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ABSTRACT. This work is devoted to investigate heat and mass transfer effects on MHD natural
convection flow past an inclined plate with ramped temperature numerically. The dimensionless
governing equations for this investigation are solved by using finite element method. The effects
of angle inclination, buoyancy ratio parameter, permeability parameter, magnetic parameter,
Prandtl number, heat generation, thermal radiation, Eckert number, Schmidt number, chemical
reaction parameter and time on velocity, temperature and concentration fields are studied and
presented with the aid of figures. The effects of the pertinent parameters on skin friction, rate
of heat transfer and mass transfer coefficients are presented in tabular form. The numerical
results are compared graphically with previously published result as special case of the present
investigation and results found to be in good agreement.

1. INTRODUCTION

Heat transfer is a study of the exchange of thermal energy through a body or between bodies
which occurs when there is a temperature difference. Heat always transfers from hot to cold.
Whereas mass transfer is the transport of constituent from aregion of higher concentration to
that of lower concentration. Heat and mass transfer is important in many engineering appli-
cation such as food processing, nuclear reactors and polymer. A comprehensive discussion
on heat and mass transfer was made by Abdallah and Zeghmati [1] have investigated natural
convection heat and mass transfer in the boundary layer along a vertical cylinder with opposing
buoyancies. Olajuwon [2] has presented convection heat andmass transfer in a hydromagnetic
flow of a second grade fluid in the presence of thermal radiation and thermal diffusion. Bisht
et al. [3] have analyzed the effects of variable thermal conductivity and chemical reaction on
steady mixed convection boundary layer flow with heat and mass transfer inside a cone due to
a point sink.
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MHD is the science of motion of electrically conducting fluidin presence of magnetic field.
The phenomenon of MHD flow with heat and mass transfer has beena subject of interest of
many researchers because of its varied applications in science and technology. Such phenom-
ena are observed in buoyancy induced motions in the atmosphere, in bodies of water, quasi-
solid bodies such as earth, etc. In light of these facts Eldabe et al. [4] have explained MHD
free convection flow of visco-elastic fluid past an infinite vertical porous plate. Makinde [5]
has studied heat and mass transfer by MHD mixed convection stagnation point flow toward a
vertical plate embedded in a highly porous medium with radiation and internal heat generation.
Mbeledogu et al. [6] have investigated unsteady MHD free convective flow of a compressible
fluid past a moving vertical plate in the presence of radiative heat transfer. Ishak et al. [7] have
analyzed Magnetohydrodynamic (MHD) flow and heat transfer due to a stretching cylinder.

Dissipation is the process of converting mechanical energyof downward-flowing water into
thermal and acoustical energy. Various devices are designed in streambeds to reduce the kinetic
energy of flowing waters, reducing their erosive potential on banks and river bottoms viscous
dissipation occurs in natural convection in various devices. Such dissipation effects may also be
present in stronger gravitational fields and in process wherein the scale of the process is very
large, e.g., on larger planets, in large masses of gas in space, and in geological processes in
fluids internal to various bodies with viscous dissipative heat included in the energy equation.
Amin et al. [8] have studied the effect of viscous dissipation on a power law fluid over plate
embedded in porous medium. Siva Reddy and Srinivasa Raju [9]have explained Soret effect on
unsteady MHD free convective flow past a semi infinite vertical plate in the presence of viscous
dissipation. Raja Shekar and Hussain [10] have described the effect of viscous dissipation on
MHD flow of a free convection power-law fluid with a pressure gradient.

Thermal radiation effects on hydromagnetic natural convection flow with heat and mass
transfer play an important role in manufacturing processestaking place in industries for the
design of fins, glass production, steel rolling, casting andlevitation, furnace design, etc. More-
over, several engineering processes occur at very high temperatures where the knowledge of
radiative heat transfer becomes indispensible for the design of pertinent equipment. Nuclear
power plants, gas turbines and various propulsion devices for aircraft, missiles, satellites and
space vehicles are examples of such engineering areas. In this regard we may cite down the
works done by Suneetha et al. [11] have discussed thermal radiation effects on MHD free con-
vection flow past an impulsively started vertical plate withvariable surface temperature and
concentration. Cess [12] has explained the interaction of thermal radiation with free convec-
tion heat transfer. Howell et al. [13] have narrated thermalradiation heat transfer. Anjali
Devi and Samuel Raj [14] have analyzed Thermo-diffusion effects on unsteady hydromagnetic
free convection flow with heat and mass transfer past a movingvertical plate with time depen-
dent suction and heat source in a slip flow regime. Venkateshwarlu et al. [15] have explained
Thermal diffusion and radiation effects on unsteady MHD free convection heat and mass trans-
fer flow past a linearly accelerated vertical porous plate with variable temperature and mass
diffusion

In certain porous media applications, the heat generation (source) or absorption (sink) ef-
fects are important. Representative studies dealing with these effects have been reported by
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many authors such as Ibrahim and Shanker [16] have studied Unsteady MHD boundary-layer
flow and heat transfer due to stretching sheet in the presenceof heat source or sink. Ibrahim and
Bhaskar Reddy [17] have investigated radiation and mass transfer effects on MHD free convec-
tion flow along a stretching surface with viscous dissipation and heat generation. Kesavaiah et
al. [18] analyzed the effects of the chemical reaction and radiation absorption on an unsteady
MHD convective heat and mass transfer flow past a semi-infinite vertical permeable moving
plate embedded in a porous medium with heat source and suction. Shivaiah and Anand Rao
[19] have investigated Chemical reaction effect on an unsteady MHD free convection flow past
a vertical porous plate in the presence of suction or injection. Venkateshwarlu et al. [20] have
studied Radiation effects on MHD boundary layer flow of liquid metal over a porous stretching
surface in porous medium with heat generation.

Several investigations were performed using both analytical and numerical methods un-
der different thermal conditions which are continuous and well defined at the wall. Practical
problems often involve wall conditions that are non-uniform or arbitrary. To understand such
problems, it is useful to investigate problems subject to step change in wall temperature. For
instance the fabrication of thin-film, nuclear heat transfer control, materials processing and tur-
bine blade heat transfer. Chandran et al. [21] have studied Natural convection near a vertical
plate with ramped wall temperature. Seth et al. [22] have explained MHD natural Convection
flow with radiative heat transfer past an impulsively movingplate with ramped wall tempera-
ture. Ismail et al. [23] described MHD and radiation effectson natural convection flow in a
porous medium past an infinite inclined plate with ramped wall temperature. Narahari et al.
[24] considered Ramped temperature effect on unsteady MHD natural convection flow past
an infinite inclined plate in the presence of radiation, heatsource and chemical reaction. Siva
Reddy et al. [25] have studied Transient approach to heat absorption and radiative heat transfer
past an impulsively moving plate with ramped temperature.

Most of the research workers assumed vertical plate and theyhave neglected viscous dissi-
pation. In the present work, we assumed inclined plate and atthe same time effect of viscous
dissipation is considered. The objective of this paper is toanalyze the Heat and Mass transfer
effects on MHD natural convection flow past an inclined platewith ramped temperature. A
finite element scheme has been used to solve the governing equations. Variations in velocity,
temperature and concentration with respect to various flow pertinent parameters are discussed
graphically. The effects of the pertinent parameters on skin friction, rate of heat transfer and
mass transfer coefficients are presented in tabular form. Finally our results are compared with
results of Narahari et al. [24] and are found to be in excellent agreement.

2. FORMULATION OF THE PROBLEM

Consider the unsteady laminar heat and mass transfer by natural convection along an infinite
inclined plate through a porous medium. The physical model and Coordinate system are shown
in Fig.1. Thex′-axis is taken along the plate with the angle of inclinationφ to vertical and the
y′-axis is taken normal to the plate. Initially att′ ≤ 0, the plate and the fluid are at the
temperatureT ′

∞
and concentrationC ′

∞
. At u the plate temperature increases according to
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the equationT ′ = T ′

∞
+ (T ′

w − T ′

∞
)t

′
/t0 and the chemical species concentration raised to

C ′

w. It is assumed that the plate is electrically non-conducting and a magnetic field of uniform
strengthB0 is applied in they′-direction. The fluid is assumed to be optically thin, constant
property radiating gas except the density variation in the body force term of the balance of
linear momentum equation and it is also assumed that the radiation heat flux in thex′-direction
is negligible as compared to that in they′-direction.

FIGURE 1. The physical model of the problem.

Since, the plate is assumed to be infinitely long inx′-axis direction so that all the dependent
variables are functions ofy′ and t′ only. Under the usual Boussinesq approximation, intro-
ducing heat due to viscous dissipation the governing equations for the momentum, energy and
solute concentration can be written as follows:

∂u′

∂t′
= υ
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∞

)
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∞
) cosφ− υ

u′
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1

− σB2
0

ρ
u′ (2.1)

ρcp
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∂t′
= k
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− qc

(
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∞
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− ∂qr
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(
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(2.2)

∂C ′

∂t′
= D

∂2C ′

∂y′2
− κ

(

C ′ − C ′

∞

)

(2.3)

With the following initial and boundary conditions

t′ ≤ 0 : u′ = 0, T ′ = T ′

∞
, C ′ = C ′

∞
for all y′ ≥ 0,

t′ > 0 :
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(2.4)
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For an optically thin constant property gas, the radiative heat fluxqr satisfies the following
nonlinear differential equation:

∂qr

∂y′
= 4ασ∗(T ′4 − T

′4
∞
) (2.5)

Whereα is the absorption coefficient andσ∗ is the Stefan-Boltzmann constant. It is assumed
that the temperature differences within the flow are sufficiently small such thatT

′4
∞

may be
expressed as a linear function of the fluid temperatureT ′ using the Taylor series aboutT ′

∞
.

After neglecting higher-order terms, gives

T ′
4 ∼= 4T ′3

∞
T ′ − 3T

′4
∞

(2.6)

Using Equations (2.5) and (2.6), Equation (2.2) becomes

ρcp
∂T ′

∂t′
= k

∂2T ′

∂y′2
− qc

(

T ′ − T ′

∞

)

− 16ασ∗T
′3
∞
(T ′ − T ′

∞
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v
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(

∂u′

∂y′

)2

(2.7)

The following non-dimensional quantities are introduced:
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(2.8)

Whereu′ is the fluid velocity in thex′-direction, t′ is the time,υ is the kinematic viscosity,
g is the acceleration due to gravity,β is the volumetric coefficient of thermal expansion,T ′

is the fluid temperature,T ′

∞
is the temperature of the fluid away from the plate,β∗ is the

volumetric coefficient of concentration expansion,C ′ is the species concentration,C ′

∞
is the

species concentration away from the plate,K ′

1 is the permeability of the porous medium,σ

is the electrical conductivity of the fluid,ρ is the density,Cp is the specific heat at constant
pressure,k is the thermal conductivity,qc is the volumetric heat generation or absorption,qr
is the radiative heat flux iny′-direction,D is the mass diffusivity,κ is the chemical reaction
parameter,T ′

w is the temperature of the plate, andC ′

w is the species concentration at the plate,
y is the dimensionless coordinate axis normal to the plate,t is the dimensionless time,u is
the dimensionless velocity,θ is the dimensionless temperature,C is the dimensionless species
concentration,Gr is the thermal Grashof number,Gm is the mass Grashof number,N is the
mass to thermal buoyancy ratio parameter,K is the dimensionless permeability parameter,M

is the magnetic field parameter (square of the Hartmann number), Pr is the Prandtl number,Q
is the heat generation or absorption parameter,R is the thermal radiation parameter,Sc is the
Schmidt number andγ is the dimensionless chemical reaction parameter.
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In view of equation (2.8), equations (2.1), (2.7), and (2.3)reduces to the following non-
dimensional form, respectively

∂u

∂t
=

∂2u

∂y2
+ θ cosφ+ CN cosφ−

(

1

K
+M

)

u (2.9)

Pr
∂θ

∂t
=

∂2θ

∂y2
− (Q+R)θ +Ec

(

∂u

∂y

)2

(2.10)

Sc
∂C

∂t
=

∂2C

∂y2
− Scγ C (2.11)

with the following initial and boundary conditions:

t ≤ 0 : u = 0, θ = 0, C = 0 for all y ≥ 0,

t > 0 :

{

u = 0, θ =

{

t , 0 < t ≤ 1
1, t > 1

, C = 1 at y = 0,

u → 0, θ → 0 , C → 0 as y → ∞















(2.12)

3. METHOD OF SOLUTION

The non-linear dimensionless partial differential equations (2.9)-(2.11) subject to boundary
conditions (2.12) are solved by finite element method. This method consists of following five
fundamental steps: discretization of the domain, derivation of element equations, assembly
of element equations, imposition of boundary conditions and solution of the system of equa-
tions. An excellent description of these steps presented inthe text books Bathe [26] and Reddy
[27]. By using this procedure the whole domain is divided into a set of60 intervals of equal
length0.1. At each node, three functions are to be evaluated. Hence, after assembly of the
elements, we obtain a matrix of system of linear equations oforder60 × 60. Consequently an
iterative scheme is employed to solve the matrix system, which is solved by using the Gauss
Seidel method. This process is repeated until the desired accuracy of10−6 is obtained. Hence,
the finite element method is stable and convergent. The expressions for skin-friction, Nusselt
number and Sherwood number are given by

The skin-friction coefficient is given by

τ =

[

∂u

∂y

]

y=0

(3.1)

The Nusselt number is given by

Nu = −
[

∂θ

∂y

]

y=0

(3.2)

The Nusselt number is given by

Sh = −
[

∂C

∂y

]

y=0

(3.3)
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4. VALIDATION OF NUMERICAL RESULTS

In order to validate our numerical scheme we have presented acomparison in FIGURE 2
which displays contrast the velocity values for isothermalplate in the absence Eckert number
with the values of the velocity obtained by Narahari et al. [24] for various values ofQ. It is
evident from FIGURE 2 that the numerical values of the velocity obtained through our numer-
ical scheme are in very good agreement with the values of the velocity obtained by Narahari et
al. [24]. This justifies the correctness of the results presented in the paper.

FIGURE 2. Comparison of velocity profile forQ (Isothermal)

We have also made a comparison in FIGURE 3 of the numerical values of velocity for
ramped temperature obtained through our scheme with the solution presented by Narahari et
al. [24] for various values ofQ takingEc = 0 (i.e. in absence of Eckert number) in our model.
It is observed that there is a very good agreement of the numerical solution with the solution.

FIGURE 3. Comparison of velocity profile forQ (Ramped)
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5. RESULTS AND DISCUSSIONS

In order to gain a clear insight of the physical problem Heat and Mass transfer effects on
MHD natural convection flow past an inclined plate with ramped temperature, we have studied
the effects of various parameters on velocity, temperatureand concentration for both ramped
temperature and isothermal plates and are presented graphically. In the present investigation we
adopted the following default parameter values of finite element computationsφ = 45◦, N =
0.2, K = 0.5, M = 1.0, Pr = 0.71, Q = −0.5, R = 5.0, Ec = 0.01, Sc = 0.6, γ =
1.0, andt = 0.6.

5.1. Velocity field (u). The velocity of the fluid differs with the variation of the flowparam-
eters such as angle of inclination, mass to thermal buoyancyratio parameter, permeability
parameter, magnetic field parameter (square of the Hartmannnumber), Prandtl number, heat
generation or absorption parameter, radiation parameter,Eckert number, chemical reaction pa-
rameter, Schmidt number and time. The effects of these parameters on the flow field have been
presented in FIGURES 4-14.

5.1.1. Effect of angle of inclination (φ). FIGURE 4 portrays the effect of angle of inclination
on dimensionless velocityu for both ramped temperature and isothermal plates. From this
FIGURE it is clear that velocityu decreases on increasing angle of inclination. Asφ increases
the effect of the buoyancy force decreases since it is multiplied by cosφ, so the velocity profile
decreases. More over the momentum boundary layer is found tobe thickened for increasing
values ofφ. Forφ = π/2 the plate is horizontal and forφ = 0 the plate assumes a vertical
position. The gravitational effect is minimum forφ = π/2 and maximum forφ = 0.

FIGURE 4. Effect ofφ on dimensionlessu

The inclination parameterφ arises only in the buoyancy termcosφ in the momentum equa-
tion (2.9). Thus, the fluid velocity is found to be maximized at the vertical position of the plate
(φ = 0) and minimized for the horizontal position of the plate(φ = π/2).
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5.1.2. Effect of buoyancy ratio parameter (N ). FIGURE 5 displays the influence of buoyancy
ratio parameterN on the dimensionless velocity for both ramped and isothermal plates. Buoy-
ancy ratio parameter is the ratio of thermal buoyancy force to mass buoyancy force. FIGURE
5 reveals that velocity gets accelerated on increasing buoyancy ratio parameterN for aiding
flow (N > 0). Since both thermal buoyancy force and mass buoyancy force move in same
direction. On the other hand, velocity decreases on increasing buoyancy ratio parameter for
opposing flow(N < 0). It is due to the reason that mass buoyancy force act conflicting to
thermal buoyancy force.

FIGURE 5. Effect ofN on dimensionlessu

5.1.3. Effect of permeability parameter (K). FIGURE 6 reveals the effect of permeability of
porous mediumK on fluid flow in boundary layer region for both ramped temperature and
isothermal plates. It is noticed from FIGURE 6 that, velocity u increases on increasingK.
An increase in permeability of medium implies that there is adecrease in the resistance of the
porous medium which in turn accelerates fluid flow in boundarylayer region for both ramped
temperature and isothermal plates.

FIGURE 6. Effect ofK on dimensionlessu
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5.1.4. Effect of magnetic parameter (M ). FIGURE 7 depicts the influence of magnetic field
M on fluid velocity for both ramped temperature and isothermalplates. It is evident from
FIGURE 7 that velocityu decreases in the region near the plate on increasing magnetic field
parameterM while it increases in the region away from the plate on increasingM . This implies
that magnetic field tends to retard fluid velocity in the region near the plate whereas it has a
reverse effect on fluid velocity in the region away from the plate. This shows that the Lorentz
force (a resistive force developed due to the movement of an electrically conducting fluid in the
presence of magnetic field) is dominant in the region near theplate and its effectiveness gets
diminished by other forces in the region away from the plate.

FIGURE 7. Effect ofM on dimensionlessu

5.1.5. Effect of Prandtl number (Pr). FIGURE 8 shows the influence of Prandtl numberPr on
the dimensionless velocity for both ramped and isothermal plates. The Prandtl number defines
the ratio of momentum diffusivity to thermal diffusivity. From the FIGURE 8 it is clear that
a rise inPr from 0.3 and1.0 causes an decrease in velocity. Since an increase in the Prandtl
number results a decrease of the thermal boundary layer thickness within the boundary layer.

FIGURE 8. Effect ofPr on dimensionlessu
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5.1.6. Effect of heat absorption or generation (Q). FIGURE 9 displays the impact of heat
source(Q > 0) and heat sink(Q < 0) on dimensionless velocity for both ramped temperature
and isothermal plates. It is evident that velocity increases with the increase of heat source.
Since in presence of a heat source the boundary layer generates energy which causes the tem-
perature of the fluid to increase. This increase in temperature produces an increase in the flow
field due to the buoyancy effect. On the other hand, the presence of a heat sink in the boundary
layer absorbs energy which causes the temperature of the fluid to decrease. This decrease in
the fluid temperature causes a reduction in the flow velocity in the boundary layer.

FIGURE 9. Effect ofQ on dimensionlessu

5.1.7. Effect of thermal radiation parameter (R). FIGURE 10 exhibits the effect of thermal ra-
diationR on dimensionless velocity for both ramped temperature and isothermal plates. From
this FIGURE it is clear that velocityu decreases on increasingR. This implies that radiation
has a tendency to decelerate the fluid flow in the boundary layer region for both ramped tem-
perature and isothermal plates. This is due to fact that fluidtemperature is getting reduced due
to thermal radiation and fluid flow in the boundary layer region is getting retorted.

FIGURE 10. Effect ofR on dimensionlessu
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5.1.8. Effect of Eckert number (Ec). FIGURE 11 shows the influence of Eckert numberEc

on dimensionless velocity for both ramped temperature and isothermal plates. Eckert number
expresses the relationship between the kinetic energy in the flow and the enthalpy. From FIG-
URE 11 it is observed that, velocity experiences an enhancement on increasing Eckert number.
This is due to the reason that Eckert number represents the conversion of kinetic energy into
internal energy by work done against the viscous fluid stresses. Greater viscous dissipative heat
causes a rise in the velocity.

FIGURE 11. Effect ofEc on dimensionlessu

5.1.9. Effect of Schmidt number (Sc). FIGURE 12 depicts the effects of Schmidt numberSc

on dimensionless velocity for both ramped temperature and isothermal plates. It is noticed
from FIGURE 12 that, fluid velocity retard on increasingSc. Schmidt number represents the
ratio of momentum diffusivity to molecular (mass) diffusivity. This implies that mass diffusion
tends to accelerate the fluid flow in the boundary layer regionfor both ramped temperature and
isothermal plates.

FIGURE 12. Effect ofSc on dimensionlessu
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5.1.10. Effect of chemical reaction parameter (γ). FIGURE 13 demonstrates the effect of
chemical reactionγ on dimensionless velocity for both ramped temperature and isothermal
plates. It is noticed that fluid velocity decreases on increasing chemical reaction parameterγ.It
should be mentioned that the studied case is for a destructive chemical reaction parameterγ. In
fact, asγ increases, the considerable reduction in the velocity profiles is predicted, the presence
of the peak indicates that the maximum value of the velocity occurs in the body of the fluid
close to the surface but not at the surface.

FIGURE 13. Effect ofγ on dimensionlessu

5.1.11. Effect of time (t). FIGURE 14 portrays the effect of timet on dimensionless velocity
for both ramped temperature and isothermal plates. From this FIGURE it is clear that ve-
locity increases on increasing timet. This implies that fluid velocity tend to accelerate with
the progress of time throughout the boundary layer region for both ramped temperature and
isothermal plates.

FIGURE 14. Effect oft on dimensionlessu
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5.2. Temperature field (θ). The Temperature of the fluid varies with the change in flow pa-
rameters like Prandtl number, heat generation or absorption parameter, radiation parameter,
Eckert number and time. The influences of these parameters onthe temperature field presented
in FIGURES 15-19.

5.2.1. Effect of Prandtl number (Pr). FIGURE 15 displays the effect of Prandtl numberPr
on temperature for both ramped temperature and isothermal plates. It made clear that there
is a significant decrease of the temperature as a result of an increase of the Prandtl number.
Since Prandtl number is the ratio of thicknesses of the viscous and thermal boundary layers.
Increasing the value ofPr causes the fluid temperature and its boundary layer thickness to
decrease significantly. This causes fluid temperature decreases from maximum at the boundary
to a minimum value as far from the plate in both cases of rampedand isothermal plate.

FIGURE 15. Effect ofPr on dimensionlessθ

5.2.2. Effect of heat absorption parameter (Q). FIGURE 16 represents the effects of heat
source and heat absorption on the fluid temperature for both ramped temperature and isothermal
plates. It portrays that fluid temperature decreases on increasing heat absorption. This may be
attributed to the fact that the tendency of heat absorption (thermal sink) is to reduce the fluid
temperature which causes the strength of thermal buoyancy force to decrease resulting in a net
reduction in the fluid temperature.

FIGURE 16. Effect ofQ on dimensionlessθ
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5.2.3. Effect of thermal radiation parameter (R). FIGURE 17 symbolizes the effects thermal
radiationR on temperature for both ramped temperature and isothermal plates. It says that
there is a decrease in temperature with the increase of thermal radiation parameter. This result
expresses that radiation parameter is to decrease the rate of energy transport to the fluid and
there by the temperature of the fluid decreases which causes the decrease in the fluid tempera-
ture.

FIGURE 17. Effect ofR on dimensionlessθ

5.2.4. Effect of Eckert number (Ec). FIGURE 18 displays the influence of Eckert numberEc

on dimensionless temperature for both ramped temperature and isothermal plates. It shows
that the fluid temperature increases for increasing values of Eckert numberEc for buoyancy
aided/opposed flows. The thermal boundary layer thickness decreases with increasing values
of Ec. The viscous dissipation, as a heat generation inside the fluid, increases the bulk fluid
temperature. This can be attributed to the additional heating in the flow system due to viscous
dissipation.

FIGURE 18. Effect ofEc on dimensionlessθ
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5.2.5. Effect of time (t). FIGURE 19 displays the influence of timet on dimensionless tem-
perature for both ramped temperature and isothermal plates. It expresses that the temperature
increases with the increase of timet. This implies that there is enrichment in field of tempera-
ture for both ramped temperature and isothermal plates.

FIGURE 19. Effect oft on dimensionlessθ

5.3. Concentration field (C). The variation of the concentration distribution of the flow field
for various values of pertinent flow parameters like Schmidtnumber, Chemical reaction pa-
rameter and time are described from FIGURES 20-22.

5.3.1. Effect of Schmidt number (Sc). FIGURE 20 exhibits the effect of Schmidt numberSc

on dimensionless concentration for both ramped temperature and isothermal plates. It declares
that the concentration distribution decreases at all points of the flow field with the increase of
the Schmidt number. The Schmidt number embodies the ratio ofthe momentum to the mass
diffusivity. The Schmidt number therefore quantifies the relative effectiveness of momentum
and mass transport by diffusion in the hydrodynamic (velocity) and concentration (species)
boundary layers. As the Schmidt number increases the concentration decreases.

FIGURE 20. Effect ofSc on dimensionlessC



371

5.3.2. Effect of Chemical reaction parameter (γ). FIGURE 21 reveals the influence of chem-
ical reaction parameterγ on dimensionless concentration for both ramped temperature and
isothermal plates. It displays that concentration decreases with the increase of chemical reac-
tion parameter. Since chemical reaction parameter has a retarding influence on the concentra-
tion distribution of the flow field.

FIGURE 21. Effect ofγ on dimensionlessC

5.3.3. Effect of time (t). FIGURE 22 exposes the effect timet on dimensionless concentration
for both ramped temperature and isothermal plates. It is evident that concentration distribution
increases on increasing time. This implies that, for both ramped temperature plates there is
improvement in concentration with the progress of time.

FIGURE 22. Effect oft on dimensionlessC

The numerical values of the skin friction, Nusselt number and Sherwood number are calcu-
lated for both ramped and isothermal plates by using equations (3.1)-(3.3) and are represented
in the form of TABLES1 to 3 for various values ofN , M , K, φ, Pr, Q, R, Ec, Sc, γ, andt.

TABLE 1 shows the values skin friction for both ramped and isothermal plates for different
values ofN , M , K andφ. The numerical values of skin friction are found by using the
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expression (3.1). From TABLE 1 it is evident that there is an increase in Skin friction for
increasing values ofN , K andφ whereas skin friction decreases for increasing values ofM .

TABLE 1. Skin friction for ramped and isothermal plates

N M K φ Skin friction (Ramped ) Skin friction ( Isothermal )
0.2 0.5 1.0 300 0.054923 0.105677
0.6 0.5 1.0 300 0.124992 0.142456
0.2 1.0 1.0 300 0.032788 0.083927
0.2 0.5 1.5 300 0.093276 0.132048
0.2 0.5 1.0 600 0.107932 0.141680

TABLE 2 displays the values of Nusselt number for both rampedand isothermal plates for
various values ofPr, Q, R andEc. Nusselt number values are obtained by using equation
(3.2). From TABLE 2 it is clear that Nusselt number decreaseswith increasing values ofPr, Q
andR. On the other hand it increases with the increasing values ofEc.

TABLE 2. Nusselt number for both ramped and isothermal plates

Pr Q R Ec Nusselt number ( Ramped )Nusselt number (Isothermal )
0.3 0.5 1.0 0.01 0.503578 1.534721
0.7 0.5 1.0 0.01 0.757311 1.785213
0.3 1.0 1.0 0.01 0.481691 1.435678
0.3 0.5 5.0 0.01 0.34790 1.322670
0.3 0.5 1.0 0.02 0.69842 1.637805

TABLE 3 conveys the Sherwood values for both ramped and isothermal plates for diverse
values ofSc, γ and t. Values of Sherwood number are calculated by using equation(3.3).
From TABLE 3 it is understood that Sherwood number increaseswith the progress oft and it
decreases with the increase ofSc andγ.

TABLE 3. Sherwood number for both ramped and isothermal plates

Sc γ t Sherwood number ( Ramped )Sherwood number(Isothermal )
0.22 1.0 1.0 0.956791 1.4141678
0.6 1.0 1.0 0.864913 1.3678517
0.22 2.0 1.0 0.793463 1.3245690
0.22 1.0 1.4 1.000456 1.5254790

6. CONCLUSIONS

In this paper an attempt has made to investigate Heat and masstransfer effects on MHD
natural convection flow past an inclined plate with ramped temperature. The governing partial
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differential solved by using finite element method. Numerical results for velocity, temperature
and concentration for both ramped temperature and isothermal plates are presented graphi-
cally for various relevant parameters. Based on the obtained graphical results, the following
conclusions can be summarized.

• The fluid velocity increases with the increasing values of buoyancy ratio parameter
whenN > 0, permeability parameterK, heat generation(Q < 0), Eckert numberEc

and timet and decreases with the increasing values of angle inclination φ, buoyancy
ratio parameter (N < 0), magnetic parameterM , Prandtl numberPr, heat absorption
(Q > 0), thermal radiationR, Schmidt numberSc and chemical reaction parameterγ.

• The fluid temperature increases with the increasing values of Eckert numberEc and
time t and decreases with the increasing values of thermal radiationR, Prandtl number
Pr and heat absorptionQ.

• The fluid concentration increases with the increasing values of time t and decreases
with the increasing values of Schmidt numberSc and chemical reaction parameterγ.
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