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Introduction

* The theory of non-Newtonian fluid flow over a stretching surface has become a
field of active research for the last few decades due to its wide range of
applications in technology and industry. Such applications include polymer
extrusion from a dye, wire drawing, the boundary layer along a liquid film in
condensation processes, glass blowing, paper production, artificial fibers, hot

rolling, cooling of metallic sheets or electronic chips, food stuffs, slurries and

many others.



Introduction Cont

Many researchers and scientists, Nadeem and fang (2011) analyzed the
boundary layer flow over a stretching surface on various non-Newtonian
models. The various non-Newtonian fluids are power-law fluids, micropolar
fluids, viscoelastic fluids, Jeffrey fluid, Rivlin Ericksen fluids, Casson fluids,
Walter’s liquid B fluids etc. Although various types of non-Newtonian fluid
models are proposed to explain the behavior, one of the most important
types of non-Newtonian fluids is the Casson fluid. The Casson fluid is a plastic

fluid, which yields shear stress in Constitutive equations.



Introduction Cont

Some of the examples of Casson fluid model are jelly, soup, honey, tomato sauce,
concentrated fruit juices, drilling operations, food processing, metallurgy, paints,
coal in water, synthetic lubricants, manufacturing of pharmaceutical products,
synovial fluids, sewage sludge and many others. Human blood is also considered as
Casson fluid because of the presence of several substances like protein, fibrinogen
and globin in aqueous base plasma in the blood. Human red cells from a chain like
structure, known as aggregates or rouleaux. If the rouleaux behave like a plastic
solid then there exists a field stress that can be identified with the constant stress

in Casson fluid (2009)



Literature Review

AZIZ [2013] carried out an analysis to discuss the steady laminar flow
over a flat plate with convective boundary condition. MAKINDE and
AZIZ [2015] extended the work of AZIZ [2020] by considering the MHD
flow through a porous medium with buoyancy force. HAMAD et al
[2019] analyzed the variable diffusivity fluid combined with heat and
mass transfer in the presence of thermal boundary condition. They

discussed the solution employied by LIE group method [2020].



Literature Review Cont

Three dimensional boundary layer flow of Jeffery fluid with convective surface
condition was discussed by SHEHZAD et al [2019]. HAYAT et al [2020] presented
homotopic solutions of buoyancy driven flow of Maxwell fluid near a stagnation
point in the presence of convective condition. Boundary layer flow of nanofluid
with thermal convective boundary condition was investigated by MAKINDE and
AZIZ [2018]. ALSAEDI et al [2014] extended the analysis of by considering

stagnation point flow with heat generation/absorption.



Literature Review Cont

The present investigation is focus on Heat and mass transfer of
magnetohydrodynamic (MHD) Casson fliud in the presence of

nanofluid, viscous dissipation, thermal radiation and magnetics effect

subjected to convective boundary conditions



Problems development

The problem governing equations are
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Boundary conditions

The boundary conditions for the considered flow analysis are
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Where u and v are the velocity components in the x—and y—direction: v 15 the kinematic

viscosity; 7 1s the Casson parameter; P15 the density of flud; ¢ 1s the Steffan-Boltzman

constant; ¢ is the thermal diffusivity; r = —= s the ratio of nanoparticle heat capacity and the

oc),
base fluid heat capacity; v 1s the kinematic vismsitﬁ c, 1s the specific heat capacity; Dj1s the
Brownian diffusion coefficient; D;1s the thermophoretic diffusion coefficient; k 1s the thermal

conductivity; fand /i, are the heat and mass transfer coefficients, respectively;T_ and C_ are

the ambient fluid temperature and concentration, respectively. The radiative heat flux, taking mnto

o ig* ort
account the Rosseland approximation, can be expressed as g, =

T



SIMILARITY VARIABELS
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The equations of linear momentum, energy and
concentration in dimensionless form become
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BoundaryConditions
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Embedded Flow parameters
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-15 the Browmnian motion parameter;

15 the Prandtl number:

Le = —is the Lewis number; Nb=
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Nt = is the thermophoresis parameter; Bi, =/ /k)Jjv/a, Bi,=(h /Dy )jvia
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are the Biot numbers, Ra = lﬁfﬂ_ is the thermal radiations, Gc = £ T[ T '3] is the local
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solutal Grashof number, Gr = is the local thermal Grashof number

The slin friction coefficient, the local Nusselt number and the local Sherwood number are
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Result validation

Table 1. Computation showing #''(0), & (0), and @'(0) for various values of embedded parameter
when compared with Makinde (2010)

S0 -&'(0) -@'(0)

Bi Gr| Gd | M Pr | 5c | Makinde Present Makinde | Present | Makinde | Present

(2010) work (2010) work (2010) work
0.1 0.1 0.1 0.1 072 | 0OR2 -0 407271 —0. 407262 0.0738635 0075634 0.3337425 0.3337434
1.0 0.1 0.1 0.1 072 | 0OR2 —0.357136 —0.352140 0273153 0273152 0.3410294 0.3410293
10 01 01 0.1 072 | 0E2 —0.3795R5 —0 329556 0.3652558 0365258 03441377 0.3441376
0.1 05 | 01 0.1 072 | 0OE2 —0.322212 —0. 3277 0.079173 0079174 0. 3451301 0.3451303
0.1 10 | 01 0.1 072 | 0OE2 —0.231251 —0.2312860 0.079691 007992 0. 3566054 0. 3566653
0.1 0.1 0.5 0.1 072 | 0E2 —0.026410 —0 026421 0.030711 0030713 0. 3513954 0.3313953
0.1 0.1 1.0 0.1 072 | oE2 0.3799154 03799133 0082040 0032042 04176697 0. 4176696
0.1 0.1 0.1 1.0 072 | 0E2 -0 985719 —0. 985720 0.074174 0074172 0. 2595499 0.2595493
0.1 0.1 0.1 5.0 072 | 0E2 -2 27925 —2 217930 0.066156 0066153 0. 1306634 0.1306633
0.1 0.1 0.1 0.1 100 | 0OB2 —0. 407903 —0.407910 0.031935 0051933 0.3325130 0.3325181
0.1 0.1 0.1 0.1 710 | 0OE2 -0 4721225 —0 421275 0.093343 0093346 0.3305613 0.3305613
0.1 01 | 01 0.1 072 | 078 —-0.411704 —~0.411703 | 0078434 | 0073453 | 033844559 | 0.3544533
0.1 01 01 0.1 072 | 262 —0.453094 —0 453007 0.077915 0.a77ae1y 0.7951454 0.7951453




Casson parameter effect on the Temperature
profile




The figure above witnesses that the temperature and thermal
boundary layer thickness decrease for the higher values of Casson
parameter. Higher value of Casson parameter corresponds to a
decrease in the yield stress that causes a reduction in the fluid

temperature and thermal boundary layer thickness



Magnetic effect on the velocity profiles
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Magnetic effect on the Temperature profiles
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The figure above illustrates the effects of magnetic parameter
on the temperature. Here, an increase in magnetic parameter
leads to an enhancement in the temperature. Physically, larger
value of magnetic parameter shows stronger Lorentz force.
Such stronger Lorentz force is an agent providing more heat to
fluid due to the fact that higher temperature and thicker

thermal boundary layer thickness occur



Magnetic effect on the Concentrations profiles
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Thermal radiation effect on the Temperature
profiles
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Conclusion

* Higher value of Casson parameter leads to a decrease in the
temperature and nanoparticle concentration.

 Effects of Lewis nhumber on nanoparticle concentration are
more pronounced in comparison with the temperature.

* Increasing values of Biot nhumbers Bi, and Bi, correspond to
an increase in the fluid temperature and nanoparticle
concentration.

e Temperature is enhanced for the higher values of
thermophoresis and Brownian motion parameters.

* Effects of thermophoresis and Brownian motion parameters
on nanoparticle concentration are quite opposite.
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