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Abstract

Numerical results are presented for the transient ad steady state Velocity,
Temperature and Concentration fields. These resultsre obtained by solving the
partial differential equations describing the consevation, momentum energy and
species concentration by an explicit finite — difience method in time — dependent
form. It was discovered that a maximum exist whichconfirm that maximum
velocity and temperature occur in the body of theltiid and not in the surface as
previously reported. A parametric study was conduad and the results were
presented and discussed.

1.0 Introduction.

A study of boundary — layer behaviour on continlpusoving solid surfaces has attracted the atterio
several researchers. The analysis of magneto -etilydamics (MHD) flow of electrically conducting ftlifinds
application in different areas, such as the aeradya extrusion of plastic sheets, and the bounddayer along a
liquid film in condensation processes [2].

In order to understand the basic features of symoeess, we consider a continuous flat plate wisishes
from a slot and moves with a constant velocity atituid which is at rest. As a result, the fludjacent to the plate
moves and the region of penetration of the fluidiomointo the ambient fluid depends on the Reynaidsber of
the flow. For large Reynolds number the region ehgtration increases down stream of the slot, it
momentum and thermal boundary — layers origindtiog the slot and growing in the direction of thetian of the
plane.

B. C. Sakiads [8, 9] in 1961 studies the boundaagdjacent to a continuous moving surface. He pbthi
solutions by approximate and exact methods of méeumedoundary — layer equations, with no heat temsh flat
and cylindrical surfaces. And the corresponding h@asfer problems were considered theoreticatlyrsou et. al.
in [10] and experimentally by Griffin and Thronesalin [3]. Vajravelu and Hadjinicolaou [11], repsdt on
convective heat transfer in an electrically conohgcfluid at a stretching surface with uniform fregeam. Other
example of studies dealing with hydro - magnetiev8 can be found in the papers by Gray [5]. Mickhicet al. [6]
and Funmizawa [4].

The study of heat generation or absorption efieamoving fluids is important in view of severdiysical
problems such as fluid undergoing exothermic oro#mefmic chemical reactions. In many chemical esgjimg
processes, chemical reactions take place betwdereign mass and the working fluid which moves doghe
stretching of a surface. A.J. Chamkha [2] examitiedboundary — layer of an MHD flow when heat gatien is
linear in temperature. Ayeni et al [1] extended piheblem posed to heat generation the is quadratemperature.
Okedoye and Ayeni [6] report MHD flow of a uniforynétretched vertical permeable membrane in theepiges of
chemical and Arrhenius heat generation.

Journal of the Nigerian Association of Mathematic&hysics Volume 1(November 2006)503 - 510
Magneto-Hydrodynamic (MHD) flow A. M. Okedoye, T. Adeniran, S. O. Adewale and R. QAyeni



In this paper, we consider an unsteady case afd2hat a previous steady case becomes speciabictme
present paper.

2.0 Governing equations

Consider a coupled heat and mass transfer by hydnagnetic flow of a continuously moving vertical
permeable surface in the presence of surface sudiEat generation/absorption effects, transversgnetic field
effects and chemical reactions. The flow is unsteatl two-dimensional and the surface is maintaatesl uniform
temperature and concentration species, and is asstonbe infinitely long, i.e the dependent vamgabhre not
dependent on the vertical or axial coordinate. piingsical coordinates (x, y) are chosen such tleakth axis lies in
the plane of the plate. It is also assumed thagpmied transverse magnetic field is uniform amat the magnetic
Reynolds number is small so that the induced magfietd is neglected. In addition, there is no kgxb electric
field and all of the Hall Effect, viscous dissiatiand Joule heating are neglected, thermo - phlysioperties are
assumed constant except the density in the buoyterays of the momentum equation which is approxéchat
according to the Boussinesq approximation. Withs¢h@assumptions, the equations that describe thsigalhy
situation are given by

ov

S - 0 (2.1)
‘Z_‘: + Vg_; = ‘g’;z” +9B (T-T,)+ g/}c(c—cw)—%sju (2.2)
P (‘;_I + VZ_U - k‘;;TZ +Q, (T-T) (2.3)

% + Vg_:/j =D g:; + y(C—Cw) (3.4)

where vy is the horizontal or transverse coordinate, u is tla \@&dlocity, v is the transverse velocity, T is the fluid
temperature, Cis the species concentration apdg, 5, . B, 1,0,B,,Q,D and y. are the density, gravitational
acceleration, coefficient of thermal expansion, coefficient of coratgant expansion, dynamic viscosity, fluid
electrical conductivity, magnetic induction, heat generation phisarcoefficient, mass diffusion coefficient, the
chemical reaction parameter and real number, respectively.

The physical boundary conditions for the problem are:

u(o,t) =u,, v(O) =-Vv,, T(O,t) =T, c(O,t) =c, (2.5)
asy - oo u(y,t)_> 0, T(y,t)—> T, c(y,t)_> C, (2.6)
u(y,O)q u,, T(y,O)_. T, c(y,O)_. C, (2.7)

whereu,, (a parameter dependent on time),>0, T, and ¢ are the surface velocity, suction velocity. Surface
temperature and concentration, respectively.

3.0 Method of Solution
3.1 Non-Dimensionalisation
Integrating equation (2.1) subject¥{0) = — v, we have the solution
v(y) = -V, (3.1)
Using this solution, the momentum, energy, and speciesiega (equations. 2.2 — 2.4) can be non—-dimensionalised
using the following non—dimensional variables.

. \ ._u E ) c-c, 1
=y, u=—,0=(T-T,)—, C = , t=u 3.2
Y u, ( )RTj c,—C, (32)
Hence, we obtain the following sets of equations correspondiegch of the cases described above:
2
u_u_0U 4G4 +G,C-Mu =0 (3.3)
ot ady oy
2
Pra—g—a—gzag2 + Prod =0 (3.4)
ot oy 0
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2
&[ac —GCJ:ZE—/]SCC (3.5)
y

ot oy
and equations (2.5 — 2.7), gives u(o,t) = H(O,t) = C(O,t) =1 (3.6)
u(y,t) = G(y,t) =C y,t) =0 as y-o (3.7)
u(yt) = 6(yo) = c(y0)=1 (3.8)

2 _ 2
where Grt =—gﬁ’iT°°V , Grc=—gﬁC(CW “N_ M2 =08, Pr= HS

wTw wow k

@ = Q"VZ Q= lez €= RT. ,b=(c,-¢ )”e%,/l =
mpvw /‘Icpvw E VW

The above equations (2.3-3.5) are set of lineeorst — order boundary value problem. The derivatine

the system of equations can be approximated(bi/) approximations
a(// _wi,jﬂ_wi,j a(/l _wi,jﬂ_wi,j andﬂ:wiﬂ,j_zwi,j +l//i—i,j

ot 2r ot 2h ot’ h?
wherer and h are the step length in time and positipnrespectively. Andy (here) represenﬁ(y,t), B(y,t) or

u(y,t). Hence, we have

- _fq_r_ 4 L r 2 a . 2r .
C(|,1+1)—(1 P — 2r/lojc(|,1)+h(1+—hscjc(|+lj)+hZSCC(| lj) (3.9
6li,i+1)=|1-L -2+ orglg( j)+i(1+ije(i+1j)+ 2 gii-1j) (3.10)
' h Prh? " h" hPr h? Pr

ufi, j +1) :(1—L—‘rtz+2r|v|2ju(i, j)+;](1+iju(i +1, j)+%u(i -1,j) +rGrté(i, j)+rGrec(i, j) (3.11)

With the boundary conditions (3.6 — 3.8) becomes

uo.j) = 6(0j) = cloj)=1 (3.12)
u(25,j) = 6(25j) = c(25j)= 0 (3.13)
u(i,0) = 6(,0) = c(i,0)=1 (3.14)

Equations (3.9 - 3.11) subject to boundary condi{12 — 3.14) are then solved by a standarddgahal solver
4.0 Result and discussion

The investigation(s) on this problem is carried osingPr = 0.71, Sc = 0.6Grt = 1,Grc = 1 k = -0.2,
¢ =-04 andM = 0.5 except where stated otherwise.

It should be noted that >0, A =0 andA < 0 represent destructive, no and generative clamgactions
respectively. Also,¢>-0, ¢= 0 and ¢< O indicates heat absorption, no heat generatisofation and heat

generation respectively.
Figures 2.1 to 2.12 presents axial velocity, tenafpge and concentration profiles for various carabibns

of the parametersl , ¢, Pr and<c in the presence of magnetic inductidin thermal buoyancy and concentration

buoyancy effects. Figure 1 show the velocity asirection of position y and timgu(y, t)). Figure 2.1 show the
profile against position y at different time. Itrche clearly observed that for the choice of patarseenumerated
above, a maximum occur at time= 0.125, while a steady state is reached at paositi=7. The presence of
maximum establishes that maximum value velocityuoedn the body of fluid close to the surface amd the
surface. Figure 2.2 show velocity profile at diffiet time. It can seen that steady state atengxis is reachet= 2.
While figures 2.3 and 2.4 shows the effect of maigrinductionM on velocity. In fact magnetic induction opposes
velocity.

In figures 2.5 to 2.8 shows temperature profilguFe 2.5 show that as time increases, the temperat
boundary layer decreases. It can also be seenffgome 2.6, a maximum in the value of temperatgr@, 0.125).

Figures 2.7 and 2.8 shows the effect of heat génarabsorption on temperature. Increase in heabrgtion
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lowers the temperature boundary layer, while ineeean heat generation brings about increase in destyre
boundary layer accordingly.

Figures 2.9 to 2.12 illustrate concentration peofioth against time and position separately. garg 11,
we displayed concentratiod(y,t) profile. Transient and steady — state tempergtooéile are shown in figure 2.9
and 2.10 for time& and fixed position y. The concentration decreasesotonically and reaches steady - state
condition att = 2.0 for fixed y and y = 10 for fixed t respeeliy. And figures 2.11 and 2.12 describes the efféct
chemical reaction parametdr . It could be seen that increase/n results in decrease in concentration layer.
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Figure 1: Velocity profile at different position y.
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Figure 2: Velocity profile at different time t.
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Figure 3: Effect of Magnetic induction on velocity at position y = 1.0
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Figure 4: Effect of magnetic induction on velocity at positiony = 1
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Figure 5: Temperature profile at different time t.
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Figure 6: Temperature against time t at different position vy.
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Figure 7: Effect of heat generation/absorption on temperature at time t = 0.5.
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Figure 8: Effect of heat generation/absorption on temperature at positiony = 1.
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Figure 9: Concentration profile at different time t.
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Figure 10: Concentration profile at different time t.
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Figure 12: Effect of reaction parameter on concentration at position y = 1.

Concluding Remarks

Numerical solution for heat and mass transfer lginar flow of an electrically conducting fluid on a

uniformly moving vertical permeable surface in thesence of a magnetic field and a first — ordexntbal
reaction were reported. Based on the obtained gralpiesults, the following conclusions were dedlice

[1]
(2]

(3]

[4]

(1]

(2]

The fluid velocity increased as either timespion y or the strength of the magnetic field viasreased
and decreased as either of the thermal or contiemitauoyancy effect were decreased.

The fluid temperature increases during a getherahemical reaction and decreased during a wlktste
one. Also the presence of heat generation effetieases fluid temperature while the presence af he
absorption effect decreases it.

The concentration of chemical species increagtsincrease in generative chemical reactidn< 0), and

decrease with increase in destructive chemicatimatA > 0).

The boundary layer of the velocity, temperatanel concentration reduces as either time or posdf the
flow elements increases.
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