City University International Journal of
Computational Analysis
Vol: 6, Issue: 1, pp: 01-10
journal homepage:
https://cuijca.com/ojs/index.php/ijca/i

CITY UNIVERSITY

Thin Film Maxwell-Power Law Fluid Flow on an
Extending Surface

Taza Gull*, Zatoon Khan?

!Government Superior Science College Peshawar, Peshawar, Pakistan
20il & Gas Development Company, Peshawar, Pakistan

ARTICLE INFO ABSTRACT

Article history: In this research article, the examination is done on two-dimensional
Received: August 26, 2023 fluid film flow and heat transfer with a magnetic field on an unsteady
Revised: December 05, 2023 extending sheet. To gain the appropriate outputs for the flow efficiency
Accepted: December 05, 2023 and heat transfer rate the Power law fluids are mixed with the viscoelas-

Published: December 30, 2023 i fyids which reduces the viscosity of the fluids. The heat transfer

rate is further improved with the inclusion of nanoparticles. The flow
Keywords: and heat transmission characteristics of a Maxwell/Power-law model
Maxwell-Power-law fluid fluid with Joule absorption and changeable liquid sheet thickness are
1(\/1{/?1%11]1;}; ohydrodynamics examined. The combined model of the two non-Newtonian fluids also
Nanofluid thin film incorporated the nanofluid’s influence. To create the coupled compara-
Darcy-Forchheimer flow ble ordinary differential equations (ODEs) that the homotopy analyt-
Homotopy Analysis Method ical method (HAM) along with appropriate similarity transformations
(HAM) are used. Impacts of variations of different significant factors like Cf,
and Nunumber for fluid flow of liquid film with transfer of heat are
perceived. The influence of unsteadiness factorSover thin film is dis-
covered analytically for various estimations. Moreover, the implanted
factors utilized for understanding of the physical demonstration, like
magnetic factor M, inertial parameter Fi, Eckert number Ec, penetra-
bility factor K, Prandtl number Pr and Deborah number D, have been
offered by graphs and deliberated in detail.

1 Introduction

Because of “Nanofluid’s” excellent thermal conductivity and innovative uses in numerous fields of science,
engineering, and technology, researchers have been paying a lot of attention to it during the past 20 years.
The limited thermal conductivity of common liquids makes them unsuitable for a number of heat transfer
problems. However, the metal has a well-known high heat conductivity. Consequently, the mixing of metal
and a regular fluid appears to increase the resultant thermal conductivity, and Masuda et al. [1] were
the first to identify this peculiar phenomenon. Choi [2] subsequently referred to the unique structure as
a nanofluid. The term ”nanofluid” describes a uniform solution of base fluids such as ethylene glycol,
kerosene, water, etc. with minute metallic particles (5-100nm in size). Nanoliquids’ noble properties,
such as their exceptional thermal conductivity, minimal congesting, robust stability, and homogeneity,
appreciated them as a commonly accepted form of media in a variety of industries, such as chemical
production, electronics, production, automotive, medical therapy, solar collectors, and nuclear systems
[3-5].

Many scholars have documented using a wide range of numerical and theoretical models to depict the
unusual increase in thermal conductivity. Convective nanofluidic transmission was discussed by Buon-
giorno [6] while taking Brownian motion and thermophoresis into account. He discovered throughout
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his research that thermophoretic and Brownian diffusions are the main causes of the remarkable increase
in heat transport of nanofluid. Tiwari and Das [7] modeled the heat transport process of nanofluid by
adding the size distribution, thermal conductivity, viscosity, and volume fraction. The natural convec-
tive nanofluid flow within a porous layer was studied by Nield and Kuznetsov [8]. The mass and heat
transport characteristics of radiative flow of nanofluid within a rotating annulus were shown by Peng
et al. [9]. They noticed that radiation causes the rate of heat transmission to increase. The ethylene
glycol-based flow of Ferrofluid on a stretched surface was examined by Khan et al. [10]. They discovered
that ethylene glycol performs far stronger as a host fluid than water. The unstable compressing nanofluid
flow between parallel surfaces was studied by Sheikholeslami et al. [11]. According to their findings, heat
transfer increases with nanoparticle concentration.

Nomenclature
Description Symbols Description Symbols
Fluid Temperature T Fluid Velocity V = (u,v)
Slit Temperature To Cartesian coordinates (z,y)
Extra tensor S RivlinEriksen tensor A
Positive reverence temperature Tref Initial stretching sheet b
Prandle number Pr Eckert number Ec
Thermal conductivity of nanofluid kngt Deborah number D
Unsteady parameter S Maragoni number M,
Positive constant « Magnetic field parameter M
Consistency thermal coefficient ko Surface tension of the slit 0o
Dimensionless film thickness I} Dimensionless temperature 0
Uniform thin film thickness h(x,t) Surface tension o1
Dimensionless velocity 1! Nanofluid Density Pnf
Applied magnetic field Bo Temperature coefficient 0
Nanofluid Thermal diffusivity Qnf Nanofluid Dynamic viscosity L f
Similarity variable n Relaxation time A
Power law index n Nanofluid Kinematic viscosity Unf
Nanofluid Electrical conductivity Onf Differentiate with respect to 7 !

MHD nanofluidic movement over a porous extendable surface was demonstrated by Alam et al. [12]. They
noticed a drop in temperature due to instability. The Hall and slip effects on the erratic rotating flow of
nanofluid were demonstrated by Krishna and Chamkha [13]. Findings showed that the concentration of
nanoparticles increases skin friction. Ramzan et al. [14] examined the flow of a radiative ethylene glycol-
based carbon nanotube between two rotating discs. They noted that the concentration of nanoparticles
increases temperature and radial velocity.

By using a stretching sheet, Hassanien et al. [15] looked into the fluid flow across a plate while applying
a power law model. For the fluid across a stretching sheet, Rao et al. [16] have also employed the power
law model. Abel et al. [17] examined the power law model liquid with changing thermal conductivity
improving the thermal efficiency. Chen [18], studied the power law liquid along with the impact of
magnetic field. The related results can be seen in [19, 20]. The thin film flow was examined by Zhang
et al. [21] while using the Power law model. Bai et al. [22] have studied the nanofluid’s flow across the
stretched surface at its stagnation point when there is a thermophoresis action. The thin film flow was
examined by Zhang et al. [21] while using the Power law model. Bai et al. [22] have studied the nano
fluid’s flow across the stretched surface at its stagnation point when there is a thermophoresis action.
The provision of everyday life employing fluid components, such as food processing, biological fluid
motion, electronic chips, extruded processes, and so on, depends heavily on non-Newtonian fluids [25—
27). For viscoelastic fluids like Maxwell fluid, the shear thinning effect is particularly crucial to achieving
the desired results for a variety of engineering phenomena, such as hydraulic estimates and a reduction in
pumping rates. Additionally, the flow performance of the viscoelastic fluids is enhanced by highly shear
thinning fluids (fluids with a power law model). As a result, we chose the existing system employing
the Power law and Maxwell fluid combinations [28]. The boundary-layer theory has been put forth by
Schowalter [29] in the context of the non-Newtonian power-law liquids hypothesis. The constant laminar
motion of non-Newtonian liquids over a plate has been studied by Acrovos et al. The momentum and heat
transmission on a continuously moving surface in a power-law liquid have been taken into consideration
by Howell et al. [31] and Rao et al. [32].
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We examine the thin film Maxwell-Power-law fluid flow across an extended unstable sheet as inspired
by the aforesaid literature. According to the innovative studies of Ionesco et al. [33], the inclusion of
Power law model fluid and Maxwell fluids is utilized to decline the viscosity of the resulting fluid. They
made use of the formal testing of viscoelastic fluid properties (Power law model fluids). Nguyen et al.
[34], investigation of viscoelastic fluid flow in a confined circular space added to the field’s knowledge.
The magnetic field, joule heating, the permeable medium (Darcy Forchheimer) has been included to
model the flow. Moreover, a thin coating of nanoliquid has been added to exhibit improved flow thermal
behavior. The small nanomaterial’s have notable uses in medical applications, medication delivery, solar
cells, bio sensing, tissue engineering, cancer treatment, etc. The fundamental equations are transformed
into dimensionless form and analytically resolved. To enhance the evaluation, many graphs and tables
are displayed. Such unexpected results, in our opinion, will improve nano science.

2 Problem Formulation

The Maxwell-power-law model’s thin film flow across an extended, unstable surface with changing thick-
ness has been taken into consideration.

The Darcy-Forchheimer flow

. . . \_.-'.- ~ /g - e o
is subjected to a vertical ap- elocity and Temperature

Boundary Layer
plication of the magnetic field Uh T SRR
) . Th
and B(t) = Bo(l—at)2.
2n_
Uy (z,t) = é’fj;l), is the
prolonging surface’s time- Slot .
Nanofluid

varying stretching velocity,
while b is the stretching re-
striction. The basic flow is Us Ts
presented as:

Magnetic field Elongating Belt

Figure 1: Geometry of the problem
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These are the thermo - physical requirements:

(PCP)py = (1= 0) (pCp); + ¢ (pCp) g, png = (1 = &) ps + ¢ps,
Fug _ kat2kp—20(ks—k,) . (4)

T e e e N A L

The ratio of the surface area to the volume is very large for thin film with free surface.
The boundary conditions:

u="U,,v=0"T="T,, aty = 0; (5)
v—uaz+g?,25—%20, at y=h(x,t).

In the reference [15], the stream function and matching transformations are addressed:

— 1
n= bn+lv o (1 —at) e Y, = bR vf I gt (1— at) = f( ) U= Py, V= —1g

n—2 (6)
T =Ty + TrepbxnFT G (1—at)” i ©Mm),B=nh(z, t)b"+1v ”“x T (1 — at)1 .
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The ordinary differential equations can be created using Eqs. (5, 6) and Eq. (1):

S (5 =izt r) + () (72 = 557) 4 De [ 0"~ e 171

‘nt (7)
_'_pnf Mf/ pnf klfl F1 f/2:51 (|f//|n71 f//) ,
of of pni
3n n—2Y\ . 3n+1\ ,, 1-n,, P | yin—1 1
— —_— ME = —
S<n+1@ n(n+1)®>+{<n+1>f@+1+nf@}+ ®f Pr€2{|f| 9}’ ®)

when similarity transformations are used:

2—n

FO)=1F(0)=0,0(0) =1, (5) = = "55.f" (5) = 0,6/ (8) =0, )
The value of e;andes are given below from reference [10]:
€1 = ! €9 = Fing /g } (10)

=0 [0=0) +onod " [1-0)+00C), [ (6C),]

The equations of Cr,and Nu,, are given as:

Tw quT
O = () ,Nug = — () . (11)
Pf Uz’“ y=0 kg (Tw — To) y=0

2.1 Solution by HAM

The HAM approach is used to resolve the issue [35-40]. The equations that make up the flow must be
solved using the HAM method in the mathematica software. The following are the initial presumptions.

; 3 7’8
L 2 L4 denoted the linear operators
Li(f) = f", Ly(e) =", (13)
which have
Li(er +e2n+ esn’) =0, Ly(ea +esm) =0 , (14)

here ey, es and ez are constants.
The equivalent non-linear operatives N 2 N, are nominated in the form:

Ny [f(n;()} (f’—nn+1f”) (n+1) (f’ ff”)+ |
D[~ fr+ i ) + M+ s B = (|77 ) "

Pf Pf

N; [f(n 0),0(n; C)] <n+1@ 7 (n+1) 6)

’
AN

(i?jf) FO+ 16

' (16)

n—1 A’
(C) .

The results of the extensive calculations to look at the effects of the physical parameters n,S, M, De,
Fy, k1, FEc, n, and Prare shown in figures 2 to 10 for the dimensionless temperature and velocity pro-
file. According to figures 2 and 3, an increase in the parameter M gives a decrease in the velocity
for both fluids, Newtonian and non-Newtonian, and an inverse relationship for the temperature pro-
file. This is brought on by the Lorentz force, which opposes forces that act in the same direction as

+

f/l

+ MEOOf” = Le [

3 Results and Discussion
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the flow. This force that opposes causes the fluid’s velocity to slow down and its temperature to rise.
The profiles of temperature, and velocity in dimensionless form as a function of changing n, the in-
dex of power-law, are shown in Figs. 4 and 5. An increment in n causes the thin film thickness to
grow. Besides that, as n rises, the dispersion of temperature and velocity decrease. Figs. 6 and 7
show the effects of an unsteady component on the fluid velocity and temperature curves. The results
demonstrate that the unsteady components can significantly increase the temperature and fluid veloc-
ity. Also, it has been discovered that as Sgets stronger, the area between two nearby profiles grows
atypically. Physically, the Deborah number represents the ratio of relaxation time with observation time.

A delayed recuperation process forms LOF

when De rises along with the relax- R

ation time. As a result, the film’s thick- 0.9r X

ness decreases. That is to imply, that 0.8t M=0,2,4,6.
elasticity provides flow resistance. The

fluid can change into a totally viscous E 0.7¢

fluid whenDe = 0. The impact of an “~0.66
inertial component on flow velocity is
shown in Fig. 9. There are small but 0.5}
noticeable variations in the values of

. . . 0.4}
F degradation velocity profile readings.
Apparently, there is a rise in porous
openings in the porous medium with a
growth in the inertial factor. This phys- n
ical process makes the viscous involve-
ment more intense and finally results
in stream channel restriction. Also, as
seen in the picture, F; has very little of an effect on the dispersion of the velocity of the free stream.
Figure 10 shows how the porosity component k; affects the velocity distribution. This is definitely under-
standable as an increase in the estimation of k; increases the permeability voids in the material, which
creates an antagonism in the streamlines and ultimately decreases the momentum of the nano-fluid and
thickness of the associated boundary layer. The velocity curve as shown in Fig. 11 declines with increas-
ing nanoparticle volume fraction ¢. In actuality, the declining velocity field and rising value of ¢ are what
create the opposing force.

0.0 0.1 0.2 03 04 0.5

Figure 2: Outcomes of M against f(n)

The effect of Eckert numbers Ec on tem-
perature is shown in Fig. 12. It can be
shown that the heated thermal energy
of the Maxwell power-law liquid has in-
creased as a result of the improvement
in Ec. Ec really stands for the impacts
of heat conduction. When heat convec-
tion rises and thermal conduction de-
creases in this physical process of heat
transfer, a spike in E¢ raises the tem-
perature of the nanofluid. According to
Fig. 13, Pr climbs leading to a reduction
0_(‘)0' 0_(‘)5 ‘ 010 0.;15I ' 0_'20 025 %n heat diffusion, which leads to a drop
in temperature. Pr represents the re-

n lationship between kinematic viscosity

and thermal diffusivity. The tempera-
ture distribution shown in Fig. 14 is ris-
ing as the volume fraction ¢ of nanopar-
ticle rises in quantity. A bigger number of ¢ physically results in a higher thermal performance, which
raises the thermal properties. Different tables are assembled to exhibit the numerical effects of some
physical factors. Table. 1 and 2 elucidate the influence of drag force and rate of transfer of heat under
the effect of dissimilar factors. The characteristics of S, De, Mon skin friction for the various estima-
tions have appeared in Table. 1. It is inspected that the expanding rates of M, De and unsteady factorS
raise the Skin-friction coefficient. The impacts of S, Pr, Ec on the heat transfer rate for the dissimilar
estimations are mentioned in Table 2. It is anticipated that corporate rates of unsteady parameterS and

1.0F

0.6 S~

Figure 3: Outcomes of M against 6(n)
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Ecincreases the heat transfer rate. While the heat transfer rate decreases with the increasing values of Pr.

0.8 n=042,052,0.62, 0.72.
=06
\
0.4}
0.2t
0.0 0.1 0.2 0.3 0.4 0.5

n

Figure 4: Outcomes of nagainst f(n)
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Figure 5: Outcomes of nagainst O(n)
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Figure 6: Outcomes of Sagainst f(n).
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Figure 7: Outcomes of Sagainst f(n).
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Figure 8: Outcomes of Deagainst f(n)
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Figure 9: Outcomes of Fjagainst f(n)
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Figure 10: Outcomes of k; against f(n)
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Figure 11: Outcomes of ¢ against f'(n)
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Figure 12: Outcomes of Ec on ©(n)
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Figure 13: Outcomes of Pragainst ©(n)

Table 1: Outcomes of skin friction against dif-
ferent parameters

7700) | S [ De | M
157071 | 0.1 | 0.3 | 2
158224 | 0.2
1.59411 | 0.3
1.60632 | 0.4
1.59098 0.4
1.60187 0.5
1.61326 0.6
1.595776 3
1.60854 4
1.62168 5

4 Conclusions

1.00—‘\_\:\
N é=0.01, 0.02, 0.03, 0.04.
0.95} 4
’E
& 0.90}
0.85¢

0.00 005 010 015 020 025
]

Figure 14: Outcomes of ¢ against O(n)

Table 2: Heat transfer rate against different pa-

rameters
©'(0) Ec | Pr S
1.0937 2 10.5 | 0.1
1.18605 0.2
1.2777 0.3
1.549704 0.4
1.644402 3
1.73456 4
1.79879 5
1.45876 11
1.34280 11.5
1.28342 12

Investigations are made into the Maxwell-power-law characteristics of heat transfer and fluid flow with
varying layer thickness. The main findings of the investigation presented here can be summed up as

follows:

1. The film thickness falls as the unsteadiness parameter increases, which causes the inner velocity of
thin films to exceed the surface velocity. This enhances the fluid’s stretching velocity, which in turn
causes the velocity profile to rise as the unsteadiness parameter’s values rise.

2. Increase in the magnetic parameter results in the growth of Lorentz force which offers a resistance
to the flow of fluid. Hence growing values of magnetic field declines flow characteristics.

3. Fluid velocity dispersion is reduced when the inertial /Forchheimer parameter is increased. Besides
that, because the porosity parameter has a negative impact on the velocity profile, velocity is

likewise a lowering function of that quantity.
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The variations of M show an increment in the temperature of the film.

. The thickness of the film is definitely altered by the elasticity and viscosity of the nanofluid thin

film. That is, the thickness decreases with increasing Deborah number D, or decreasing power-law
indexn.

. For larger estimates of the Eckert number, an increase in the temperature field is shown, and vice

versa.
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