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ABSTRACT

The focus of this research is to examine the Cattaneo-Christov
heat and mass transfer processes on Casson-Williamson fluids
with nonlinear buoyancy force and thermal radiation. The
flow analysis was described by partial differential equations
(PDEs).  The resulting PDEs were simplified by utilizing
suitable variables to derive coupled nonlinear total differential
equations. Spectral homotopy analysis method (SHAM) was
employed to solve the simplified equations. SHAM is the con-
nections of Chebyshev differential matrix and homotopy analysis
method (HAM). This research is unique because it addressed
nonlinear buoyancy force significance on Casson-Williamson
with Cattaneo-Christov theories with Soret-Dufour, thermal
radiation, viscous dissipation, magnetic field parameter and
chemical reaction. A higher Casson parameter () is observed to
reduce the fluid velocity due to higher plastic dynamic viscosity.
Increase in nonlinear buoyancy parameter for both temperature
and concentration are noticed to enhance the fluid velocity.

1. INTRODUCTION

In view of widespread applications, a lot of interest has been shown by the researchers
towards the study of non-Newtonian fluids. The main reason behind is the abundant exis-
tence of such fluids in nature as well. Non-Newtonian behavior is also used in the mining
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industry, where slurries and muds are often handled, and in applications such as lubri-
cation and biomedical flows. The simulation of non-Newtonian fluid flow phenomena is
therefore of importance to industry. A considerable amount of work has been done in the
regime of non-Newtonian fluids and much more is needed in a variety of non-Newtonian
fluid models. The rheological applications of all these fluids in chemical and engineering
process has attracted many researchers in literature. [1] did a comparative study of two
non-Newtonian fluids past a stretching sheet using numerical approach. They find out that
the thermal conductivity has great impact on the two fluids within the boundary layer.
[2] studied the flow of Casson fluid across an oscillating vertical plate with radiation and
chemical reaction significance. They solved their flow equations numerically and found
out that an increase in the Casson parameter leads to decrease in the fluid velocity. [3]
researched on 3D Casson fluid flow past a passable linearly stretchable sheet with convec-
tive boundary constraints. [4] discussed the significance of varying viscosity and thermal
conductivity on the simultaneous motion of Casson-Walters-B non-Newtonian fluids under
Soret-Dufour influence. A spectral analysis approach was used and the variable viscosity
and thermal conductivity was found to great affects the Casson-Walters-B when mixed
together in the boundary layer. In another study of [5], the flow of MHD non-Newtonian
nanofluid past an inclined plate was numerically discussed. Spectral homotopy analysis
method was used to solve the governing equations. Their findings revealed that increase in
thermal radiation greatly increase the temperature of the nanoparticles within the bound-
ary layer. Numerical examination of a non-Newtonian Carreau fluid flow due to catalytic
surface reactions on an upper surface with buoyancy and stretching at the free stream has
been studied by [6].

Heat transfer is an everyday occurrence. It is applicable when heat flows from hot objects
to cold ones and vice versa. The investigation on heat transport of liquids have attracted
many researchers’ in recent time. Casson non-Newtonian liquid has yield stress and vis-
cous in nature. The blood of human being is a Casson liquid due too blood cells chain
structure and protein, fibrinogen, rouleaux, etc which are the substances present in the
blood. Model of heat transport of Casson liquid finds application in processing of food
and drying of food. It was first proposed by [7]. [8] examined flow of Casson liquid under
the influence of viscous dissipative along with convective boundary conditions and MHD.
[9] studied double diffusive effects on convective mixed flow of Casson fluid. The recent
study of [10] considered variable viscosity along with thermal conductivity influence on
Casson nanofluid flow. [11] considered flow of Casson fluid past a vertical cone. The
motion of Casson fluid with viscous dissipation effects was examined by [12]. The motion
on non-Newtonian is complex because it result to nonlinearity between stress and rate
of strain. Casson fluid non-Newtonian model have been considered by several authors
in literature. The flow of heat, mass along with Casson non-Newtonian fluid was exam-
ined by [13]. [14] examined Casson fluid flow with suction, variable viscosity along with
thermal conductivity. [15] studied MHD boundary layer flow of Casson fluid with ther-
mal radiation. MHD is a branch of physics that examined the attitude of an electrically
conducting fluid such as plasma or molten metal. It is basically acted upon on magnetic
field. MHD is applicable when conductor moves into a magnetic field and electric current
creates its own magnetic field. Due to the industrial along with MHD applications in areas
like power generators, pumps of electromagnetic and metal coating. [16] examined MHD
convective-radiative oscillatory flow. The study of [17] explained the important of MHD
in free convective chemically reacting micropolar fluid flow. MHD natural convection in
the generation of heat in porous medium have been investigated by [18]. [19] studied
unsteady hydromagnetic chemically reacting mixed convective flow. [20] examined MHD
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mixed convection flow with dissipation effect. [21] examined double-diffusive MHD flow
over a stretching sheet. [22] studied MHD viscoelastic fluid flow with chemical reaction
effect. [23] examined the behaviour of MHD on heat and mass transfer.

Problem on analysis of viscous dissipation in recent time have gained authors attention.
The dispersion of viscosity in the boundary layer gives rise to more heat between fluid
particles. Hence, the collision between fluid particles increases with higher intermolecu-
lar forces. As a result of its applications in engineering mainly in the problem of heat
transfer such as heat exchangers devices, chemical catalytic reactors, petroleum reservoirs
etc many researchers have investigated this phenomenon. [24] considered analysis of vis-
cous equilibrium in heat transfer on blunted cone at hypersonic flow. [25] examined the
existence of viscous dissipation in the simulation of MHD nanofluid. [20] elucidate vis-
cous and ohmic dissipation on unsteady hydromagnetic flow. [27] examined melting along
with dissipative viscous dissipation effects on MHD flow. The study of [28] extensively
discussed viscous dissipation. Heat transfer involves the transfer of heat from one object
to another while mass transfer phenomenon involves the transfer of fluid particles from
one region to another. Heat and mass transfer (duble-diffusive) boundary layer flow has
attracted many researchers because of its numerous applications in thermal and nuclear
engineering. Concentration and thermal boundary layer arises when fluid temperature and
concentration are distinct at the surface layer. [29] examined heat alongwith mass transfer
of hydrodynamic and thermal layer flow along a flat plate. [30] researched on mixed con-
vection of a nanofluid from an inclined wavy surface embedded in a non-Darcy passable
medium. [31] researched on radiative heat transfer of variable viscosity and thermal con-
ductivity significance on inclined magnetic field with dissipation in a non-Darcy medium.
Significance of chemical rection and wall properties on MHD peristaltic transport of a
dusty fluid with heat and mass transfer has been researched by [32]. [33] addressed heat
and mass transfer effects on mixed concetive flow of chemically reacting nanofluid past a
moving/stationaty vertical plate. [34] studied thermophoresis with double-diffusive MHD
mixed convection mass transfer past an inclined plate with non-uniform heat source/sink
and chemical reaction. [35] examined free convective MHD Cattaneo-Christov flow past
three distinct geometries.

The significance of thermal radiation, viscous dissipation and magnetic field on the motion
of Casson-Williamson nanofluids through a vertical porous plate has received little atten-
tion. Therefore, this study attempts to explore the impact of viscous dissipation, magnetic
field and thermal radiation on a moving Casson-Williamson nanofluids in a vertical porous
plate under the influence of thermo-physical parameters. The novelty of this research are
as follows:

(1) Simultaneous flow of Casson and Williamson non-Newtonian fluids with combined
influence of Soret-Dufour mechanism;

(2) Significance of nonlinear buoyancy force past a vertical porous plate; and

(3) The significance of Cattaneo-Christov theories on Casson-Williamson nanofluids
motion in a vertical porous plate.

2. MATHEMATICAL ANALYSIS

Consider a free convective, two-dimensional, laminar, incompressible boundary layer flow
of Casson fluid through a vertical porous plate with Cattaneo-Christov heat flux (see [30]
& [37]). The coordinate system of the problem are (x,y) where x-coordinate is utilized
along the Riga plate while y-coordinate normal to it. The physics of the problem in a
vertical stretching Riga surface is illustrated in Figure 1. T,, and C, are denoted to be
wall temperature and concentration while C,, and T,, are ambient concentration and
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temperature respectively. A nonlinear buoyancy force is considered in this study with the
presence of a first order chemical reaction. A screnario whereby Ty, > T, and Cy, > Cx
which means a heated Riga surface is considered in this study. The viscosity and thermal
conductivity existing within the boundary layer are considered to vary. The Lorentz force
is used in conjuction with Grinberg term in this study. The equations of motion for
Casson-Williamson fluid are as described in this study as follows: The flow of two liquids

of Casson as well as Williamson is explored. It leads to two liquids terms. Based on

viscosity (T:u%]y: O), the rheological equation of a Casson liquid as discussed in [4]

are: Tj;= (,ub(T) + %) 2e;; when T>m,
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(2.1) Tij= | (1) + Nor 2e;; when w<m,
here P, signifies yield stress of the liquid which is
T)+/(2
(29) Py:#b( )V (27)
g

iy indicates plastic dynamic Casson viscosity, m=e;j;e;; indicates the multiplication of
deformation rate both together and e;; indicates deforming rate and 7. indicates critical
value of Casson liquid. The Casson liquid flow when 7>, we have

(2.3) po=tu(T) + =

invoking eqn (2.2) in (2.3), the viscosity becomes subject to plastic dynamic Casson vis-
cosity pp, the density p and the Casson term  gives

(2.4) uo:“l’f) (1 + i)

The fluid is set into motion because of stretching sheet. Williamson fluid constitutive
equation as described by Nadeem et al. (2013) gives:

(2.5) S=—-pl+T1
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(2.6) = [uoo + (’fo_r‘;“;) A

From which the pressure is p, I means Identity, 7 is stress tensor, pg is zero along with
unending shear rate and jiso, ['>0 signifies constant time, Ay is tensor of Rivlin-Erickson
and 4 is given as

(2.7) "}’:\/%ﬂ', where  m=trace(A?)
1
. ou\? 1[/0u  ov\> v\ ?|?

%) ”[(&:) 2 (52 3) *(ay” -

where m= second invariant strain tensor. It should be noted in this study that the case
when o= 0 and I'y<1 is considered in the present study. Hence, equation (2.6) is addi-
tional stress tensor which is:

(2.9) r—[lfor.]Alzo

Therefore, the additional stress tensor shown in equation (2.9) as explored in [38] are:

ou L [0 0
Tez — 210[1 + Fﬂa—— 0, Tey=Tyr=po[l + I'Y| (au + 8:;)

., Ov
(2.10) Tyy= 240[1 + ny}a—y,

The boundary layer approximation is valid and base on the above assumptions the flow
equations according to [37] becomes

Trz=TYz=T20=T2Yy=722=10

ou Ov

2.11 — 4+ —
( ) ox + oy

=0

(2.12)
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ou 9C dv 9C ov 9C
Udz oz + U(’?y Oy + U9z 9z
—ho _H)28 C ) du 9C

8y8:1:2
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+2uvay8x+ e

Subject to:

. u=Uy(z) =Bx ,v=—v(z A=, ,0=0C ,at Y=
2.15 U, B T=T, c=C 0
. u—> —T —C as —00

(2.16) 0 ,T—T ,C—C , Y

In equation (2.12) above, (3 indicate linear convective parameter for temperature, 35 indi-
cates nonlinear convective term for temperature, f3 indicates linear convective parameter
for concentration, 8, indicates nonlinear convective parameter for concentration. The
temperature (73,) and concentration (Cy,) at the wall and free stream is defined by [37]
as:

(2.17) Tw=To +mix, To=Ty+ mox, Cup=Cy+ mzx, Csx=Cy+ mur

Te relation v and v are defined as a function of the stream function defined as

(2.18) u:gj, v:—g—qi where  Y=vavf(n)x

The stream function satisfies the continuity automatically. We define the variables em-
ployed here as (see [37]):

a T-Ty C—-Cy
2.1 =y | — R —
(2.19) n y\/:, 9 Ty — Ty’ @ CoCo

Invoking equation (2.19) above into the governing flow equations (2.12)-(2.15) one obtain

(2.20) <1 + 1> F" 4+ FF"—(F')* 4 Ajcos(8°)0%+ Agcos(°)¢? + Aacos(8°)0+ Aycos(8°) ¢

B

1
<M+P >f + WeF"F"=0

(2.21) <1; R> 0" + F¢' + Do¢' + Ec <1 + ﬂ) F" + A0+ Nag't' + Nbo'”
T
—ay [FF'0 + FF"| =0
1
222 o /I /! _ FF/ / FF /! —
(2.22) Sc¢ + f¢' — Cre + Sob +LnNa 042[ ¢ + ¢] 0
subject to:
(2.23) F'(n)=1, F(n) =Sw, 0(n)=(1-15t), ¢(n)=(1-5t), at n=0
(2.24) F'(n)—0, 0(n)—0, ¢(n)—0, as n—so0

oB2(x) . . . K,B . e
where , M :# is imposed magnetic parameter, Po= Z is permeability parameter,

1
We:FUw(x)(%) * is non-Newtonian Williamson parameter, Pr=Z is Prandtl number,
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405T2, . — Tuw—Too)?
R==%=is thermal radiation parameter, Ay =987 —Teo)”

is nonlinear convective pa-

) B2z
Cw—C, . . .
rameter for temperature, Ang is nonlinear convective parameter for concen-
. Tw—T. .. . Cyw—C
tration, )\a:W is linear convective parameter for temperature, Ab:W

Dkp(Cw—Cx)

vewen(To—To) 18 Dufour number,

is linear convective parameter for concentration, Do=

Ec:%((jﬁ% is Eckert number, A:% is heat generation parameter, Sc=7 is Schmidt
number, CT:% is chemical reaction parameter, SO:% is Soret number, T:TZ ;
is thermophoresis parameter, Na = M is Brownian motion, Nb = %
is the thermophoretic parameter, Ln = % is the Lewis number. -

The practical engineering interest are local skin friction coefficient (C'y), Sherwood number
(Sh) and Nusselt number (Nu). They are defined in this studies as follows:

T P 0%u Ou
=Y h = Y 2wl —— | — |y
Cy 2 where T |:<HB+ 5271') +v2v 8y2] ay|y_0

quw !
N = = :K
u AT ¥'(0) where Guw (

oT
dy

) =1 ATﬁ/ (0)
y=0

m

Sh=—5—"=
DAC

©'(0) where mw:D<8C) ZBACcp’(O)
oy y=0 V

2.1. Spectral Relaxation Technique. The transformed coupled nonlinear ordinary dif-
ferential (2.20)-(2.22) subject to (2.23) and (2.24) are solved numerically utilizing SRM.
SRM is an iterative approach that uses the Gauss-seidel type’s relaxation approach to
decouple and linearize the coupled equations. The linearized equations will be discretized
and solved by employing the Chebyshev pseudo-spectral method [38]. The degree of it-
eration was facilitated on all linear terms at the current iteration noted, while nonlinear
terms are assumed to be known from the previous iteration noted. The basic steps of the
spectral approach are:

(1) First, decouple the nonlinear equations and linearize them using Gauss-Siedel tech-
niques;

(2) The linearized equations were further discretized, and

(3) The discretized equations are solved iteratively by utilizing the Chebyshev pseudo-
spectral technique.

Applying the SRM to obtain the following:

(2.25) ao, F" i1 + a1, F" 1 — asy + a3y + asy — a5 o F'rg1 + agr " r 1= 0
b0 0" ri1 + b1, 1 + by + b3 + AOriq
(2.26) + b0 i1 + b5y + U601+ b7,0"1=0
1

Sec

where the coefficient parameters are defined as follows:

(2-27) ¢//r+1 + CO,r¢/r+1 —Crory1 + cirt+cor+ C3,r¢/r+1 + C4,r¢ﬂr+1: 0

1
ap = <1 + 5) . a1,=F,, as,= (F',)% as,=Ajcos(8°)02 + Agcos(°)¢?
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1
CL47T:)\aCOS(BO)0r + AbCOS(BO)QZ)Ta as,r= (M + PO) ) a()’,r:WQF//r

1+R 1
o= (M) =P, ba=Dodfy, bag=be (145 ) ()

/ /2 / 2
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2.2. Outcomes and discussion. The couple equations in (2.20)-(2.22) alongwith (2.23)
and (2.24) are numerically solved by utilizing SRM. To explain clearly the physics of the
problem, a parametric study was conducted and the numerical outcomes are presented
graphically. Also, computations on the engineering quantities of interest are tabulated.
The default values adopted in this study are: M = 1,8 = 2,We = 3,R = 0.4, Pr =
7,Do = Sr =15 FEc=04,5c=0.61,07 = as = A; = Ay = 2. Figure 2 depicts the
nonlinear convective parameter for temperature A; on the velocity profile. The nonlinear
upward force as exerted on the working fluid was found to oppose the weight of the fluid.
As seen in Figure 2, increase in the value of the nonlinear thermall buoyancy force leads
to an increased velocity profile. A higher nonlinear thermal buoyancy force a laminar
flow. The upward increase in A; is observed to elevate the local skin friction in table 1
and the entire hydrodynamic boundary layer thickness. Figure 3 illustrates the nonlinear
convective parameter for concentration As. In Figure 3, the nonlinear upward force was
found to greatly affects the mass diffusivity of the fluid. An increase in the nonlinear
mass buoyancy force greatly increases the fluid velocity to peak value. The fluid velocity
profile as illustrated in figures 2 and 3 portrays a maximum value in the plate vicinity and
gradually decreases as it approaches the free stream.

This research work examined the Cattaneo-Christov theories on double-diffusive flow. The
thermal relaxation time («) as illustrated in Figure 4 shows that increase in o1 enhances
both velocity and temperature distributions. Practically, the two non-Newtonian fluids
considered in this study moves into the boundary layer simultaneously with a constant
temperature. As a result of collision, the temperature of fluid particles increases alongside
the momentum gathered within the boundary layer. The thermal relaxation time added
more heat energy to the boundary layer, hence the hydrodynamic and thermal boundary
layer increases. Figure 5 illustrates the mass relaxation time (a2) on the velocity and
concentration distributions. The mass diffusivity of the fluid was greatly affected by
g and hereby enhances the species boundary layer. A distinctive maximum value is
obstained on the graphical result for velocity and concentration due to increase in as.
Figure 6 illustrates the impact of Soret parameter (Sr) on the velocity and concentration
distributions. From Figure 6, the velocity distribution increases within the boundary
layer due to increase in Sr. Remarkably, a rise in fluid velocity is noticeable as a result of
greater thermal diffusion. Furthermore, the concentration profile rises due to an increase
in Soret number. Figure 7 depicts the significance of Dufour number (Do) on the velocity
and temperature distributions. It is observed in Figure 7 that the diffusion thermal effect
causes increase to fluid velocity and temperature respectively. Th significance of Sr and
Do are observed to be opposite in heat and mass transfer phenomenon.

Figure 8 shows the significance of Eckert number (Ec) on the velocity and temperature
distributions. The Eckert number (Ec¢) is the relationship existing on the flow enthalpy
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and kinetic energy. This enables the kinetic energy to be converted into internal energy
energy due to work done. An increase in Ec leads to greater viscous dissipative heat,
from which it is concluded that increase in E'c leads to a rise in the fluid velocity and
temperature. Figure 9 illustrates the significance of thermal radiation on the velocity
and temperature distributions. The presence of R in this study enhances convective flow.
Thermal radiation is of great significance at a very high temperature. A high intensity of R
is observed to raise the fluid temperature and the entire thermal boundary layer thickness.
However, the increase in R leads to an enhancement in the fluid thermal condition which
leads to a rise in fluid velocity and the hydrodynamic boundary layer thickness. Figure
10 illustrates the significance of Prandtl number (Pr) on the velocity and temperature
distributions. Physically, Pr explains the connection between the thermal conductivity
and kinematic viscosity. A greater thermal conductivity and kinematic viscosity propeled
Pr to reduce the temperature of fluids. In Figure 10, increase in Pr declines the hydrody-
namic and thermal boundary layer thickness. The significance of Schmidt number (Sc¢) on
the velocity and concentration distributions are illustrated in Figure 11. Mathematically,
Sc = 4 where v > D indicates higher Sc and vice versa. Physically, the rate of mass
transfer declines as a result of concentration buoyancy significance. Due to this fact, the
concentration distribution decreases.

Figure 12 portrays the significance of magnetic field parameter (M) on the velocity distri-
bution. The imposed magnetic field plays a significant role on the flow of an electrically
conducting fluids (Casson-Williamson) by giving rise to Lorentz force. The Lorentz force
hereby slows down the motion of Casson-Williamson fluids. The physics of magnetic im-
pact as depicted in Figure 12 portrays decrease in fluid velocity. Figure 13 illustrates the
impact of Casson parameter (3) on the velocity distribution. In the present analysis, the
imposed magnetic plays a significant role on the Casson fluid by causing reduction to the
fluid velocity. The plastic dynamic viscosity also cause a reverse flow on the fluid. There-
fore, increase in 3 declines the velocity profile. Figure 14 shows the impact of Williamson
parameter (We). A higher value of We is observed to enhance the velocity and the entire
bydrodynamic boundary layer thickness.

2.5 : : :

T —0.2

Figure 2: Significance of nonlinear convective parameter for temperature on velocity
profile
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Figure 3: Significance of nonlinear convective parameter for concentration on velocity
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Figure 4: Significance of thermal relaxation time on the temperature and velocity profiles
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Figure 6: Significance of Soret parameter on the velocity and concentration profiles
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Figure 8: Significance of Eckert number on the velocity and temperature profiles
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Figure 9: Significance of thermal radiation on the velocity and temperature profiles

Figure 10: Significance of Prandtl number on the velocity and temperature profiles
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Figure 12: Significance of Magnetic field on the velocity profile
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Figure 13: Significance of Casson parameter on the velocity profile
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Table 1: Computational values for local skin friction (Cf), local Nusselt number (Nu)

and local Sherwood number for variations of pertinent flow parameters.
M |3 | WelR |Pr | Do|Sr | Ec|Sc|ay| A1 As| as| Cf Nu Sh

0.0 1.7682| 0.4921 | 0.3417
0.5 1.4328| 0.4921 | 0.3417
1.0 0.6530 | 0.4921 | 0.3417
1.0 0.8242] 0.5123 | 0.6981
2.0 1.79391 0.5123 | 0.6981
3.0 1.8345| 0.5123 | 0.6981
1.0 1.6906 | 0.5745 | 0.8121
2.0 1.8747| 0.5473 | 0.8121
3.0 1.9888 | 0.5488 | 0.8121
0.5 1.5399 | 0.5543 | 0.8633
1.0 1.6900| 0.5745 | 0.8633
1.5 1.7955| 0.6299 | 0.8633
0.71 1.4328 | 0.6935 | 0.7966
3.0 0.9461 | 1.5919 | 0.7966
7.0 0.7373] 3.1771| 0.7966
1.0 1.9145| 0.1430 | 0.8133
2.0 2.3962| 0.4075| 0.8133
3.0 2.87791 0.9580 | 0.8133
1.0 1.9443 | 0.6935 | 0.2074
2.0 2.4558 | 0.6935 | 0.4484
3.0 2.9673| 0.6935| 1.1043
0.3 1.8285| 0.1793 | 0.8033
0.6 2.22431 0.3350 | 0.8033
1.0 2.6202 | 0.8494 | 0.8033
0.6 1.8171| 0.9918 | 0.6223
1.0 1.6072{ 0.9918 | 0.7169
2.0 1.4265| 0.9918 | 0.8701
0.2 0.9141 0.2400 | 0.7010
0.3 1.3960| 0.4012 | 0.7010
0.4 2.8111 0.5011 | 0.7010
0.0 1.4328 | 0.9918 | 0.7968
0.5 2.7985| 0.9918| 0.7968
1.0 4.1643| 0.9918 | 0.7968
0.0 2.4021 | 0.8299 | 0.5197
0.5 2.6370 0.8299 | 0.5197
1.0 3.84121 0.8299 | 0.5197
1.0] 2.9221| 0.6101 | 1.2074
2.0| 3.5501| 0.6101 | 2.4480
3.01 4.9611| 0.6101 | 3.1043
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Table 2: Comparison of the present results with Spectral relaxation method (SRM)
and that of [37] with Spectral homotopy analysis method (SHAM) when § = A} = Ag =

A. S. Idowu, B. O. Falodun, C. Onwubuoya and F. D. Aiyegbusi

Po=We=R=Do=A=Na=Nb=o1 =5S0=ILn=ay=0.

Gr| M

Present study (SRM)

[37] (SHAM)

—/'(0)

—0'(0)

—¢'(0)

—/'(0)

—0'(0)

—¢'(0)

0.0 0.0

1.21162127

0.59172593

2.80851599

1.21162126

0.59172594

2.80851598

0.5

1.38842065

0.58861360

2.81200614

1.38842063

0.58861361

2.81200613

1.0

1.49482308

0.58611500

2.81550166

1.49482305

0.58611501

2.81550165

2.0

1.74371572

0.58195569

2.82145445

1.74371569

0.58195570

2.82145444

0.5] 0.0

0.99357637

0.60035148

2.80004023

0.99357636

0.60035150

2.80004022

0.5

1.15480104

0.59645010

2.80502274

1.15480103

0.59645010

2.80502273

1.0

1.30255127

0.59327759

2.80931154

1.30255126

0.59327761

2.80931153

2.0

1.56865628

0.58830966

2.81645989

1.56865626

0.58830968

2.81645988

1.0/ 0.0

0.77921445

0.60843711

2.79183852

0.77921446

0.60843714

2.79183851

0.5

0.95371215

0.60357740

2.79758673

0.95371217

0.60357743

2.79758672

1.0

1.11214612

0.59968276

2.80247588

1.11214615

0.59968279

2.80247587

2.0

1.39474829

0.59368080

2.81052221

1.39474832

0.59368083

2.81052220

2.0/ 0.0

0.30028109

0.62317674

2.77616511

0.30028108

0.62317678

2.77616510

0.5

0.55844229

0.61682733

2.78323090

0.55844228

0.61682737

2.78323091

1.0

0.73651538

0.61174060

2.78919280

0.73651536

0.61174064

2.78919279

2.0

1.05019015

0.60394790

2.79889283

1.05019013

0.60394794

2.79889282

Conclusions: Analysis of Cattaneo-Christov theories on Casson-Williamson fluids with
nonlinear buoyancy force with different flow parameters are examined using PDEs and
solved by utilizing SHAM. The simultaneous flow of Casson-Williamson fluids as illustrated
in Figure 1 enters through the vertical porous plate into the boundary layer. The viscosity
and thermal conductivity are considered to be constant within th boundary layer. The
choice of SHAM is due to its efficiency and flexibility in chosing linear operators as compare
with other methods in literature. Key findings in this study are:

(1) Increase in B slows down the velocity distribution because of higher plastic dynamic
viscosity which opposes the fluid motion;

(2) It is observed that, the imposed magnetic field declines the motion of fluids within
the boundary layer;

(3) A higher Sc is observed to decrease the rate of mass transfer;

(4) Increase in the thermal relaxation time is observed to enhance the hydrodynamic
and the specie boundary layer thickness;

(5) The Eckert number is observed to give rise to heat energy which enhances the fluid
temperature; and

(6) The nonlinear buoyancy force for temperature and concentration is noticed to bring
increase to the fluid velocity.
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Nomenclature

u velocity in x-axis (Unit: m/s)

v velocity in y-axis (Unit: m/s)

g gravity

K permeability term

Dy, mass diffusivity (Unit: m?s~!

By magnetic constant

p specific heat (Unit: J/kgk)

qr heat flux (Unit: W/m?)

kr thermal diffusion ratio

Cs Solutal susceptibility (Unit: kmolm=3)
K’ chemical coefficient (Unit:kmolm=3)
T mean fluid temperature (Unit:K)

B Constant

Q heat generation term

Sw suction velocity (Unit: m/s)

b1, B3 Linear convective parameter for temperature and concen-

tration
B9, B4 Nonlinear convective parameter for temperature and con-
centration

T temperature (Unit: K)

C concentration (Unit: m?s~1)

T ambient temperature (Unit: K)

Coo ambient concentration (Unit:mol)

o electrical conductivity

p density (Unit: kg/m?)

v viscosity (Unit: m?/s)

W stream function (Unit: m?/s)

7 similarity variable (Unit: dimensionless)
T temperature at the wall(Unit: K)

Cw Concentration at the wall (Unit: mole)
9 (n) Temperature in dimensionless form
o(n) Concentration in dimensionless form
1o coefficient of viscosity (Unit: m?/s)

¥ Casson parameter
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