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Abstract: In the present paper, Hall Effects with
Radiation effects on unsteady free convection flow and
mass transfer over an infinite vertical porous plate which
is embedded in porous medium with heat source. The
basic governing equations of the problem are
transformed into a system of non dimensional
differential equations, which are then solved analytically
by using Perturbation techniques. The dimensionless
Velocity, temperature and concentration profiles are
displayed graphically showing the effects fluid flow for
the different values of the parameters involving in this
problem like permeability parameter Kp,Grashof
numbers Gr, Gc for heat and mass transfer, Heat Source
parameter (S),Schmidt Number(Sc),Prandtl Number
(Pr),Radiation Parameter(R) Second Order Chemical
reaction parameter (Kr?) etc.,. It is interesting to note
that an increase of Grashof number(Gr),Permeability
parameter(Kp) Grashof Number (Gc) accelerates the
transient velocity of fluid.But increase of Heat Source
parameter (S)retards the velocity profile of fluid
flow.Further, it is observed that the temperature profile
of the fluid flow decrease while increasing of prandtl
number(Pr) and Radiation Parameter(R).But increase of
Grashof number(Gr),shows the reverse process.The
effect of increasing Schmidt number(Sc) and Chemical
reaction parameter (Kr?) is to decrease the
concentration boundary layer thickness of the flow
field.Further, a growing of Magnetic Parameter (M) and
Hall Parameter (m) increasing the skin friction at the
wall expect (Pr=5) and growing of Magnetic Parameter
(M) and Hall Parameter (m) leads to increase the
magnitude of the rate of heat transfer at the wall expect
(Pr=0.71).While Chemical reaction parameter (K7?)
increase, shows the decrease effects of the rate of mass
transfer at the wall.The investigated results showed

graphically that the flow field is notably influenced by
the considering parameters.

Keywords: Heat Transfer, Mass Transfer, Porous
Medium, Hall Effects, Radiation Parameter, Chemical
Reaction.

1.INTRODUCTION

The Influence of Magnetic field on viscous
incompressible flow of electrically conductor fluid has
its important in many application such as extrustion of
plastics in manufacture of rayon and nylon,
purification of crude oil, paper industry, textile
industry, etc., In Engineering in MHD pumps, MHD
bearing etc., at high temperature attained in some
Engineering devices, gas, for example can be ionized
and so become an electrical conductor. However, in
the presence of strong electric field, the electrical
conductive is affected by magnetic field.
Consequently, the conductivity parallel to electric
field is reduced. Hence, the current is reduced to the
direction normal to both electric and magnetic fields.
This phenonmenon is known as Hall Effect. Gebhart
B and Pera L[1] has discuss the nature of vertical
natural convection flows resulting from combined
buoyancy effects of thermal and mass diffusion.

Gersten K. and Gross J.F.[2] study the nature flow
along a plane with heat transfer and periodic suction.
G.Ram and R.S Mishra[3] analysis of MHD flow of
conducting fluid through porous media. Three
dimensional coutte flow deeply analysis with various
parameter by Singh P., Sharma V.P and Mishra U.N
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[4]. M.M. Alam and M.A Sattar[5] has discussed the
nature of Energy, Heat and Mass transfer while the
fluid flow along a plate. EM.Aboeldahab and
EME.Elbarbary[6] analysis of Hall current effects on
Magneto-hydrodynamics free convection flow past a
semi-infinite vertical plate with mass transfer.
Chamkha and Khaled[7] analysis of Simultaneous
heat and mass transfer in free convection fluid flow.
Angel et al[8]., were discuss the nature of Combined
heat and mass transfer of fluid flow over an inclined
plane with natural convection. Fang T[9] analysis
deeply the similarity solutions for a moving flat plate
with thermal boundary layer. Marek Behr [10]
analysis the application of the slip boundary condition
on curved curve with various parameter. Hossain
et.al.,[11], analysis the heat generation while the fluid
flow by Natural Convection flow. A.Mehmood and
A.Ali[12] analysis the results of Effect of slip
condition on unsteady MHD oscillatory flow of a
viscous fluid in a planar channel. K.D.Singh and A.
Mathew[13] very deeply discuss the effects of
Injection/suction  effect on an  oscillatory
hydromagnetic flow in a rotating horizontal porous
channel. Kishan N.,Srinivas M.[14] Analaysis of fluid
flow with slip boundary conditions. G.S. Seth.,
R.Nandkeolyar and Md.S.Ansari. Unsteady[15] were
discuss the nature of MHD convective flow within a
parallel plate rotating channel with thermal

Continuity Equation:

v’

source/sink in a porous medium under slip boundary
conditions.

In the view of all such studies, the present paper is to
analyze the effects of hall current on unsteady MHD
free convective heat and mass transfer flow past an
infinite vertical porous plate embedded in porous
medium with second order chemical reaction and heat
source. The Problem is governed by the system of
coupled non-linear partial differential equations whose
exact solutions are difficult to obtain, so we use
Perturbation Techniques for obtained solution, which
is more economical from computational point of view.
The behavior of Velocity, temperature, Concentration,
shearing stress, Nusselt Number and Sherwood
Number has been discussed for variation in the
govering parameters.

2.FORMULATION OF THE PROBLEM

In the this problem, it can be considered that the flow
is unsteady natural convection and mass transfer flow
of a viscous incompressible fluid past an infinite
vertical porous plate which is embedded in porous
medium with heat source. The x’ axis is taken in
vertically upward direction along the plate and y’ axis
is chosen normal to it. Neglecting the Joulean heat
dissipation and applying Boussinesq’s approximation
the governing equations of the flow field are written as
follows:

3 = 0; v' = —v'y(Constant) @
Momentum Equation:
ou' you’ 9%’ I P N ) - S
a0 TV 5= vzt BT —To) + gB™ (€' =€) — oo — 2
Energy Equation:

0T T T 1 04 9 (W'
u at’ tv ay' — " ay'? pCpdy'  Cp (ay’) +5'(T T 3)
Concentration Equation
LAY RS LS O
a0 TV 5 —Day,2 Kr'*(C'—Cy) 4)
The local radiant for the case of the optically thin gray gas is expressed as
%r — _4q*g(T,)'* — T') (5)

ay'

It is assumed that the temperature differences within the flow are sufficiently small so that T'# can be expressed in a
Taylor Series about the free Stream Temperature T,," so that after rejecting the higher order terms

T'* = 4T, °*T' — 3T,,"*

(6)

The Energy Equation after substitution of equations (*) and (**) can be written as

IJIRT 163364 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2284



© April 2024| IJIRT | Volume 10 Issue 11 | ISSN: 2349-6002

l N2
w4y % Je 2 7 716‘;”” (T’ = T") - i% +2(55) +sa@ -1 (49)
Boundary Conditions are:

uw =00 =—v,),T' =T, + &, —T,)ewt ¢’ =, +¢&(C, —Csx)et aty =0

u ->0,T ->T,,C' >C, asy - o @)
Now, Introducing the following non- dimensional variables and parameters.

2 2
t'v'y 49w’ u’ v K T -Too' Cc'—Co’

y' 170 Mo
= t= , W= u=—, 9==K, = T = C =
y= 49 v,oz: vy’ p' P 92 T W—Too' ’ Cw' —Coo'
9 9gB(T" y—Too 9gB(T" y—Teo' 45" v’
p=2 Gr=t0ute) oo MEuTe) g o D g B0 pom 20
k Vo Vo Vo Cp(TW_TOO)
2 * 13
2 _ K0 _ M 1 _ 16a*0Te'3Y
KT 9.2 1M1_ 2+_l R= ; 2 (8)
o 1+m Kp pCpv’o

Where g,p,9,8,8% 0,10k, T',T',,,T'»,C’,C, ,Cs’', Cp, D, Pr,Sc,Gr, Gc,S,Kp , Ec and K, are respectively the
acceleration due to gravity, density, coefficient of kinematic viscosity, volumetric coefficient of expansions for heat
transfer,volumetric coefficient of expansions for mass transfer, angular frequency,Coefficient of viscosity, thermal
diffusivity, temperature, temperature at the plate, temperature at infinity,Concentration, Concentration at the plate,
concentration at infinity, specific heat at constant pressure,molecular mass diffusivity,Prandtl number,Schmidt
number, Grashof number for heat transfer, Grahof number for mass transfer, heat source parameter, permeability
parameter, Eckert number and Chemical reaction parameter.

Substituting equation (6) in equations (2),(3), and (4) under boundary conditions (5) we get

10u ou 9%u

1o oy = gya T GrT +Ge— Myu ©)

10T oT 1 9%T

Tty (5+4R)T++Ec( y) (10)
2

10¢_0c _ 1% _ oo (11)

1ot E Sc dy?
The Corresponding boundary conditions are:

u=0T=1+ee®,C=1+¢ce’ at y=0

u—-0T-0C—->0asy - o (12)

3.METHOD OF SOLUTION

To solve equations (7), (8) and (9) , we assume ¢ to be small and the velocity,temperature and concentration
distribution of the flow field in the near of the plate as

u(y,t) =ue(y) + €€.i“’tu1(}’) (13)
Ty,t) =Ty(y) + Eel.thl(Y) (14)
C,t) = Co(y) + e Ci(y) (15)

Substituting equations (11) — (13) in equations (7) —(9) respectively, equating harmonic and honharmonic terms and
the neglecting the coefficients of 2 then we get

Uy +uy — Myuy = —GrT, — GeC, (16)
To" + Prly + 2 (S + 4R)T, = —PrEc (a“y°)2 (17)
Co" +ScCy' — ScK,*Cy = 0 (18)
First Order:

w” +u = (2 + M)y = —GrTy — GeG,y (19)
T," +PrTy' == (iw — (S + 4R)T, = —2PrEc (6“0) (%) (20)
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¢, + ScC,' — Sc (%“’H{,Z) €, =0 (21)
The Corresponding boundary conditions are
y=0:u0=0,T0=1,C0 =1,u1=0,T1=1,C1=1

y—>ooiu, =0,T,=0C, =0,u; =0T, =0,C;, =0 (22)
Solving equations (16) & (19) under the boundary condition (20), then we get

C, = eM2¥ (23)
C, = eMsy (24)
Using Multi parameter perturbation technique and assuming Ec<« 1, we take

U (y) = ugo(¥) + Ecug, (25)
Ty = Ty + EcTy, (26)
Uy = Uy + Ecuy, 27
T, = Tyo + EcTy4 (28)

Now using equations (25) —(28) in equations (13),(14) and (15) and equating the coefficients of like powers of Ec
neglecting of Ec?, we get the following set of differential equations.

Zeroth Order:

U + Ugy' — Myugy = —GrTyy — GeCy (29)
Ugo' + U — (lrw + Ml) U9 = —GrTy — GeC, (30)
Too” + PrTog’ + (S + 4R)Too = 0 (31)
Tyo" + Priy’ == (iw — (S + 4R))Tyo = 0 (32)

The Corresponding boundary conditions are
y = O:uOO = O’TOO = 1,U10 = O,Tlo =1

y — 00: uOO = 0, Too = 0, U10 = 0, T10 = 1 (33)
First Order:
Upr"" + Ugr — MUy = —GrTyy (32)
iw
U.11” + u11, - (T + M1> u11 = —GTT11 (33)
n ! PT
To," + PrTy, + T(S + 4R)Ty; = —Pr(ugy')? (34)

Pr
T11” + PrT11, - T(L(U - (S + 4R))T11

-2 (5 (5 o

The Corresponding boundary conditions become,
y = 0:u01 = 0,T01 = 0,u11 = OlTll = 0

y = oiuy =0,Tyy =0,uyy =0,T3, =0 (36)
Solving equations (27)-(30) subject to the boundary conditions (31) we get

Ugy = Arge™0Y + A eMeY + Ay, eM2Y (37)
Too = e™e” (38)
Upo = Ar4e™2 + AjseMsy + Ajgetsy (39)
Tyo = e™e” (40)

Solving equations (32)-(35) subject to boundary conditions (36) we get

Ty, = AjgeM1+Y + B e?M10Y 4 B,e?MeY 4 B e?M2y 4 B4e(M6+M10)y + Bse(M1+M5)y
+ BgeM2*Mi0)y, (41)

Ty = Ayge™Misy + CreMro+miz)y 4 ¢, o(Ms+Mi0)y 4 CzeMatM10)y ¢, eMetM12)y 4 ¢ e (MetMa)y 4 (o (MatMe)y
+ C7e(Mz+M12)y + Cse(Mz"'Ms)y
+ Cge(Mz+M4)y (42)
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Uy = Ap,eMisy 4+ D eMisY 4 D, e?MioY D e?M2Y D4e(M6+M10)y + Dse(M2+M6)y + D6e(M2+M1o)y

+ D,e*MeY

(43)

Uy = AygeM20Y + EleMiey 4 E2eM10tM12)y | F3o(MstM10)y 4 FheMatM10)y 4 F5oMetM12)y 4 F6e(Met+Ms)y
+ E7eMatMe)y 4 FQe(M2+M12)y | FQeo(M2+Mg)y

+ E10eM2+Ma)y

(44)

Substituting the values of C, and C; from equations(21) and (22) in equation(13) the solution for concentration

distribution of the flow field is given by
C = esz + e.eioult+M4y

(45)

3.1 Skin friction: The wall shear stress i.e. the skin friction at the wall is given by

dy

T
w= (au) = A1oM9+A11Mg+A1 ;M +Ec(Az;M9+D 1 Mg+2D; M4 g4+2D3 My +(Mg+M;¢)Dy+(Mg+M;)D5+(M;g+M;)Dg+2MgD7)+€Exp[Iwt] (A1 4M1,+A1gMgy+A16My+
y=0

€EXp[Iwt]Ec(Az4M1,+E1Mg+E2(M1o+M;12)+E3(Myo+Mg)+E4(My+Mg)+E5(Mg+M12)+E6(Mg+Mg)+E7(Mg+M,)+E8(M,+M;,)+E9(My+Mg) +E10(M2+M,))

3.2 Heat flux: The rate of heat transfer i.e heat flux at the wall in terms of Nusselt Number N,, is given by

oT
Ny = ( ) = Mg + Ec(A1gMg + 2B;Myg + 2B, Mg + 2B3M; + By (Mg + Myg) + Bs(Mg + My) + Bg(M; + Myp))

).,

+ eExp[lwt](MgEc(AzoMg + C; (M1 + Myz) + C2(Myg + Mg) + C3(My + Myp) + C4(Mg + My3)
+ Cs(Mg + Mg) + Cg(Mg + My) + C7(M; + My;) + Cg(M; + Mg) + Co(M; + M,)))

3.3 Mass flux: The rate of Mass transfer i.e. mass flux at the wall in terms of Sherwood Number S;, is given by

ac . ;
Sy = (—) = M,eM +iwt + M, ee'@ttMsy
ay y=0

4.RESULTS AND DISCUSSIONS

Hall and Radiation effects on MHD Free Convective
and Mass Transfer on on unsteady flow of a viscous
incompressible fluid past an infinite vertical porous
plate embedded in a porous medium with heat source
has been studied. The effects of parameters in the fluid
flow are thoroughly analyzed and given in the form of
graph to easily understand. The figure 1-5 shown
velocity profile, 6 to 9 shown temperature profile and
10 and 11 shown concentration profile.

Velocity field: The flow parameters affecting the
velocity flow field are permeability parameter Kp.,
Grashof number for heat transfer Gr, accelerate affects
on the transient velocity of the flow field while
Increasing effects of Grahsof number Gr, Grahsof
number Gc permeability parameter Kp as shown in the
figures 1,2 & 5 as well as inverse effects exists in the
transient velocity of the flow field while increasing
Radiation Parameter and Heat Source (S) (i.e shows
decrease effects the velocity of the flow field .
Temperature Field:- Temperature profiles of the flow
field with the effected parameters like Prandtl number,
and Radiation Parameter are graphically shown its
effects on the flow field. In the figure 6,7 indicates

temperature profile goes on decrease while growing
parameter Prandtl Number (Pr) and Radiation
Parameter .As well as figure 8 shown the increasing
effects of temperature profile while growing
parameter of Heat Source (S) and Grahsof
number (Gr)

Concentration Field: Schmidt Number(Sc) and
Chemical reaction parameter plays important role in
the concentration fluid flow field. The effects of these
parameters on the fluid flow field graphically shown.
While growing Schmidt number (Sc) decrease the
concentration boundary layer thickness of the flow in
similar way the effects of mass transfer are decrease
while growing of Chemical reaction parameter as
shown in the figure 10 and figure 11.

20
Kp =0.45

Kp=0.35
Kp=0.15

L L L
0 2 4 6 8 10 12 14

Fig.1Transient Velocity for various values of Kp
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Gr=08

0 2 4 6‘ SI IID
Fig.2 Transient Velocity for various values of Gr

g =015

<L $=0.45
F $=0.65

“o 2 4 6 8 10

Fig.3 Transient Velocity for various values of S

R=0.15
R=045
R=0.50

0 é -'; é 8 10
Fig.4 Transient Velocity for various values of R

r Ge=6
E Ge=4

Ge=2

. I . n
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5=045
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0 2 4 6 g8 10

Fig.6 Temperature Profile for various values of S
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R=030
R=050

2 4 6 8 10
Fig.7 Temperature Profile for various values of R
Pr=0.71
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Pr=70

L L L |
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Fig.8 Temperature Profile for various values of Pr
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Fig.9 Temperature Profile for various values of Gr
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Fig.10 Concentration Profile for various values of Kr
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[ Sc=0.75
08 Sc=0.50
[ Sc=025
0.6
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0.0 L 1 n
0 2 4 6 8 10

Fig.11 Concentration Profile for various values of Sc
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Table 1. Variation in the value of skin friction at wall
against Pr for different values of M,m with
Gr=2,Gc=2,5=0.1,5¢=0.66,Ec=0.002,

M m R Pr=0.71 Pr=5 Pr=7

1 0.65 1.6306 1.2120 1.0498

3 0.45 1.6771 1.1582 1.0587

5 0.25 1.7036 1.1454 1.0580

AIWIN (-

10 0.15 1.7210 1.1433 1.0594

Table 2. Variation in the value of heat flux at wall
against Pr for different values of M,m with
Gr=2,G¢=2,5=0.1,Sc=0.66,Ec=0.002

M m R Pr=0.71 Pr=7 Pr=10
1 1 0.15 0.1813 -6.200 -9.132
2 3 0.45 -0.4637 -5.750 -8.699
3 5 0.65 -0.5565 -5.373 -8.353
4 10 0.75 -0.5832 -5.137 -8.144

Table 3. Variation in the value of Mass flux at wall
against for different values of Kr, Sc

Kr Sc=1.0 Sc=2.0 Sc=3.0
0.1 -1.0856 -2.0886 -3.0896
0.5 -1.3616 -2.4087 -3.4304
1.0 -1.6145 -2.7275 -3.7861

5.CONCLUSION

In this paper clearly shows effects of the parameters in

the flow fluid. The velocity, temperature and

concentration profiles are shown graphically with

various values of parameters.

e Permeability parameter(Kp) accelerates the
transient velocity of the fluid flow.

Appendix:-
B _Perz A122
3 —
4M,* + 2PrM, + % (s + 4R)
B —2PrMyoA10MeA14
4 —
(Mg + Myo)? + Pr(Mg + Myo) + 57 (s + 4R)
B _ZPTM2A12M6A11
5 —
(Mg + M;)? + Pr(Mg + M,) + %(s + 4R)
—2PrMyA10M;0A1,
By =

(Myg + My)2 + Pr(Myo + My) + % (s +4R)

AZO=_(CI+CZ+C3+C4+C5+C6+C7+C8+C9)

C. = —2PrMy3A10M;0A14
L=
(Myo + M1)? + Pr(Myo + Myy) — 5 (i — (s + 4R))
—2PrMgA yM;pA1s
C, =

(Myo + My)? + Pr(Myo + M) = o7 (10 = (s + 4R))

Growing of Grashof Number (Gr) and Grashof
Number (Gc) accelerates the transient velocity of
the fluid flow but growing Radiation Parameter
(R) and Heat Source (S) retards the transient
velocity.

Growing of Heat Source (S) accelerates the
temperature but the reverse process if Prandtl
Number (Pr) and Radiation Parameter (R) retards
the Temperature of the fluid flow.

Grashof  Number  (Gr) accelerates the
Temperature profile of the fluid flow.

Chemical Reaction Parameter and Schmidt
Number (Sc) are retards Concentration of Mass
while both are grown.

The variation of skin friction at the wall against
the different values of Magnetic field parameter
and Hall Parameter are entered in Table.1.It
observed decrease effects exists if the prandtl
number (Pr=5)

The rate of heat transfer at the wall for the
different values Magnetic field Parameter and
Hall Parameter are entered in Table.2. It is noted
that decreasing effects of heat transfer while
Prandtl Number (Pr=0.71)

While the rate of mass transfer at the wall
decrease while increase effects of Schmidt
Number and increase of Chemical reaction
parameter
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c —2PrM,A;0M;0A16
3 =
(MIO + M4)2 + Pr(MIO + M4) - %(l(l) - (S + 4’R))
c —2PrMgA;1M15A14
2=
(M6 + M12)2 + PT(MG + Mlz) - %(l(l) - (S + 4’R))
C _ZPTM6A11M8A15
5 =
C _ZPTM6A11M4A16
6 =
c —2PrM;A,,M5A14
7 =
(MZ + M12)2 + PT(MZ + Mlz) - %(l(l) - (S + 4’R))
C —2PT‘M2A12M8A15
g8 =
—2PT‘M2A12M4A16
Cg =

(M, + M)? + Pr(M, + My) = 57 (i — (s + 4R))
Azz =_(D1+D2 +D3+D4+D5+D6+D7)

D _ _GrAls
re M62 + M6 - Ml
D _ —GT81
2T 4M102 + 2M10 - Ml
—GTBZ
D3 = 2
4M6 + 2M6 - Ml
_Gng
Dy=rm
4’M2 + M2 - M1
D _ _GTB4_
57 (Mg + Myg)? + (Mg + Myo) — M,
D. = —GrB;
¢ (Mg + Mp)? + (Mg + Mp) — M,
_GTBG

D, =
T (Myg + Mp)? + (Myy + My) — My
A24:_(E1+E2 +E3 +E4+E5+E6+E7+E8+E9+E10)

—Griy,
El= 1 iw
2
Mg? + Mg — (K—p+T+4M1)
E2 _ _GTC]_
- ) 1 | iw
(M10+M12) + (M10+M12) - (K_p + T + 4M1)
E3 = —Gr(,
B ) 1 | iw
(My94 Mg)? + (M0, Mg) — (K—p + o+ AM,)
E4 — —GrC;
B ) 1 | iw
(M0 M,)? + (M1, M,) — (K—p + o+ AM,)
—GrC,
E5 =

iw

1
(M124Mg)? + (M4 M) — (K_p +7

+ 4M1)
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_GTCS

1 iw
(Mg Mg)? + (Mg Mg) — (K_p +I

—GT‘C6

1 iw
My Mg)? + (Mg Mg) — (K_p + T)

—GT'C7

+4M,)

1 | iw
(M124M2)? + (M2, M) — (K_p +7+ 4M1)
—GrCg
(M3 Mg)? + (M3 Mg) — (
—GrCy

My My)% + (M My) — (

[,

x5t a +4M,)

1  iw
K_p+T+4M1)
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