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ABSTRACT

purposes.

In this research, | investigated an unsteady carbon nanotubes in a 2D mixed convection flow made
of water on a porous in- clined expansible surface with angle in terms of the horizontal axis. When
the magnetic field changes, the surface stretches linearly with velocity u.The Parametric
Continuation Method is used to examine unknown physical quantities (PMC). The PDEs and
boundary conditions are integrated using similarity transformations to generate a set of coupled
ODEs.Physical quantities such as flow behavior, thermal characteristics, thermal variation, skin
friction and Nusselt Number are examined using graphical and tabulated results for physical

Keywords: Carbon nanotubes; nanofluid; magnetic field; non-newtonian cassonnano fluid.

1. INTRODUCTION

So far, in the development of water based carbon
nanotube, an enormous research work has been
made. The notion of coupling a simple fluid with
nanoparticles was first proposed by Stephen et

al. [1]. They had been given a name to this fluid
as” nanofluid.” In comparison between a simple
fluid and a nanofluid, nanofluid is having several
thermo physical effects. Some of the effects
include heat conductivity, viscosity, and heat
diffusivity. The focus of the study was on internal
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heat generation in a permeable circular
enclosure and the impact of viscous dissipation.
Both external and internal circular walls are
stored at steady temperature TO, although the
other walls have been done by Dongonchi and
Ganiji [2]. On a vertical stretched sheet, they
investigated heat transfer and flow of a
nanofluid.They analyzed nusselt number,
temperature and velocity field. Freidoonimehr et
al. [3] had taken heat transfer and 2-D (two
dimensional) stagnation point nanofluid into
consideration. They analyzed Temperature
distribution and velocity. Afridietal. [4] had
studied viscous dissipation, heat transfer with the
impact of magnetic field over an inclined non-
permeable stretching surface and 2-D (two
dimensional) boundary layer flow. Researchers
looked at their investigation’s nu- merical answer
as well as the surface temperature. Bilal et al. [5]
investigate the radiative Maxwell fluid in three
dimensions on an inclined stretched surface
under the convective boundary condition. They
analyzed mass transfer and Heat under
thermophoresis- effects.They used similarity
transformations to convert PDE’s (Partial
Differential Equations) into ODE’s (Ordinary
Differential Equations).During their investigation,
velocity, temperature and concentration have
been analyzed. On an angled stretched sheet, he
examined Oldroyd-B non-Newtonian fluid flow.
They analyzed 3-D(three dimensional) mixed
convection Maxwell fluid under
thermophoresiseffects on a stretched surface
that is inclined. Dhani et al. [6] came upon
various solutions for a definite range of physical
parameters like velocity slip, solutal slip and
thermal slip. They used a mixed convection flow
to investigate Nano fluids on an inclined
stretched sheet. [5]. Hayat et al. [7] have worked
on burger’s flow. In the research, the burger’s
flow was investigated using two variables: heat
transfer and mass transfer. This was carried out
overaninclinedstretchingsheet. Their study also
included several graph plotting of —curves
against other variable such as temperature and
velocity. Many researcher have been focusing on
the heat transfer problems that rise especially in
the field of energy and several engineering
solution were put forward. In the field of heat and
fluid flow, Bejan et al. [8] were one of the first
scientists to have successfully calculated the
value of entropy generation. Qing et al. [9]
examined Casson Nano fluid entropy production
(Non-Newtonian) across a stretching sheet.The
impact of chemical reactions and nonlinear
thermal radiation were also considered.They
analyzed momentum equation, nanoparticles
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concentration and energy equation. Aly [10]
evaluated 4 water based nanofluids, including
TiO2,Ag,Al203 and Cu nanopatrticles, in a study.
To report the existence of several solutions, an
exact solution was used. Mahanthesh et al. [11]
investigated the flow and heat transmission of a
three-dimensional MHD nanofluid over a
nonlinear bidirectional stretching surface. Water-
based nanofluids are having Cu, AI203, and
TiO3 were used as the working fluid once again.
Ashraf et al. [12] examined the non-Newtonian
Oldroyd-B fluid flow over an inclined stretched
surface. The impact of thermal radiation on flow
and heat transfer features was the focus of the
discussion. Analytically, the problem was
addressed by using the method of homotopy
analysis. Nanofluid flow on inclined stretched
surfaces has garnered a lot of interest, in
addition to mixed convection flow of simple fluids.
The flow of a non-Newtonian Cassonnanofluid
across an angled exponential stretching surface
was studied by Bala and Reddy [13]. Solutal slip,
thermal slip and Velocity slip were all considered
in the numerical study. In another investigation,
Dalir et al. [14] looked at Jeffrey flow of nanofluid
over a stretched sheet entropy generation due
the effect of Brownian motion, thermophoresis
and magnetic field. Sajjad et al. [15] analysed the
entropy generation of a viscoelastic MHD
nanofluid flow across a stretching sheet. On a
linear stretched sheet, for boundary layer flow,
Crane [16] discovered a closed form similarity
solution.Following Crane’s study [16], a number
of researchers explored the issue, focusing on
various elements. Haung et al. [17] investigated
heat transmission in a fluid with a high viscosity
boundary layer flow induced by an inclined
stretched sheet. Qasim et al. [18] investigated
the effects of heat radiation on viscoelastic mixed
convection flow along an inclined sheet. In order
to account for Soret-Dufour occurrences,
Sravanthi [19] studied MHD slip flow on an
exponentially stretched inclined sheet.Eldahad
and Aziz [20] presented mixed convection, heat
gener- ation/absorption, and blowing/suction
influences on MHD boundary layer flow on an
inclined stretched sheet. Kandasamy et al. [21]
studied the influence of viscosity and
thermophoresis on MHD mixed convective heat
and mass transfer across a porous wedge.
Rashad et al. [22] studied the creation of internal
heat and the effect of a magnetic field on free
convection fluid flow in a rectan- gular container
loaded with nanoparticles.The results show that
as the Hartmann number or solid volume
percentage increases, the average Nusselt
number decreases, whereas the inverse is true
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for magnetic field vector augmentation. They also
discovered that raising the Hartmann number
reduces the maximum value of the stream
function while raising the maximum temperature.
Using Brownian motion and a magnetic field,
Hsiao [23] studied incompressible micropolar
nanofluid flow over a moving plane. According to
him, the temperature reduces as the Prandtl
number rises. Rashidi et al. [24] investigated
Nanofluid flow and the associated heat transfer
in an expanding plane. The magnetic parameter
is proportional to the temperature distribution
along the plane, they showed. Feroz et al. [25]
investigated the influence of two types of
nanoparticles, multi-walled and single-walled
carbon nanotubes used with a water base, on the
entropy production for an MHD mixed-
conventional-flow (on a stretching surface) with
water as the base fluid in recent years. Entropy
production, nusselt number variation, skin friction
temperature distribution, and velocity were all
studied.

2. MATHEMATICAL MODELING

On a permeable inclined stretched surface with
an angle to the horizontal axis, the flow of water-
based carbon nanotubes was examined in an
unstable 2D mixed convection flow. As the
magnetic field changes, the surface extends
linearly with velocity u. Flow is assumed to be
U

Incompressible, Laminar, Velocity field U

Momentum and Thermal
Boundary-layers

(u(x, y, t), v(y, 1)), Temperature field T = T (y, t)
and Magnetic field is B = B(b1(x, Y, t), b2(y, t)).

2.1 Governing Equations and Boundary
Conditions

The governing equations in a rotating frame of
reference are:

Continuity Equation

7V =0, (1)

Naviar Stoke’s Momentum

N o wow =tdowv)+ g(P Bt (1 _ 1. )CosalV x B) x V
ot puf Pnf
(2)
Magnetic Equation
aB 1
— =VxVxB+—V?B
ot Ofte 3)
Energy Equation
g) + (VT =K, ;V.(VT)
CNTs

Variable Magnetic
Field

Fig. 1. Magnetic field variability
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0.5to 1.5nm

>100nm

Fig. 2. Kinematic viscosity

Where p, represents density of nanofluid, V
represents velocity, V represents gradient, iy
represents kinematic viscosity of nanofluid, B
represents magnetic field, K, denotes thermal
conductivity of nanofluid, T denotes the
temperature, while g denotes the gravitational
constant. The Boundary Conditions are as
follows:

U=uu(X),v=vu(y), T=Ty(X) aty =0.

u—0,T—0,asy— =,

U = uy(x) represents stretching velocity in x-
direction v = v,(y) represents stretching velocity
in y-direction y — «

Inserting the following transformations in the
above mentioned equations,

u=ax/(1-at)f',v=-al (1-at)®, 8=(T-
T )(Tw—=Th), n=y /I (1-at)*°(5)
After using these transformations, the above
equations become,

1-¢+¢(0B) (0B )

£ =S(U-¢)° g+ g2 "+ 21"~ 26 T+ 4A(pB), [ J0cosa
P 1-g+¢2
Ps
MoM 2 mK
_l_—
1-g+¢ 7
Ps
(6)
K, +K
1-gr2p s gt h
K +K, 2K, (pcy)s
0" = oPrl-¢g+¢p——
Ks K3+Kf (pC )f
1-¢—¢—2¢ n P
K, + K 2K,
E frr2
77¢’_f¢’_ s 25 *
S(1-¢) 1_¢+¢(pcp)s
(P, (7)

23



K'=Acpe K+ nK' +05mf - aK '] (8)

velocity

V21

Awan et al.; SARINP, 5(1): 20-28, 2022; Article no.SARINP88255
0.2, 0.5 with other parameters being fixed seen
in the graph. The transverse velocity decreases
m”"=0.50ue |l a[m + Kn] (9) when the value of g is increased, as depicted in
this graph.As q is increasing, the density of fluid
The boundary conditions are as follows: increases that reduces the vertical
component.
f(0O)=1, 60)=1, K(0) = 1,
m@0)=1.
f(=)=0, 6(=)=1, K=) = 0,
m(«) = 0.
3. RESULTS AND DISCUSSIONS
In this figure, f(n) verses n is plotted for the

values of Nano-particles parameter g = 0, 0.1,
;

The horizontal velocity f ' (n) vs. n for various

08

values of g is plotted in this figure, with the other
parameters held constant. From the figure, it is
noticed that as the values of q is increasing, the
horizontal velocity u decreases due to increase in
0.6

f(n)

values of g. The increase of nanoparticles into
the region decreases the vertical velocity. It is

due to opposing the other forces, the vertical
velocity is decreasing.

0.4

02

02

5
n
Fig. 3. f(n) verses n is plotted for the values of Nano-particles parameter g =0, 0.1, 0.2, 0.5,
12T

10

while keeping other parameters as fixed

02

12

Fig. 4. Profile of f ' (n) versus n for different values q, while keeping other parameters as fixed
24
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f(n)

02

n

Fig. 5. f(n) verses n for the values of s, while keeping other parameter as fixed

In this figure, the profile of transverse velocity v
verses for identical values of suction parameter
\s”. In this graph, as the suction parameter is
increased, it is observed that, the transverse
velocity rises due to the liquid that entered into
the region in the same direct direction.

In this figure, variable magnetic field m(n) along
x-axis verses n is plotted for identical values of
suction parameter s = 0.5, 0.8, 1.2, 2.5 by other
parameters as fixed. This graph reveals that by
increasing the values of suction parameter s,
variable magnetic field m (n) is also increasing.
The reason behind this increase is the collision of
nanoparticles and base fluid in the region, when
fluid is increased in the region, the collision of
nanoparticles and fluid enhance variable
magnetic field in the region.

1.2

m(n)

In this figure, the profile of horizontal velocity u
verses n for identical values of section parameter
s. It can be seen in this graph that as the section
parameter s is increased, the horizontal velocity
rises due to because the increasing section
parameter s. The fluid velocity entered into the
region increased that cause to increase the
horizontal velocity.

In this figure, shows the graph of variable
magnetic field along y-axis for identical values of
suction parameter s. Observation seems that the
variable magnetic field is increasing as the
values of suction parameter s is increasing.
When more and more fluid is entered into the
region, the collision of fluid and nanoparticles
enhance the variable magnetic field inside the
region.

02

10 12

n

Fig. 6. m(n) verses n for different values of suction parameter, while keeping other parameter
as fixed
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Yl

Fig. 7. Profile of f(n) versus n for different values of S, while keeping other parameters as fixed

2

0.8

0.6

k{n)

0.4

0.2

0.2

Fig. 8. Profile of k(n) versus n for different values of S, while keeping other parameters as fixed

4. CONCLUSION

The following conclusions are drawn during this
analysis:

Nusselt number, Skin friction, Velocity
field, temperature change and magnetic
field were all investigated.

The transverse velocity decreases as the
value of g increases.

It is shown that increase in Prandtle
number, temperature profile decreases
and opposite trend is observed in
Concentration profile.
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-« The horizontal velocity decreases when
the values of q are increases.

- By increasing the suction parameter s
values, variable magnetic field m (n) is also
increasing.

- By increasing the suction parameter s
values, variable magnetic field k(n) is
increasing.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.



Awan et al.; SARINP, 5(1): 20-28, 2022; Article no.SARINP88255

REFERENCES

1. Stephen USC, Jeffrey AE. Enhancing
thermal conductivity of fluids with
nanoparticles, presented at ASME
International  Mechanical  Engineering
Congress and Exposition.

10.

11.

1995;66(99):105.

Abdul SD, Davood DG. Viscous dissipation
impact on free convection flow of cuwater
nanofluid in a circular enclosure with
porosity considering internal heat source.
J. Mol. Lig. 2016;223:521.

Freidoonimehr N, Rashidi MM, Jalilpour B.
MHD stagnation point flow past a
stretching sheet in the presence of heat
generation and chemical reaction effects J.
Braz. Soc. Mech. Sci. 2016;38:1999.

Muhammad IA, Muhammad Q, llyas K,
Sharidan S, Ali SA. Entropy Generation in
magnetohydrodynamic. Mixed Convection
Flow over an Inclined Stretching Sheet.
2017;19:10.

Muhammad BA, Tasawar H, Alsaedi A.
Physical mixed convection radiative flow of
three dimensional Maxwell fluid over an
inclined stretching sheet in presence of
thermophoresis and convective condition
J. Appl. Mech. Tech. 2016;57:317.

Ruchika Dhanai, Puneet Rana, Lokendra
Kumar. Numerical solution of MHD slip
flow of a nanofluid past a radiating plate
with Newtonian heating: A Lie group
approach J. Taiwan Inst. Chem. Eng.
2016;66:283.

Tasawar H, Asad S, Alsaedi A. Flow of
Burgers’ fluid over an inclined stretching
sheet with heat and mass transfer J. Cent.
South Univ. 2015;22:3180.

Bejan A. Entropy generation minimization:
The method of thermodynamic
optimization of finite-size systems and
finite- time processes (CRC Press, Boca
Raton, FI). 1995;24:1764.

Qing J, Bhatti MM, Abbas MA, Rashidi
MM, Ali MES. Entropy generation on MHD
cassonnanofluid flow over a porous
stretching/shrinking  surface.  2016;18:
123.

Emad H Aly. Powder Technol.
301:760.

Mahanthesh B, Gireesha BJ, Reddy Gorla
RS, Abbasi FM, Shehzad SA, Magn J,
Magn. Mater. 2016;417:189.

2016;

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Bilal Ashraf M, Hayat T, Alsaedi A, J. Appl.
Mech. Tech. Phys. 2016;57:317.

BalaAnki Reddy P. Ain Shams Eng. J.
2016;7:593.

Dalir N, Dehsara M, Nourazar SS. Energy.
2015;79:351.

Sajjad-urRehman, Rizwan-ulHag ZH, Khan
C, Lee J. Taiwan Inst. Chem. Eng.
2016;63:226.

Crane LJ. Flow past a stretching plate. Z.
Angew. Math. Phys. 1970;21:645-647.
[CrossRef]

Huang JS, Tsai R, Haung KH, Haung CH.
Thermal-diffusion and diffusion-thermo
effects on natural convection along an
inclined stretching surface in a porous
medium with chemical reaction. Chem.
Eng. Commun. 2011;198:453-461.
[CrossRef]

Qasim M, Hayat T, Obaidat S. Radiation
effect on the mixed convection flow of a
viscoelastic fluid along an inclined
stretching sheet. Z. Naturforsch. A.
2012;67:195-202. [CrossRef]

Sravanthi CS. Homotopy analysis solution
of MHD slip flow past an exponentially
stretching inclined sheetwith Soret-Dufour
effects. J. Niger. Math. Soc. 2016;35:208-
266. [CrossRef]

Eldahab EMA, Aziz MAE. Blowing/Suction
effect on hydromagnetic heat transfer by
mixed convection from an inclined
continuously  stretching surface with
internal heat generation/absorption. Int. J.
Therm. Sci. 2004;43:709-719. [CrossRef]

Kandasamy R, Muhaimin I, Khamis AB.
Heat Mass Transfer. 2009;45:703-712.

Rashad AM, Rashidi MM, Lorenzini G,
Ahmed SE, Aly AM. Magnetic field and
internal heat generation effects on the free
convection in a rectangular cavity filled
with a porous medium saturated with Cu—
water nanofluid. International Journal of
Heat and Mass Transfer. 2017;104:878—
889.

Hsiao Kai-Long. Micropolar nanofluid flow
with MHD and viscous dissipation effects
towards a stretching sheet with multimedia
feature. International Journal of Heat and
Mass Transfer. 2017;112:983-990.

Rashidi MM, Vishnu Ganesh N, Abdul
Hakeem AK, Ganga B. Buoyancy effect on
MHD flow of nanofluid over a stretching
sheet in the presence of thermal radiation,



Awan et al.; SARINP, 5(1): 20-28, 2022; Article no.SARINP88255

Journal of Molecular Liquids. generation in MHD water-based
2014;198:234-238. carbon nanotubes along an inclined

25. Feroz AS, Rizwan UH, Khan ZH, permeable surface. Eur. Phys. J. Plus.
Qiang Z. Numerical study of entropy 2017;132:412.

© 2022 Awan et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://lwww.sdiarticle5.com/review-history/88255

28


http://creativecommons.org/licenses/by/2.0

