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1. Introduction

Non-Newtonian nanofluids
sions containing solid nanoparticles that exhibit non-
The distinct characteristics of
nanofluids, like improved thermal conductivity and
viscosity, have made them a popular choice for various

Newtonian behaviour.

refer to fluid suspen-

Abstract. This study examines the behaviour of non-Newtonian nanofluids in fluid flow
and heat transfer over a permeable surface with injection and suction. The governing
equations are converted into ordinary differential equations using a similarity approach
and solved numerically with the Runge-Kutta-Fehlberg method. Copper (Cu), Copper
Oxide (CuO), Titanium Oxide (TiO2), and Aluminum Oxide (Al»O3) nanoparticles are
used in sodium Carboxymethyl Cellulose (CMC)/water as the base fluid to investigate the
effects of power-law index, nanoparticle volume fraction, type, and permeability factor. The
results indicate that Non-Newtonian nanofluids exhibit different behaviour than Newtonian
nanofluids in the presence of suction and injection. Non-Newtonian nanofluid performs
better than ewtonian nanofluid in terms of heat transfer for injection and an impermeable
plate, but changing the type of nanoparticles has a larger effect on heat transmission
during suction. Furthermore, the deployment of non-Newtonian nanofluids in injection
processes leads to a decrease in heat transmission for all three scenarios. Additionally, the
study indicates that higher injection rates result in improved heat transfer, while increased
suction rates lead to reduced heat transmission.

engineering applications. Nanofluids with such unique
properties, including enhanced thermal conductivity
and viscosity, have become more prevalent in engineer-
ing applications for their practical utility. With their
distinctive attributes, like increased thermal conductiv-
ity and viscosity, nanofluids of such kind have become
increasingly favoured for a broad range of engineering
applications. Enhanced thermal conductivity and vis-
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of nanofluids ideal for various engineering applications,
resulting in their growing popularity [1,2].

The use of nanofluids dates back to the early 1990s
when Choi and Eastman first introduced the concept
of nanofluids. The incorporation of nanoparticles in
typical fluids, even in small amounts, can lead to
significant improvements in their thermal performance.
Since then, research into nanofluids has continued to
expand, leading to the development of non-Newtonian
nanofluids. Non-Newtonian fluids are those that do
not follow the basic linear relationship between shear
stress and shear rate, as specified by Newton’s law
of viscosity. Instead, the viscosity of non-Newtonian
fluids changes with the rate of deformation, leading to
a variety of complex flow behaviours. The addition of
nanoparticles to these fluids can further enhance their
non-Newtonian properties [3,4].

In energy storage, non-Newtonian nanofluids have
been used in the development of advanced battery and
fuel cell technologies. The high thermal conductivity
and viscosity of these fluids can improve the efficiency
and stability of these devices, leading to longer lifetimes
and reduced costs. In biomedical engineering, non-
Newtonian nanofluids have been used in drug delivery
systems and tissue engineering. The unique flow prop-
erties of these fluids can help to optimize drug delivery
and improve the transport of nutrients and oxygen to
living tissues. Nanofluid is a type of fluid that contains
suspended nanoparticles, typically with sizes ranging
from 1 to 100 nanometers, dispersed in a base fluid
such as water, oil or glycol. These nanoparticles can be
made of different materials, including metals, oxides,
and carbon nanotubes, and they can enhance the
thermal and electrical properties of the base fluid [5].

Non-Newtonian fluids known as “power law flu-
ids” display a non-linear correlation among shear stress
and shear rate. The flow behaviour of power law fluids
in porous media can be described using the power
law index, which finds the non-linearity of the fluid’s
rheology. The flow behaviour of power law fluids in
porous media is important in various applications such
as oil and gas production, groundwater management,
and environmental re-mediation. When determining
in these areas, mathematical models and simulations
can be utilized to forecast how power law fluids would
behave in porous media under various circumstances.
Sui et al. [6] carried out an experimental investigation
to look into the distribution of heat in a non-Newtonian
fluid with power-law behaviour’s boundary layer. A
mixed convection apparatus, which was created to en-
able the measurement of temperature distribution and
flow velocity in the fluid’s boundary layer, was used in
the investigation. The study non-Newtonian fluid was
a dilute aqueous solution of the power-law-behaving
Carboxymethyl Cellulose (CMC). The researchers used
an inclined plate and a moving conveyor as part of

their experimental set-up to study the effects of shear
flow, power-law viscosity, and temperature fluctuation.
Meanwhile, Jalil and Asghar [7] investigations were
undertaken with the goal of determining the properties
and flow behaviour of a fluid that is shear-thinning
over a boundary layer stretching surface that is smooth
and permeable. They also look at how the fluid’s per-
meability, surface stretching rate, and viscosity affect
how the shear-thinning fluid flows. Ahmed et al. [§]
used the shooting method and homotopic analysis,
which were two separate mathematical techniques, to
analyses the heat transfer and fluid flow of a power-
law fluid over a radially stretched sheet. Guha and
Pradhan [9] investigated how different parameters, in-
cluding the power-law index, the Grashof number, and
the Prandtl number, affected the properties of flow and
heat transmission. Megahed [10] examined the effect
of heat radiation, or the movement of heat energy via
electromagnetic waves like infrared radiation. When
examining the behaviour of fluids, particularly at high
temperatures or when working with materials that
absorb or emit radiation, heat radiation is a crucial
aspect to take into account.

Numerous researchers investigated the movement
of a power-law fluid over a flat, porous plate while
considering heat flux, suction, and injection. Heat
flux refers to the transfer of thermal energy through a
surface, while suction and injection refer to the removal
or addition of fluid to the system. The researchers
considered these factors in their study to better un-
derstand the behaviour of the fluid over the porous
plate. They aimed to improve their understanding of
fluid flow over porous surfaces, which has applications
in fields such as chemical engineering, geology, and
environmental science. The heat transfer characteris-
tics of a power-law fluid flowing over a perpendicular
plate are investigated with the impacts of radiation,
a Darcy porous media, and chemical reaction. The
research advances the topic of mixed convection heat
transfer and offers helpful knowledge for planning and
enhancing heat transfer procedures employing power-
law fluids. Casson first proposed the Casson fluid, a
non-Newtonian fluid model, in 1959. It is a specific kind
of viscoelastic fluid with a yield stress, which means
that up until a certain stress is applied, it behaves as
a solid before starting to flow like a liquid. Casson
fluid is used in many different branches of research and
engineering. These are a few instances: Casson fluid
is used in the food business to simulate the behaviour
of foods including sauces, ketchup, and mayonnaise.
Casson fluid is used in the oil and gas sector to simulate
the flow behaviour of drilling fluids and muds. The
rheological characteristics of these fluids, which are
utilized to lubricate and cool the drilling equipment,
are crucial to the effectiveness of drilling operations. In
biomedical engineering, Casson fluid is used to model
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the conduct of blood flow in arteries and veins. The
Casson fluid model provides an effective framework for
characterizing the flow behavior of complex fluids in
diverse scientific and engineering applications [11-13].
The Casson fluid model, which takes into consideration
the fluid’s viscosity and yield stress, is frequently used
to explain how blood behaves. According to the Casson
model, the fluid has a yield stress that is non-zero below
which no flow occurs, and beyond that stress, Shear
stress and shear rate have a non-linear relationship.
Non-Newtonian models such as the Herschel-
Bulkley model and the power law model have also been
used to describe blood flow dynamics. The research
may also explore the implications of this behaviour
for various medical conditions or treatments, such as
blood clotting disorders or blood rheology in micro-
circulation [14,15]. Several scientists have studied
the Casson fluid’s flow physiologies for a variety of
applications, such as the steady and oscillatory flow
of blood and the flow between rotating cylinders [16—
18]. Abbas et al. [19] study investigated the impact
of ethylene glycol and water base fluids on stagnation-
point flow across a stretching sheet on the display of
thermal radiation energy. The slip boundary condition
is also considered in the study’s inspection. Some re-
searchers examined the Magnetohydrodynamic (MHD)
flow behavior within nanoparticles in porous channels
while taking radiation’s effect into consideration. The
study focused on examining heat transfer events as
well as the system’s responses to injection, suction,
and a transverse magnetic field [20] whereas, Guedri
et al. [21] demonstrates the significant impact of
various parameters on the flow, temperature, and
concentration distributions in a micro polar fluid,
which is crucial for understanding and optimizing heat
and mass transfer processes in industrial applications.
This study investigates the influence of nanoparticles,
the Prandtl number, and a magnetic field on the
velocity and temperature profiles of a non-Newtonian
nanofluid, employing the Tiwari and Das model [22].
The results demonstrate the influence of these factors
on the Nusselt number and skin friction parameters,
presented through MATLAB simulations and graphical
representations. Awan et al. [23] comparative study on
the effect of rotational Prandtl host fluid flux involving
aggregated nano-particles and non-aggregated nano-
particles on a linear stretching surface. The convective
movements of a fluid with linear viscosity in close
proximity to a vertical isothermal plate. The heat
transfer phenomena are described using a generalized
fractional constitutive equation, which incorporates a
damped thermal and mass flux. An incompressible
fluid impinging obliquely on an oscillatory stretching
surface, studied by numerous scientists [24-26]. Abbas
et al. [27] investigated the heat transmission and
fluid flow properties of Newtonian and non-Newtonian

nanofluids across a permeable surface. The thermal
and fluids characteristics of nanofluids, which contain
nanoscale particles suspended in them, are distinct
from those of pure fluids. The goal of the study is
to comprehend how these particles effect heat transfer
and fluid flow via a permeable surface when a magnetic
field is present. MHD is a term used to explain the
behavior of liquid metals and plasmas, two examples of
fluids that conduct electricity. MHD effects, including
the Hall effect, magnetic drag, and Lorentz force, can
occur when a fluid moves through a magnetic field. The
heat transfer characteristics of a Maxwell micro polar
fluid with hybrid nanomaterials are investigated as it
flows over an exponentially stretching surface, by [28—
30].

Heat transfer is a significant concern in modern
technology, arising from temperature variations be-
tween different physical processes, Akbar et al. [31].
Whereas, the design of reactors and mixers in chemical
engineering can be optimized using stagnation point
flow [32-37]. A numerical analysis on the flow of Sut-
terby fluid in two dimensions that was constrained to
a stagnation point and exposed to an angled magnetic
field and heat radiation was conducted by Sabir et al.
[38]. A computer analysis of the flow of a fictitious
plastic nano-liquid towards a flexible riga sheet at a
stagnation point was done by Hussain et al. [39].
The enhancement of heat transfer in channel flow by
replacing the smooth duct with a corrugated duct. The
study demonstrates that using periodic corrugations
in rectangular ducts significantly improves thermal-
hydraulic behaviours, leading to enhanced flow mixing
and heat transfer efficiency. The study focuses on
a numerical investigation of the impact of water-
based Al,Oj3; nanofluids on flow characteristics and
heat transfer enhancement in rectangular corrugated
channels [40-42]. Ozbolat et al. [43] utilizes numerical
methods to investigate the flow field and heat transfer
characteristics of water within two-dimensional sinu-
soidal and rectangular corrugated wall channels. Bilen
et al. [44] examines the effects of swirl generators,
positioned at the pipe inlet and featuring various swirl
angles (0°, 22.5°, 41° and 50°), on heat transfer and
fluid flow characteristics in pipe flow.

In this work, we used the Tiwari and Das model
which introduces innovative elements by incorporating
the cession fluid and stagnation flow into the study.
The synergy of the cession fluid with the magnetic field
and nanofluid flow adds a new dimension to the study,
while the stagnation flow introduces additional com-
plexity, elevating the significance and practicality of the
study’s findings. The results and analyses obtained in
this research are meticulously presented using MAT-
LAB, a widely-recognized software tool for numerical
simulations and data analysis. The study significantly
enhances our comprehension of the behaviour of non-
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Figure 1. Geometrical setup of the problem.

Newtonian nanofluids under the influence of a magnetic
field, and provides valuable insights into how various
parameters impact velocity and temperature distribu-
tions. Additionally, the research sheds light on the
heat transfer and friction characteristics of the fluid
flow, crucial aspects in a wide range of industrial and
engineering applications.

2. Formulation of problem

In this problem, a stationary flat plate is considered,
which is permeable to fluid flow. The fluid motion
near the surface is two-dimensional and steady, and the
fluid is a mixture of water and CMC particles, referred
to as a nanofluid. The flow is laminar, meaning that
the fluid particles move in an orderly, non-turbulent
manner. The fluid is also incompressible, meaning that
its density remains constant regardless of changes in
pressure. The model used to describe the flow accounts
for slippage between the fluid phase and the nanoparti-
cles, meaning that the movement of nanoparticles is not
restricted to that of the fluid. Figure 1 illustrates the
graphical model and coordinate arrangement, where
stream velocity and ambient temperature are denoted
by their respective representations.

Being within the above constraints, governing
equations of the above modelled problem are as follow:

WO W0 0o Ther
oz oy Moy | oy dy |-
ou*  Ov*
el 2
ac t 5y 0, (2)
Lout Out (1 N 1) g O |Ou|""" Ou*
U — v = — N _ _
Ox dy B) pnr 9y | Oy dy
JnfBg * * aU%
- — — Uy U'—. 3
S5 )+ U 3

Boundary conditions:

3. Thermo physical characteristic

Thermo-physical characteristics refer to the physical
and thermal properties of a substance, which can be
measured and quantified. These properties can include
thermal conductivity, specific heat capacity, viscosity,
density, boiling point, melting point, and more. These
characteristics describe how a substance behaves when
exposed to temperature changes or other thermal and
physical condition. Utilized in the discussion at hand
and are described as [40].

knf u

Qnf = 77—~ Hnf = 77— —5F
! (pcp)nf’ ! (1 - 90)2'5,

ka: (ks+2]€f)—2(p(]€f—ks) (6)
ks (ks +2kyp) + (ks + ks)

(PCp)ns = (1= @) (pCp) s + @(pCh),
pnf = (1= @)ps + @ps. (7)

4. Solution approach

The following transformation laws are used to convert
governing equations into dimensionless form.

b = (UZYof,) w5 f(n),
.o .o
_w W

= = - 8
“ oy’ ox’ (8)
1
U27n 1 T —T
= = ="—"———>=. 9
! ( vpT ) v Ty - T )

Solving Egs. (1)-(5) with the help of similarity transfor-
mation also solving with boundary conditions obtained
following results are:

1 mn—=1 cnyr 1 7
L U Y
— 2 -1y =0, (10)
of
As mn=1 pryr 1 !
— _— = 11
P P10 e =0 ()



L. Abbas et al./Scientia Iranica (2025) 32(13): 7704 5

where,
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Boundary conditions:
f0)=fu,  f0)=0,  foo)=1, (15)
0'(0) = Asa(1 - 6(0)),  #(c0) =0, (16)
where f, = 0, 1, —1 stands for impermeable sheet

suction and injection respectively.

5. Engineering quantities of interest

In this section, we will investigate the physical proper-
ties and behaviours of the local Nusselt number and
skin friction coefficient. This analysis will involve
examining how these parameters vary in response to
different flow conditions and geometries. By studying
their behaviour, we can gain insights into the underly-
ing physical mechanisms that drive heat transfer and
fluid flow in a given system. This exploration can
be especially helpful when analytical solutions are not
available or when the system’s complexity precludes
an analytical approach. We will examine how these
two parameters are related to the transfer of heat
and momentum in fluid mechanics, and how they vary
with changes in the flow conditions and geometries
of the system being studied. By gaining a deeper
understanding of the physical principles governing
these coeflicients, we can better predict and optimize
the heat transfer and flow dynamics in a wide range
of engineering applications. In this section, we will
explore the physical characteristics and behaviour of
the local Nusselt number and skin friction coefficient.
We will examine how these two parameters are re-
lated to the transfer of heat and momentum in fluid

Table 1. Explore the variation f”(n) at n = 0.85, for
different values of the f,.

Chen Ejaz Present
Fo et al. [20] et al. [22] results
0 -0.4438 -0.4437 -0.4436
0.1 -0.4737 -0.4436 -0.4435
0.5 -0.6031 -0.6021 -0.6010
1 -0.7864 -0.7862 -0.7861

mechanics, and how they vary with changes in the
flow conditions and geometries of the system being
studied. By gaining a deeper understanding of the
physical principles governing these coefficients, we can
better predict and optimize the heat transfer and flow
dynamics in a wide range of engineering applications.
The following quantities are defined as:

2Tw
C’fxz—m,
TG
Nup = ——2% 17
U T 3 (T — Too) (17)
where
o ou "™ ou”
w =l gy oy |
Yy
T+
o= —ko e [ S . 18
. f(ay)yo (18)

By employing similarity transformation, the obtained
results are as follows:

% Hn n—1
CﬁR%+1=—zﬁffﬂnv%®| :

w1 kg

6. Validation and discussion

The data Table 1, shows the comparison results be-
tween results. Ejaz et al. [22] and present results. This
table show our results is better than previous results.
Figure 2 demonstrate that the current results are more
precise and reliable compared to the previous findings.

Table 2 are appears to be presenting numerical
results f"(0), for various combinations of factors. Let’s
break down what these quantities and parameters
mean: f”(0) represents the second derivative of the
velocity profile at the wall. This quantity is important
in fluid mechanics because it determines the rate of
momentum transfer between the fluid and the wall.
Negative values of f”(0) indicate that the fluid is
being decelerated at the wall (i.e., the fluid velocity
is decreasing as it approaches the wall).
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Figure 2. Variations in permeability have an impact on
the velocity and temperature profiles.

7. Results

7.1. Variational impact on skin and local
Nusselt numbers
The ratio of convective to conductive heat trans-
fer across a boundary is represented by the Nusselt
number, a dimensionless quantity in heat transfer.
It is employed to describe the improvement in heat
transmission caused by the presence of nanoparticles in
a fluid. Figures 3—5 depict the relationship between the
Nusselt number and the volume percentage of nanopar-
ticles for various nanoparticle types in three distinct
cases: impermeable surface, suction, and injection.
The percentage of the fluid’s volume that is made
up of nanoparticles is known as the volume fraction.
A volume fraction of 0.01, for instance, indicates that
nanoparticles make up 1% of the fluid. When a surface

Nusselt number

0.7
0.6
Y

e

T
=

= C/CMC (0.2%), n=0.85
= 05 G/CMC (0%), n=1
=

=

C,, Al,05,C,0,TiO,

0 0.01 0.02 0.03 0.04 0.05

Figure 3. Several nanoparticles effects on the Nusselt
numbers for imperable.

Nusselt number

0.3 . - ) .
[C., AL, 05,C,0,Ti0, .
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0.1
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N
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@

Figure 4. Several nanoparticles effects on the Nusselt
numbers for injection.
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0.55
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hS)

Figure 5. Several nanoparticles effects on the Nusselt
numbers for suction.
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Table 2. Numerical results of f"(n), and for different values of 3, M, ¢, Pr, n.

B M € fw A Pr n Bvp4c Shooting
1 0.1 0.1 0.1 0.5 1.0 0.85 1.1828327 1.1355031
2 1.1828328 1.1828336
3 1.229482 1.229481
0.2 1.077498 1.077499

0.5 0.798767 0.798768

1.0 0.044135 0.044139

0.1 1.077498 1.077499

0.3 1.000720 1.000719

0.5 0.906847 0.906848

0.3 1.221272 1.221271

0.5 1.299390 1.299391

1.2 1.543654 1.543652

0.2 1.135504 1.135503

0.4 1.135504 1.135503

0.8 1.133991 1.133992

0.9 1.135504 1.135503

0.7 1.135504 1.135503

0.3 1.135504 1.135503

0.85 1.135504 1.135503

0.83 1.133991 1.133992

1 1.133990 1.133991

is impermeable, it is thought that nanoparticles cannot

during suction or injection.

When titanium dioxide

cross the boundary layer and only have an impact
on heat transfer at the fluid-solid interface. When
nanoparticles are permitted to enter the boundary
layer and interact with the flow in the suction and
injection situations, the convective heat transfer is
altered. Suction describes a situation in which fluid
is sucked into the surface, whereas injection describes
a situation in which fluid is discharged from the surface.
The plot shows how the Nusselt number changes as the
volume fraction of nanoparticles is varied for each of
these three cases. The slope of the curve represents
the effectiveness of the nanoparticles in enhancing
the heat transfer. A steeper slope indicates a more
significant enhancement of heat transfer as the volume
fraction of nanoparticles increases. Non-Newtonian
fluid has an impact on suction and the Nusselt num-
ber augmentation on impermeable surfaces. On the
different side, heat transmission during injection is
significantly reduced by non-Newtonian nanofluid. The
type of nanofluids or their volume fraction had no dis-
cernible effect on local Nusselt number augmentation

or aluminum oxide nanoparticles are introduced to the
suction fluid, heat transmission is reduced. Suction
generally has better heat transfer characteristics than
the other two examples (e.g., Nusselt number, temper-
ature gradient).

In the case of suction, the Nusselt number typi-
cally decreases as the suction velocity increases. This
is because suction removes some of the fluid that
would otherwise be in contact with the heated surface,
reducing the rate of heat transfer. However, if the
suction is strong enough, it can also cause turbulence
and increase the rate of heat transfer, leading to
an increase in the Nusselt number. In the case of
injection, the Nusselt number typically increases as
the injection velocity increases. This is because the
injected fluid mixes with the fluid in contact with the
heated surface, increasing the rate of heat transfer.
However, if the injection velocity is too high, it can
cause the flow to become turbulent and reduce the
efficiency of heat transfer, leading to a decrease in the
Nusselt number. Figures 6-8 determine the effects
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Skin friction coefficient
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Figure 6. Impact of different nanoparticles on skin fric-
tion number for imperable.
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Figure 7. Impact of different nanoparticles on skin fric-
tion number for suction.
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Figure 8. Impact of different nanoparticles on skin fric-
tion number for injection.

of various nanoparticles on the local friction factors
of two different classes of working fluids, Newtonian
and non-Newtonian. non-Newtonian nanofluids have
a higher local friction factor than Newtonian fluids.
Moreover, the local friction factor values rise as the
amount of nanoparticles in fluids used for transporta-
tion increases. The relationship between the volume
fraction of different types of nanoparticles added to a
fluid and the skin friction that results on a surface
is demonstrated by the plot of skin friction against
nanoparticle volume fraction. Understanding fluid
dynamics and the effectiveness of fluid flow in various
engineering applications requires an understanding of
skin friction, which is the resistance that a fluid
encounters when it flows over a surface. The different
types of nanoparticles included in the plot likely have
different physical and chemical properties that can
affect the behaviour of the fluid when they are added
to it. For example, nanoparticles with a higher density
may cause more turbulence in the fluid, leading to
higher skin friction.

The local friction factor for rising the volume
fraction of nanoparticles is peak value for suction and
deepest for injection. Furthermore, associated to other
nanoparticles, the copper nanoparticle has a larger
local friction factor. Alumina nanoparticles have a
lower local friction factor than other nanoparticles. In
the case of a fluid injection, the skin friction coefficient
is typically higher than in the case of suction. This is
because when a fluid is injected into a boundary layer,
it typically disrupts the flow and creates turbulence,
which leads to increased shear stresses and higher skin
friction coefficients. Friction coefficients.

7.2. Impact of investigated parameters on flow
velocity

In Figures 9-11, the impact of nanoparticle volume

fraction is shown for three different values impermeable

surface, suction, and injection, denoted by f,, = 0,

Suction case fw=1
1.2 T

0.8 1

'/
/ ®=02.55%

So06r /) :

0.2 r 3

Figure 9. Effect of f"(n) with ¢ for suction.



L. Abbas et al./Scientia Iranica (2025) 32(13): 7704 9

Injection case fw=-1
1.2 T T T

0.6 -
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04+

0.2r

Figure 10. Effect of f'(n) with ¢ for injection.
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Figure 11. Effect of f'(n) with ¢ for imperable.

1, and -1, respectively. When the volume fraction of
nanoparticles is increased, the fluid velocity increases
for impermeable surfaces and suction. This could
be due to the fact that the nanoparticles have a
larger surface area than the fluid molecules themselves,
leading to an increase in the effective viscosity of the
fluid. This, in turn, causes the fluid to move faster over
the impermeable surfaces or towards suction. On the
other hand, when injection is considered, the opposite
trend is observed. This could be due to the fact
that the nanoparticles act as obstacles to the fluid
flow, impeding its movement and causing a decrease
in velocity. When impermeable plates (plates that
do not allow fluids to pass through) are used in con-
junction with Newtonian nanofluids (fluids containing
nanoparticles that exhibit Newtonian behaviour), the
velocity gradient over a flat plate is not affected, but
the thickness of the boundary layer is reduced. The
velocity gradient refers to the rate at which the velocity
of the fluid changes as it moves across the flat plate.
The boundary layer is the thin layer of fluid adjacent
to the surface of the plate, where the velocity of the

fluid is affected by the presence of the plate. When
impermeable plates are used, they prevent the fluid
from penetrating the plate and thus do not affect the
velocity gradient. On the other hand, when Newtonian
nanofluids are used, they reduce the viscosity of the
fluid and result in a thinner boundary layer. This
reduction in boundary layer thickness can be benefi-
cial in many applications, such as reducing drag and
increasing heat transfer efficiency. Figure 12 shows
how permeability affects both Newtonian and non-
Newtonian nanofluids’ velocity profiles. The velocity
at the wall (f,) is zero in the case of impermeable
walls and suction, and the velocity profile close to the
wall is parabolic. The slope of the velocity profile’s
second derivative, f”(n), which is negative, indicates
how quickly the slope is changing. The velocity at
the middle of the channel increases and the velocity
gradient near the wall gets more negative as the slope
of the velocity profile steepens (i.e., the magnitude
of f(n) grows). As a result, the boundary layer, or
the region of fluid near the wall where the velocity
is noticeably lowered due to viscous effects, becomes
thinner. This means that the fluid near the wall is
more severely affected by the wall. The amount of fluid
being evacuated from the channel is thus reduced.
When impermeable barriers are present and in-
jection occurs, neither the velocity at the wall nor the
velocity profile close to the wall are parabolic. Depend-
ing on the specifics of the flow, the second derivative
of the velocity profile (f”(n)) might either be positive
or negative. In general, the impact of f"(n) on f, is
minimal if the injection rate is low. Yet as the injection
rate goes up, f’(n) gets bigger and the velocity profile
curves out farther towards the wall. Both the velocity
at the wall and the thickness of the boundary layer may
increase as a result of this. The fluid can permeate the
wall and flow along it if the channel has permeable
walls. This alters the velocity profile close to the wall

Permeability influence
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Figure 12. Effect of f"(n) with f, for imperable suction
and injection.
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Magnetic field effects
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Figure 13. Effects of (1) with magnetic field M.

Impermeable surface fw =0

Figure 14. Effects of f''(n) with € imperable.

and can confuse the way f”(n) works. Yet, in general,
the boundary layer’s thickness and the steepness of the
velocity profile close to the wall continue to influence
how f"(n) affects f,. Figure 13 demonstrates the
non-dimensional velocity of two types of nanofluids
(Newtonian and non-Newtonian) at numerous values
of the magnetic interaction parameter M. The results
reveal that as the magnetic field strength increases,
the fluid velocity also increases for both nanofluid
types. However, it is observed that the boundary
layer thickness also increases with higher magnetic field
strength, resulting in a reduction of the nanofluid’s
velocity. Figures 14-16 depict the second derivative of
a function f(n) represents the rate of change of the
slope of the function with respect to the independent
variable 77. A stagnation point occurs when the velocity
of a fluid flow becomes zero. The effects of f”(n) with a
stagnation point for impermeable suction and injection
can be analyzed using the following cases:

Case 1. Impermeable suction and injection with

Suction case fw=1

_____
L3

0.4+

0.2r

Figure 15. Effects of f''(n) with e suction.

Injection case fw=-1

0.8

'(n)

0.6 -

04+

0.2

n

Figure 16. Effects of f'(n) with e injectiont.

f"(n) > 0 If f"(n) > 0, then the slope of the
function f(n) is increasing. This indicates that the
fluid flow is accelerating as it moves away from the
stagnation point. In the case of impermeable suction
and injection, the fluid is being pumped into or
out of the stagnation point. Therefore, the velocity
of the fluid increases as it moves away from the
stagnation point due to the continuous injection or
suction of fluid. This leads to a flow with a positive
acceleration.

Case 2. Impermeable suction and injection with
f"(n) < 0 1If f"(n) < 0, then the slope of the
function f(n) is decreasing. This indicates that the
fluid flow is decelerating as it moves away from the
stagnation point. In the case of impermeable suction
and injection, the fluid is being pumped into or
out of the stagnation point. Therefore, the velocity
of the fluid decreases as it moves away from the
stagnation point due to the continuous injection or



1. Abbas et al./Scientia Iranica (2025) 32(13): 7704 11

suction of fluid. This leads to a flow with a negative
acceleration.

Case 3. Impermeable suction and injection with
f"(q) = 0 If f'(n) = 0, then the slope of the
function f(n) is constant. This indicates that the
fluid flow maintains a constant velocity as it moves
away from the stagnation point. In the case of
impermeable suction and injection, the fluid is
being pumped into or out of the stagnation point.
Therefore, the velocity of the fluid remains constant
as it moves away from the stagnation point due to
the continuous injection or suction of fluid. This
leads to a flow with zero acceleration.

Figures 17 and 18 show the Blasius flow of Newtonian
and non-Newtonian nanofluid at various values of
the Casson parameter. It is known as the Casson
parameter, which is the square root of the yield stress
divided by the plastic viscosity, and it is a rheological
parameter that describes the flow behaviour of non-
Newtonian fluids.

Cassion fluid
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Figure 17. Effects of f''(n) with 3 for suction.
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Figure 18. Effects of f’(n) with 3 for injection.

The Casson parameter is often used to model
the velocity profiles of fluids in various flow situations,
including suction and injection. It is particularly useful
for modelling the behaviour of fluids with complex flow
properties, such as blood and other biological fluids, as
well as some industrial fluids. In general, the Casson
parameter affects the velocity profiles of fluids in
suction and injection situations in the following ways:
Increase in Casson parameter leads to an increase in
the yield stress of the fluid. This causes the velocity
of the fluid to decrease near the wall, resulting in a
steeper velocity profile.

In suction situations, as the Casson parameter
increases, the velocity of the fluid decreases near the
wall. This results in a higher suction force, which
can cause the fluid to be drawn closer to the wall. In
injection situations, as the Casson parameter increases,
the velocity of the fluid decreases near the wall. This
results in a higher injection force, which can cause the
fluid to be pushed away from the wall.

7.3. Effects on temperature profile
Figures 19 and 20 present temperature profiles for
suction, injection, and impermeable surfaces in dif-
ferent fluid and nanoparticle configurations.  For
Newtonian fluid with suction and impermeable plates,
the dimensionless temperature initially reductions and
then increases. The same trend is detected for both
Newtonian and non-Newtonian fluids on impermeable
plates. However, when non-Newtonian fluid is used on
impermeable plates with increased volume percentage
of nanoparticles, the dimensionless surface temperature
decreases. Regarding suction, the volume percentage of
nanoparticles has minimal impact on the plate surface
temperature.

However, when non-Newtonian fluid is utilized,
it significantly reduces the temperature and results
in a thinner boundary layer compared to Newtonian
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Figure 19. Effects of 0" (n) with ¢ for imperable surface.
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Figure 21. Effects of 0(n) with n for suction.

fluid. In Figures 21 and 22 the temperature profiles
for impermeable, suction, and injection surfaces are
presented for various power-law index values. The
results show that impermeable surfaces enhances and
suction benefit from an increase in non-dimensional
temperature, while injection surfaces do not. In the
case of suction, the velocity profile is thinner compared
to the no-suction case. This is because suction removes
fluid from the boundary layer, resulting in a decrease in
the thickness of the boundary layer. The velocity near
the surface is also increased due to the removal of the
slower-moving fluid in the boundary layer. This effect
is more pronounced for power-law fluids with higher
power law index values.

8. Conclusion

This work introduces ground breaking elements by
combining the cassion fluid and stagnation flow into
the study. The interaction of cassion fluid with the
magnetic field and nanofluid flow adds a novel aspect
to the research, while the inclusion of stagnation flow
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Figure 22. Effects of f'(n) with n for injection.

brings in extra complexity, making the findings more
significant and practical. The results and analyses
obtained in this research are meticulously presented
using MATLAB, a widely-recognized software tool for
numerical simulations and data analysis. The study
greatly enhances our understanding of the behavior
of non-Newtonian nanofluids under the influence of a
magnetic field, and provides valuable insights into how
different parameters affect velocity and temperature
distributions. Moreover, the research sheds light on
the heat transfer and friction characteristics of the
fluid flow, which are crucial in a wide range of in-
dustrial and engineering applications. Based on the
results of the study, it can be concluded that the
behavior of non-Newtonian nanofluids with pseudo-
plastic properties is affected by the concentration of
nanoparticles, as well as the shear rate and temper-
ature. The viscosity of the nanofluid decreases as
the concentration of nanoparticles increases, and the
rate of decrease is more pronounced at higher shear
rates. Additionally, the viscosity decreases as the
temperature increases. We found that the alumina and
Titania nanofluids exhibited shear-thinning behavior,
meaning that their viscosity decreased as the shear rate
increased. The copper and cupric oxide nanofluids, on
the other hand, exhibited shear-thickening behavior,
meaning that their viscosity increased as the shear
rate increased. Overall, the study provides important
insights into the behavior of non-Newtonian nanoflu-
ids with pseudo-plastic properties, which could have
significant implications for a range of industrial and
engineering applications, including heat transfer and
fluid flow. The numerical methods used in the study,
such as the similarity technique and the Runge-Kutta-
Fehberg methods, could also be useful for analyzing the
behavior of other complex fluids and materials. The
following points:

e The effect of nanoparticles on fluid velocity depends
on the case (suction, impermeable surface, or in-
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jection), and the suction parameter can reduce the
boundary layer thickness.

Despite having stronger heat conduction than CuO,
Al>O3 has inferior heat transfer properties.

Heat transfer is not always enlarged when the
volume fraction of np is increased. It was found that
the suction case heat transfer was lowered when the
volume percentage of AlO3 and TiO5 nanoparticles
was increased.

When non-Newtonian fluid is used in injection
procedures, heat transfer is reduced and friction is
increased.

In the same circumstances, non-Newtonian nanoflu-
ids have a larger local friction factor value than
Newtonian fluids.

Nomenclature
c Constant
By Applied magnetic field

) Specific heat
Cy Skin friction coefficient
k* Thermal conductivity
Nu, Nusselt number
v
Pr =—  Prandtl number
@
T Boundary layer temperature
Tw Surface temperature
T Ambient temperature
n Power law index
U,V Velocity components
fw The constant value of transpiration
Subscripts
f Fluids
nf Nanofluids

Greek letters

Q9 ' DR

~

Kinematic viscosity

Fluid density

Dynamic viscosity

Electric charge density
Dimensionless concentration
Dimensionless temperature

Heat capacity of the fluid

Heat capacity of the nanoparticals

n Dimensionless boundary layer thickness
164 Casson parameter
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