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In the last few decades, the focus has shifted to hybrid nanomaterial flows because of the growing need for
energy and the many ways it can be used. However, there is still a lot to learn about these flows. Viewing this
analysis is done to look at the flow to study the incompressible flow and heat transfer toward a moving surface
with nonlinear radiation. The scaling similarity transformations are employing to convert nonlinear partial
differential equations to the nonlinear ordinary differential equations. Here, after converting equations from
dimensional to non-dimensional, we will use the BVP4C solver (MATLAB) for plotting the graphs to analyze how
distinct non-dimensional parameters effecting the Skin friction and Nusselt number transfer rate for both hybrid
fluid (Graphene + Magnesium oxide) case and ternary hybrid nanomaterial (Graphene+ Zirconium oxide
+Magnesium oxide) case. Additionally, ethylene glycol was used as the basis fluid for both the binary and
ternary hybrid nanomaterials in this investigation. The major outcomes disclosed that the Nusselt number, which
measures the rate at which heat is transferred, is higher in ternary hybrid nanomaterial when compared to hybrid
nanomaterial flow. Furthermore, the rate of heat transfer rate of the ternary hybrid nanomaterial improves more
than that of the hybrid nanomaterial fluid. And also the velocity of the fluid decreased when the § parameter was
increased.

so very tiny that they have the ability to enhance phenomena [3]. The
relevance of nanoparticles may also be recognized in the field of medical
sciences, namely in areas such as drug transfer, diagnostic techniques,
hyperthermia, artificial lungs, the treatment process, heat diseases,
cancer, and other fields of application [4-8].

According to the findings of experimental study, the primary objec-

1. Introduction

Nano-fluids, also known as nano-particle suspensions in a conven-
tional fluid, are used to improve simultaneous heat transport. Nano-

particles have gained more and more attention from scientists in
recent decades [1] because to their potential applications in several
fields, including biomedicine, food processing, electronics, biomaterials,
and mechanical technologies. In addition, the movement of the corre-
sponding nanoparticles in the systems that have been described is highly
reliant on specific cancer treatment strategies, regulated drug transfer,
nanomaterials, fermentation production, and chemotherapy. The
fundamental idea of nano-fluids was created in [2] as a solution to this
problem. It is possible for a nanomaterial that is composed of nano-
particles that are composed of one to one hundred of these components
(atoms) to enhance heating efficiency and, as a result, speed up the
transfer of heat. Nanoparticles are components of the base liquid that are
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tive of combining two separate particles inside the foundational liquid is
to enhance the thermal efficiency of the system. The idea of a hybrid
nanomaterial was investigated statistically as well as physically by
Suresh et al. [9], who also looked into the subject. According to their
results, hybrid nanomaterials enhanced the rate of heat transfer on the
surface when compared to both useful nanomaterials and basic heated
fluids. This was the conclusion drawn from their research. The re-
searchers were given access to a wide variety of strategies for dealing
with the hybrid nanomaterial pasture thanks to this point of view.
Baghbanzadeh et al. [10] examined the many spherical hybrid nano-
structures that were composed of multiwall silica nanotubes. In addition
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Nomenclature

uand v velocity components of the nanomaterial along the x and y
o* Stefan-Boltzmann

k* mean absorption coefficient

qr radiative heat flux,

Hhnf viscosity of hybrid nanomaterial

kg thermal conductivity of hybrid nanomaterial
Phnf density of hybrid nanomaterial

(pCpdrny  Heat capacity of hybrid nanomaterial

Re Local Reynolds number

(7 Temperature ratio parameter

R Radiation parameter

Hhnf viscosity of hybrid nanomaterial

kg thermal conductivity of hybrid nanomaterial

A Velocity slip constant

Te Ambient temperature

Tw surface temperature

¢1, ¢ and ¢3 Nanoparticle volume fraction

T Temperature of nanomaterial

Uy free stream

U, constant velocity

Hthnf viscosity of ternary hybrid nanomaterial

Kiung thermal conductivity of ternary hybrid nanomaterial
Pihnf density of ternary hybrid nanomaterial
(pCp)inns Heat capacity of ternary hybrid nanomaterial
Phnf density of hybrid nanomaterial

(pCpdnny  Heat capacity of hybrid nanomaterial

S slip parameter

to this, he gave some thought to the investigation of the thermal con-
ductivity of the associated nanomaterial. Nine et al. [11] investigate the
thermophysical characteristics of Al;O3 — MWCNT /water. Hosseinza-
deh et al. [12] discussed the optimization of hybrid nanoparticles with
mixture fluid flow in an octagonal porous medium by effect of radiation
and magnetic field. Zangooeea et al. [13] investigate the hydrothermal
analysis of hybrid nanofluid flow on a vertical plate by considering slip
condition. Talebi et al. [14] studied the mixture-based dusty hybrid
nanofluid flow in porous media affected by magnetic field using.
Recently, numerous researchers have analysed and experimented with
hybrid nanomaterials [15-24].

Tri-hybrid nanomaterials are relatively new concepts that demon-
strate the simultaneous action of three nanoparticles in a single fluid.
More research is being devoted to this recently created tri-hybrid
mixture model since it outperforms both the hybrid and nanomaterial
variants. Tri-hybrid nanomaterial research is prominent in heat trans-
port issues and has numerous practical implications in other areas of
physics. In their discussion of the use of a tri-hybrid nanomaterial based
on water for advanced thermal applications in a radiator, Arif et al. [25]
emphasised and provided some context for the dispersion of nano-
particles of varying sizes and shapes. A similar novel correlation for tri-
hybrid nanomaterials with heat transfer applications was established by
Sahoo and Kumar [26]. In order to improve thermal performance, Xuan
et al. [27] studied the sensitivity analysis of tri-hybrid nano-liquids.
Lately, Ahmad et al. [28] conducted study on heat transmission using
tri-hybrid nano-liquids with applications. The fluid containing three
nanoparticles was analysed and synthesized by Adun et al. [29] using a
combination of Fe304, Al203, and ZnO in a water base fluid; they also
determined the influence of phi, on the fluid's temperature. Further-
more, a hybrid machine for prediction was constructed in this research.
Regenerative evaporative coolers utilising a combination of three
nanoparticles were analysed by Kashyap et al. [30], who determined
that the cooler's thermal performance and temperature might be
improved. Using mathematics, Kumar and Sahoo [31] analysed the ef-
fects of three variables on the fluid and its uses in an air heat exchanger.

Slip flow across a linearly stretching sheet was the topic of this essay.
An examination of the transfer of heat and flow over a linearly moving
sheet is made. In addition, the hybrid nanomaterial, Graphene and
Magnesium Oxide are combined, and Ethylene Glycol is used as the
working liquid. In the ternary nanomaterial, Graphene, Zirconium
Oxide and Magnesium Oxide are all combined, and Ethylene Glycol is
used as the working liquid. The governing equations (equation of motion
and energy equation) are transformed into a system of nonlinear ODE's
that can be solved numerically in MATLAB by applying the appropriate
similarity transformations. The impacts of the controlling parameters
are illustrated graphically here in terms of the velocities and tempera-
tures profiles. Analyses of the similarities and differences between

hybrid nanomaterial and ternary hybrid nanomaterial are investigated.
To have a check on the accuracy of the numerical procedure used, first
test computations for ¢ (0) are carried out for different values of Pr and
then they are compared with the available published results of Mania
Goyal and Bhargava [33], and Gorla and Sidawi [32] in Table-2 and they
are found to be in excellent agreement

1.1. Mathematical formulation

Consider a steady flow and heat transfer of hybrid and Tri hybrid
nanomaterial over a moving frame. The plate is same or opposite di-
rection to the free stream U, and constant velocity Uy,. The flow is
confined to y > 0 andsheet coincides with the plane y = 0. The ambient
fluid temperature is a constant T,,. Furthermore, it is pretended that the
Rosseland approximation. In addition, the hybrid nanomaterial, Gra-
phene and Magnesium Oxide are combined, and Ethylene Glycol is used
as the working liquid. In the ternary nanomaterial, Graphene, Zirconium
Oxide and Magnesium Oxide are all combined, and Ethylene Glycol is
used as the working liquid.

Governing equations of hybrid nanomaterial are defined below [34];
ou  ov
Z42 0 1
FRa o= (€]

Ou — Ou P u
vt a4

Lo o @
ax ay pzhn_[ ()yz

or or] 0 166" T3\ oT o\’
(/)Cl’)hnf {ua—i_v@_y} =% [(k/mf +—3k* ) 0—y} + <0—y> 3

Governing equations of ternary hybrid nanomaterial are defined
below [35,36];

ou ov
P + 07)1 =0, “)
Ou — Ou gy o u
! ax ’ ay B pzhn[ ()yz (5)
oT dT] @ 166" T%\ oT o\’
e ) =l (ot 5) 5+ () ©

where u and v denotes the velocity components of the nanomaterial
along the x and y directions commonly, ¢*- Stefan-Boltzmann constant
and k*- mean absorption coefficient, g, - radiative heat flux,

The thermophysical properties yinnf, kinp, (9Cp)ins and ppns for hybrid
nanomaterial (Graphene +Magnesium oxide) are defined as;

The hybrid nanomaterial density model by:



D.G. Prakasha et al.

l% =(1—-¢,) [(1 —¢)pr+ 1P ] +apa
f

The hybrid nanomaterial specific heat model by:

(PG = (1=42) [(1=01)(0C,), + 1 (0G| + 2 (06)
The hybrid nanomaterial viscosity model by:

Hing _ 1
Ky (1 *451)2'5 (1 - 452)2'5

The hybrid nanomaterial thermal conduction model by;

kg ko + 2k — 245 (kbnf - k2)
kyy  ka + 2kpuy + o (kg — k2)

where

ke ki + 2k — 24, (kr — kl)

ki ki 2k + ¢y (ky — ki)

The expression for upnd5), kinf, (0Cphns and ppyy of the ternary hybrid
nanomaterial (Graphene+ Zirconium oxide +Magnesium oxide) is as
follows;

The ternary hybrid nanomaterial viscosity model by:

Famg _ !
B (1= (1 =) (1= ¢y)™
The ternary hybrid nanomaterial density model by:

Piwg 1 -~ -~ #3(pCp)s3 $,(pCp)s2 #1(pCp)si
ratl ¢,>{<1 @)[(1 b+ 1 }+ ; }+ .

The ternary hybrid nanomaterial specific heat model by:

Pihnf ¢, (ﬂCp)sl { |: ?; (ﬂCp)Ag P> (pcp)x2

A PV (1= ) (1= ) (1 =) + +

AU O (Ul (A Ry .
The ternary hybrid nanomaterial thermal conduction model by;

King ks + 2y = 2605 (Kior = Ks) Koy o + 2Ky — 205 (s — o)
king k3 + 2k + 5 (khnf — k3) " kg ky + 2kpnr + (ki»;/ — kz) ’

ke ki + 2k — 2¢, (ks — k1)

ki ki 42k + oy (ke — ki)

Interrelated boundary conditions are accustomed by;

0
u="U, +Ayf—u,v =0,T=T,aty=0,
dy
u—0,T—T,, as y—>co @)

Now introduce the similarity transformation as;

u=Uf (n),v= \/;2—?('#/('7) —fm),T=T,(1+ (0, —1)0(n),n = TU/XY
®)

where U = Uy + Us, 6w = 1=, 6 > 1.

Making use of Eq. (5), Eq. (1) is identically satisfied and Egs. (2) and
(3) takes the form,

For hybrid nanomaterial case

Fing vy Pt gr _ 15 9 ©
Hy Pr

kh"f
ke

R[(1+ (6, —1)8)°0" +3(6, — 1)8>(1 + (6, — 1)0)*] +
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(pcp)sl (Pcp)sz / 12
Pr|(1- L=¢)+¢ | —22 | |+ | 2 0 +Ec
[( @)[( )+, <( o) [ F e\ ey ) | 00 +E™)
=0
(10$)
For ternary hybrid nanomaterial case
Himg v Pt e _ g1y — an
Hy Pr
k:"fR[(l + (0, —1)8)0" +3(0, — 1) (1 + (8, — 1)8)* ] +
4
(L—¢5)
(I=¢2) |  h3(pCp)ss
Cp), SR , )
Pr leﬂp,) o (6 + Ecf™) = 0
'
L (PCP)2
Pr
12)
Interrelated conditions are in the form;
, 1 / /
F0) =0,£(0) = 1 +———£"(0),0(0) = 1,f (00) = 0,0(c0) =0, (13)
©) () (1+¢)2_5f()() (00) (c0)
w (ke») 2 166" T3,
where, § = A%, $Pr = k; ! Ec = —(TWme)CPf, =

1.2. Engineering quantities of interest

The C, and local Nuy are prescribe by,

o Nu k /
VRe G =="21"(0), = = — =L (1+R¢,)6 (0
exLp ,“_f f ( )\/R_ex kf ( + ) ()7

where Re = %‘ is local Reynolds number.

1.3. Numerical method

A numerical method With the assistance of boundary limitations, the
non-linear system of ODEs that is being solved with RKF-45 using
MATLAB (see Egs. (9)-(12)) may be solved using the method that is
given in (13). This section presents a graphical analysis of the physical
influence that a number of different body forces and control factors have
on a velocity and temperature profile. There is a tabular representation

of the computational values of th(Re)’% and NuyRex'/%. When the
following conditions are =6, R = 0.6, Ec = 0.5, 6,, = 1.2, and A = 0.5.
Graphical and numerical results for the relevant variables are produced.
The resultant equations are higher order ODE's. In the beginning, we
simplify these higher order ODE's into the first order form,

For hybrid nanomaterial case:

u Piny
V4 = L {yi — ﬂym} a4
g Pr
S ks | B aR e, - 10320+ (6, — Dys ]+
klmfR[(l + (gw - l)yS ) ] kf

Pr {(1 —4) [(1 g+ (%ﬂ 4, (%) } (y1y6+Ecy§>}
(15)

For ternary hybrid nanomaterial case:
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U Pim
ya=—L {yi - ﬂm} (16)
Mg Py
—_— i | E R0, — 10204 (00— 135 2] +
kngR[(L+ (6 — Dys )’ ]| &

(1-¢)
(1—¢») +¢3(/’CP)53
+ (1 - ¢1) Py
+¢2(PCP)s2
Py

¢1(pCp)si
Pr

Pr (v1ys + Ecy3)

17

Interrelated conditions are in the form;

2 s(0),35(0) = 1,y3(00) = 0, y5(c0) =0,

y1(0) = 0,y2(0) = 1+m

(18)
2. Result and discussion

In this part, the results of the modulating velocity and heat distri-
butions for various parameters are shown visually as an output to
highlight the underlying physical significance of the data. In addition,
exemplary results for the Nu,Reyx 172 and Cfoe;l/ 2 have been docu-
mented via graphs for a variety of parameter values for both hybrid and
ternary hybrid nanomaterial. Table-1 mentions the Thermophysical
properties of hybrid and ternary hybrid nanoparticles. There is a tabular
representation of the computational values of Nu,Rey 172 and CiRex % 2,
when the following conditions are ¢; = ¢ = ¢p3 =0.02, 5= 0.4, Pr =6,
R =0.5, Ec = 0.5 and 6,, = 1.3. To have a check on the accuracy of the
numerical procedure used, first test computations for ¢'(0) are carried
out for viscous fluid for different values of Pr and then they are
compared with the available published results of Mania Goyal and
Bhargava [33] and Gorla and Sidawi [32] in Table-2 and they are found
to be in excellent agreement.

The stream line consequence of the parameter A is studied in Figs. 1
(a-b) and 2(a-b) for both hybrid and ternary hybrid nanomaterial,
respectively. It can be shown in Fig. 1(a-b) that the augmentation of heat
transmission is greater (where A = 0.5) in the ternary nanomaterial
scenario when compared with the hybrid nanomaterial situation. Fig. 2
(a-b) demonstrates that for the value of A(=1), the greater fluid tem-
perature is shown. This can be noticed by comparing the two figures. In
addition, the performance of the fluid temperature is greater in the case

International Communications in Heat and Mass Transfer 140 (2023) 106557

of the ternary hybrid fluid than in the case of the hybrid nanomaterial.
(See Tables 1 and 2.)

Fig. 3 displays how the friction factor working to varying § versus Pr
parameter values. The friction factor enhances for higher estimates of
versus Pr parameter. Additionally, friction of the fluid enhances for
rising values of & versus Pr. Furthermore, performance of fluid velocity is
more comfortable in ternary hybrid case when treated with hybrid
nanomaterial case. Fig. 4 depicts how the Pr and Ec parameters influence
the NuyRex'/2. This graphic shows that the Nu,Rey'/? increases with
increasing Pr and Ec(<1). However, with larger values of Ec(>1), the
reverse trend is found. Characteristics of major parameters Pr and R on
the Nu,Rex /?curve exhibit variance in Fig. 5, as NuxRex /2 drops with
rising Pr parameter but reverses with larger R parameter values.

On Fig. 6, you can see the effect of R on the 6(n) profiles of interest for
both hybrid and ternary hybrid nanomaterial situation. It indicates that
the greater R value, the more intense the heat provided to the liquid,
resulting in an enhancement in thermal layer thickness for both hybrid
and ternary hybrid nanomaterial situation. With a higher R, the heat
distribution expands and the environment becomes more of a factor.
Furthermore, higher R values result in a substantial amount of heat
being transferred to the fluids.

The impact that Ec had on the 6(3) profile for both hybrid and ternary
hybrid nanomaterial situation is seen in Fig. 7. It is clear that the 6(s)
field for both hybrid and ternary hybrid nanomaterial situation should
be increased in order to raise the Ec parameter. In addition, there is a
correlation between the thickness of the layer and a thicker behaviour
for increasing Ec values. From a physical standpoint, both electrical
energy and mechanical energy convert into heat through internal fric-
tion of the fluid. Thus, the thermal layer thickness and temperature
distribution will both increase with an increase in Ec. Fig. 8 explores the
characteristics of () for both hybrid and ternary hybrid nanomaterial
situation versus rising values of ,,. One can observe from this figure that
6(n) and layer thickness for both hybrid and ternary hybrid nanomaterial
situation booms for larger 6,,. Furthermore, enhancement of fluid tem-
perature is also enriched all there fluid case for riding values of 6,,. In
addition, the enchantment of fluid temperature is most prominent in the
instance when ternary hybrid nanomaterial case, followed by the hybrid
nanomaterial case.

For both hybrid and ternary hybrid nanomaterial situation, the
impact of the Prandtl number Pr versus the thermal profile (6()) is
shown in Fig. 9. For both the hybrid and ternary hybrid nanomaterial
instance, the temperature of the liquid lowers dramatically as the Pr
increases. This is because when Pr increases, the liquid's thermal diffu-
sivity reduces, and the temperature drops. In addition, ternary hybrid
nanomaterials provide a greater fluid temperature advantage than

0.2 04 0.6 0.8 1.0

(b)

Fig. 1. a) Stream lines for hybrid nanofluid A = 0.5, b) Stream lines for ternary hybrid nanofluid A = 0.5.
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(a)

(b)

Fig. 2. a) Stream lines of hybrid nanofluid for A = 1. b). Stream lines of ternary hybrid nanofluid for A = 1.

Table 1

Thermophysical properties of a Hybrid (Graphene+Magnesium oxide) and Ternary hybrid nanomaterial (Graphene+Zirconium oxide+Magnesium oxide)

[&,7,16,21,35].

Thermophysical property fluid base Hybrid nanomaterial Ternary hybrid nanomaterial
EG Graphene Magnesium oxide Graphene Zirconium oxide Magnesium oxide
P (kg/mz) 1114.0 2200 3560 2200 5680 3560
Gy (j/kgK) 2415 5000 955 5000 502 955
k (w/mk) 0.2520 790 45 790 1.7 45
Table 2 0.5 T T T T T
Comparison table for —¢'(0) Ec =R = ¢1 = ¢o = ¢p3 = Ec = 0. Solid lines  Ternary hybrid nano fluid
Pr Gorla and Sidawi [32] M. Goyal and Bhargava [33] Present 0.4 Dashed lines  Hybrid nanofluid |
0.2 0.1691 0.1691 0.170259788
0.7 0.5349 0.4539 0.454447258 Pr=0.3,0.5,0.7,0.9
2 0.9114 0.9113 0.911352755
7 1.8905 1.8954 1.895400395
va
g%
0.32 . . . . Z
Solid lines Ternary hybrid nano fluid
03 Dashed lines Hybrid nanofluid
0.28
0.26
a
RS
F, 0241 0 0.5 1 1.5 2 25 3
© Ec
0.22
Fig. 4. Effect of Ec verses Pr on Nu,
0.2
nanoparticles are responsible for this result. In addition, for both
0.18 nanomaterial situations shown in Figs. 10 and 12, it is important to
0.16 ) ) ) ) notice that the values of ¢, ¢2 and ¢ have increased in order to enhance
01 02 03 04 0.5 0.6 the appropriate layer thickness.

Fig. 3. Effect of 6 verses Pr on Cp

hybrid nanomaterials. For the hybrid and ternary hybrid nanomaterial
examples, the impact of ¢, ¢2 and ¢ on the f () profile is shown in
Figs. 10-12. In both the hybrid and the ternary hybrid nanomaterial
case, the velocity curve accelerates as a result of the addition of solid
nanoparticles to the nanomaterial. Collisions between widely scattered

Figs. 13-15 highlights the effect of the ¢1, ¢ and ¢, parameters on
the temperature profile of the hybrid and ternary hybrid nanomaterial
instance, respectively. When the nanoparticle releases its stored energy,
it does so in the form of heat. Therefore, in both the binary and ternary
hybrid nanomaterial examples, the mixing of extra nanoparticles may
need more energy, increasing the breadth of the temperature and
boundary layer. Additionally, fluid temperature may be better regulated
in ternary hybrid nanomaterial situations than in hybrid nanomaterial
cases. The impact that § had on the f (i) profile for both hybrid and
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0.8 T T T T T

Solid lines Ternary hybrid nano fluid

07 Dashed lines  Hybrid nanofluid

0. 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5
R
Fig. 5. Effect of R verses Pr on Nu,
1 T T T T T T T
0.9 Solid lines Ternary hybrid nano fluid

Dashed lines  Hybrid nanofluid

Fig. 6. Effect of R on 0(1)

1 T T T T T T T

0.9 Solid lines Ternary hybrid nano fluid
Dashed lines  Hybrid nanofluid

Fig. 7. Effect of Ec on 6(y)

0.8

0.6

0(n)

0.4

0.2

0.8

0.6

0(n)

0.4

0.2

0.9
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Solid lines Ternary hybrid nano fluid
Dashed lines  Hybrid nanofluid
w
ww
w 7
w
wh
w _
w 6,=0.1,03,05,0.7 |
w
w
w
ws
W )
W
.
\\\* -
1 1 *L L 1
1 2 3 4 5 6 7 8

Fig. 8. Effect of 6,, on 0(1))

Solid lines Ternary hybrid nano fluid
Dashed lines  Hybrid nanofluid

Pr=1.0,1.5,2.0,25

Fig. 9. Effect of Pr on 6(;))

Solid lines  Ternaryybrid nanofluid
Dashed lines Hybrid nanofluid 1

Fig. 10. Effect of Ec on 6(;))
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1 T T T T T T T
Solid lines  Ternaryybrid nanofluid
0.9 Dashed lines Hybrid nanofluid h
0.8
0.7
0.6
=05
G
0.4
0.3
0.2
0.1
0
n
Fig. 11. Effect of ¢ on f()
1 T T T T T T T
Solid lines  Ternaryybrid nanofluid
0.9 Dashed lines Hybrid nanofluid b

Fig. 12. Effect of ¢3 on f(1)

ternary hybrid nanomaterial situation is seen in Fig. 16. It is clear that
the f () field for both hybrid and ternary hybrid nanomaterial situation
should be decreased in order to raise the § parameter.

2.1. Final remarks

In this paper, hybrid nanomaterial, ternary hybrid nanomaterial
model, and slip effects are demonstrated, taking into consideration the
flow and radiative heat transfer across a stretched surface. Both nu-
merical and graphical analysis is used to expound on the impact that the
physical parameters have. The most important findings may be sum-
marized as follows:

e The heat transfer rate of the ternary hybrid nanomaterial improves
more than that of the hybrid nanomaterial fluid.

e An increasing the parameters ¢;, ¢2 and ¢3 improves the velocity
profile.

e Higher Pr values invalidate the existence of a thermal layer.

e The velocity of the fluid decreased when the § parameter was
increased.

International Communications in Heat and Mass Transfer 140 (2023) 106557

1 T T T T T T T
3 Solid lines  Ternaryybrid nanofluid
0.9 Dashed lines Hybrid nanofluid -

Fig. 13. Effect of ¢; on 0(1)

1 T T T T T T T
Solid lines  Ternaryybrid nanofluid
0.9 Dashed lines Hybrid nanofluid 1

Fig. 14. Effect of ¢, on 6(1)

The temperature of the fluid improves the values of Ec,R and 6,,.
Temperature profile rises for booming values of ¢, ¢ and ¢3
parameter.
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Solid lines  Ternaryybrid nanofluid
Hybrid nanofluid

0.9 Dashed lines
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1 T T T T T T T

Solid lines
Dashed lines

Ternary hybrid nano fluid
Hybrid nanofluid

0.9

Fig. 16. Effect of § on 0()
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