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ABSTRACT: This paper investigates the combined effects of radiant heat, local Nusselt number and Skin friction
coefficient on a channel flow of third grade fluid in the presence of saturated porous medium. It is assumed that the
fluid has temperature-dependent variable viscosity and thermal conductivity. The non-linear governing differential
equations are obtained and tackled numerically using Spectral element technique and C++ programming language.
Increase in the values of radiation parameter and third grade material parameter consequently increase the local Nusselt
number and skin friction coefficient. Graphical results showing the effects of various physical parameters are presented
and discussed quantitatively. It is concluded that Williamson’s fluid parameter served as a cooling factor in diverse
improved technological processes in order to avoid different machines from overheating and enhance their efficiencies.
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Non-Newtonian fluids behaviour is encountered in
human’s day to day activities as well as in industrial
processes. In the recent times, the study of Newtonian
and non-Newtonian fluids through porous media has
attracted the attention of many researchers following
its large area of utilizations in industrial and
engineering  processes, particularly in applied
geophysics, geology, geothermal reservoir, petroleum
design, automobile exhaust system and material
processing to mention but just a few. Due to the recent
increase in the demand for the production of crude oils,
and the materials whose relationships are non-linear; it
has become imperative to have a better knowledge of
non-Newtonian fluids flow. The fluid thermal
conductivity varies exponentially with temperature is
fundamental in the developments of energy transfer
(Ogunsola and Peter, 2014; Chinyoka and Makinde,
2015; Chinyoka and Makinde, 2012; Das et al., 2016).
Several researchers have considered flow of third
grade fluid under different physical situations (Fosdick
and Rajagopal,s 1980; Hayat et al., 2009 and

Massoudi and Christe, 1995). Haroon et al., (2011);
Hayat et al.,(2009) examined the flow of a receptive
power-law poiseuille fluid. The results revealed the
effect of power-law index on the flow. Hayat and
Ahmed (2014) studied the influence of Joule heating
in third grade fluid flow. Jayeoba and Okoya (2012)
considered the steady flow of a third-grade fluid in a
channel. Makinde 2009 examined the influence of
inherent irrevocable in a pipe flow. Furthermore,
(Rivlin and Erickson, 1995; Peter et al., 2019)
analysed stress contortion relation for isotropic
substances. Szeri and Rajagopal (1985) investigated
on the flow of a non-Newtonian fluid in equidistant
plates. Yurusoy et al., (2008) examined entropy
perusal of a third-grade fluid flow viscosity in annular
conduit. The results revealed that increase in variable
viscosity parameter decreases the velocity flow.
However, this study improved on Massoudi and
Christe (1993) by incorporating radiant heat and
temperature-dependent variable thermal conductivity.
This paper investigates the combined effects of radiant
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heat, local Nusselt number and Skin friction MATERIALS AND METHODS
coefficient on a channel flow of third grade fluid in the . )
presence of saturated porous medium. The study of reactive fluid flow through a porous

medium with radiant energy is considered with
variable properties.
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Fig 1: Flow geometry

Where

d
\/EyF is the Williamson’s fluid material, I is the time constant, pr = — il

,q, is the radiant heat flux, E is

the activation energy, Q is the heat of reaction, R is the universal gas constant, T is the absolute temperature, the
heat capacitance is Jo material derivatives, the porous medium permeability is K, Ais the rate constant,

k(T)z koem(T_T"),TO is the initial temperature, p is the density, m is a numerical exponent, nis the thermal
conductivity variation and b is the variable viscosity.

The dimensionless variables are as follows:
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From equations (2.1)-(2.4) the dimensionless differential equations are given blow:
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RESULTS AND DISCUSSION
The numerical results for various values of physical
variables are described in Figures 2-12. Figures 2- 4

shows that Williamson’s fluid parameter B, Ry

radiation parameter and & activation parameter
increases (being transfer of heat energy away from the
source to the surrounding fluids) which leads to an
increase in the temperature of the fluid. The result is in
agreement with the literature. Consequently, increase
in the thermal boundary layer which in turn provides
an additional means to diffuse energy. This result is
applicable to electrical power generation, polymer
melts, cooling of electronic components, and recovery
of oil from oil spillage (i.e., thermal radiation
parameter is the parameter responsible for a decrease
in the viscosity of the fluid), bakery industry and
thermal insulation engineering. Increasing the values

of NU leads to a corresponding decrease in the heat

transfer rate for laminar and convective flows. Nu

Increases for both R, and & parameters.
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Fig 2: Graph of the temperature function 6 when
A, =15, £=0,0.10.256=a, =1.0.
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Fig 3: Graph of the temperature function 6  when

A, =15, £=0010.256 =a, =10.

o3 /

R e e - R S N

Tempemiure Msrbution, 8

o3 ol oz oE o7 oz LE] 1
Yauts

Fig 4: Graph of the temperature function 0 against € when

Nu=5R, =02 C, =0.1,$=0.2,
p=01a =01C=01

It is seen from figure 3 that increase in R,

corresponds to a decrease on the fluid temperature
consequently, leading to a high value of the rate of heat
transfer within the fluid channel.From figure 2
Williamson’s fluid parameter lead to increase in the
rate of heat transfer of the fluid medium which is in
agreement  with previous  studies. Skin-
friction coefficient decreases when

Ry, &, NU, S, Band «, are increased. Skin-

friction being the parameter that measures the rate of
shear stress within fluid channel. From figures 5-12 the
increased in the parameters correspond to a decrease
in the rate of mass transfer of the fluid. Thermal
stability of the system is achieved for minimum and

maximum value of R, NU, & while maximum value

is reached for Ry, ¢, Nu, Da, B, and B is the
non-Newtonian Williamson fluid parameter. Higher
values of activation parameter are significant on the
rate of mass transfer. It is noted that & increases the
fluid temperature due to exothermic chemical reaction.

Increased in the values of R, slower the rate of

diffusion, i.e. it implies that R, decreases the rate of

heat transfer which consequently leads to the
accumulation of heat energy in the fluid channel due
to frictional heating which in turns leads to a decrease
in the rate of heat transfer of the flow system.
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Fig 5. Graph of the wvelocity function U  when
A, =15, £=0,0.10.256 = o, =1.0.
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Fig 6: Graph of the velocity function U against & when

Nu=5R, =02 C, =0.1,$=02 8=01q, -
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Fig 7: Graph of the velocity function U against NU when

R, =02,6=4,C, =01S=0.2,
£=01a =01C=01
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Fig 8: Graph of the velocity function U against Rd when
Nu=5,¢=4,C, =0.1, Da=0.2,
B=01¢a =01C=0.1
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Fig 9: Graph of the velocity function U against C ¢ when
Nu=5R, =02, ¢=4, S=0.2,
p=01c=01C=01
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Fig 10: Graph of the velocity function U against ﬂ when
Nu=5R,=02¢=4C, =0.1,

$=02,0=01C=01
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Fig 11: Graph of the velocity function U against O, when
Nu=5R, =02, ¢=4,C, =0.1,
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Fig 12: Graph of the velocity function U against D@ when

Nu=5R,=02¢=4C, =0.1,
pf=01¢,=01C=01

Increase in Da corresponds to increase in the diffusion
rate. This study combined the effects of radiant heat,
the local Nusselt number and skin friction coefficient,
temperature dependent viscosity and variable thermal
conductivity on reactive flow of third grade fluids
through a porous medium computationally. The result
of this study is of significant interest in the area of
electrical power generation, petroleum exploration and
refinery. Petroleum is very reactive and non-
Newtonian in nature. For engineering purpose, the
flow model of our problem represents the oils well and

as R, radiation parameter is increasing there is quick

recovery of oil from the oils well. Also, the results of
this study are of great interest in production
processing, for the safety of life and proper handling
of the materials during processing.

Conclusion: The findings are as follows: It is noticed
that thermal stability of the fluid system is achieved
and maximum value is reached. It is seen that

increased R, , Nuand & parameters correspond to an

increase in the rate of heat transfer of the fluid channel.
It is noted that € increases the fluid temperature due to
exothermic chemical reaction. It is observed that there
is a steady increase in both fluid velocity and
temperature with an increase in the reaction rate and
fluid viscosity.
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