wibe 5 ebeMine 7 ape o
£e [1+ ble +b2e +b3e +b e +b5e +b6e +b7e +b8e (42)
wfy.t)= ce” +e et cze_ Y —%cle_”y} (42)
- [ —h ~h,y ~-hy
6(y.t)=e W eee 4L Ap e 4 -e 5 (43)
h6 r

_ - - - - —-h -
dyt)=e S3y+a4(e Y _¢ hSy)+.eem{k3e h7y+a7e SCy+<318e 5y+619e h4y} (44)

Given the velocity field in the boundary layer, ean now calculate the skin friction at the wall
of the plate, which is given by
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il
WAV \Jy=g
=Ty —ayhg magr+ (L+a,)a S~ 2y 3,
—sent[blhl +b,h,, +bohy +byh, +bh +by+boh, +byS (45)
We can also calculate the heat transfer coeffigreterms of the Nusselt number, as follows:

(o)
oy* W

NU = X——F
umx L (46)
W o

AP AP
Nu Re)_(:L = (?j ==hg + gen{h—r he - h4(1+ h_rﬂ (47)
Y/y=0 6 6

where Re)< :vox/u is the Reynolds number.

RESULTS AND DISCUSSION

In the preceding sections, we have obtained théenadtical expressions far w, § andg. The
solutions are in terms of exponential functionsthis section, the numerical computations have
been made for the velocity, angular velocity antigerature for various values of flow and
material parameterns, t, A, ¢, M, K, G;, G¢, Up, Ay, &, S which are listed in the figure captions.
Also, we have obtained the computed values of #kation for different values of material
parameters. The boundary condition yepx is replaced by identical ones Wt.x which is a
sufficiently large value of where the velocity profilei approaches the relevant free stream
velocity. Generally, we choosga.x= 6 and a step siz&y=0.001. The fluids taken in this study
are air P,=0.71) and waterRR; =7.0) and all the graphs are plotted agamnst

The general distributions of velocity and tempeamtprofiles of Newtonian fluid across the
boundary layer for a stationary porous plate indage of absence of magnetic field are shown in
Fig. 2. It is observed that the velocity and terapane decrease in water compared with air.

The velocity and angular velocity profiles for vars values of viscosity ratare displayed in
Fig. 3. It is observed that the velocity distrilautiis lower for a Newtonian fluigs(=0) with the
fixed flow and material parameters, as compareth wipolar fluid when the viscosity ratio is
less than 0.5. For a Newtonian fluif €0), the velocity graph in water is lower than the
respective velocity graph in air while this sitwatis reverse in case of angular velocity. When
takes values larger than 0.5, however, the velatigiribution shows a decelerating nature near
the porous plate. In addition, the angular velodistributions do not show consistent variations
with increment of.

For the case of a stationary porous plate, Figodcerns with the effect of dimensionless
exponential index on the velocity in air and water. It is clear thdten approaching —» 0,
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the magnitude of the velocity distribution acrdss boundary layer increases, and then decays to
the relevant free stream velocity. Also, wheincreases from 0.1 to 0.4, the velocity decreases.

I D% x

A A A & A A A A A A A A A AL

Porous

medinm

A A

> b

Fig.1. Flow configuration and coordinate system

£ =0.1,4 =0, n=0.1, t=1,
A=0, Gr=5, Gc=2, S=0.05,
Sc=0.4, Al=1, K=0.5,
Up=0, M=0

Pr=0.71

=
o

Velocity, Temperature
-

o
o

o
&

4
Spanwise coordinate Y

Fig.2. Distribution of velocity and temperature prdiles of Newtonian fluid across the boundary layefor a

stationary vertical porous plate in air and water n the absence of magnetic field
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25T

20+ f=05

Up=0, M=0

15T Pr=0.71

10+

Velocity

£ =0, n=0.1, t=1, A=(
Gr=5, Ge=2, $=0.05,
Sc=0.4, Al=1, K=0.5,

Spanwise coordinate Y

Angular velocity
a
o

£ =0, n=0.1, t=1, A=0
Gr=5, Ge=2, $=0.05,
Sc=0.4, Al=1, K=0.5,
Up=0, M=0

100

50

-150

Spanwise coordinate Y

Fig.3 (a)

Fig.3 (b)

Fig.3. Velocity and angular velocity profiles agaist spanwise coordinatey for different values of viscosity

ratio 8

€ =0.1,5=0.2, t=1,
A=0.5, Gr=5, G¢=2,

45 n=0.1

K=0.5, Up=0, M=2

Pr=0.71

Velocity
N

S$=0.05, Sc=0.4, Al=:

Spanwise coordinate Y

0 1 2 3 4 5 6

204,
-30
“TT~n_01
-80
T S S S S—
0 1 2 3 4 5 6

£=0.1,$=0.2, =1,

/,,-.,./n=o41 A=0.5, Gr=5, Gc=2,

120 $=0.05, Sc=0.4, Al=!
2 K=0.5, Up=0, M=2

70

Spanwise coordinate Y

Fig.4 (a)

Fig.4 (b)

Fig.4. Velocity profiles against spanwise coordinaty for different values of dimensionless exponentiahdex n

Fig. 5 displays the velocity and angular velocitgfppes across the boundary layer for different
values of the plate velocity,. The peak value of velocity across the boundaygrla@ecreases
near the porous plate as the plate velocity ine®aslso, the velocity across the boundary layer
increases in water and then decays to the reldvamtstream velocity. However, the angular
velocity increases as the plate velocity increakigs.also observed that at some fixed value of
Up, the angular velocity graph in air is lower thae tespective angular velocity graph in water.
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£=0.1,4=0.2, t=1,
n=1, A=0.5, Gr=5, 0
Gc=2, S=0.05, Sc=0.
Al=1, K=0.5, M=2
-5
Pr=0.71 Pr=0.71
210 r=0.
"""" Pr=7.0 2 --ee-- Pr=T0
K
[3
215
s
2
<20t £=0,4=0.2, t=1, n=1
A=0.5, Gr=5, Gc=2,
S=0.05, Sc=0.4, Al=:
25 K=0.5, M=2
-30 ¢ T + T + T + T + T + T 1
9 12 15 18 0 1 2 3 4 5 6
Spanwise coordinate Y Spanwise coordinate Y
Fig.5 (a) Fig.5 (b)
Fig.5. Velocity and angular velocity profiles agaist spanwise coordinatey for different values of plate moving
velocity U
it £20,4=0.2, t=1, n=1
A=0.5, Gr=5, Gc=2,
35T M=0 $=0.05, Sc=0.4, Al= 0
a K=0.5, Up=0.5
34
54
2.5 Pr=0.71
2 1 [/ NN A Pr=7.0
(<o ’
2 B N [ = o/ A e

Angular velocity
) ~ ]
o

1 P IR R ol £ 20,202, t=1, =1,
M=2 A=0.5, Gr=5, Gc=2,
0.5 $=0.05, Sc=0.4, A1=1,
254 K=0.5, Up=0.5
0 T + T + T + T + T + T 1
0 1 2 3 4 5 6
-30 —t—t—t+—t+—t+—
Spanwise coordinate Y 0 1 2 3 4 5 6
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Fig.6. Velocity and angular velocity profiles agaist spanwise coordinatey for different values of magnetic
parameter M

Fig. 6 depicts the velocity and angular velocitgfppes for different values of the magnetic field
parameteM. In air and water, it is observed that the velpcecreases with the increasing
values of magnetic field parameter which shows thatvelocity decreases in the presence of
magnetic field, as compared to its absence. Thiseggwith the expectations, since the magnetic
field exerts a retarding force on the free conwecfiow. Furthermore, it is clear that due to
increasing values ¥, the values of angular velocity on the porousepéat decreased in air and
increased in water. It is also observed that féfeint values oM, the angular velocity graphs
in air are lower than the respective angular v&yagiaphs in water.
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Fig.7. Velocity profiles against spanwise coordinaty for different values of permeability parameterK
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Fig.8. Velocity and angular velocity profiles agaist spanwise coordinatey for different values of Grashof

The velocity profiles for different values of thermeability parametdf are plotted in Fig. 7. It
is clear that the velocity increases due to inengpgalues of permeability parameterboth in
air and water. Further, the velocity decreases witheasing Prandtl number which indicates

that the velocity increases in air compared wittena

For different values of the Grashof numli&s the velocity and angular velocity profiles are
depicted in Fig. 8. It is obvious that an increas&; leads to a rise in the values of velocity, but
decreases due to angular velocity. Negative vali€s, which indicates the heating of the plate,
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are also taken into account. Also, the large vahfe® and G; respectively correspond to a
strong magnetic field and to a cooling problem tiatgenerally encountered in nuclear
engineering in connection with the cooling of reast ForG,, the velocity decreases and angular
velocity increases in water while f@, < or = 0, the velocity decreases and angular itgloc

increases in air.
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Fig.9. Velocity and angular velocity profiles agaist spanwise coordinatey for different values of modified

Grashof number Gc
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Fig.10. Velocity profiles against spanwise coordirtay for different values of source parameterS
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Fig.11. Velocity profiles against spanwise coordiriay for different values of Schmidt numberSc
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Fig.12. Velocity profiles against spanwise coordirtay for different values of suction velocity parameterA

Fig. 10 demonstrates the velocity profiles agaspnwise coordinatg for various values of
source parameted. Clearly asS increases, the velocity increases in air and dseein water.
Further, the curves show that the peak value ajoitgl increases rapidly near the wall of the
porous plate, and then decays to the free stredocitye It is also observed that for different

values ofS the values of velocity are increased in water garad with air.
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Fig.13. Velocity and angular velocity profiles agaist spanwise coordinate for different values of thermal
diffusion parameter A;

The velocity profiles for different values of SchithinumberS are plotted in Fig. 11. For
Schmidt numbeg,, the value 0.6 corresponds to water vapor ancesepits a diffusing chemical
species of most common interest in air. The nurakresults show that the effect of increasing
Schmidt number in air and water results in a destnggavelocity distribution across the boundary
layer. The results also indicate that the effeckadn the velocity is more in water as compared
to that in air.

Table 1 for values of skin friction

Forfixede=0.1,=02n=1,t=1,U,=0.5
AlKIM|G |G| S| S| A |zrath =071 rath, =7.0
05|05 1| 5| 2| 04 00p 05 13.29214 -67.8536
05/ 05/ 1| 55 2| 04 0.06 05 14.31581 -75.7583
05| 05| 1| 5| 2| 2| 005 0p 15.10766 -29.7018
05| 05| 0| 5| 2| 04 0.05 05 12.31711] -48.4627

1105 1| 5| 2| 04 0.05 0p 12.26935 -60.7385
05| 2| 1] 5| 2| 04 005 0p 12.37705 -37.056
05| 05/ 1| 5| 3| 04 0.05 05 13.73683 -63.34
05|05/ 1| 5| 2| 0.4 0| 0.5 13.27936 -67.8902
05| 05| 1| 5| 2| 04 0.056 1 14.47791 -125.359

The effect of suction velocity paramet&ron the velocity is presented in Fig. 12. It is oo
that an increase iA leads to a rise in the values of velocity botlaiinand water. Also for any
fixed value ofA, the velocity increases in water compared with air

For various values of diffusion paramety, the velocity and angular velocity profiles are
plotted in Fig. 13. Clearly a&; increases, the velocity increases and angulacigldecreases
in air and water both. Furthermore, the velocitgpirs are lower in water and angular velocity
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graphs are lower in air which indicates that at &rgd Aq, the velocity increases in air and

angular velocity increases in water.

£=0.1,4=0.2, t=1,
n=1, Gr=5, Ge=2 351 £=0.1,=0.2, n=1,
$=0.05, S¢=0.4, Al=1 Gr=5, Ge=2, $=0.05,
K:O.lS ;\/1:2 Lip;O.S ’ Sc=0.4, A1=1, K=0.5,
M=2, Up=0.5, A=0.5
1 Pr=0.71
g . 2t T -
2 £ Pr=7.0
g g
£ g
- 5
" =
1 0.5
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Spanwise coordinate Y Spanwise coordinate y
Fig.14 (a) Fig.14 (b)
14+ £ =0.1,5=0.2, t=1,
n=1, Gr=5, Gc=2,
1.2 4 Sc=0.4, Al=1, K=0.5,

M=2, Up=0.5, A=0.5

084+

0.6 +

Temperature

0.4+

0.2+

Spanwise coordinate y

Fig.14 (c)

Fig.14. Temperature profiles against spanwise cooiate y for different values of suction velocity parameterA,
dimensionless timet and source parameterS

The variations of the temperature profiles alorg $panwise coordinateare displayed in Fig.

14 for different values of, t andS with given flow and material parameters which kgsted in

the figure captions. In figures 14(a), 14(b) andc)4it has been observed that the temperature
profiles are lower in water as compared to thaiinThe reason is that smaller value$pare
equivalent to increasing thermal conductivities] simerefore heat is able to diffuse away from
the heated surface more rapidly than for higheuesbfP;.

As shown in Fig. 14(a), it has been observed thatedffect of increasing values of suction
velocity parameteA results in a decreasing thermal boundary layekti@ss approaching to
zero asy increases. Fig. 14(b) represents the temperatwéleg for various values of
dimensionless time Clearly, ad increases the temperature increases. Also, tivesghow that

276
Pelagia Research Library



Satya Sagar Saxenat al Adv. Appl. Sci. Res,, 2011, 2 (4):259-278

the peak value of temperature in water decreasésnaseases. Fig. 14(c) depicts the effect of
source paramet&on the temperature. It is clear that the tempegahcreases &Sincreases.

Finally, Table 1 is made just to show the numendlies of skin friction for different values of
material parameters. It is observed that an inereaschmidt numbe®. and modified Grashof
numberG, leads to a rise in the skin friction and decraagbe source paramet&reads to fall

in the skin friction. Also, the skin friction de@ses in air and increases in water due to
increasing values of diffusion paramefgrand porosity parameté. Moreover, the effect of
increasing values of Grashof numb& and suction velocity parameté results in the
increasing skin friction in air and decreasing skintion in water. Further, in the absence of
magnetic field, the skin friction decreases inad increases in water. The results also reveal
that the skin friction decreases due to increa&irandtl number which indicates that the skin
friction is more in air as compared to that in wate

CONCLUSION

The aim of this paper is to study the unsteady Mi#at and mass transfer free convection flow
of an incompressible, viscous, electrically conthgrtpolar fluid past a semi-infinite porous

moving plate whose velocity is maintained at a tmmsvalue, and embedded in a porous
medium subjected to the presence of a transvergmetia field with heat source and thermal
diffusion. The method of solution can be applied &mall perturbation approximation.

Numerical results are displayed in graphical angular form to illustrate the variation of

velocity, angular velocity, temperature and skirction with various governing parameters
entering into the problem. The fluids taken in tktsidy are air and water. The following

conclusions are set out:

* In the absence of magnetic field, the velocity &&mperature decrease in water compared
with air.

* The velocity distribution is lower for a Newtonifinid as compared with a polar fluid when
the viscosity ratig is less than 0.5.
» The angular velocity increases as the plate velagjtincreases both in air and water.

* The velocity increases with increasing values aimsability parameteK both in air and
water.

* In case of cooling of the plat@ >0, the velocity decreases and angular velocityeiaises in
water. In case of heating of the pl&ge<0, the velocity decreases and angular velocityeases

in air.

* As source paramet&increases, the velocity increases in air and dsex®in water.

 In air and water both, the velocity increases amglar velocity decreases due to increasing
values of diffusion parametés.

* The temperature increases as source paradatereases.

» The skin friction is more in air as compared ta thavater.
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