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Abstract

The heat and mass transfer simulation of magnetohydrodynamics (MHD) radiative convective flow of
nanofluid through an inclined porous surface are studied. The governing system of couple partial differential
equations are transformed into a system of ordinary differential equations. This transformation is done by
similarity transformation technique. The numerical solutions are done by sixth order Runge-Kutta method
along with Nachtsheim-Swigert shooting iteration technique and then displayed graphically by using Tecplot
9.0. The physical insight of velocity, temperature and concentration have been studied for vatrious physical
parameters through numerical calculation and their respective graphs are displayed. Skin friction, rate of heat
transfer and rate of mass transfer are also studied for different parameter. Finally, the results are presented in
detail with the help of graphs and tables to observe the effect of different parameters like Magnetic parameter
(M), radiation parameter (R), thermal Grashof number (G7), mass Grashof number (G¢), Prandtl number (Pr),
Eckert number (E¢) and chemical reaction parameter (K7).

Keywords: Magnetohydrodynamics, convective flow, nanofluid, porous surface.

Introduction

Magnetohydrodynamics (MHD) plays a significant role in engineering, astrophysics, planetary, plasma physics
etc. Magnetic fluids have various effect on many natural and man-made flows. They are vastly used in industry.
The terrestrial magnetic field and solar magnetic field, which actually forms the solar flare and sunspots and
interplanetary magnetic field carried out by the solar wind. Formally the study of these types of flow is the
magnetohydrodynamics. In short, we can define magnetohydrodynamics as, the study of electrically
conducting fluids under the effect of magnetic fluids. Examples of magnetofluids are liquid metals,
electrolytes, mixture of salt and water, plasmas. In 1970, Hannes Alfven was the first initiator of the field
MHD.
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In recent years, the dynamics of laminar type flow in a porous pipe or channel which expands and
contracts received much significance to the researcher. There are different applications of such type of flow in
technologies and also in biological flow. Srinivas ¢f a/. (2016) analytically showed the dynamics of MHD flow
of a nanofluid in case of porous pipe with expanding and contracting walls. They analyzed the problems by
HAM (Homotopy Analysis Method) and they showed the effect of different parameters. Hayat ef 2/ (2015)
proposed the MHD flow with the chemical reaction and the effect of power law velocity. HAM (Homotopy
Analysis Method) has been used for analytical approach. The combined effect of Hall current and chemical
reaction on MHD flow in porous medium has been reported by Rajput and Kanaujia (2016). The solution was
carried out by using Laplace transform method. The unstable MHD of nanofluid with varying properties over
a stretching plane with heat radiation and chemical response was discussed by Mjankwi, M.A. ¢f a/ (2019).
They employed the fourth order Runge-Kutta method including shooting methodology to conduct their
inquiry. Shear stress factor, heat exchange rate and mass exchange rate all decrease as the porosity parameter
and magnetic force field increases.

Qureshi ¢ al. (2016) discussed the heat and mass transfer of MHD nanofluid in spherical Au-metallic
particles. In their paper, a dimensionless Brinkman number was introduced in order to scrutinize variation of
the effect of the thermal radiation. They applied similarity transformation method in order to reduce the PDE
into nonlinear ordinary differential equation (ODE). For numerical solution they used shooting technique.
They found that radiative effects on temperature and mass concentration are totally opposite and the rate of
the heat transfer increases with the spherical Au-Metallic nanoparticles.

The unsteady oscillatory flow with non-evenly distributed wall temperature was reported by Falade ez
al. (2017). They considered that the fluid is under the effect of magnetic field and at the lower plate of the
proposed model the velocity slip considered. They found that the skin friction increases with the increase of
injection on the heated plate. Being motivated by the importance on MHD on nanofluid flow in the different
sectors and from above discussion and studies, the present study aims to investigate the heat and mass transfer
simulation of MHD radiative convective flow of a nanofluid through inclined porous medium.

Barik ez al. (2018) reported the MHD flow of visco-elastic fluid through a porous medium. They
discussed for the particular cases, the non-conducting and viscous flow. They found that the elasticity
properties of the fluid reduce the skin friction at the plate in the presence of porous medium and suction.
Recently, Gopal ez al. (2020) investigated the effect of the higher order chemical reaction on MHD. The
solutions were found using Runge-Kutta Fehlberg method. In this research work, the effect of different
parameters like Hartmann, Prandtl, Schmidt and Eckert were investigated as well as the effect of these
parameters on the chemical reaction. The effect of Hartmann, Prandtl, Schmidt and Eckert were explained
vastly. The MHD forced convective flow of finite depth through porous medium in presence of viscous
dissipation and also joule heating was proposed by Raju ez a/. (2014). In this research work, they solved the
governing equations in the closed form and exact solutions were obtained for velocity distribution as well as
temperature distribution. The expressions for different variables were obtained here and the results were
presented graphically.

Singh and Alphonsa (2012) reported the oscillatory free convective flow through porous medium in a
vertical rotating porous channel. For small and large rotations, the resultant velocities and phase difference on
various parameters were discussed in their research work. Ishak ez /. (2009) analyzed the heat transfer over an
unsteady stretching permeable surface with prescribed wall temperature. Keller box method was used to
analyze the problem. Effects of the unsteadiness parameter, Prandtl number, suction/injection parameter wete
examined thoroughly.

Ramana Reddy, G.V. ¢f 4/ (2010) analyzed the mass transfer and radiation effects of unsteady MHD
free convective fluid flow embedded in porous medium with heat generation/ absorption. Galetkin finite
element method was used to solve the governing equations. The results were discussed for cooling as well as
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for heating of the plate. They found that thermal and mass levels decrease with the increase of Prandtl and
Schmidt numbers.

Motivated by the above investigations, the mass and heat transit scheme of magnetohydrodynamics
radiative convective movement of nanofluid through an inclined permeable surface is presented. The
governing model equations are transfigured into ODE with the aid of appropriate similarity transformation.
Numerical solutions are done by sixth order Runge-Kutta method in company with Nachtsheim-Swigert
shooting reiteration technique. Using visual studio with FORTRAN algorithm. Data are found for varying
parameters. Tecplot 9.0 is used to look for graphs. The impacts of dimensionless parameters on dimensionless
fluid flow, heat and mass transmission along with heat exchange rate and mass exchange rate are discussed in
this research work. The goal is to investigate velocity, heat transfer and mass transfer of nanofluid for inclined
porous surface for different parameters.

Materials and Methods

Envision an unstable two-dimensional incompressible magnetohydrodynamics convective flux of a viscous
nanofluid across a slanted pervious surface. It is supposed that the impact of different densities with mass
transmission and heat transmission take place only on the body force. Therefore, the buoyancy force is
induced by the changes in both mass transmission and heat transmission. An analogous chemical reaction of
first order accompanied by thermal radiation is taken into account in the stream. An invariable magnetic field
is administered at right angles to the plane. Dufour parameter in addition to Soret parameter effect are not in
consideration. The flux is also supposed to be in the force’s direction. v,,(t) be the mass transfer which is

vertical to the surface. Moreover, the surface or wall temperature and concentration are considered as T, (X,t)

and C, (x,t) respectively and invariable temperature and mass outside the boundary layer are T_andC_ .

Figure 1. Flow near the inclined sheet. (Mjankwi et al. (2019)).

With the preceding considerations alongside with the Boussineq’s boundary layer approximations, the
model that governs the continuity equation, momentum equation, energy equation, concentration equation and
boundary conditions are provided by the Equations (1) to (5) as,
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where t represents the time, p be the fluid density, v~ is the kinematic viscosity, K be the conductivity of
heat, D be the molecular diffusivity at uniform pressure, U and V are the components of velocity in the X
and y direction respectively, the heat capacity is represented as C, C is the concentration, u be the
viscous coefficient, k¥~ is the permeability, K. be the chemical reaction rate, B, be the coefficient of
volumetric thermal expansion, fB. volumetric expansion coefficient owing to chemical species, T be the
temperature of the species, T, and C_ are the heat and mass for encompassing atmosphere respectively,
electrical conductivity of a material is defined as o, magnetic field’s strength is interpreted as B, g be the
gravitational acceleration, heat flux from radiation is depicted by (], , @ be the angle of inclination which is
calculated by measuring from the vertical axis to the sutface, 4 be a fixed value, D; be the dispersal of heat,

the rate of initial stretching is C and Dy be the brownian diffusion.The fluid suction velocity

isV, =—V,yv'c/(L-At) , whenv, >0, v, narrates the wall mass transfer parameter, when v, =0, it is an
impermeability condition and when V; <0Qit is injection. The ¢, (radiation heat flux) is formulated with the
Rosseland’s approximation provided in the Equation (6),

46" \oT*
__ 6
d, [3k1] Py (©)

where, Stefan- Boltzmann constant is represented by o, K, is the factor of absorption. Using Taylor seties

approach to expanding T*about T, is in the Equation (7),

T =T 4T3 T =T ) +... ™
Apart from first degtee of T, the higher order terms are ignored, then the Equation (7) becomes,
T~ 3T} +4T°T ®)

Replacing the value of T * in the Equation (6),
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The change in flux of radiative heat as a function of y is expressed in the Equation (10),

o9, _ _(16130* JaZ_TZ (10)
oy 3k, oy

Substitution of Equation (10) into the second term which changes Equation (3) into Equation (11),
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Consider, the relations given by the Equation (12) are,

bx bx

T(x,t)=T, +m6’(n); c(x,t)=C_+ 4 a0?

#() (12)

The conductivity of heat for the nanofluid K(T) and coefficient of diffusion D(T) can vary linearly via
functions given in the Equation (13),

_ Bt 1y _ P
K(T)=K, @A+ (T=T,); D(T)=D, A+ 2(T-T,) (13)

The Equation (13) might alternatively be written with regard to dimensionless temperature and it is then
reduced to the Equation (14),

K(0) =K, (1+0); D(6) =D, (1+5,0) (14)

whete K(€) be the variant conductivity of heat with regard to temperatute of no dimension, in terms of
dimensionless temperature, D(6) is the variant diffusion coefficient, D, be the coefficient of fluid diffusion at
the sepatation of the sheet, K be the conductivity of heat at sheet’s separation, f; relies on the character of
the fluid and estimates the thermodynamic conductivity change in the company of temperature and S, also
relies on the fluid properties and enumerates the rate of change in chemical diffusivity as well as heat.

Applying the similarity transformation to the PDEs (2), (4), (11) and (5) which are then transfigured
to a system of couple ODE given in Equation (15),

/ c = fL : _T-T . _Cc-C.
n= my, v = (1—2,t)Xf m; 0(n) = T T, s o(7) = C.-cC. (15)

Stream function is (X, Y) in this case and the components of velocity in the direction of axes ate given in the

Equation (16),

Loy (X Ny 0y [
u=3 [Htjf(n),v - [HJf(n) (16)

The continuity equation is satisfied by the Equation (16), f () stands for suction together with

injection. @(rn7) and ¢(n7) are the heat and concentration of the fluid with no dimension respectively, 1] be the
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space variable with no dimension. Using dimensionless variables and velocity components U and V,
transforming the Equations (2), (11) and (4) into the ordinary differential Equations (17) to (18) respectively
are obtained as,

V”:Ang4A+M+¢U’+U’f—ﬁ”—em—ews (17)
” -B(0') +Pr[Ag€’ +2A9+ 119~ f0' ~Ec(f")* Nt (¢/ )2 ~Nbo'¢'] s
1+R+ 40
5 -B,4'0' + SC[quﬁ’ +2Ap+ flp— ' +Krp—Nt'0'] 1
1+Db+ 4,0

The dimensionless initial and boundary conditions are stated in the Equation (20),

At p=0, f(0)=f,; f'(0)=1 6(0)=1 ¢(0)=1

As p—oo (1) > 0; 6(7) >0; $(17) >0 (20)

The non- dimensional parameters are,
oBZ(L-At)
pC

. A . .
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C
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Thermophoresis ~ parameter,

>
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7D,
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To v ” 3k K

© 0

Ke (1—/1t)’ Dbzz
C Le

Schmidt number, SC =|;—, Chemical reaction parameter, Kr = . The skin friction

©

coefficient or shear stress factor (Cf), the Nusselt number or rate of heat transfer ( NUX) and the Sherwood
number or rate of mass transfer ( th ) are specified in the Equation (21),

T, ) X, ) xh

— W

SRR VTR "I ul 21
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D(C,-C.)

T
where 7, :Iu|:6_u:| 7 Oy, =—K|:a—:| v h, =—D[§} and Ty, 0, and h, are skin friction, heat
ay y=0 ay y=0 y=0

exchange rate and rate of mass exchange respectively. Substituting the dimensionless variable in Equations (21)
is transformed into Equation (22),
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Nu ,
X C—d(0)= X
— 0 0=—7 (22)

X X

f”(O):% Re,C, ; ~0'(0)=

where, £/(0), —¢'(0) and —¢'(0) are the skin friction, Nusselt number and Sherwood number respectively

— uwy — CX2 H .
and Re, £ %* (- At) is the local Reynolds number.

Numerical Analysis

Many physical phenomena in applied science and engineering are appears in the non-linear coupled partial
differential equations. This system of equations can be solved analytically although it is difficult to solve. An
initial value solver, sixth order Runge-Kutta method along with Nachtsheim-Swigert shooting iteration
technique have been used in this proposed work. There are three asymptotic boundary condition and hence
three unknown sutface conditions are £/(0), #'(0) and ¢'(0) . The outer boundary conditions ate given in the

Equation (23),

F (o) = 1/(17(0).6/ (0), ¢/ (0)) = 5,

O(7e) = (£ (0),0' (0), 4 (0)) = 5,

B(7Ta) = H(£"(0),0' (0), 4 (0)) = &, 23)
! () = £/(1(0),0'(0). 4/ (0)) = 5,

0/ (1) = 0' (1"(0),0' (0),. 4 (0)) = &,

# () = ¢/ (1(0),6'(0). 4 (0) = &,

Considering, f(0)=g,, #'(0)=0,, ¢' (0)=g, and the minimum value of the error is given in the

error function is given in the Equation (24),
E=62+02+82+87+82+6¢ (24)

In otder to get the solutions as an initial value problem, we need a value for f'/(0), ' (0) and
¢’ (0) . The most important factor of shooting method is to find the approptiate finite values of 7, . In order
to determine 77, starting with some initial guess value for some particular set of physical parameters to obtain

f//(0) and @' (0) . The technique is repeated with a larger value of 7, until the difference between successive
values of f//(0) and & (0) is only significant digit. The choosen last value of 7, is the most appropriate value
for 1, for particular set of parameters. This may change for another set of pertinent parameters. The process

is completed once the finite value of 77, has been determined. After each iteration, it is required to satisfy the

boundary conditions and in order to get a better approximation for the solution to adjust the approximated
values.

Large values cause the trial integration to diverge or the surface boundary conditions to slowly
converge. In terms of computer time, selecting too large values is costly. Nachtsheim-Swigert devised an
iteration method for dealing with dealing with these problems. In order to get the solution Runge-kutta sixth
order method with Nachtsheim-Swigert shooting iteration technique has been used with step size h=0.01. The

process repeated until the desired accuracy of degree 107 is obtained.
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Results and Discussion

Nanofluid flow through an inclined permeable surface with hydromagnetic radiative convective properties has
been investigated numerically. This section describes different physical elements that have been emerged in the
mathematical formulation. The results have been discussed in the previous section in order to determine the
physical behaviour of the proposed problem are presented through graphs from Figure 2 to Figure 19.
Validation of result of the problem is given in the Table 1,

Table 1. Comparison of Pr, ﬂl and ﬂz for temperature and rate of heat transfer.

Increasing of Temper-ature Rate of heat Temper-ature Rate of heat Temper- Rate of
the flow (Mjankwi etal. transfer (Ishak et al. transfer (Ishak ature heat
parameter (2019)) (Mjankwi et (2009)) et al. (2009)) transfer
al.(2019))
Pr D I D I D I
IB I - — -- I I
1

B, I - - - I I

where ‘D’ and ‘T represent the decreasing rate and increasing rate respectively. In table 1, it represents the
comparison of Pr, 181 and ,BZ for temperature and rate of heat transfer. It can be seen that the present

simulation can predict the previous results with an insignificant changes.
The value of the main parameters are considered for Figure 2 to Figure 19 as,

f,=01,A=05 ¢=U=05M =05 Gr=0.1, Gc =0.1, 4, =0.012, 8, =0.01, Pr=0.72, R=0.01,
Kr =0.1, Ec =0.03, Sc =0.22, Db =0.2,Nt = 0.5, Nb =0.4, Al =1° and Nt’ =0.3

The typical consequences of unsteadiness parameter (4) on the profiles of velocity is presented in
Figure 2. It is noted that rise in unsteadiness parameter results in the decrease of fluid’s velocity. For n=0.4,
the velocity for A=0.5, A=0.6 and A=0.7 are 0.7577, 0.7536 and 0.7494 respectively. Therefore, velocity
decreases with respect to the increase of the value of 4. For A4=0.5 to .A=0.6, the diminution in velocity is
0.0041. The rate of diminution is 4.1%. For .4=0.5 to .41=0.6, the diminution in velocity is 0.0083. The rate of
diminution is 4.15%. There is the thickening of the thermal boundary layer for the increase of unsteadiness
parameter. Due to the increase of initial stretching rate, there is a decrease of unsteadiness parameter.
Unsteadiness parameter influences the boundary layer and provides retardation in velocity. So, the increase of
unsteadiness parameter decreases the velocity.

Figure 3 shows how the magnetic parameter (M) affects the velocity profiles. It is noticed that with
the increase of magnetic parameter the velocity decreases. The presence of magnetic fields generates the
frictional force or drag force or Lorentz force which opposes and retards the fluid’s motion. For n=0.52, the
velocities for M=0.5, M=0.6, and M=0.7 are 0.6398, 0.6338 and 0.6278. The decrement for M=0.5 to M=0.6 is
0.0006. The rate of decrement is 6% and the decrement for M=0.5 to M=0.7 is 0.012 and the rate of decrement
is 6%. There is an increase of electrical conductivity and magnetic induction in the company of the increase of
magnetic parameter. With the increase of density of the nanofluid and initial stretching rate, the magnetic
parameter decreases.
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Figure 4 represents the typical impacts of unsteadiness parameter (1) on the field of temperature. It

has been shown that increasing unsteadiness parameter causes the field of temperature of the nanofluid to
decrease. For n=0.4, the temperatures for .4=0.5, . A=0.6 and A=0.7 are 0.818, 0.8125 and 0.8071 respectively.
Therefore, with an increase in the values of the .4, the temperature drops. For A=0.5 to .A4=0.6, the
diminution in temperature is 0.0055. The rate of diminution is 5.5%. For .A=0.5 to .4=0.7, the diminution in
temperature is 0.0109 and the rate of diminution is 5.4%. Thickness of thermal boundary layer decreases with
the increase of 4. This causes decrement of the dimensionless temperature. The effects of Prandtl number (Pr)
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on the temperature profiles is demonstrated in Figure 5. Temperature decreases with the increase of Prandtl
number. The value of the Prandtl number is chosen as Pr=0.72, Pr =2.36 and Pr= 2.72 which conforms to air
at 30 C, carbon di-sulphide at 25 C and methyl chloride at 30° C. For n=1.0, the temperatures for Pr=0.72,
Pr=2.36 and Pr=2.72 are 0.4268, 0.2778 and 0.2564. For Pr=0.72 to Pr=2.36, the decrement is 0.149. The rate
of decrement is 9.085%.

For Pr=0.72 to Pr=2.36, the decrement is 0.149. The rate of decrement is 9.085%. For Pr=0.72 to
Pr=2.72, the diminution is 0.1704 and the rate of diminution is 8.52%.

The impacts of variable thermal conductivity on the temperature profile is revealed in Figure 6. It
demonstrates that with the increase of variable thermal conductivity there is an increase in the temperature of
nanofluid. It is due to the fact that the increase in the thermal boundary layer thickness. It shows that for
n=0.6, for £:=0.012, £=1.012 and f:=2.012 the fluid temperatures are 0.6675, 0.72482 and 0.7482
respectively. The rate of increment for £:=0.012 to £:=1.012 is 5.7% and for £;=0.012 to £;=2.012 is 4.035%.
Figure 7 represents the effect of variable diffusion coefficient parameter on the temperature profile. It depicts
that an increase in variable diffusion coefficient parameter there is an increase in the fluid temperature. For
1=0.6, for $2=0.01, £2=0.5 and f>=1.5 the temperatures are 0.6676, 0.6712 and 0.6755 respectively. The rate of
increment for §2=0.01 to £2=0.5 is 0.73% and for £2=0.01 to f2=1.5 is 0.43%. The effects of thermal radiation
parameter (R) on the temperature profile is displayed in Figure 8. It is noted that with the increase of thermal
radiation parameter there is an increase in the temperature of the fluid. In order to boost the heat transfer rate,
when the thermal radiation parameter grows, the thickness of the boundary layer increases. For n= 0.4, the
temperatures for R=0.07, R=7.0 and R=2.0 are 0.8180, 0.8436 and 0.8528 respectively. Therefore, the rate of
gain is 2.59% for R=0.07 to R=17.0 and for R=0.07 to R=2.0 is 0.92%. The effects of the Brownian parameter
(Nb) on the temperature profile is depicted in Figure 9. It is observed that with the increase of the
thermophoresis parameter there is an increase in the flow of nanofluid. For n=0.6, for N6=0.4, Nb=1.4 and
Nb=2.4 the temperatures are 0.6675, 0.6905, and 0.71002. The increment is 0.023 for Nb=0.4 to Nb=1.4 and
the rate of increment is 2.3%.

1p
E .
0sF :
i B1=0.012 :
NN B1=1.012 g
: V = 0.8
0.7k N i B1=2.012 :
E 07 F
06 :
—_ F I
Eosk o}
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04f =
g 04
°r 03E
= 02E
" 0.1 g
0? P B S | L 5“‘.|““|.-\‘|
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k n

Figure 6. Impacts of variable thermal conductivity on the Figure 7. Impacts of wvariable diffusion
field of temperature. coefficient on the field of temperature.
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The increment is 0.04252 for Nb=0.4 to Nb=2.4 and the rate of increment is 1.96%. The effects of
the thermophoresis parameter (IN7) on the temperature profile is presented in Figure 10. It is seen that velocity
of the fluid increases with the increase of the thermophoresis parameter. For n=0.4, for Nz=0.5, N=1.5 and
N#=2.5 the temperatures are 0.818, 0.8303 and 0.8404 respectively. The increment is 0.0123 for N7=0.5 to
Nr=1.5 and the rate of increment is 0.0224%. The rate increment for N7=0.5 to Nr=2.5 is 1.01%. Figure 11
demonstrates the effects of variable diffusion coefficient parameter (f2) on the concentration profile. It shows
that an increase in variable diffusion coefficient parameter there is an increase in the fluid flow. At 0.6, for
£2=0.01, 2=0.5 and p2=1.5 the concentrations are 0.71735, 0.7399 and 0.7622 respectively. The rate of
increment for £2=0.01 to £2=0.5 is 4.6% and for £2=0.01 to f=1.5 is 2.23%.

The effects of the brownian parameter (INb) on the concentration profile is displayed in Figure 12. It
is observed that the mass transport of nanofluids increases as the brownian parameter is increased. For n=0.6,
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Figure 12. Impacts of various N/ on the field of Figure 13. Impacts of various 4 on the rate of mass
concentration. exchange.

for Nb=0.4, Nb=1.4 and Nb=2.4 the concentrations are 0.71735, 0.7291 and 0.7397. The increment is 0.01175
for Nb=0.4 to Nb=1.4 and the rate of increment is 1.175%. The increment is 0.02235 for Nb=0.4 to Nb=2.4
and the rate of increment is 1.06%. Figure 13 and Figure 14 represent the effect of unsteadiness parameter (A)
on rate of mass transport (INx,) and rate of heat transport (54,) respectively. Rate of mass transfer decreases
with the increase of unsteadiness parameter. For n=0.4, for .4=0.5, .4=0.6 and .A=0.7 the Sherwood numbers
are 0.288, 0.2862 and 0.2844. The rate of decrement for .4=0.5 to .A=0.6 is 1.8% and for .4=0.5 to .A=0.7 is
1.8%. Rate of heat transfer decreases with the increase of unsteadiness parameter. For n=0.4, for A4=0.5,
A=0.6 and A=0.7 the rate of heat transfers are 0.2373, 0.2291 and 0.2210. The rate of decrement for .A=0.5 to
A=0.6is 8.2% and for A=0.5 to A=0.7 is 8.1%.

Figure 15 shows the effects of variable thermal conductivity on rate of heat transfer. Rate of heat
transfer increases with the increase of variable thermal conductivity. For n=0.6, the rate of heat transfer for
pi=0.012, £i=1.012 and £:=2.012 are 0.2969, 0.3313 and 0.3448 respectively. The rate of increment for
p1=0.012 to £:=1.012 is 3.44% and for £=0.012 to £:=2.012 is 1.35%.

The effects of variable diffusion coefficient on rate of mass transfer and rate of heat transfer are
discussed in Figure 16 and Figure 17 respectively. Rate of mass transfer increases with the increase of variable
diffusion coefficient. For n=0.6, for £2=0.01, £2=0.5 and f>=1.5 the Sherwood numbers are 0.3774, 0.3787 and
0.3802. The rate of increment for £2=0.01 to £2=0.5 is 0.265% and for $2=0.01 to f2=1.5 is 0.15%. Rate of heat
transfer increases with the increase of variable thermal conductivity. At 0.6, for 52=0.01, £2=0.5, f2=1.5 the rate
of heat transfers are 0.2969, 0.2893 and 0.2803 respectively. The rate of increment for £2=0.01 to f=0.5 is
1.55% and for £:=0.01 to f=1.5 is 1.11%. The impacts of inclination of porous surface for velocity and
temperature are depicted in Figure 18 and Figure 19. It represents that the velocity and temperature decreases
with the increase of inclination of the porous surface. This is due to the resistance created by the inclination.
The more the inclination the less will be the velocity and temperature.
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Figure 14. Impacts of various .4 on the rate of heat
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Figure 18. Impacts of inclination of the surface on Figure 19. Impacts of inclination of the surafce on

velocity. temperature.

Conclusion

In this study, a numerical and comparative heat and mass transfer analysis of magnetohydrodynamics (MHD)
radiative convective flow of nanofluid through an inclined permeable surface is presented. The effects of the
different parameters such as Schmidt number, magnetic parameter, thermal Grashof number, mass Grashof
number, unsteadiness parameter, vatiable thermal conductivity, variable diffusion coefficient, Prandtl number,
thermal radiation parameter, chemical reaction parameter, Eckert number, thermophoresis parameter,
brownian motion parameter and thermophoresis parameter on the velocity, temperature, concentration as well
as skin friction, Nusselt number and Sherwood number has been established.

e An increase in unsteadiness parameter have the tendency to reduce the flow, heat transfer and mass
transfer. A rise in variable thermal conductivity enhances the heat transfer but scale down the flow of
the fluid and mass transfer.

e  With the increase in variable diffusion coefficient there is a decrease in the fluid flow. On the other
hand there is an increase in heat and mass transfer.

e There is a rise in the flow and heat transfer for the increase of Eckert number but down in the mass
transfer. An increase in mass Grashof number enhances the flow and reduces the heat transfer and
mass transfer.

o Flow of the fluid and mass transfer increases with the increase of thermal Grashof number and
transfer of heat decreases with the increase of thermal Grashof number.

e A rise in chemical reaction parameter improvises the flow of the fluid but deteriorate the heat and
mass transfer. An increase in magnetic parameter enhances heat transfer but reduces the flow and
mass transfer.

o The flow of fluid decreases and heat and mass transfer increases with the increase of Brownian
parameter. The flow of the fluid and mass deteriorates and heat transfer increases with the increase of
thermophoresis parameter.
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e A rise in Prandtl number improvises the flow and mass transfer and reduces the heat transfer. Heat
transit increases and mass and the fluid flow decreases with the increase of thermal radiation
parameter. Flow of the fluid increases and heat and mass transfer decreases with the increase of
Schmidt number.
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