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1. Introduction

Convective flows with simultaneous heat and mass transfer under the influence of a magnetic
field and chemical reaction arise in many transport processes both naturally and artificially
in many branches of science and engineering applications. This phenomenon plays an
important role in the chemical industry, power and cooling industry for drying, chemical
vapour deposition on surfaces, cooling of nuclear reactors and petroleum industries.

Natural convection flow occurs frequently in nature. It occurs due to temperature differences,
as well as due to concentration differences or the combination of these two, for example
in atmospheric flows, there exists differences in water concentration and hence the flow is
influenced by such concentration difference.

Changes in fluid density gradients may be caused by non-reversible chemical reaction in the
system as well as by the differences in molecular weight between values of the reactants and
the products. Chemical reactions can be modeled as either homogeneous or heterogeneous
processes. This depends on whether they occur at an interface or as a single phase volume
reaction. A homogeneous reaction is one that occurs uniformly throughout a given phase.
On the other hand, a heterogeneous reaction takes place in a restricted area or within the
boundary of a phase. In most cases of chemical reactions, the reaction rate depends on
the concentration of the species itself. A reaction is said to be of first order, if the rate of
reaction is directly proportional to the concentration itself, (Cussler, 1988). For example,
the formation of smog is a first order homogeneous reaction. Consider the emission of
nitrogen dioxide from automobiles and other smoke-stacks. This nitrogen dioxide reacts
chemically in the atmosphere with unburned hydrocarbons (aided by sunlight) and produces
peroxyacetylnitrate, which forms an envelop which is termed photo-chemical smog.

The study of heat and mass transfer with chemical reaction is of great practical importance
in many branches of science and engineering. (Das et al., 1994) studied the effects of mass
transfer flow past an impulsively started infinite vertical plate with constant heat flux and
chemical reaction. (Anjalidevi & Kandasamy, 1999) studied effects of chemical reaction, heat
and mass transfer on laminar flow along a semi-infinite horizontal plate. More recently,
intensive studies have been carried out to investigate effects of chemical reaction on different
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flow types (see Seddeek et al. 2007; Salem & Abd El-Aziz 2008; Mohamed 2009; Ibrahim et
al.,2008).

Convection flows in porous media has gained significant attention in recent years because of
their importance in engineering applications such as geothermal systems, solid matrix heat
exchangers, thermal insulations, oil extraction and store of nuclear waste materials. These
can also be applied to underground coal gasification, ground water hydrology, wall cooled
catalytic reactors, energy efficient drying processes and natural convection in earth’s crust.
Detailed reviews of flow through and past porous media can be found in (Nield and Benjan,
1999). (Abel et al., 2001) studied the two-dimensional boundary layer problem on mixed
convection of an incompressible visco-elastic fluid immersed in a porous medium over a
stretching sheet. (Ali, 2007) analyzed the effect of lateral mass flux on natural convection
boundary layer induced by heated vertical plate embedded in a saturated porous medium.
The use of magnetic field that influences heat generation/absorption process in electrically
conducting fluid flows has many engineering applications. For example, many metallurgical
processes which involve cooling of continuous strips or filaments, which are drawn through
a quiescent fluid. The properties of the final product depend to a great extent on the rate of
cooling. The rate of cooling and therefore, the desired properties of the end product can be
controlled by the use of electrically conducting fluids and the applications of the magnetic
fields (Vajravelu & Hadjinicalaou 1997). Many works have been reported on flow, heat and
mass transfer of electrically conducting fluids over semi-infinite/infinite plates/stretching
surfaces in the presence of magnetic field (see for instance Chamkha & Khaled, 2000; Shateyi
et al. 2007, 2010; Makinde & Sibanda 2008; Bég et al. 2009, Pal & Talukdar 2010, Makinde &
Aziz 2010).

The study of heat generation or absorption in moving fluids is important in problems dealing
with chemical reactions and those concerned with dissociating fluids. Heat generation effects
may alter the temperature distribution and this in turn can affect the particle deposition rate
in nuclear reactors, electronic chips and semi conductor wafers. Although exact modeling
of internal heat generation or absorption is quite difficult, some simple mathematical models
can be used to express its general behaviour for most physical situations. Heat generation
or absorption can be assumed to be constant, space-dependent or temperature-dependent.
(Crepeau & Clarksean 1997) have used a space-dependent exponentially decaying heat
generation or absorption in their study on flow and heat transfer from a vertical plate. Several
interesting computational studies of reactive MHD boundary layer flows with heat and mass
transfer in the presence of heat generation or absorption have appeared in recent years (see
for example Patil & Kulkarni, 2008; Salem & El-Aziz, 2008; Samad & Mohebujjaman, 2009;
Mohamed, 2009; Mahdy, 2010 ).

When technological processes take place at higher temperatures thermal radiation heat
transfer has become very important and its effects cannot be neglected (Siegel & Howel,
2001). The effect of radiation on MHD flow, heat and mass transfer become more important
industrially. Many processes in engineering areas occur at high temperature and a knowledge
of radiation heat transfer becomes a very important for the design of the pertinent equipment.
The quality of the final product depends to a great extent on the heat controlling factors, and
the knowledge of radiative heat transfer in the system can lead to a desired product with
sought qualities. Different researches have been forwarded to analyze the effects of thermal
radiation on different flows (Cortell, 2008; Bataller, 2008; Ibrahim et al. 2008; Shateyi, 2008;
Shateyi and Motsa, 2009; Aliakba et al., 2009; Shateyi et al., 2010, Hayat, 2010; Cortell, 2010;
among other researchers).
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In spite of all the previous studies, the unsteady MHD free convection heat and mass transfer
for a heat generation/absorption with radiation absorption in the presence of a reacting
species over an infinite permeable plate has received little attention. Hence, the main objective
of this chapter is to investigate the effects of thermal radiation, chemical reaction, heat
source/sink parameter of an electrically conducting fluid past an infinite vertical porous
plate subjected to variable suction. The plate is assumed to be embedded in a uniform
porous medium and moves with a constant velocity in the flow direction in the presence
of a transverse magnetic field. The governing equations are transformed into a system
of nonlinear ordinary differential equations by using suitable similarity transformations.
Numerical calculations are carried out using the spectral homotopy analysis method (SHAM).
The SHAM is a modified version of the homotopy analysis method (HAM), (Liao, 2003)
and the Chebyshev spectral collocation method (Trefethen, 2000). The SHAM has been
successfully used by (Motsa et al. 2010a,b). One strength of the SHAM is that it removes
restrictions of the HAM such as the requirement for the solution to conform to the so-called
rule of solution expression and the rule of coefficient ergodicity. Also, the SHAM inherits
strengths of the HAM, for example, it does not depend on the existence of a small parameter
in the equation to be solved, it avoids discretization, and the solution obtained is in terms of
an auxiliary parameter 7 which can be conveniently used to determine the convergence rate
of the solution.

Graphical results for the velocity, temperature and concentration profiles based on the
numerical solutions are presented and discussed. We also discuss the effects of various
parameters on the skin-friction coefficient and the rate of heat and mass transfer at the surface.

2. Mathematical formulation

We consider an unsteady two-dimensional flow of an incompressible and electrically
conducting viscous fluid, along an infinite vertical permeable plate embedded in a porous
medium, with thermal radiation, heat generation/absorption and chemical reaction. The x—
axis is taken on the infinite plate, and parallel to the free-stream velocity which is vertical and
the y— axis is taken normal to the plate. Since the motion is two dimensional and the length
of the plate is large enough, all the physical variables are independent of x. A magnetic field
By of uniform strength is applied transversely to the direction of the flow. The transversely
applied magnetic field and magnetic Reynolds number are assumed to be very small so that
the induced magnetic field and the Hall effect are negligible. In this chapter assumption is
also made that there is no applied voltage which implies the absence of an electric field. The
plate is maintained at constant temperature Ty, and concentration Cy,, higher than the ambient
temperature T and concentration Coo, respectively.

The analysis considers a homogeneous first-order chemical reaction with constant rate k.
between the diffusing species and the fluid. The fluid is assumed to have constant properties
except that the influence of the density variations with temperature and concentration
which are considered only in the body force term. The governing equations for the problem
considered in this chapter are based on the balances of mass, linear momentum, energy and
concentration species. These equations are as given below:

Continuity equation:
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Momentum equation:

ou ou 0%u oBj v b ,
g—l—v@ = VW—Fgﬁt(T—Too)—i—gﬁc(C—Coo)—Tu——u——u, ()

Energy equation:

T oT  3*T 1 dg, Qo .
g—i—v@_aa—yz_Ea_y_E(T_TOJ—FQl(C_COO)’ (3)

Mass diffusion equation:

aC  aC _ 9°C

g—l—v@:DW—kc(C—Cw). (4)
Where x, y are the dimensional distance along and perpendicular to the plate, respectively.
u and v are the velocity components in the x, y directions respectively, g is the gravitational
acceleration, p is the fluid density, B; and B, are the thermal and concentration expansion
coefficients respectively, K is the Darcy permeability, b is the emperical constant, By is the
magnetic induction, T is the thermal temperature inside the thermal boundary layer and C is
the corresponding concentration, ¢ is the electric conductivity, « is the thermal diffusivity, ¢,
is the specific heat at constant pressure, D is the diffusion coefficient, g, is the heat flux, Qg
is the dimensional heat absorption coefficient, Q7 is the coefficient of proportionality of the
radiation and k. is the chemical reaction parameter.
The boundary conditions for the velocity, temperature and concentration are:

u=Uy, v=o(t), T=Ty, C=Cy aty=0 (5)
u=0, T=Tw, C=Cx, as y— oo. (6)

By using the Rosseland diffusion approximation (Hossain et al. 1999) and following (Raptis,
1999) among other researchers, the radiative heat flux, g, is given by

40* 9T
qr = T3K; oy (7)

where ¢* and Ks are the Stefan-Boltzman constant and the Roseland mean absorption
coefficient, respectively. We assume that the temperature differences within the flow are
sufficiently small such that T* may be expressed as a linear function of temperature.

T* ~ 4T3 T — 3T%. (8)
Using (7) and (8) in the last term of equation (3) we obtain

oqr _ 160*T3, &*T
dy 3K ay?’

©)
In order to obtain a local similarity solution (in time) of the problem under consideration we
introduce a time dependent length scale 6 as

5=05(t). (10)
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A convenient solution of equation (1) in terms of this length scale is considered to be in the

following form

v=o(t) = —%vo, (11)

where vy > 0 is the suction parameter.
These non-linear partial differential equations are then transformed by a similarity
transformation into a system of ordinary differential equations given as;

1 ReFs

f"+ @p+o0)f +Gro+ Gep — Mf — - f = ———f*=0, (12)
(%)9%(2;7+vo)9'—09+Q24>=0, (13)
1 12 /

g+ (2 +v0)¢ — 19 =0, (14)

where primes denote differentiation with respect to # and Da = 5—K2 is the local Darcy number,

Uyd

Fs = % is the local Forchheimer number, Re = == is the local Reynolds number, Pr = % is the

Prandtl number, () = p%(; is the heat absorption parameter, Q, = % is the absorption
2
of radiation parameter, v = ked” is the chemical reaction arameter, Sc = % is the Schmidt
P T= P D

52B2
number, M = 720

¢Bt (T — Teo)6%/vUy is the local Grashof number, Gc = gB:(Cy — Coo)6%/ Uy is the modified
Grashof number.
The corresponding boundary conditions for t > 0 are transformed to:

is the magnetic field parameter, R is the thermal radiation parameter, Gr =

f=1, 6=1, ¢=1, at =0, (15)
f=0,0=0,¢=0asy — co. (16)

The resultant system of coupled and non-linear ordinary differential equations are then
solved by the Spectral homotopy analysis method (SHAM). The effects of various parameters
such as local Darcy number, Schmidt number, Hartmann, radiation parameter, reaction rate
parameter and Grashof numbers on the velocity, temperature, concentration, skin-friction
coefficient, Nusselt number and Sherwood numbers are shown in figures and tables and
analyzed in detail.

3. Solution methods

To solve the equation system (12) - (14) we first use the Chebyshev pseudospectral method
(CPM) to solve equation (14) for ¢(17) and use the result in (13) to solve for 6(x) using the
Chebyshev pseudospectral method again. The solutions for 6(#) and ¢(#) are substituted in
(12) to obtain a nonlinear equation in f(#). To solve the resulting nonlinear equation we use
the spectral homotopy analysis method (SHAM) which is based on a blend of the Chebyshev
pseudospectral method with the standard homotopy analysis method (HAM).

Before applying the CPM and SHAM we use the domain truncation approach to approximate
the domain of the problem [0,00) by the numerical computational domain [0,L], where L is
a fixed length that is taken to be sufficiently larger than the thickness of the boundary layer.
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We then transform the domain [0,L] to the domain [—1,1], on which the Chebyshev spectral
method can be implemented, using the algebraic mapping

‘::2;7_ , gel-1,1]. (17)

To solve (13) and (14) we use the Chebyshev pseudospectral method and approximate the
unknown functions 6(&) and ¢(¢) as a truncated series of Chebyshev polynomials of the form

N N
Q(C)kaf)ka(fj)/ ¢~ ) »Te(&), j=01,...,N (18)
=0 k=0

where Tj is the kth Chebyshev polynomial, and {o,¢1,...,{n are Gauss-Lobatto collocation
points (see Canuto et al. 1988) defined by

cj]-:cos%, i=01,...,N. (19)

and N + 1 is the number of collocation points. Derivatives of the functions 6(7) and ¢ () at
the collocation points are represented as

e N d'¢
d—nr:kg%)ije(Cj)z d—77r

N
=) Dj0(¢)) (20)
k=0
where 7 is the order of differentiation and D = 2D with D being the Chebyshev spectral
differentiation matrix (see for example, Canuto et al. 1988; Trefethen 2000) whose entries are
defined as

Dy = z—i% i#kjk=01,., N,
D = —2(1(:%@%) k=1,2,...,N—1, 1)
Doo = 2N26+ - —Dnn.
Substituting equations (18) - (21) in (13) yields
CP =0 (22)
subject to the boundary conditions
$(n) =1, ¢(Go) =0, (23)
where
C = %DZ + (2) 4+ voI)D — 91, (24)
® = [p(C0),P(E1) - PN, (25)
) = diag([no,m,--,1N])- (26)

In the above definitions T stands for transpose, I denotes an identity matrix of order (N + 1)
and diag denotes a diagonal matrix of size (N + 1) x (N + 1). The boundary conditions (23)
are imposed on the first and last rows of the matrices C and ® as follows
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1 0 0 0 ¢(%o) 0
¢(61) 0
C : = : (27)
¢(En-1) 0
00 0 $(EN) 1

The solution for ® is then obtained from solving
& =C 'Ky, (28)

where K} is the right hand side of equation (27). Applying the Chebyshev spectral method on
equation (13) to solve for 0(7) gives

BO = -Q,® (29)
subject to the boundary conditions
0(Cn) =1, 0(%0) =0, (30)
where
B = #DZ +(2) + voI)D — O, (31)
@ = [6(20)6(C1),..-.00EN)]", (32)

The boundary conditions (30) are imposed on the first and last rows of the matrices in equation
(29) as follows;

10 - 00 0(%o) 0
0(¢1) — Q¢ (1)
B : = 2 (33)
00 -~ 0 1 gé‘azgfl\;)l) _QZ‘P§‘:N—1>

The solution for © is then obtained from solving
0 =B 'K;, (34)

where Kj is the right hand side of equation (34). Once the solutions for ¢(#) and 6(1) have
been found using equations (28) and (34), respectively, the SHAM approach is then used to
solve then nonlinear equation (27) for f (7).

In applying the SHAM, it is convenient to make the boundary conditions homogeneous by
making use of the transformation

F(@&)=f(n)+ foln),  foln) =e™" (35)

where fy(77) is an initial guess chosen to satisfy the boundary conditions for f (7). Substituting
(35) in the governing equation (12) and the associated boundary conditions gives

F’ +a1(n)F' + az(n)F — B1F> = (1), (36)
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subject to
F(0) =0, F(o0)=0, (37)
where
B B 1 2ReFsfy(n) _ ReFs
ap = 2n-+0v, ay= (M+Da+ Da , B1= Do’ (38)
1 ReF
p = - { § (20 + 00)ff + Gro + Geg — Mfo — - fo — 1513 (39)

We look for an initial approximation, Fy(7), which is the solution of the linear part of the
governing equation (36) given by

Fy +a1(n)Fy + ax(17)Fo = ¥(y), (40)

subject to

Fo(0) = Fo(°). (41)
The problem (40) - (41) is first transformed, using (17), to the interval [-1,1] then solved using
the Chebyshev pseudospectral method. The unknown function Fy({) is approximated as

N
Fo(g) = ) Fo(8)Tk(&j), j=0,1,...,N (42)
k=0

After transforming the derivatives and substituting equations (42) in (40) - (41) we obtain

AFy =Y (43)

subject to the boundary conditions
Fo(én) = Fo(8o) =0, (44)

where

A = D?’+aD+ay, (45)
Fo = [Fo(80),Fo(§1),--- Fo(Gn)]T, (46)
Y o= [po)p() - e@n]" (47)
as = diag([as(no),as(m),...,as(Mn-1),as(4N)]), s=1,2, (48)

The boundary conditions (44) are imposed on the first and last rows of the matrices A and ¥
as follows

1 0 - 00 Fo(Go) 0
Fo(¢1) ¥(C1)
A : = : (49)
00 . 0 1 FOFEJ%Z;) w(ézg_ﬂ

The solution for Fy is then obtained from solving

Fo = A7'K,, (50)
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where Kj is the right hand side of (49).
To find the SHAM solutions of (36) we begin by defining the following linear operator

_ o2F oF _
L[F(n;9)] = p +a1% +ayF (51)

where g € [0,1] is the embedding parameter, and F(7;¢) is an unknown function. The zeroth
order deformation equation is given by

(1—q)LIE(7:q) — Fo(n)] = an {N[F(1;q9)] — (1) } (52)

where 71 is the non-zero convergence controlling auxiliary parameter and N is a nonlinear
operator given by
_ o2F oF N _
F(n;9) = —= — Ry =
N[F(n;9)] o +aq o +axF — By (53)

Differentiating (52) m times with respect to 4 and then setting ¢ = 0 and finally dividing the
resulting equations by m! yields the mth order deformation equations

L[Fu(n) = XmFm—1(n)] = hRu (1), (54)

subject to the boundary conditions

Fin(0) = Fiu(c0) (55)
where
m—1
Ru(n)=Fp_1+a1Fy,_1+aFy 1—PB1 Y FuFye1—n — () (1 — Xxm) (56)
n=0
and
0, m<1

Using the transformation (17) and applying the Chebyshev pseudospectral transformation on
equations (54)-(56) gives

AFy = (Xm ‘|‘h)AFm—1 _h(l _Xm>T+hPm—1 (58)

subject to the boundary conditions

Fn(¢N) = Em(80) =0, (59)
where A and ®, are as defined in (45) and (47), respectively, and
Fn = [Fm(go)rl:m((jl)/---er(gN)]T/ (60)
m—1
Pp1 = —p Z FvFp1-n (61)
n=0

To implement the boundary conditions (59) we delete the first and last rows of P, _; and ¥ and
delete the first and last row and column of A This results in the following recursive formula
form > 1.

Fin = (Xm + 1)Fy1 + AT [Py — (1 - xm) ¥, (62)
Thus, starting from the initial approximation, which is obtained from (50), higher order
approximations Fy, (&) for m > 1, can be obtained through the recursive formula (62).
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4. Results and discussion

In this section we give numerical results obtained by the spectral homotopy analysis method
for the main parameters affecting the flow. Tables 1-6 display results for the skin friction f/(0),
Nusselt number, —6’(0) and the Sherwood number —¢(0) when different parameters are
varied. Table 1 gives the values of the local skin-friction for different values of the Hartmann
number M. Analysis of the tabular data shows that magnetic field strength enhances the local
skin friction as highlighted with increases in the absolute values of the skin friction as M
increases. Physically, this implies that the plate surface exerts a drag force on the fluid. Table
2 shows the effect of the local Darcy number on the local skin friction. From this table we
observe that the skin friction decreases in absolute values as the Darcy parameter increases

M 2nd order 4th order 6th order 8th order 10th order
1 -1.84655375 -1.84671328 -1.84671464 -1.84671465 -1.84671465
5 -2.78956864 -2.78968689 -2.78968758 -2.78968758  -2.78968758
10 -3.65197128 -3.65204866 -3.65204895 -3.65204896 -3.65204896
15  -4.34317940 -4.34323240 -4.34323255 -4.34323255  -4.34323255

20 -4.93446135 -4.93449949 -4.93449957  -4.93449957  -4.93449957

Table 1. Values of the f'(0) for different values of M at different SHAM orders

Da  2nd order 3rd order 4th order 6th order 8th order
1 -1.84655375 -1.84670017 -1.84671328 -1.84671464 -1.84671465
5  -1.43582267 -1.43582436 -1.43582440 -1.43582440 -1.43582440
10 -1.37843023 -1.37843045 -1.37843046 -1.37843046 -1.37843046
15 -1.35893671 -1.35893678 -1.35893678 -1.35893678 -1.35893678

20  -1.34911952 -1.34911955 -1.34911955 -1.34911955 -1.34911955

Table 2. Values of the f'(0) for different values of Da at different SHAM orders

The effect of thermal radiation on the skin friction is depicted on Table 3. We clearly observe
in this table that the absolute values of the skin friction are reduced as the thermal radiation
parameter R increases. Table 4 has been prepared to show the effect of wall suction velocity
on the skin friction. We observe that the magnitude of the local skin friction significantly
increases with increasing values of the wall suction velocity.

R 2nd order 4th order 6th order 8th order 10th order
5 -1.71772583 -1.71778800 -1.71778832 -1.71778833 -1.71778833
10 -1.64867944 -1.64870680 -1.64870690 -1.64870690 -1.64870690
15 -1.60822374 -1.60823854 -1.60823858 -1.60823858 -1.60823858
20 -1.58025980 -1.58026899 -1.58026901 -1.58026901 -1.58026901
30 -1.54255011 -1.54255482  -1.54255483 -1.54255483 -1.54255483

Table 3. Values of the f/(0) for different values of R at different SHAM orders

vo  2nd order 4th order 6th order 8th order 10th order
1 -1.84422963  -1.84438345 -1.84438474 -1.84438475 -1.84438475
2 -2.56784574 -2.56822755 -2.56823124 -2.56823128 -2.56823128
3  -3.38334080 -3.38395995 -3.38396583 -3.38396590  -3.38396590
4  -4.26060301 -4.26139618 -4.26140302 -4.26140309 -4.26140309
5 -5.17790146 -5.17878811 -5.17879476 -5.17879482 -5.17879482

Table 4. Values of the f/(0) for different values of v at different SHAM orders
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Table 5 has been included to show the effects of varying the wall suction velocity vy, thermal
radiation parameter R, heat absorption parameter (), absorption of radiation parameter Q,
and the Prandtl number Pr on the local Nusselt number. It can be clearly observed that the
rate of heat transfer between the wall and the fluid increases for increasing values of vy, high
values of Q; as well as Pr. The Nusselt number is observed to be reduced by increasing values
of R and small values of Q5.

0o R Q Q2 Pr ——9/(0)

1.0 1.0 1.0 1.0 0.7  0.95840112
20 1.0 1.0 1.0 0.7  1.22084437
30 1.0 1.0 1.0 07 1.50119641
40 1.0 1.0 1.0 07  1.79526126
50 1.0 1.0 1.0 07  2.09985847
1.0 20 1.0 1.0 07  0.76503772
1.0 4.0 1.0 1.0 0.7  0.58038779
1.0 5.0 1.0 1.0 07 052676177
1.0 100 1.0 1.0 0.7  0.38340898
1.0 1.0 20 1.0 07  1.12989889
1.0 10 40 1.0 07 141719168
1.0 1.0 50 1.0 07  1.54193396
1.0 1.0 100 1.0 0.7  2.05653970
1.0 1.0 1.0 20 0.7  0.81994800
1.0 1.0 1.0 50 07  0.40458864
1.0 1.0 1.0 10.0 0.7 -0.28767696
1.0 1.0 1.0 150 0.7 -0.97994256
1.0 1.0 1.0 200 0.7 -1.67220816
1.0 1.0 1.0 1.0 01 0.33842173
1.0 1.0 1.0 1.0 0.7  0.95840112
1.0 1.0 1.0 10 1.0 1.17519349
1.0 1.0 1.0 1.0 100 5.39718685
1.0 1.0 1.0 1.0 50.0 20.81046541

Table 5. Values of the —6’(0) for different values of vy, R, Q,Q; and Pr

Table 6 depicts the effects of varying vp, v and Sc on the local Sherwood number. We observe
from this table that all these three parameters cause the local Sherwood number to increase.

Final results are computed for the main physical parameters which are presented by means of
graphs. The influence of the thermal Grashof number Gr, the magnetic field parameter M, the
Darcy number Da, absorption radiation parameter Q;, thermal radiation parameter R, heat
absorption (), and the suction parameter vy on the velocity profiles can be analyzed from Figs.
(a)-(g). Fig (a) shows the influence of thermal buoyancy force parameter Gr on the velocity.
As can be seen from this figure, the velocity profile increases with increases in the values
of the thermal buoyancy. We actually observe that the velocity overshoot in the boundary
layer region. Buoyancy force acts like a favourable pressure gradient which accelerates the
fluid within the boundary layer therefore the solutal buoyancy force parameter Gm has the
same effect on the velocity as Gr. From Fig (b) we observe that the effect of magnetic field is
to decrease the value of velocity profile through out the boundary layer which result in the
thinning of the boundary layer thickness. Fig (c) displays the influence of the Darcy number
Da on the velocity profile. Increasing the Darcy number increases the velocity. The effect
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of increasing the value of the absorption parameter on the velocity is shown in Fig (d). We
observe in this figure that increasing the value of the absorption of the radiation parameter
due to increase in the buoyancy force accelerates the flow rate.

Fig (e) depicts the effect of varying thermal radiation parameter R on the flow velocity. We
observe that the thermal radiation enhances convective flow. Fig (f) illustrates the influence
of heat absorption coefficient () on the velocity. Physically, the presence of heat absorption
(thermal sink) effect has the tendency in resulting in a net reduction in the flow velocity.
This behaviour is seen from Fig (f) in which the velocity decreases as () increases. The
hydrodynamic boundary layer decreases as the heat absorption effects increase. The effects of
vp on the velocity field are shown in Fig (g). It is clearly seen from this figure that the velocity
profiles decrease monotonically with the increase of suction parameter indicating the usual
fact that suction stabilizes the boundary layer growth.

The influence of heat absorption, radiation absorption, thermal radiation and suction on the
temperature distribution is respectively, shown on Figs (h) - (k). Fig (h) depicts the effects
of heat absorption () on the temperature distribution. It is observed that the boundary layer
absorbs energy resulting in the temperature to fall considerably with increasing values of ().
This is because when heat is absorbed, the buoyancy force decreases the temperature profile.
The effect of absorbtion of radiation parameter on the temperature profile is shown on Fig (i).
It is seen from this figure that the effect of absorption of radiation is to increase temperature
in the boundary layer as the radiated heat is absorbed by the fluid which in turn increases the
temperature of the fluid very close to the porous boundary layer and its effect diminishes far
away from the boundary layer. From Fig (j) we observe that the effect of thermal radiation
is to enhance heat transfer as thermal boundary layer thickness increases with increase in the
thermal radiation. We observe that the effect of R is to increase the temperature distribution in
the thermal boundary layer. This is because the increase of R implies increasing of radiation
in the thermal boundary layer, and hence increases the values of the temperature profiles in
thermal boundary layer. Lastly the effect of suction parameter vy on the temperature field is
displayed in Fig (k). We see that the temperature profiles decrease with increasing values of
vo. This is because sucking decelerates fluid particles through the porous wall reducing the
growth of the fluid boundary layer as well as thermal and concentration boundary layers.

v vy S —¢'(0)

1 1 0.6 1.53261796
2 1 0.6 1.97076626
3 1 0.6 2.44776350
4 1 0.6 2.95336689
5 1 0.6 3.47988849
1 0 0.6 1.28843084
1 5 0.6 2.25555303
1 10 0.6 2.90467826
1 20 06 3.87130625
1 50 0.6 5.84331065
1 1 0.6 1.53261796
1 1 1.0 2.13711784
1 1 2.0 3.45301022
1 1 5.0 6.90551441
1 1 100 12.23149717

Table 6. Values of the —¢'(0) for different values of vy, v and Sc
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Figs (1) and (m) depict the influence of the non-dimensional chemical reaction parameter
7 and the suction parameter on concentration profiles, respectively. The effect of chemical
reaction parameter is very important in the concentration field. Chemical reaction increases
the rate of interfacial mass transfer. Reaction reduces the local concentration, thus increases its
concentration gradient and its flux. In Fig (m) we see that the concentration profiles decrease
with increasing values of the suction parameter.
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5. Conclusions

In this chapter, a new improved numerical technique to solve the problem of unsteady
magnetohydrodynamic convective heat and mass transfer past an infinite permeable vertical
plate in porous medium with thermal radiation, heat absorption and chemical reaction has
been employed. The highly non-linear momentum, energy and species boundary layer
equations are converted into ordinary differential equations using similarity transformations
before being solved using the spectral homotopy analysis method. The effects of various
physical parameters like buoyancy parameter, Hartmann number, Darcy number, suction,
thermal radiation and chemical reaction on velocity, temperature and concentration profiles
are obtained.

The following main conclusions can be drawn from the present chapter:

1. Wall suction stabilizes the velocity, thermal as well as concentration boundary layer
growth.

2. Boundary layer flow attain minimum velocity values for large Hartmann numbers.

3. Buoyancy parameter is to increase the velocity distribution in the momentum boundary
layer.

4. The presence of heat absorption effects cause reductions in the fluid temperature which
resulted in decreases in the fluid velocity.

5. The concentration decreases with increasing the chemical reaction parameter.

6. Both the velocity and temperature profiles increase with increasing values of radiation
absorption parameter.

These results might find wide applications in engineering, such as geothermal system, heat
exchangers, and nuclear waste depositors.
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