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ABSTRACT

In this work, it has been assumed that heat generation is non-linear, and this extends previous results in
literature. It has further been assumed that the coefficient of non-linearity depends on a small parameter € = o(T, -T..)
where T, is the wall temperature and T, is the temperature at infinity. Velocity, temperature and concentration have
been expanded asymptotically We provide solutions for 6o, 6, 8, Uy, Uy, and U, where 8, and Uy, ...are the respective
initial temperature and velocity while 5, , 8,, Uy, and Uy, are higher order temperature and velocity profiles. It is shown
that 6, has a maximum which shows that the non-linearity has significant effect on the heat generation.
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- INTRODUCTION |

Magnetohydrodynamic (MHD) flow of electrically conducting fluids in" the presence of magnetic field is
encountered in many problems in geophysics and astrophysics. Many industrial processes involve fluid flow, heat and
mass transfer in the boundary layers induced by a surface moving with a uniform velocity. Many of such processes
involve handling materials along boundary layers conveyors, the extrusion of plastic sheets, the cooling of finite
metallic plate in a cooling bath, glass blownng etc.

There has been increased interest in the study of MHD flow and heat transfer due to the effect of magnetlc .
fields on the flow using electrically conducting fluids such as liquid metal, water mixed with acid and others.

Herbert (2003) investigated the similarity solutions of the boundary layer flow along a vertical plate. He
suggested that the similarity solutions of the difference between the temperature of the plate and the temperature of
the ambient fluid is mversely proportional to the distance from the leading edge of the plate. He used the- modmed
boundary-layer equations in.describing incompressible mixed convection flow along a vertical plate.

Gbadeyan and Dada (1998) considered the effect of variable fluid properties and. radiative
magnetohydrodynamic (MHD) flow of a fluid in a vertical channel. The problem concerned the flow of electrically
conducting fluid inside an infinite vertical channel formed by two parallel plates of distance 2L apart. They analysed
the effect of temperature dependent fluid properties on a radiative MHD flow of a fluid in an open- ended vertical
channel.

‘ Gbadeyan and Andi (1999). carried out a study on the combined effect of radiation and viscous dlssupatlon on
hydromagnetic fluid flow in a vertical channel. Ogunsola (2000) in the study of unsteady non- isothermal free boundary
flows in porous media used the series method of solution to find a similarity solution for the equation of energy transfer
“in a porous medium.

- The heat transfer in an electncally conducting fluid at a stretching surface with uniform free stream was
_investigated by Vajravelu and Hadjinicolaou (1993). They reported that heat generation/absorption effects in a moving
fluid is important. While Gupta and Gupta (1997) studied heat and mass transfer on a stretching sheet with suction or
blowing, Crane (1970) investigated the flow induced by a surface moving with constant velocity in an ambient fluid.

Recently, Muthucumaraswamy (2001) reported the effects of heat generation/absorption and magnetic effects
on a moving isothermal infinitely long surface with suction while Chamkha (2003) studied a generalization of the
- Muthucumaraswamy’s problem.

Ayeni et al (2004) provided a higher order correction to the previous temperature field obtained by Chamkha.
They discovered that the temperature field obtained by him did not exist where the scaled heat generation/absorption
coefficient is greater than a quarter of the Prandtl number.

This work reported analytical solution for the probiems of heat and mass transfer by the steady flow of an
electrically conducting and heat generating/absorbing fiuid in a unlformly moving permeable surface in the absence of:
a mag-_etlc field. The problem is derived from the first order chemical reaction.

R. O. Ayeni, Depanment of Pure and Applied Mathematics, Ladoke Akintola’ University of Technology, Ogbomoso, Nigeria.
F. O. Balogun, Department of Mathematics, Adeyemi College of Education, Ondo, Nigeria.




“FORMULATION OF THE PROBLEM

422 R.O.AYEN! andF. 0. BALOGUN

Assu’mhtions used in the fer'mulation '

The fiow is assumed steady, laminar and two-dlmensmnal The concentration of specres is assumed to be-

. infinitely long (i.e. dependent variables are not dependent on the vertical or axial coordinate).It is also assumed that
the applied transverse magnetic field is uniform and that the magnetic Reynolds number is small so that the inducéd

* magnetic-field is negliglected. In addition, there is no applled electric field and all of the Hall effect, vrscous dissipation

. *and Joule heating are neglected.

‘The Governing Equations
.~ . The governing equations in literature are -
o g | | M
cy
. 5 : \
V- o D 6_ - TC, (2)
oy dy?
" oT or - .
pepv =k Q'(T—Tco) 3)
o oy | : S
bau 62u . YB% o
Ve = Vo7 tebr(T- Tw)+ ch R 4)
o o P ~
- where \
y= horizontal or transverse coordmate
us= axial velocity
v= transverse velocity
T= ' fluid temperature
c= species concentration -
p= density
‘g= gravitational acceleration
Br= - coefficient of thermal expansion -
Be= coefficient of concentratlon expansion e
TS dynamic viscosity
y=  fluid electrical conductivity -~
Q= heat generatlon/absorptron coefficient .
D= - mass diffusion
‘T = .chemical reaction parameter

k= fluid thermai conductivity
" The physical boundary conditions for the problems are

u©0 = u,, , v(0)=-v, TO)=T, c(0)=c,
e Yoo u0 TOT, c—cy :
\ where Uy (a constant) is the surface velocity
o vw, the suction velocity
. v - Tw, the surface Temperature
ang cwis the concentration
~ The equation (3) is modified as \
. oT or .
pepvg kg + QT o)+ QaT-T,.)? ~ ©)

'se that the heat absorptron term be non-linear.

- The term Qa(T - T..) in (6) extends previous models in literature.

. T’he golution to (1) subject to the physrcal boundary conditions is v = - v,,
. Usmg this result and variables
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T-T -,
Y = y V., ) U = _u_’ 0 - © ’ C = C »
V . u Tw - Too Cw - coo

W

equations (2), (4) and (6) are transformed respectively to dimensionless ones as

2 , ‘
4C 60 € ke =0 (7)
dy? dyY

2.

Q—E+E+GrT6+GrC~M2U:0, (8)

2
iﬂ+pri@-+Pr¢6+Pr¢eez =0 9)
de ' dY

where 8 = dimensionless Temperature
U = dimensionless velocity
C = dimensionless concentration

v ,
$= ——Q——— = dimensionless heat generation/absorption coefficient
PCHV
wv . . ) .
K= 5 = dimensionless chemical reaction parameter
VW
Hep |
Pr= ——— = Prandt!l number
K

Vv -
Sc= B = Schmidt number

_gBv(T, ~T,)

Gry = Thermal Grashof number
2
Uy, Vi
Bevic, —C
Gre= gBC ( kil OO) = Mass Grashof number
2
uW vW
2
M = YBO = Hartmann number
PV w
e=aTy—-T.)
The non-dimensional physical boundary conditions a
U) =1, 6(0) = 1; coy=1 i (10)

as Y->w U0 6->0and C-0 }
Method of Solutions

he major contribution of this work is the case ¢ = ( in (9)
We seek the asymptotic solutions for the equations.

Let0< e << 1,0 =00+ €y + %5, U=Ug + Uy + €?,...; and
C=Co+eCi+e’Ca..;

We obtained
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U1(Y) as(esz_ enY) +a (emY eﬂv)

ux(Y) = ag(e™ )+a (€*™- &) + ayle

where m =- -(Pr+\/Pr 4Pr¢) n —"’—;«(H \/1+4M2) o

+ .
£ .o ¢ .
# ¥

: —_— o —2a; P
| A =— -l-(SC"l‘ \/_S—Cz + 4KSCJ a = ____EFL_-; ay = _EM
| 2 _ o 4 +2m+Pr 9m” +3mPr+Pré

3mY AY)

2Prp ~Gry | __=Grc
M= 84 = T 235 2 . aal
4m” +2mPr+Pr m°+m-M AT +A-M
o -a,Gry  yGrp  (a;-a3)Gry
¢ = 3 _ 2;37 =, 3 2,d8 =7 2
4m* +2m-M m“+m-M m°+m-M
-~ a3Gr _ —a»Gr
ap = 9T ay - 26rp

4m? +2m-M? 9m? +3m-M?
Hence, by U=Ug+ el + e,..- we have v
CU(Y)= €™+ age™- &™) + as(e™- ™) + clas(e®™- ™) + a(e™- &™) +
c[ag(me®™- Ae™) + ag(2me®™- Ae™) + ayg(3me™- Ae™)]

- Gmphical Solutmns

" The graphical splutlons of equatnons (17), (18) and (17 and (18) combined for varying vajues of ¢ are
displayed in figures 1, 2 and 3 respectively while the effects of the varymg chemical reactions (K) are displayed in

ﬁgures 4 and 5..

Figure 1:Effect of heat generation/absorption ¢ on axial
velocity Us for equation {18) when Gr~ = 1.0
v Grg=1.0:K=00; Pr=0.71; Sc.= 0.6
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Figure 2: Effect of heat generation/absorption ¢ on axial
Axial Velocity U, for equation (17) when Grr- = 1.0
Grg = 1.0, K= 0.0, Pr=0.71,8c = 0,
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Figure 3: Graph of velocity profile for K = 0.1 and ¢ = 0.1 for

equations (16) and (17) combined Gry = 1.0
Grc=1.0;K=0.0; Pr=0.71; Sc=0.6; M=0
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Figure 5: Effect of varying level of heat absorption (o) on the
velocity when Grr =1.0Crc =10, Pr=07%; Sc =0.86;

RESULTS AND DISCUSSION {

Figure 4: Effect of varymg chermcal reactions (K) when
Grr =1.0G6Grc=1.0;Pr=071;Sc=068M=0

;__d,.—.o_']
| —¢=01775

M=0

For the purpose of this work, a constant Prandtl number Pr=0.71;
number Gry = 1.0 and Thermal Grashof number

Gry = 1.0 were considered.

that

'Schmidt number Sc = 0.6; Mass Grashof

The figures present results for the various combinations of the parameters K and ¢ on the velocity (U). Note
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© 77 K<0indicates a generative Chemical reaction —
K = 0 indicates no Chemical Reaction
K > 0 indicates a destructive Chemical Reactlon
¢ < O indicates Heat Generation
¢ = 0 indicates no Heat Generation
¢ > 0 indicates Heat Absorption
Figure 1 and 2 depict the influence of heat generation/absorption in the absence of chemlcau reaction (K = 0.0)
on the velocity profiles U, and U, respectively. In all cases, there is an initial increase in the velocity of the fluid flow
only to start decreasing with distance after the peak has been attained.
’ Figure 3 displays the effects of both a destructive chemical reaction.
(K = 0.1) and heat absorption (¢ = 0.1) on the velocity proﬂles Uop and U;. The combination of a destructive chemical
reaction and heat absorption has little effect on U;.
Figure 4 shows the effects of a generative chemical reactlon (K=-0.1), the absence of chemicai reaction (K =
0.0) and a destructive chemical reaction (K = 0.1) on the velocity profile-U, in the absence of the heat generation (¢ =
- 0.0) There was an initial rise in the velocity. This was followed by a steady fall in the velocity.
Figures 5 displays the effects of the heat absorption ($ =0.1).and
(¢ = 0.1775) in the presence of a destructive chemical reaction (K = 0.1) on the velocity. gain, there exist no significant
difference between U, and U for ¢ = 0.1 and a significant difference is noticed for the maximum value of ¢ = 0.1778.

.- Cénclusion

: An analytical solution for heat and mass fransfer in the boundary layer lnduced by a steady laminar flow of an__.
_ e|ectnca|ly conducting and heat generation/absorption fluid on a uniformly moving vertical permeable surface m the

' _absence of a magnetic field and a first-order chemical reaction has been reported.

Based on the obtained graphlcal results, it is concluded that fluid velocity increases during a generatlve
chemical reaction and decreases during a destructive one. Also, the presence of heat generation effects increases the
fluid velocity while the presence of heat absorption effects decreases it. -
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