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Abstract:

In this investigation the steady of laminar magnetohydrodynamic(MHD) heat and mass transfer two dimensional boundary
layer nanofluid flow past a wedge embedded in a porous media in the availability of the viscous dissipation, thermophoresis
and Brownian motion effects are taken into account. With the assistance of the similarity transformation, the governing partial
differential equations (PDE) are transformed into nonlinear ordinary differential equations (ODE). The solution of the problem
is solved numerically by using the MATLAB in built package solver bvp4c. The method's accuracy is examined against
recently discussed results and outstanding agreement was reached. The impacts of the pertinent flow parameters are examined
through graphs and tabular form.

Introduction:

For some applications of thermal engineering such as crude oil refinement, geothermal process, thermal
isolation, heat exchangers and radioactive waste disposals, convective heat and mass movement of liquids are
assured. The laminar model was first extracted in the work of Falkner and Skan [1]. Hartree [2] researched the
equations of fluid dynamics arising in Falkner and Skan's estimated behaviour of the equations of fluid
dynamics. as time went by, more researchers started to find a few in the broad popularity and utilisation of
simple physical phenomenon of boundary layer motion past a wedge. Ali et al.[3] examined the on the moving
wedge in a nanofluid by utilising the Buongiorno model the unsteady MHD solution of boundary layer flow and
heat transfer. Beong In Yun[4] proposed an iterative process for the Falkner-Skan equation solution. Martin and
lain Boyd [5] analysed Falkner—Skan Flow over a wedge with slip boundary condition of the solutions are
achieved by the finite difference method. The radiation impacts on the mixed convection flow of an optically
thick viscous fluid over an isothermal wedge embedded in the porous non-Darcy medium was numerically
studied in the influence of a heat source /sink was deliberate by Al-Odat et.al [6]. In non-Darcy free convection
flow a mixture of heat and mass transfer is examined along a permeable vertical cylinder embedded in a
saturated porous media was studied by Hossain et.al.[7]. An unsteady flow from a viscous, incompressible fluid
is examined past a stretching wedge influenced by the viscous dissipation, magnetic transverse field, and wall
slide was inspected by Nagendramma et.al.[8] and some of the researchers are studied in different aspects viz.,
Kandasamy [9] studied on thermal stratification due to solar energy radiation, Anjali devi[10] and Yih[11]
investigated studied the effects of suction/injection effect, Alam et.al[12]considered the on micropolar fluid
along with the porous wedge, Rahman[13] analysed heat and mass transfer effect, Kandasamy et.al.[14]
discussed the NonDarcy over a Porous wedge.

The analysis of electric conducting fluids with magnetic properties that have an effect on the fluid flow
characteristics is Magnetohydrodynamic(MHD). As events arise in a conducting fluid, a magnetic field causes a
current. This influence polarises the fluid and thus affects the magnetic field (Makanda et al.[15]). Since MHD is
used widely in scientific procedures such as plasma experiments, power generator designs and petroleum, for
MHD, design for nuclear researchers' cooling heat sharing, and several other systems. There are many
researchers worked on that the work of Kasmani et.al.[16] analyzed the generation/absorption and chemical
reaction and suction effect on convective boundary layer fluid nanofluid flow through a Wedge. Alam et.al.[17]
investigation on MHD fluid flow of heat transfer effect with moving Wedge in nanofluid. Non-Newtonian mixed
convection power law fluid with different effects on a stretching sheet was investigated by Shakhaoath et.al.[18].
ImranUllah et.al.[19] examined Casson fluid hydromagnetic Falkner-Skan flux past a passing heat transfer
wedge. Nanofluid plays an essential part in optimising fluid heat transfer properties. Enhanced thermal fluid
conductivity and heat transfer coefficient are essential dimensions of nanofluid. Sattar[20] studied the similarity
transformation of 2-D hydrodynamic boundary layer equations of the past wedge, Rahman[21] studied Rarefied
fluid convective slip movement over a wedge with a thermal jump and variable transport properties. The
influence of viscous dissipation affects the temperature profiles by performing a function as an energy source,
resulting in a heat transfer rate and thus a heat transfer problem to be taken into account. Several recent research
has been carried out to examine the MHD boundary layers in porous media in the presence and absence of
viscous dissipation. Majesty and Gangadhar [22] investigate the viscous dissipation and radiation effect on MHD
Nanofluid flow past a Wedge through porous medium. Rashid Ahmad Wagar and Ahmed Khan[23] investigate
the viscous dissipation and internal heat generation on moving wedge with convective boundary conditions.
Many researchers are studied the behavior of MHD flow of fluid over a various surface has been considered in
different literatures viz.,[24-37] .
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The objective of this investigation deals with different impacts of the heat and mass transfer flow of MHD
boundary layer flow past a wedge over a porous medium. The governing equations are changed into nonlinear
ODEs by employing the similarity transformation and the numerical results are obtained by MATLAB inbuilt
solver bvp4c. the impacts of the several non-dimensional constraints on velocity, temperature and concentration
profile are investigated and explained through the graphs and tabular form.

2. Mathematical Formulation:

Consider the 2- Dimensional MHD boundary layer flow electrically conducting nanofluid past a wedge with heat

and mass transfer through porous medium in the existence of the viscous dissipation impact. In this * — axis is
assumed parallel to the plate in the flow path and the ¥ — axis is towards the free stream as displayed in figure.

(T.)

larger than the ambient temperature (T.) and ambient nanoparticles (Cw), respectively. The fluid has a

The wall of the wedge is kept fixed temperature and nanoparticle concentration C.) , respectively, are

continuous physical features and also supposed that constant magnetics B, is used in the positive y- axis and
perpendicular to wedge wall. When compare with the employed magnetic field the induced magnetics field is
very small so it is neglected (Ullah et al. [38]). With the above postulation the governing equations of the
existing flow are as

B du_ o
Continuity: dx = Ay @
_ u,a—“l-l-i,lla—u——la;J [ +-‘f-)
Momentum equation: &% 3}' prdx 2
8T 8T a“r (ar E'c) a
U—+v—=a,-— —(—
Energy: &% N dy T ay® ( j +10s (5ya0) T (ﬂ}') } 3)
E'c “_p + or E' T
Nanoparticle concentration equation ox B T 35 4)
The boundary conditions are given as
u=0v=0T=T,C=C, aty =10
u=U(x)=U_x"T->T,C—=C,_ asy —
u=U_T=T, atx=0 (5)

Where (1t V) are the velocity component along the (x,¥) direction, and the momentum equation gives that the
pressure in the boundary layer is equal to the free stream for the any given x coordinate. Since there is no
vorticity needed. In this high number of Reynolds, basic Bernoulli's equation can be implemented. It is supposed

that is the wvelocity of the fluid U(x) = U, x™ wedge outside the boundary layer. The Eqn.(3) goes
(Falkner & Skan [1], and Nageeb et al. [38]).

1d8p _ , 8U oBy® | Vf

—ZE=y—+ (= U

pFdx Bx+(pf +K) (6)
By substituting the Eqgn.(6) in (2)

Gu y p ol Iy —
uﬂ.r—l_uﬂy u—-+V; +( + (U —u)
()
Here, x is assessed from the tip of the wedge, m is the arbitrary fixed value and is associated to the wedge angle
which is called as the Falkner-Skan power-law constraint, & g = 2m/(1+ m)is the gradient of the Hartree
ﬁ j—

pressure factor representing to = for the complete angle Q of the wedge (Fig.1,[42])
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Fig.1.Geometry of the problem

Here the physical significance of the 7 values follow as:

i fm= 0 denotes that the adverse pressure gradient.

(i) If M = 0 denote the pressure gradient(Nagendramma et al. [8]).

(i) 1fM= 0 for Blasius solution which is equivalent to matching to an angle of occurrence of zero radians.
Gv) £ = 1 corresponding to stagnation point flow.

dy g
u=—,vr=—— . o
Now introduce the stream function ¥(x,y) such that gy dx and the following similarity
transformation ([22]& [32]):
(1+m)l,, = # Vil i tmt ol
§ =y ) $wm=&ﬁ;) ENIGRAGE
T- r

6) =17 p(5) = Stn

By substituting the above transformatlons the Eq.(1) satisfied identically, and the Eq.(2-4) and (7) reduced to the
subsequent set of ordinary differential Eqn. as

e i g2 1 — £ =
fU+f+B(A—f)+ M+ E)[1-f]=0 ®
8" + Pr Lfﬁ'+£’cf"'+NbH'qb’+NtE"]=IZI 9)
" r
+ LePr -I- E =
¢ (fé") (10)
The changed boundary condltlons are
f=0f=08=1¢=1, atnf:l]}
fl=1,8-0¢—0, as & — o0 (12)
. 2. 1-m A L—m 2
M:M’K:iﬁd_’gczay—’pr:&’ Le=ﬁ,
Here Pl KUs Cp (T —Teo) af Dg
D (C, —C ™D (T, —T Uw
Nb = B[ W MJ,NI'= r[u m),R€x= x
Vs VT, Ve

The physical magnitudes of engineering importance in the this analysis are the skin friction coefficient Cf, local

Nusselt umber Nit, and |ocal Sherwood number 5P, correspondingly, and specified as
2T, xq,. M,

cc=——— Nu,=——,5h, = ——
T opUR(x) Y K(T.—T.) ™ Dg(C.—C..)
the surface shear stress, heat flux, and mass flux, respectively, they are specified as

du aT ac
fu = Hy (au) e = K (ﬁv) My ==Ds (au)
v/,

=0 ¥y=0 - ¥y=0
The non-dimensional the rate velocity, the rate of temperature, and concentration are defined as
mt+1l
Cr(Re)> = 2(" )" g
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Nu, (m + l)i
(Re): 2

Sh, (m + l)f
(Re): 2

4. Results and Discussion:

6'(0)

¢'(0)
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The solution of the governing PDEs is reduced in the nonlinear ODEs by employing the similarity
transformations. Calculations have been carried out by the MATLAB inbuilt solver for changed values of the
non-dimensional parameters.
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Fig. 2. Velocity v/s Pressure Gradient.
Fig.2 indicates that the velocity profile variation for various pressure gradient factor values B. It is obviously,
shows that the velocity curves enhance with a rise the parameter of pressure gradient. Due to the wedge angle
increment, fluid moves even slower and diminishes the thickness of the velocity boundary.
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Fig. 3. Velocity v/s Permeability parameter.
The influence of the permeability parameter on velocity curves is shown in Fig.3. It is illustrious that the rise of

K , the nanofluid velocity increases on porous surface and decrease the width of its boundary layer.
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Fig.4. velocity v/s Magnetic parameter.

The difference of temperature with Magnetics parameter is diagrammed in Fig.4. It is obvious that the velocity
rises with an increase of the magnetics parameter increases. This is because the presence of a magnetic
transverse field is the Lorentz force which outcomes in a retarded force on the velocity profile.

Fig.5 illustrate that the influence of the Magnetic parameter on the velocity distribution. The figure indicates that
temperature profiles declines with an enhance of Magnetics parameter values.
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Fig.5. Temperature v/s Magnetic parameter.
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Fig.6. Concentration v/s Magnetic parameter.
Fig.6 display the impact of the magnetic parameter on the concentration distribution. As the values of the
magnetic parameter raises the concentration curve decreases.
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Fig.7. Concentration v/s Magnetic parameter.
Fig.7 displays the concentration distribution mechanism for numerous values of the Lewis number. The
concentration profile falls further as the Lewis number rises, but even the boundary layer thickness declines.
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Fig.8. Temperature v/s Prandtl number.
The impact of the Prandtl number on the temperature curves is sketched in the Fig.8. Since enhancing Prandtl
number appears to diminish the thermal diffusivity of the fluid and to induce a slow penetration of the heat
within the fluid.
1

Pr=0.2
Pr=10.5
Pr=10.8
0.8 Pr=1.0|
0.6 i
. M=2,3=0.25 Ec=0.5,
A k=0.5,Nb=0.3,Nt=0.2, Le = 1.
<
04r .
0.2 B
0 =
-0.2 : ! '
0 1 £ 2 3 4

Fig.9. Concentration v/s Prandtl number.
The Prandtl number and its effect on the concentration curve is shown in Fig.9.This is noticed that then rise in

the values of P'7" decreases the fluid concentration inside the boundary layer.
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The influence of the Eckert number on the temperature curves is depicted in the Fig 10. The Eckert humber
represents the transformation of Kinetic energy into internal energy by function versus viscous fluid tension. This
is identified that the temperature rises with an enhance of the viscous dissipation parameter.
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Fig.11. Concentration profile v/s Eckert number.

The outcome of Eckert number(E€) on concentration curves is well marked in Fig.11. It is seen that an increase

of E€ leads to decline gradually the concentration profile.
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The effect of the Brown motion parameter Nb Nanofluid temperature profiles are seen in Fig.12. It shows that

the temperature curves rises with enhances in Nb, especially in the near-surface area. As this occurs, the raised

Nb actually raises the thickness of the thermal boundary sheet, which consequently increases the temperature.
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Fig.13. Concentration profile v/s Brownian motion parameter.

The impact of the Brownian motion parameter on the concentration curves are plotted in Fig.13. It illustrate that

the rise in VP values gradually decreases the relatively close concentration profile.
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Fig.14. Temperature profile v/s thermophoresis parameter.
The fluctuation of temperature with thermophoresis parameter is illustrate in Fig.14. The thermophoresis force
that occurs from the temperature gradient allows the fluid to move more rapidly, and thus the fluid is heated

further. As a consequence, the greater the value of Nt rise the temperature curves and the thickness of its
boundary layer a s seen in figure.
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Fig.15. Concentration profile v/s thermophoresis parameter.
The behaviour in the concentration profiles for altered values of the thermophoresis parameter were displayed in
Fig.15. It demonstrates conveniently that the concentration inside the boundary layer diminution with the rising

Nt values.

It has been observed in the Table 1 that there is a good agreement among the result given by bvp4c code and
those mentioned by [20], [21], [22] and [23] we are also very sure that the latest outcomes are correct. Table 2
describes the effect of the dimensionless constraints on the skin friction quantity, local Nusselt and local
Sherwood numbers. The skin friction quantity increases with a rise of pressure gradient magnetic parameter, and,
permeability parameter. with an enhance of pressure gradient, Prandtle number, thermophoresis constraint,
Lewis number, magnetics parameter, the local Nusselt number decreases and local Sherwood number increases.
5. CONCLUSIONS
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In this work, the impacts of the viscous dissipation, thermophoresis, Brownian motion on MHD fluid boundary
layer flow past a wedge with heat and mass transfer of Nanofluid embedded in porous media has been studied.
By utilizing the appropriate similarity transformations, the PDEs are changed to a set of nonlinear ODEs and
solutions are obtained by MATLAB software package such as bvp4c tool. From the present numerical discuss,
the flowing observations found and given below:

With an increase of £ K and M the velocity declines.

Temperature increases with an enhance of Ec,Nbgng Nt

‘5”(':') for different

Concentration profile declines with an increase of Pr,Le,Nb and M.
With an increase of £, K, and M, |eads to enhance in skin-friction quantity .

With an increase of f,M K Nt and E€ the result in local Nusselt number is a decreases, but the reverse
effect is found in local Sherwood number .

Table 1: Variations of the bvp4c results of™ f”(':'), values of m for
k=M=Ec=Nt=Le=0Pr=073, and Nb=10"%,
=0y —8'(0
Ibrahim Ibrahim
m Ashwini[3 Watanaba[4 Ullah & Presen | Watanaba[4 & Present
9] 0] [41] Tulu[42 t 0] Tulu[42
1 1
0 0.4696 0.4696 2'469 0.4696 2'469 0.42015 0.42016 (2)'4201
2'014 0.5046 0.50461 2'504 0.50461 2'504 0.42578 0.42578 0.4258
2'043 0.569 0.56898 0.569 0.56898 (9)'568 0.43548 0.43548 0.4355
8'090 0.655 0.65498 0.655 | 0.65498 8'654 0.4473 044730 | 0.4473
8'142 0.732 0.732 0732 | 0732 | 0732 | 0.45693 0.45694 | 0.4569
0.2 0.8021 0.80213 (1)'802 0.80213 2'802 0.46503 0.46503 | 0.4650
g'333 0.9277 0.92765 (7)'927 0.92765 g'927 0.47814 047814 | 0.4781
1 1.2326 1.232 |4 935 | 1232
6 5
Table 2: Comparisons of f”(':'], —6'(0) and —¢'(0) for different parameters.
Ibrahim & Tulu[42] Present study
P E N N L J— - . P A .
B K - c b ‘ o i) —8'( —g'(0) Frroy | —8'oy -0
0.2 0. 0. 0. 0. 0. 1. 1.642831 0.20409 0.56485 1.64 0.20 0.56
5 5 5 5 4 2 5 84 76 05 28 41 49
05 1.649256 0.20245 0.56792 1.64 0.20 0.56
' 59 35 27 93 25 79
10 1.662020 0.19918 0.57392 1.66 0.19 0.57
' 20 04 55 20 92 39
0.2 1.352138 0.22650 0.52246 1.35 0.22 0.52
5 17 83 83 21 65 25
1.889814 0.18295 0.60015 1.88 0.18 0.60
23 13 61 98 30 02
2.306223 0.14414 0.65848 2.30 0.14 0.65
96 67 61 62 41 85
0. 1.561229 0.21069 0.55304 1.56 0.21 0.55
2 53 26 97 12 07 30
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0. 1.642831 | 0.20409 | 0.56485 | 1.64 0.20 0.56
5 8 76 05 28 41 49
0. 1.720614 | 0.19761 | 0.57603 | 1.72 0.19 0.57
8 3 94 38 06 76 60
0. 0. 1.642831 | 0.24670 | 0.31761 | 1.64 0.24 0.31
5 1 8 50 54 28 67 76
0. 1.642831 | 0.20409 | 0.56485 | 1.64 0.20 0.56
5 8 76 05 28 41 49
1. 1.642831 | 0.09226 | 0.81573 | 1.64 0.09 0.81
0 8 75 78 28 23 57
0. O 1.642831 | 0.35278 | 0.49744 | 1.64 0.35 0.49
5 1 8 9 04 28 28 74
0. 1.642831 | 0.20409 | 0.56485 | 1.64 0.20 0.56
5 8 76 05 28 41 49
1. 1.642831 | 0.01794 | 0.64924 | 1.64 0.01 0.64
0 8 79 51 28 79 92
0. | O 1.642831 | 0.22555 | 0.58070 | 1.64 0.22 0.58
5 2 8 66 31 28 56 07
0. 1.642831 | 0.20409 | 0.56485 | 1.64 0.20 0.56
4 8 76 05 28 41 49
0. 1.642831 | 0.16405 | 0.55624 | 1.64 0.16 0.55
8 8 08 30 28 41 62
0. 0. 1.642831 | 0.21129 | 0.54685 | 1.64 0.21 0.54
4 1 8 54 69 28 13 69
0. 1.642831 | 0.20409 | 0.56485 | 1.64 0.20 0.56
2 8 76 05 28 41 49
0. 1.642831 | 0.19012 | 0.60871 | 1.64 0.19 0.60
4 8 52 60 28 01 87
0. 1 1.642831 | 0.20846 | 0.47924 | 1.64 0.20 0.47
2 8 33 55 28 85 92
1. 1.642831 | 0.20409 | 0.56485 | 1.64 0.20 0.56
5 8 76 05 28 41 49
2 1.642831 | 0.20105 | 0.63575 | 1.64 0.20 0.63
8 98 17 28 11 58
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