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ABSTRACT

The effects of mixed convection with thermal radiation, chemical reaction, Hall current and aligned magnetic on
MHD flow of viscous, incompressible and electrically conducting fluid on a moving inclined heated porous
plate is analyzed. The nonlinear coupled partial differential equations are solved analytically by employing
perturbation technique. The influence of different pertinent parameters such as Grashof number (Gr), modified
Grashof number (Gc), magnetic field parameter (M), heat source parameter (¢), chemical reaction parameter (y),
Schmidt number (Sc), Hall Current Parameter (m), Aligned angle (&) and angle of inclination (o) on velocity,
temperature and concentration distribution have been studied and analyzed with the help of graphs. An analysis
of the coupled heat and mass transfer phenomena is provided in detail. We have an excellent agreement with the
existed results [27]. Results indicate that an increase in aligned magnetic field angle reduces the velocity
boundary layer and friction factor. The skin friction, Nusselt number and Sherwood number are also obtained
and are shown in tabular form.

Keywords: Viscous and Ohmic Dissipation, Chemical reaction, Inclined plate, radiation, Alinged Magnetic,

Hall Current.

Date of Submission: 20-10-2017

Date of acceptance: 02-11-2017

I. INTRODUCTION

The convective heat and mass transfer flows
in an inclined porous plate find a number of
applications in many branches of science and
technology like chemical industry, cooling of nuclear
reactors. MHD power generators, geothermal energy
extractions processes, petroleum engineering etc.
Convective heat and mass transfer flows in the
presence of various physical properties for the cases
of horizontal and vertical flat plates have been
attracting the attention of many researchers now a
days[1]-[17]. However, the boundary layer flows
adjacent to inclined plates or wedges have received
less attention. For the problem of coupled heat and
mass transfer in MHD free convection, the effect of
both viscous dissipation and Ohmic heating are not
studied in the above investigations. However, it is
more realistic to include these two effects to explore
the impact of the magnetic field on the thermal
transport in the boundary layer. With this awareness,
the effect of Ohmic heating on the MHD free
convection heat transfer has been examined for a
Newtonian fluid by Hossain [18]. Hossain and Gorla
[19] studied Joule  heating effect on

magnetohydrodynamic mixed convection boundary
layer flow. To investigate the mixed convection flow
of an electrically conducting and viscous
incompressible fluid past an isothermal vertical
surface with Joule heating in the presence of a
uniform transverse magnetic field fixed relative to the
surface. It was assumed that the electrical
conductivity of the fluid varies linearly with the
transverse velocity component. Beg et al. [20] solved
magnetohydrodynamic Hartmann—Couette flow and
heat transfer in a Darcian channel with Hall current,
ionslip, viscous and Joule heating effects. In their
study Reddy et al. Chen [21] studied the problem of
combined heat and mass transfer of an electrically
conducting fluid in MHD natural convection,
adjacent to a vertical surface with Ohmic heating.
Reddy et al. [22] considered thermo diffusion and
chemical effects with simultaneous thermal and mass
diffusion in MHD mixed convection flow with
Ohmic heating. Sibanda and Makinde [23] proceeded
on steady MHD flow and heat transfer past a rotating
disk in a porous medium with Ohmic heating and
viscous dissipation. Mixed convection of Non-
Newtonian fluids from a vertical plate embedded in a
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porous medium is studied by Wang et al., [24].
Viscous and Joule heating effects on non-Darcy
MHD natural convection flow over a permeable
sphere in porous media with internal heat generation
was considered by Yia [25]. Choudhury and Das [26]
examined on Mixed Convective visco elastic MHD
flow with Ohmic heating. Motivated by the above
studies, in this manuscript an attempt is made to
investigate the effects of radiation absorption,
temperature  dependant heat source, viscous
dissipation and Joule heating effects on a radiative
and reactive, mixed convection MHD flow of a
viscous, incompressible, electrically conducting and
Newtonian fluid on a moving inclined heated porous
plate. This is an extension to the work of Raju MC et
al. [27], which has the novelty in studying Aligned
magnetic and Hall Current in the momentum
equation.

The convective heat and mass transfer
flows in porous medium find a number of
applications in many branches of science and
technology like chemical industry, cooling of nuclear
reactors. MHD power generators, geothermal energy
extractions processes, petroleum engineering etc. [28,
29]. Convective boundary layer flow problems in the
cases of horizontal and vertical flat plates have been
investigated quite extensively. The boundary layer
flows adjacent to inclined plates or wedges have
received less attention. The study of Sparrow et al.
[30] is related to the convection flow about an
inclined surface in which the combined forced and
free boundary layer problem has been discussed
using the similarity method. Chaudhury [28] have
analyzed the effect of radiation on heat transfer in
MHD mixed convection flow with simultaneous
thermal and mass diffusion from an infinite vertical
plate with viscous dissipation and Ohmic heating.
Dulal [29] studied the combined effect of mixed
convection with thermal radiation and chemical
reaction on MHD flow of viscous and electrically
conducting fluid past a vertical permeable surface
embedded in a porous medium. Singh [31] studied
Heat and Mass Transfer in MHD Boundary Layer
Flow past an Inclined Plate with Viscous Dissipation
in Porous Medium. Mansour [32] studied the
boundary layer analysis has been presented for the
free convection flow past an inclined surface in a
Newtonian fluid-saturated porous medium. Chen [33]
investigated the heat and mass transfer characteristics
of MHD natural convection flow over a permeable,
inclined surface with variable wall temperature and
concentration, taking into consideration the effects of
Ohmic heating and viscous dissipation. Hossain [34]
have studied the convection flow from an isothermal
plate inclined at a small angle to the horizontal. Dulal
pal [35] investigated the unsteady mixed convection
with thermal radiation and first order chemical
reaction on magnetohydrodynamic. Noor [36] studied

the problem involving the conjugate phenomenon of
heat and mass transfer analytically. Bhuvaneswari
[37] analyzed on the magnetohydrodynamic (MHD)
free convection flow with simultaneous effects of
heat and mass transfer. Ziyauddin [38] developed
closed form exact solutions for the unsteady MHD
free convection flow of a viscous fluid over an
inclined plate with variable heat and mass transfer in
a porous medium. Alam [39] studied the combined
effect of viscous dissipation and Joule heating on
steady MHD free convective heat and mass transfer
flow of a viscous incompressible fluid past a semi-
infinite inclined radiate isothermal permeable moving
surface in the presence of thermophoresis. Ganesan et
al. [40] studied the problem of unsteady natural
convection flow of a viscous incompressible
electrically conducting fluid past an inclined plate
with variable heat and mass flux’s. Orthan Aydm et
al. [41] studied MHD mixed convective heat transfer
flow about an inclined plate.

Magnetic fields are commonly used to
pump, stir and stabilize liquid metals. In casting
operations, the motion of submerged liquid metal jets
that feed the casting moulds is suppressed by the
application of an intense, static magnetic field. One
of the particular importance of this work is the flow
through porous media in the presence of a magnetic
field. This type of flow may find some industrial
applications in the design of filtration systems, in
addition to the study of lubrication mechanism is
enhanced through the introduction of porous lining
into the mechanism and the imposition of a magnetic
field in a transverse direction to the flow. Other
applications to this type of flow include the
occurrence of this type of flow in nature. Typically,
the magnetic field is available everywhere on earth,
hence, the study of any natural flow phenomena
mandates taking into account the magnetic effects in
the flow equations. The main type of single-phase
flow models have been developed and reviewed by
[46]. A vast amounts of research has been carried out
on the motion of electrically conducting fluids
moving in a magnetic field. Mathematical
complexity of the phenomenon induced many
researches to adopt a rather useful alternative
technique of investigating special classes of flows
such as aligned or parallel flows, crossed or
orthogonal flows, (for more details see for example
[42-45]). They studied finitely conducting orthogonal
MHD plane flows. In which they discussed that the
velocity and magnetic field vectors are mutually
orthogonal everywhere in the flow region.

In this study, we consider Hall Current and
aligned fluid flow through porous media in the
presence of a magnetic field. The importance of
thermal radiation on unsteady forced convection with
an align magnetic field pay an attention now a days.
The study of heat and mass transfer due to chemical
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reaction is also very important because of its
occurrence in most of the branches of science and
technology. The processes involving mass transfer
effects are important in chemical processing
equipments which are designed to draw high value
products from cheaper raw materials with the
involvement of chemical reaction. In many industrial
processes, the species undergo some kind of
chemical reaction with the ambient fluid which may
affect the flow behavior and the production quality of
final products. Magnetic-field aligned electric fields
play an important role in fluid dynamics. They allow
decoupling of plasma elements by violation of the
frozen field condition, breakdown of equipotential
mapping, efficient acceleration of charged particles
and rapid release of magnetic energy. A number of
mechanisms that can support magnetic field aligned
electric fields have been identified. They include
wave turbulence, solitary structures, magnetic
mirrors, electric double layers and dynamic trapping.
Some of them have been observationally confirmed
to be important in the auroral process, but their
relative roles are still not well known. Before the era
of in situ measurements in space it was common
wisdom that magnetic-field aligned electric fields
cannot not exist, because the unimpeded motion of
electrons and ions along magnetic field lines would
“short circuit” them. The existence of magnetic-field
aligned electric fields in collision less space plasma
is a matter of great importance. (For brevity the term
“parallel” will also be used for “magnetic-field
aligned”.). For a non vanishing magnetic-field
aligned electric field to exist other than as a brief
transient, the momentum that this field continually
imparts to the charged particles must be balanced.

ov N

—=0 = v =-V,

Depending on how this momentum balance is
achieved, a number of different types of magnetic-
field aligned electric fields are possible, each with its
own characteristics.(1)Forces from ac electric
fields.(2) Forces from the dc magnetic field(3)
Inertial forces.

The objective of this article is the effects of
mixed convection with thermal radiation, chemical
reaction, Hall current and aligned magnetic on MHD
flow of viscous, incompressible and electrically
conducting fluid on a moving inclined heated porous
plate is analyzed. The nonlinear coupled partial
differential equations are solved analytically by
employing perturbation technique.

1. MATHEMATICAL FORMULATION

Consider a free convective laminar
boundary layer flow of a viscous incompressible
electrically conducting, chemically reactive, radiative
and heat absorbing fluid past a semi-infinite moving
permeable plate inclined at an angle a a in vertical
direction embedded in a uniform porous medium,
which is subject to thermal and concentration
buoyancy effects along with Joule’s dissipation. The
temperature of the wall is maintained T,, and
concentration C,, which is higher than the ambient
temperature T, and concentration C,, respectively.
Also it is assumed that there exists a homogeneous
chemical reaction of first order with rate constant
between the diffusing species and the fluid. With
these physical considerations, the equations
governing the fluid in Cartesian frame of reference
are given below.

oy
(2.1)
Momentum Equation
L ou’ o’u’ N m .
pV — = u 2—#*u —( Z—MfsinzgwaBozu +
oy oy’ k L1+ m J
pgcosa B, (T*—Tw)+ pgcosa /J’C(C*—Cw)
(2.2)
Energy Equation
* * * 2 *
. oT o°T (ou™)  aq, , w2 .
pCpV —=a, —+ u| all ~+toBju -Q (T -T))
oy oy Loy ) oy
(2.3)
Concentration Equation
.oc’ a'c’ .
v —=D—-R(C -C)
oy dy
(2.4)

The radiative heat flux
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aq. . .
L:: 47 -T)I
oy
(2.5)
Where

.. Is the absorption coefficient at the wall and e, , is Plank’s function.

oT

Under these assumptions the appropriate boundary conditions for velocity, temperature and concentration fields
are defined as

. oe
0

u=0, T =T, C =cC_ at y=0
(2.6)
u >0, T T, C >C, as y o> x
(2.7)
Introducing the following non-dimensional quantities
u’ v(C -C )R vy u B’vls K v’
u=—o=2R, - 2( 2ZC )R N U, =M s = K= —
v, Yo vOpCp(TW—Tw) v v, v, u v
T -T c -c v Rov C 4vl’
0 = =~.C = =, Sc=—,7 = Z,P:'Up,H: Q°3,F: =
T,-T, c,-C, d v, a, pC Vv, pC Vv,
2 2 2 2
v v (T -T v (C -C M v
EC: 0 ’Gr:pgﬁ-r 3(w w),GC:pgﬂc :E w w),Mlzz zdzop
Cp(Tw—Tw) v, u Vo u B,v'o
(2.8)

Where the parameters are Grashof number porosity parameter K, Prandtl number Pr, Schmidt
Gr, modified Grashof number Gm, angle of number Sc, Hall Current Parameter m and Aligned
inclination o, radiation parameter F, Schmidt number angle £ .
Sc, chemical reaction parameter y , Hartmaan number The basic field equations (2.2) — (2.4), can be

M, temperature dependent heat source parameter H, expressed in non-dimensional form as
o’u  au
~+—-Du=-D6-D,C-Du (2.9)
oy oy
2
o%0 06 (ou) )
~+Pr—+PrEc| — | +PrEcM 'u" -Pr(F +¢)=0
oy oy L&yj
(2.10)
a’c oC
. +Sc—-ScyC =0
ay oy
(2.11)
.2 1 mM 2
Where D, = Grcose ; D, =Gmcosa ; D, =M  sin"¢&; D, =—+M_; M_ = =
K 1+m
The corresponding boundary conditions in non-dimensional form are:
u=0,6=1C-=1 at y=0
(2.12)
u—>0, >0, C-—>DO0 as y —> o
(2.13)
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11l. METHOD OF SOLUTION into into a set of ordinary differential equations by

The set of partial differential equations (2.9) taking the expressions for velocity u(y), temperature
— (2.11) cannot be solved in closed form. However, 0(y) and concentration C(y) in dimensionless form as
they can be solved analytically after reducing them  follows:

u(y)=u,(y)+ Ecu,(y)+O(E])

(3.1)
0(y)=0,(y)+Eco,(y)+O(E))

(3.2)
C(y)=C,(y)+C,(y)+O(E})

(3.3)

Substituting (3.1) — (3.3) in (2.9) — (2.11) and equating the coefficients of zero™ order of Eckert number
(constants), and equating the coefficients of the first order of Eckert number, and neglecting the higher order of
O(EZ?) and simplifying to get the following set of equations

u;+u(;+DSUO:—DIHO—DZC0 (3.4)
0, +Pro, —Pr(F +¢)0, =0 (3.5)
C,+ScC,-ScyC,=0 (3.6)
u;+u1'+ D,u =-D# -C, D, 3.7)
0.+ pr(l-H)6, — Pr(F +$)8, = —Pru, —PrM 2u’ (3.8)
C,+ScC,-ScyC,=0 (3.9)

Where prime denotes ordinary differentiation with respect to ‘y’and p = M * + —

The corresponding boundary conditions are:
u,=0,u,=0,6,=16=0C,=1C, =0 at y=0 (3.10)

u, > O0,u, - 06, -06 -0C,->0C, >0 as y - o (3.11)

Using boundary conditions (3.10) and (3.11), the solutions of (3.4) — (3.9), we obtain the following expressions
for velocity, temperature and concentration.

u, = Ae " —Ae M —ae ™ (3.12)
0, =¢ " (3.13)
c,=e™ (3.14)

_A _A -A,y -m,y -2A,y
u=A.e " —Ae™-Ae T+AEe T +AEe
(3.15)

-2Ay -2m,y -B,y -B,y -Byy
+ A, € +A,e - A,e + A,e - A,e
N -A — A - —2A
0, =AM +Ae " —Ae M —Ae ™ A
(3.16)
A e M oA e ™ LA e oA e B A e ™
™Mo — M 12 = s 14

C,=0 (3.17)
Substituting the above solutions (3.12) — (3.17) in (3.1) — (3.3), we get the final form of Velocity, Temperature,
Concentration distributions in the boundary layer as follows

uly)=[Ae ™ —Ae ™ —Ae™]

+ Ec
~ A Ay ~AgY -myy —2A,y
[A,e - A.e - A,e + A€ + A€
“2AY -2myy -Byy -Byy -Byy (3.18)
+ A, e +A,e - A,e +A,e - A,e ]
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Ay -Ayy Ay -myy —2A,y
05 —[e '] erlse + Age - Ae — Age + Age T|
+ Ec LfAme_ZAly _ A“e—zm1y + Alze—Bly _ A13e—32y + AMefBGyJ (3.19)
C(y)=e ™ (3.20)
The physical quantities of interest are the wall shear stress z  is given by
ou’ )
Ty = H * = pV,u(0)
oy J —o0
The local skin friction factor Cy, is given by
z-W '
C,= S =u 0)=[-A,A, + AA +mAT+EcC[-A A, +AA,
PV, (3.21)
+ A2A18 - m1A19 - 2A2Azo - 2A1A21 - 2m1A22 + BlA23 - BzA24 + BaAzs]
The local surface heat flux is given by:
T’
q, = -k .
oy y <0
Where « is the effective thermal conductivity. The local Nusselt number
Nu, = it can be written as
(T, -T.)
Nu, 20
=-— =-0'0)=[A]+Ec[AA,+AA —AA -mA,
Re, oy yoo (3.22)
-2A,A,-2AA,-2mA +BA,-B,A.+BA,]
The local surface mass flux is given by
Sh, ac
=-—] =-m (3.23)
Re, oy y-o
VUX i
Where Re = is the local Reynolds Number.
1%

IV. RESULTS AND DISCUSSIONS

The present study considers the effects of
radiation absorption R, and chemical reaction y, on
transient free convection flow of heat and mass
transfer in MHD free convective joule heating and
radiative flow in a moving inclined porous plate with
temperature dependent heat source. Solutions for
velocity, temperature and concentration field are
obtained by using perturbation technique with y =
0.1, Ec = 0.01, Sc = 0.60, Pr=0.7, M = 2.0, K= 0.5,
Gc =2.0,Gr=4.0,a =76, F =10, ¢ = 0.1, § = w/6,
m = 0.1, Md = 0.5 and therefore all the graphs
corresponds to these unless specifically indicated on
the appropriate graph. The effects of various

parameters like  Grashof number Gr, modified
Grashof number Gc, angle of inclination o, radiation
parameter F, Schmidt number Sc, chemical reaction
parameter y , Hartmaan number M, heat source
parameter ¢, porosity parameter K, Prandtl number
Pr, Schmidt number Sc, Hall Current Parameter m
and Aligned angle & on velocity, temperature and
concentration have been studied analytically and
effects are executed with the help of Figures. Also
the behavior of skin-friction, rate of heat transfer and
rate of mass transfer with respect to various
parameters have been studied and results were
presented in Tables.
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0.2H/

Figure 1: Velocity profiles for different values of Hartmaan number M

Figure 1 exhibits the effect of Hartmaan
number (M). It is noticed that as the values of M
increase velocity profiles gradually decrease. The
effect of magnetic field is more prominent at the
point of peak value i.e. the peak value drastically
decreases with increases in the value of magnetic
field, because the presence of magnetic field in an
electrically conducting fluid introduce a force called
the Lorentz force, which acts against the flow if the
magnetic field is applied in the normal direction, as
in the present problem. This type of resisting force
slows down the fluid velocity as shown in this
figure.Figure 2 shows that wvelocity profile for
different values of porosity parameter (K). As K
increases velocity also increases.

Figure 3 shows that the effects of angle of
inclination (o) on velocity profile. We observed that
the velocity decreases for increasing the angle of
inclination o.  Figure 4 depicts that the effects of
Grashof number (Gr) on velocity profile.From this
figure it is noticed that the velocity increases as
Grashof number increases. Fig.5 represents typical
velocity profiles in the boundary layer for various
values of the modified Grashof number, while all
other parameters are kept at some fixed values. The
velocity distribution attains a distinctive maximum
value in the vicinity of the plate surface and then
decrease properly to approach the free stream value.
As expected, the fluid velocity increases and the peak
value more distinctive due to increase in the
concentration buoyancy effects represented by
modified Grashof number. This is evident in the
increase in the value of velocity as modified Grashof
number increases. Figure 6 shows the velocity
profiles for different values of the radiation parameter
(F), clearly as radiation parameter increases the peak
values of the velocity tends to decreases. For
different values of the Schmidt number (Sc) the

Www.ijera.com

velocity profiles are plotted in Figure 7. It is obvious
that an increase in the Schmidt number results in
decrease in the velocity within the boundary layer.
Figure 8 illustrates the velocity profiles for different
values of Prandtinumber. It is observed that the
velocity decrease as an increasing the Prandtl
number. The influence of Aligned Angle & on the
velocity profile are shown in Figure 9. It is observed
that an increase in the Aligned Angle & causes to
increase the fluid velocity. Velocity profiles for
different values of hall current parameter (m) is
shown in Figure 10. As m increases velocity
distrribution decreases. Velocity profiles for different
values of heat source parameter ¢ is shown in Figure
11. As ¢ increases velocity distrribution decreases.
Figure 12 exhibits the effect of radiation parameter
(F). It is seen that F increases temperature decreases.
Figure 13 illustrates the temperature profiles for
different values of Prandtlnumber. It is observed that
the temperature decrease as an increasing the Prandtl
number. The reason is that smaller values of Prandtl
number are equivalent to increase in the thermal
conductivity of the fluid and therefore heat is able to
diffuse away from the heated surface more rapidly
for higher values of Prandtl number. Hence in the
case of smaller Prandtl number the thermal boundary
layer is thicker and the rate of heat transfer is
reduced. Effects of ¢ on temperature is presented in
Figure 14. From this figure It is observed that the
temperature decrease as an increasing the heat source
parameter ¢. Figure 15 illustrates the behavior
concentration for different values of chemical
reaction parameter y. It is observed that an increase
in leads to a decrease in the values of concentration.
Figure 16 displays the effect of Schmidt number Sc
on the concentration profiles respectively. As the
Schmidt number increases the concentration
decreases.
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Figure 3: Velocity profiles for different values of angle of inclination a.

0.8 L} L) L) L) L)
0.6 --Gr=1 J
-=Gr=2
S 0.4 -Gr=3 J
=+ Gr=4

0.2F)/

0 1 2 3 4 5 6

0% 1 2 3 4 5 6
y
Figure 5: Velocity profiles for different values of modified Grashof number Gc.
0.6
-—F=1.0
0.4} ~—F=12 .
= ~—F=14
0.2t ~F=18
0 1 2 3 7] 5 6

y
Figure 6: Velocity profiles for different values of radiation parameter F.
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Figure 7: Velocity profiles for different values of Schmidt number Sc.
O-G L} L} L) L) L)

Figure 8: Velocity profiles for different values of Prandtl number Pr.
0.6 L} L} L) L) L)

0.4

=}

0.2

Figure 9: Velocity profiles for different values of Aligned Angle & .

0.6 T T T T T
0.4F +m=1 .
5 —--m=2
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0.2} om=4 E
0 1 2 3 4 5 6

Figure 10: Velocity profiles for different values of hall current parameter m.
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Figure 11: Velocity profiles for different values of heat source parameter ¢.
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1 : : : : :
—F=-10
~F=15

=05l <“F=20 ]
+F=25

% 1 2 34 56

y
Figure 12: Temperature profiles for different values of radiation parameter F.
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Figure 14: Temperature profiles for different values of heat source parameter ¢.
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-y =0.1
-y =0.2
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<y =0.4
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Figure 15: Concentration profiles for different values of Chemical reaction parameter vy .

+Sc=0.22
-+-Sc = 0.60
--Sc=0.78 1
~-Sc = 0.96

O 0.5

% 1 2 3 4 5 6
y
Figure 16: Concentration profiles for different values of Schmidt number Sc.
From Table 1, we conclude that Increasing F and ¢ Nusselt number is increasing. From Table 3,
of K, Gr, Gc skin-friction increasing. Also we say that Increasing of Sc, y Sherwood number is
Increasing of M, a, F, Sc, m, & skin-friction decreasing.

decreasing. From Table 2, we have Increasing of Pr,
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M K a Gr Gc F Sc g m T
2.0 0.5 /6 4.0 2.0 1.0 0.60 /6 0.1 2.4092
3.0 0.5 /6 4.0 2.0 1.0 0.60 /6 0.1 2.2785
4.0 0.5 /6 4.0 2.0 1.0 0.60 /6 0.1 2.1097
2.0 0.5 /6 4.0 2.0 1.0 0.60 /6 0.1 2.4092
2.0 0.7 /6 4.0 2.0 1.0 0.60 /6 0.1 2.5490
2.0 0.9 /6 4.0 2.0 1.0 0.60 /6 0.1 2.9473
2.0 1.0 /6 4.0 2.0 1.0 0.60 /6 0.1 2.9786
2.0 0.5 0 4.0 2.0 1.0 0.60 /6 0.1 2.7375
2.0 0.5 /4 4.0 2.0 1.0 0.60 /6 0.1 1.9028
2.0 0.5 /3 4.0 2.0 1.0 0.60 /6 0.1 1.4550
2.0 0.5 /6 1.0 2.0 1.0 0.60 /6 0.1 1.3446
2.0 0.5 /6 2.0 2.0 1.0 0.60 /6 0.1 1.6911
2.0 0.5 /6 3.0 2.0 1.0 0.60 /6 0.1 2.0633
2.0 0.5 /6 4.0 3.0 1.0 0.60 /6 0.1 2.9934
2.0 0.5 /6 4.0 4.0 1.0 0.60 /6 0.1 3.4640
2.0 0.5 /6 4.0 5.0 1.0 0.60 /6 0.1 3.9410
2.0 0.5 /6 4.0 2.0 15 0.60 /6 0.1 2.4465
2.0 0.5 /6 4.0 2.0 2.0 0.60 /6 0.1 2.2410
2.0 0.5 /6 4.0 2.0 25 0.60 /6 0.1 2.2188
2.0 0.5 /6 4.0 2.0 1.0 0.22 /6 0.1 2.7363
2.0 0.5 /6 4.0 2.0 1.0 0.78 /6 0.1 2.3267
2.0 0.5 /6 4.0 2.0 1.0 0.96 /6 0.1 2.3007
2.0 0.5 /6 4.0 2.0 1.0 0.60 /3 0.1 2.6239
2.0 0.5 /6 4.0 2.0 1.0 0.60 0/4 0.1 2.5463
2.0 0.5 /6 4.0 2.0 1.0 0.60 /6 0.1 24121
2.0 0.5 /6 4.0 2.0 1.0 0.60 0/12 0.1 2.3803
2.0 0.5 /6 4.0 2.0 1.0 0.60 /6 0.3 2.2070
2.0 0.5 /6 4.0 2.0 1.0 0.60 /6 0.5 2.0955
2.0 0.5 /6 4.0 2.0 1.0 0.60 /6 0.7 2.0268
Table 1: The effects of Skin-friction coefficient.
Pr ) F Nu
0.7 0.1 0.0 0.8527
0.7 0.1 1.0 1.3985
0.7 0.1 2.0 1.7799
0.7 0.1 3.0 25214
0.72 0.1 1.0 1.4094
1.72 0.1 1.0 2.5937
2.72 0.1 1.0 3.5799
3.72 0.1 1.0 45892
0.7 0.0 1.0 1.3337
0.7 0.1 1.0 1.3985
0.71 0.2 1.0 1.4028
0.71 0.3 1.0 1.4623
Table 2: The effects of Nusselt number.
Y Sc Sh
0.1 0.22 -0.2947
0.1 0.60 -0.6873
0.1 0.78 -0.8697
0.1 0.96 -1.0513
0.2 0.60 -0.7583
0.3 0.60 -0.8186
0.4 0.60 -0.8745

Table 3: The effect of Sherwood number at the plate.
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