% THOMSON REUTERS
ISSN: 2277-9655
[Singh* et al., 6(6): June, 2017] Impact Factor: 4.116
IC™ Value: 3.00 CODEN: 1JESS7

== |JESRT

INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & RESEARCH
TECHNOLOGY
OSCILLATORY FREE CONVECTION MASS TRANSFER FLOW PAST A POROUS
VERTICAL WALL UNDER CONSTANT MAGNETIC FIELD EFFECT
Satyendra Pratap Singh
Department of Mathematics
S.G.R. Post Graduate College, Dobhi Jaunpur

DOI: 10.5281/zenodo.817946

ABSTRACT

The present study focuses on the oscillatory free convection mass transfer flow past a porous vertical wall under
constant magnetic field effect. Due to free convection current, the problem involved the mixed non-linear
equations. The permeability term in the momentum equation and viscous dissipative terms in thermal equation
are taken into account. Velocity, temperature and mass concentration fields are obtained and discussed with the
help of Tables and Graphs. Effects of different variables and magnetic field parameter on the skin friction and
the rate of heat transfer are illustrated by Graphs and Tables. Study reveals that velocity increases with increase
in porosity, velocity slip and suction velocity parameters. Temperature field decreases near the plate for non-
magnetic case.

l. INTRODUCTION
In order to ensure that a flow with suction or blowing over a porous wall satisfies the simplifying conditions
which form the basis of boundary layer theory, it is necessary to limit the perpendicular velocity vy at the wall to

. u,l T . .
a magnitude of the order of U,R"*> where R =—2- and | denotes the characteristic dimension of the solid body
v

placed in the flow, when the suction velocity is of such a order of magnitude, it is possible to neglect the loss of
mass or sink effect on the external potential flow. In other words, the potential flow many be assumed to remain
unaffected by such blowing or suction applied at the surface of the solid wall. The systematic study of flow past
a porous medium constitute, a comparatively recent development in fluid mechanics with application in science,
engineering and technology. There are numerous studies available in vertical and horizontal enclosures
containing various layer of porous media having different permeabilities Beckermann et al. [2]

It is very necessary to study the free convection flow through a porous medium with variable permeability to
make heat transfer at the surface more effective and to estimate its effect in mass and heat transfer. Bejan and
Khair [1], Elbasbeshy [6], Gholami and Singh [7], Jothimani and Anjalidevi [11], Trevisan and Bejan [24] and
Volchkov [25] have studied heat and mass transfer along a vertical plate in the presence of magnetic field.
Unsteady free convection and mass transfer flow through a porous medium bounded by an infinite vertical
surface with constant suction have been studied by Raptis and Kafousias [17], Raptis [18], Raptis and
Tzivanidis [19] and Raptis et al. [20]. In above problems, the permeability of porous medium was assumed to be
constant. In fact, a porous material containing the fluid is a non-homogeneous medium and the inhomogeneties
which can be present in porous medium are numerous, thus taking permeability variation into consideration. The
laminar flows of an incompressible viscous fluid through parallel and uniformly porous walls of different
permeability have been discussed by Kalsi and Chaudhary [12], and Terril and Shrestha. [23]. The effect of
variable permeability on combined free and forced convection in porous media was studied by Chandrasekhara
et al. [5]. The magnetohydrodynamic flow through porous medium of variable permeability have been analyzed
by Bestman [3], Bodosa and Borkakati [4], Govindrajulu and Thangaraj [8], Hayat et al. [9]. Jain et al. [10],
Khandelwal et al. [13], Khandelwal and Jain [14] and Singh et al. [22] have discussed magnetic field effects on
free convection and mass transfer flow through porous medium with constant suction and constant heat and
mass flux in slip flow regime. Singh et al. [21] have discussed effect of heat source on free convection and mass
transfer through porous medium with constant suction and constant heat and mass flux in slip flow regime. Lai
[15] and Ramana Kumari and Reddy [16] have been concerned the application of variable suction to free
convection laminar flow.

Owing to the presence of free convection currents, the problem is governed by the coupled non-linear equations.
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To solve these equations we have assumed that the heat due to viscous dissipation is superimposed on the
motion. Mathematically, this can be achieved by expanding the velocity and temperature terms in powers of Ec;
the Eckert number. For incompressible fluid Ec is always very small. Expression for velocity, temperature and
concentration fields have been obtained. Since free convection currents are in existence due to the temperature

difference T,, — T, , the positive or negative sign of the Grashof number Gr corresponds to the cooling or heating
of the plate, respectively, by free convection currents. Different physical variable of the velocity, temperature
and concentration fields are discussed with the help of Tables and Graphs. Effects of different variables and
magnetic field parameter on the skin friction and rate of heat transfer are illustrated graphically followed by a
discussion.

1. Mathematical Analysis
We consider a semi-infinite region of space boundary by a vertical porous plate occupied by a porous medium.
The x’ axis is taken along the plate in the upward direction and y' axis is normal to it. All the physical quantities
will be independent of x' because the plate is assumed to be infinite in the x' direction.

Further we assume variable permeability K(t) = K0(1+ € Ae_nt) of the porous medium and variable

suction velocity of the form v(t) =V (1+e Be_nt) . Hence, two dimensional, unsteady free convective flow of

an electrically, viscous incompressible fluid with mass transfer along a semi-infinite vertical porous plate with
jump in temperature field and slip in velocity field in the presence of a transverse magnetic field of uniform
strength BO applied along y' axis so as the effects of induced magnetic field and Joules heating are neglected is
governed by. the following equations :

ov'
v @
y
WA P g ce,) - L @
ooy TN Ty, » K
<o ©
oy
oC E+v'£ :kazT'+S'(T'—T )+”ﬂ2 (4)
P atv ay- (’N'Z o0 ay.
L} L} 2 L}
XL _pite ®
ot oy '
with corresponding boundary conditions
u'= Ll%, T':TW+L2%; C=Cy at y=0
u—0, T'>T_, C'—>C_ as y'—ow (2.6)
we assume variable permeability of porous medium
K'= K+ Ae™™) (7)
and variable suction, hence on integrating (2.1) we write v' as a function of time t' such as
V'=vy(L+e Ae™) 8

such that € A and € B <<1 have ¢ is small positive number, A and B are the variable part on which
permeability and suction velocity depends respectively, where negative sign indicates that suction is acting
towards the plate.
Since pressure to towards y' axis is constant so on integrating (3) we get
P = (constant) (9)
le0
1%

where the notation have their usual meanings. Introducing the non-dimensional parameters where, h1 =

(Velocity Slip Parameter)
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LoVo KoV -
=—=—>(Temperature Jump Parameter o= orosity Parameter
h1 (T J P ) (P P ) (10)
19

In view of equations (7), (8) and the non-dimensional transformations (10) and (6) the equations (2),
(4) and (5) reduce to

2
a—;+(1+eBe7m)+a—u— M+; u—a—uz-Gr?-Gm? (11)
oy o a(1+eAe*"t) ot
2 2
a—g+Pr(1+eBe*”t)%fpt%we:PrEc(a—“] (12)
oy oy tat at
2
M—S(:%+(l+eBe_nt)SC%:O (13)
2 ot o
Corresponding boundary conditions are
u=hl%u, 9:1+h2%; ¢=1 at y=0
u—>0, 650, >0 as y—>w (14)

I11.  SOLUTION BY PERTURBATION METHOD
To solve the equations (11), (12) and (13) we assume f(y,t) = f,(y)+< e M, (y) (1)

where f stands for u, 6 and ¢.

Substituting (2.1) into (11), (12) and (13), equating the coefficients of harmonic and non-harmonic terms,
neglecting the coefficient of €2, we get

Zero™M-order equations

ug + ub —[M + éjuo = —Gr6’O —Gm¢0 (2.2)

Oy +Pry + S0, =—PrEcu’ (2.3)

By +SCy =0 (2.4)

In view of equation (2.1) boundary conditions reduce to
ug = hlu'o; 90 =1+ h29‘0 s ho=1at y=0
u0=0.90=0,(130=0 as y —o (2.5)

First-order equations
"y 1 Al 2.6
ul+ul—(M +;_nJu1:_7_UOB_Gr61_Gm¢1 ( )

0 +Pro, +(nPr+S)g = —Prg, —2PrEcyy  (27)

¢y +Scdy +nScey =-BScay (2.8)
Corresponding boundary conditions are

u=nhu'y; O=1+h,0'q; d1=1 at y=0
u=0,6=0,Dd,=0as y—>oo (2.9

In equations (2.2) - (2.9), the primes denotes the differentiation with respect to y. The equations (2.4)
and (2.8) are ordinary second order differential equations solved under the boundary conditions given in
equations (2.5) and (2.9) respectively.

Hence the expressions of ¢o(y) and ¢i(y) are given by
Do(y) = &5 (2.10)

¢ = —BTSC(e’Sly - e‘s"y) (2.11)

Since equations (2.2), (2.3), (2.6) and (2.7) are still coupled and non-linear and so are difficult to solve. To solve
them we again expand Uo, U1, 6o and 8; in powers of Ec.
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Hence we assume

Fo = Foo + EC Fo1 + O(ECZ)

F1=Fio + Ec F11 + O(Ec?) (2.12)

where F stands for u and 0.

Using (2.12) in (2.2), (2.3), (2.6) and (2.7) along with boundary conditions (2.5) and (2.9). Equating the
coefficients of different powers of Ec, neglecting the coefficients of Ec? and so on, we have

V. Zeroth Order Equations -

Ugo +Uop —(M Jrlju00 — G0y - Ge”Y (2.13)
(04
Uzg +Usg —[M . ”Julo = Auoo ~UgoB —Gré +Gmﬁ(esly - efscy) (2.14)
o o n
oo + Pr 6y + Sy =0 (2.15)
Bho +Préy, +(nPr+ )8, = —PrBéy, (2.16)

corresponding boundary conditions are

Ugo = MU'oos Ui =MU'og  Ggg =1+h,0'0: o =y at y=0
Ugp =0, Uy =00, =0, dp=0aS y—>oo (2.17)
First-order equations

Upg +Ugy —[M +i]u00 ~G, 6y, (2.18)
(04

i = (M2 0y = 2 86,0, (2. 19)

Gy + Pr Oy, + SOy =—Prud (2. 20)

61 +Pro;, +(nPr+S)g, =—PrBay,; —2Pruguy,,  (2.21)

Corresponding boundary conditions are

Upg =hU'oys Uy =M’y G =1+h0'01; ¢y =hy0;, at y=0

Uy =0; U =0;6p=0;D;,=0 as y—> o (2.22)

We express the solution of velocity and temperature fields in the view of equations (2.1) and (2.12) as
u(y, t)= (Ugo + Ecuigy }+ & (g + Ecuy o™

O(y,t) = (6po + ECOp; }+ € (6)y + Echy; Je ™ and expression for concentration field as

By, t)= (Yl e g (yle™ where the values of U, Uo, Uso, Us1, Boo, Bz, B10, B11, do and s are shown below.

The equations (2.13)-(2.16) and (2.18) -(2.21) are ordinary second order differential equations solved
under the boundary conditions (2.17) and (2.22) respectively. The solutions are given by

Ugo(Y)=Ee ™ —Ee ™ —Ege™>¥ (2.23)

Uoa(y)=Qe™Y —Ge™ +G,e "™ 1+ Ge*

+ G4e—280y _ Gse—(M1+ P Gse_(M1+SC)y 4 G7e_(P1+SC)y (2.24)

U(y)=—Hye ™ —He™ + H,e ™™ + Hae Y + H,e ™ + Hge > (2.25)
ull(y):Tf e*PAV _ FleMly + erfply _ Fgeszly _ F4e_2Ply _ F5e_25q’ " FGE_(Mlpl)y

+ e MirSe) _p om(RrS)) o (R)Y _p o-MiP)Y L o (MitR) | o-(MiSi)y

—(Sc+P —(Sc+P. —(Sc+S
B (Sc+Py) Fle (Sc+P3)y Flge (Se+51Y 5 26)
1 oy 2.27
eoo(y) (1+h2P1)e ( )

901(y)zpr[Llefp1y_Lle—ZMly_LZe—ZPly_Lge—zscy + |_4e—(M1+F‘1)y + Lse—(M1+Sc)y . L6e—(P1+Sc)y] (2.28)

Oo(y)=Jye™™ — I Tpe ™™ (2.29)

Ql.l(y): Jte’P"y _‘_Jze*(MﬁPA;)y _JBeszlyy —J4e7(M1+pl)y

http: // www.ijesrt.com© International Journal of Engineering Sciences & Research Technology
[552]


http://www.ijesrt.com/

% THOMSON REUTERS

ISSN: 2277-9655
Impact Factor: 4.116
CODEN: IJESS7

[Surname* et al., Vol.(Iss.): Month, Year]
IC™ Value: 3.00

JSe*(M1+P3) + Jee*(MﬁSl) _ J7e*(Pl+P4)y _ J8872P3y _ Jgef(Fi*SC)y _ Jloe*(PfrPs)y

_ Jllei(P3+Sl)y _ lee*(SHPﬁy _ Jlsef(MﬁSC)y _ Jl4e—280y _ J15e*(P3+SC)y _Jlﬁe*(SHSDV _ J17e*P1)’ (2.30)

where, E1, E2, .coveviennns constant are given on next pages.
V. Skin-friction

Knowing the velocity field, the expression for the skin-friction coefficient at the plate is given by

5)
T=|—
ay y=0

r= [Z;J =—E;M, +E,P, + E;Sc +EC{-QM; + G,R, —2G,M,
y=0

2G;P, —2G,Sc+Gg(M; + B,) +Gg(M; +5¢)-G,(Sc+P,) + e [H,,P, —H;M; —H,P, —H,Sc
—H, Py —HS; +E{-T; P, + F;M, — F,P, + 2F;M,
+2F, P, +2F;Sc— Fy (M + P) — F, (M + Sc) + Fg(Sc+ P )+ FoPy + Fio(M; + Py )
_Fll(M1+P3)—F12(M1+Sl)— F13(P4 +Pl)—F14(P3+Pl)_ F15(51+P1)_ FIG(SC+P4) —F17(SC+P3)—F13(SC+51)}]

VI.  NUSSELT NUMBER

From the temperature field, the rate of heat transfer coefficients in terms of the Nusselt number Nu at
the plate is given by

Nu:[%]

)y,

Nu:[%) C P eeprpip F2LMy + 2L,R + 2LSc
6yy=o (1+h2p1)

—Ly(M; +P)—Ls(M; +Sc)+ Lg(Sc+P,) + €[=3;P, + I;To, Py + Ec{=JtP; — 3, (M, + P,)
233M1+J4(M1+}31)+‘]5(M1+P3)

+36(My+8,)+ 3, (P, +P) +23gP; + Jg(Sc + P )+ J10(Py + P) + J31(Sy + P)+ J1,(Sc + Py )+ J15(M; + Sc)
+2J31,5¢+ 315 (Py + Sc)+ J46(S; +S¢)+ 3R}

Where,
Sc++Sc? —4nSc Pr+Pr’—4s
5= 2 ’ A=y
1+ 1+4[M +l—n] 1+ 1+4(M +£j
P, = @ J; M=t~ 27
2 2

E (1+h,p,)E, +(1+hSc)E, :

' (1+hM,) E= o

aenpfa-r-(ms 2]}
Gm ;
E, = 1
Sc? —Sc—(M+)
o

L E2M} : L - ESP
L E\%SC2 : . 2E,E,PM, ;
* " asc? —2pPrsc+s) $ M, +P)? —2Pr(M, + P) + S}
L 2E,E,M,Sc DL - 2E,E,P;Sc ;
® " {(M, +Sc)? —2Pr(M, +Sc) + S} ® {(P, +Sc)? — 2Pr(P, +Sc) + S}

_(Lr2myhy). _(1+2rh,)

' o@+h,R) 2 (+hyp)

_ (L+2sch,). 7B My 4P,

: (1+ thl) ‘o (1+h,R,)
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fL+(My +Sch,} -
(1+thl) ,

{1+ (M1 + P4)h2} .

(1+ ths) '

{1+(M1+ Pl)hz}
@+h,p)

{1+(M1 +51)h2};
(L+h,Py)

{L+2Ph, | :
(1+th3)

{1+(P1+P3)h2} y
(1+hyPy)

L+ (Sc+ Py} -
(1+h,Py)
{L+2sch,} .
@+hp,)

_ L+ (Sc+ Sy, -
2 (1+h2P3)

5 =

7:

Tg="——7——T+==

Ty =

13 =

15 =

Ty =

19 =

1+2Sch,

{L+hMy)

{1+ (P1 + Sc)hl} ;

(L+hM,)

1+h,Sc
(L+h,P,)
BPrh, .

L+ h2P1),

o)
H, = < '

Mf—Ml—[M +§—nj

=

W, =

11 =

=

W =

{l+ (P1 + Sc)hz}

(1+h2Pl)
_fieamyhy}
© (+hyRy)

_ {1+(M1+P3)hz}
O 1+ hyRy)

_ (RPN,
. (1+h2P3)
{L+(P, +Sch,}

(L+h,P,)
RSy
@+ h,Py)

1+ (M; +Sch, )

- (1+th3)
_ (P Sohy
(1+ h,P;)

_ {+ph}

T (1+h,Py)

Ts =

8

T14 =

My +P (M, +P)- [M+éj}

1

Vg =
{(H+SC)Z(F’1+SC)—[M +§j}
:l+2M1hl)  LH2Rh
M, (L+hMy)
e (My+Ph ; W = L+ (Mg +sc)hy |
(1+hM,) ° (1+h1M1)
_ 1+ My W = 1+hP :
(L+h,P,) 1 (L+hyP,)
1+hPy - 1+hS
- 13 , W13 — 11
+h,P,) 1t+h,P,)
EZS—EZBPl—GrJl ; E, - - E,BS —GmnSCB

p? —Pl—(M +i,n)
[24
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Grl,d,, ~ GmBSc ;

Hy = ’ Hg =
2 1 ) 1
Py —P;—-|M+—-n n slfslf(MJr——nj
a o

O, =2Pr’ BLM, ; 0, =2Pr’BL,R,;

0, =Pr?BL,(M; +P) O =Pr?BL(Sc+M,);
O, =Pr’ BLP;

Z, = 2PrE;M,P,H,, ;
Z, = 2PrE;M;H,Sc
Z, =2PrE,PPH,;
Z,0 =2PrE,PH;Sc
Zy3 = 2PrScEgPH,, 5
Z,5 =2PrScEzH ,Sc

0, =2Pr’BL,Sc;
Og =Pr? BLs(Sc+R,)

Z, =2PrE;M?ZH,
Zg = 2PrE;M;H,P;;
Zg =2PrE,P,H;M;
Zy, =2PrE,PH,P;;
Z,4 = 2PrScEgH; M,
Zy; =2PrScEgP3H,

Z, =2PrE;MH,R,;
Zg =2PrE;M HsS,
Zy =2PrE,P?H,;
Zy, =2PrE,PHgS,
Zy5 =2PrScE;RH,
Z,5 = 2Pr ScEzH5S,

J; = Dy ; _ Z; X

1PZ —Prp, +(nPr+s)| [, +P)2—Pr(M, + P+ (nPre 5)]

(Z; +0y) ; (Z3+25-0,) :

J, = 3 — )

P BMZ —2PrM, +(nPr+S)) M +P)2—Pr(M, + P+ (nPr+s)
z : Z

Je = 5 ) J. = 1]

My + P2 —Pr(M, + P + (nPr+ S)f My +8)2 —Pr(M, +S,) + (nPr+ )]
Z; : (Zg +03)

J, =

! {(P1+P4)2—Pr(P1+P4)+(nPr+S)}
Jo = (Z10 +Z15 = O¢)

$ {(P1 +5c)? —Pr(P, + Sc) + (nPr+ S)}

J. =
® P2 —2Prp +(nPr+S)

T = (P +P3)? —Pr(P, + Py) + (nPr+ )]

le

i = 2o ; Jip= Zs ;
(P + 82 —Pr(P, +5)) + (nPr+ )| {(PSc+P,)? =Pr(sc+5,) + (nPr+ 5]
(Zy+2,-0y) . (Z16 +03)

Jia = ;

o {48(:12 —2PrSc+(nPr+ S)}
3= Zig

16 {(Sc+51)2 —Pr(Sc+S;) + (nPr+ S)}

\] = 1
s {(M1+Scl)2 —Pr(M1+Sc)+(nPr+S)}
J — Zl7
" sc+ Py)? —Pr(Sc+ Py) + (nPr+ S)
o, .
P2 —Prp, +(nPr+s)|
Hy = HWg + HWyg + HaWi; + H Wy, + HWig s

’

‘J17

L =LT + LTy + LgTy — LyT, — LsTs + LgTg ;

Ly = LU, + LU, +LgUs +LgUg — LU, — LsUg 1

Q1 =Gr PrWlLu ;

Q4 =GrPrw,L,V;;

Q; =GrPrw, L,V ;

Q=Q;-Q; —Q3 —Q4 +Qs5 + Qs —Qy;
G, =GrPrLu;

G, =GrPrLyV;;

G; =GrPrLgVg;

G, =GrPrLV;;

Gg =GrPrLsVs;

A1:A+BM1; AZZAGNFBGlPl +Grlyy;
o o
_AG,-286,M, -G, ; A, =26, —2BG,P, +Grl, ;
a 2 21 3 4 o 3 3'1 8
A
A5=;GA—ZBG4SC—GrJl4; A6:§G5+BG5(M1+P1)+GrJ4;
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A . _
A; =Gy +BG (M, +50)+ Gt A, ~AG, +BG, (P, +S0)+ G,
ol

Ay =Grly; Ay =06Grd,;
A, =Grlg; A, =Grlg;
A, =Grl,; Ay =Grly;
As =Grlyy; A =Gy, ;
A7 =Grls; Ag =Gl ;
Mf—M—(M +—nj PlZ—Pl—[M +—n)
o o
4Mf—2Ml—[M +—nj 4P12—2P1—(M +—nj
(04 [24
F5 = ) AS 1 ] FG: AG l
4Sc —250—('\/' +a_nj (M1+P1)2—(M1+P1)—(M +é—nj
F - A, ) F, - Ag ;
(M1+Sc)2—(M1+Sc)—[M +é—nj (P1+Sc)2—(P1+Sc)—(M +é—nj
Fo = % ; Fo - Ao ;
2 1 10 — 1
P _P3_£M +;—”j (M1+P4)2—(M1+P4)—(M +57n]
F, Ay 7 E. = A ;
1= 1 2= B 1
(M +P;)2 —(M1+P3)—(M +;—nj (M; +S;) —(Ml+Sl)—(M +;—nj
Fiz = a 1 ; F= Pua ;
(P1+P4)2 —(P1+P4)—(M +;—n) (P +P)2—(P + P3)—[M +ifnj
a
Fis = a 1 ' Fis = Al I '
(P1+Sl)2—(P1+Sl)—(M +;—nj (Sc+ P4)2—(SC+P4)—[M +;—n)
Fy = A 1 ' Fig = el 1 ,
(Sc+ P3)2—(SC+P3)—[M +—7nj (Sc+81)2—(8c+51)—(M +——n)
a o
1+hyM, | 1+hPR . 1+2hM;
23 = ) Ty = ) 5= 5
1+hP, 1+hP, 1+hP,
_1+2hP _1+2hSc 1. _ LM+ o)}
%7 14hpP, ] 7 14hP, 2 1+hp,
_— fL+h (R +Sc)} . _LlehPy _fi+h (Mg + Py}
% 1+hpP, ' % 14np, % 1+hpP,
T ={1+h1(M1+P4)}. T ={1+h1(M1+51)}. T ={1+h1(P1+P4)}.
% 1+hpP, ¥ 1+hP, % 1+hP, '
Tue = L+ hy (R +Ps)} T = L (P +S))} Too = fL+hy(Sc+Py} .
% 1+hpP, 37 1+hpP, %8 1+hpP,
_fhy(sc+ Py} 1 _fiehy(scrs)}
» 1+hpP, 40 1+hp,

Jy==3507 +J3Jg + J4dg + J5dyg + Iy + J7d1n + Jgdiz + Jgdis
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VIL. RESULTS AND DISCUSSION
Figures : 1 - 4 show the variations of real and imaginary parts for Gr > 0 and Gr < 0 respectively for fixed values
ofe=0.2,n=0.1,5S=0.8,S5c=0.7,A=0.4,B=0.2, Pr=0.71 and Ec = 0.01 with respect to y.

From Figure : 1 we observed that the real part of velocity increases with the increase in a, hy, Gr (>0) and Gm
but decreases with increase in M, h, and t. Figure : 2 depicts that imaginary part of velocity increases with M but
decreases with increase in a and Gr(> 0). It is also being observed that the real part of velocity is maximum near
the plate and decreases to zero asymptotically whereas imaginary part of velocity is minimum near the plate and
increases to zero asymptotically.

For Gr < 0, the variations of up with y are shown in Figures : 3 and 4 which indicate that the application of
magnetic field reduces the velocity u in the boundary layer region. Further in the presence of magnetic field real
part of velocity increases with a and hy. For imaginary part of velocity from Figure : 4 increases with a and Gr.
The real part of velocity decreases with increase in the magnitude of Gr near the plate but fromy = 1.8 it
increases with increase in the magnitude of Gr.

Figures : 5 - 8 are prepared in order to see the effects of porosity parameter, o, magnetic field parameter M,
velocity slip parameter hb temperature jump parameter h2, Grashof number Gr, modified Grashof number Gm
and time t for fixed values of e = 0.2, n=0.1,S=0.8, Sc= 0.7, A=04,B =0.2, Pr= 0.71 .and ec = 0.01.
Figure : 5 depicts that for non-magnetic case temperature decreases near the plate but from y = 2 temperature
increases. For higher values of y temperature slightly decreases with Gr. From Figure 6 we observed that for
non-magnetic case temperature decreases continuously up to y = 1 and then it increases continuously with vy.
imaginary part of temperature decreases with increase in Gr.

Temperature distribution plotted against y for Gr < 0 in Figures : 7 and 8. For non-magnetic case, temperature
field increases. As we increase M, temperature decreases. There is no significant impact of variations of other
parameters on temperature field. Hear we observed that real part of temperature field, from Figure: 7, decreases
continuously with respect to y but upto y = 3.3 it increases, whereas the imaginary part of temperature, from
Figure : 8, decreases continuously upto y = 1.3 but for higher values of y it increases continuously with respect
toy.
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Figure :1 Velocity Distribution Against y fore=0.2,n=0.1, S=0.8,Sc=0.7, A=0.4,B=0.2, Pr=0.71 and
Ec =0.01.
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Figure 2: Velocity Distribution Against y fore =0.2,n=0.1,S=10.8,Sc=0.7, A=0.4,B=0.2, Pr=0.71 and

Ec =0.01.
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Figure 3: Velocity Distribution Against y fore =0.2,n=0.1,S=0.8,Sc=0.7,A=04,B -0.2,=0.71 and Ec

=0.01.

vy

= AN N 0,08 20,07 Ge=-% Gined 121
e B2 N 1 0.0 s Q8T G2 -2 DR |
e W T ARG RO LM 120 07 w5 L) ) |

| |1V a1 e 004,507 Cr e Gt b0
e W S A AN E O OO OO ez =3, G 1
e VI s 1 042N Q04 010 00 Cr=-6.Cm=0 04
o] e VA2 00 04 007, G- WS 3 |

—— VI o= M2 R 007 G- R G i
—— XL M2 SOOI b 07 Cre-S Cmeki=10 |

- 1 '

1
15 7 E2 ] 3 s

v
Figure 4: Velocity Distribution Against y fore=0.2,n=0.1,S=0.8,Sc=0.7, A=0.4,B=0.2, Pr=0.71 and

Ec =0.01.
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Figure 5: Temperature Distribution Against y fore=0.2,n-0,1,S=0.8,Sc =0.7,A=04,B=0.2,Pr=0.71
and Ec = 0.01.
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Figure 6: Temperature Distribution Against y fore =0.2,n=0.1,S=0.8,Sc=0.7, A=04,B=0.2, Pr=0.71
and Ec = 0.01.
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Figure 7: Temperature Distribution Against y fore=0.2,n=0.1,S=0.8,Sc=0.7, A=0.4,B=0.2, Pr=10.71
and Ec=0.01.
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Figure 8; Temperature Distribution Against y fore =0.2,n=0.1,S=0.8,Sc -0.7, A=0.4,B=0.2,Pr=0.71
and Ec = 0.01.
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