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Abstract

Adding variety of nanoparticles to the base fluid is current technique in order to boost the thermal performance of
conventional fluids and mononanofluids. The forthright intention of the present investigation is to analyze numerically the
up-to-date progress in flow and heat transport nature of magnetohydrodynamic, radiative Newtonian fluid, water-based
Al,O3 nanofluid, water-based graphene nanofluid and water based Al,0O5 + graphene hybrid nanofluid due to convectively
heated stretching sheet. The flow equations are transformed by applying appropriate transformations into a pair of self-
similarity equations. Further similarity equivalences are numerically solved through Runge—Kutta based shooting method.
Graphs and tables are structured to analyze the behavior of sundry influential variables. From this study it is found that rate
of heat transfer for Graphene + water is 2.921934, Al,05 + H,O + Graphene is 2.250658 and Al,O; + H,O is 3.260554.
From this we conclude that water based Al,O; + graphene hybrid nanofluid can be opted for cooling performance. Water
based Al,O5 nanofluid significantly enhance convection heat transfer performance over a stretching sheet. Friction at the
wall for Graphene + water is (— 1.719525), Al,O3 4+ H,0 + Graphene is (— 2.256614) and Al,O; + H,O is (—
1.959539). From this we conclude that water based Al,O3; 4 graphene hybrid nanofluid shows lower wall friction rate
compared to other two mixture compositions.
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f Regular fluid
nf  Single nanoparticle nanofluid
hnf  Hybrid nanofluid

1 Introduction

In the world persistently researchers are working for the
development of new materials which would focus on effi-
cient heat and mass transport system. In this regard several
researchers and engineers have proved that nanofluid
would enhance the thermal efficiency of the system com-
pared with bulk materials. Nanofluids are engineered col-
loids consisting of nanoparticles (1-100 nm) and a base
fluid. Researchers are still investigating the hidden char-
acteristics of nanofluid. Recently, Sajid et al. (2019)
experimentally investigated heat transfer nature of TiO,
nanofluid by varying the concentrations TiO, nanofluid and
found that TiO, nanofluid has better heat transport char-
acteristics compared to distilled water. Gopal et al. (2020)
studied the influence of heat generation/absorption along
with thermal stratification on Carreau nanofluid over a
permeable cylinder and found that in order to get more
friction it is better to incorporate curvature parameter in the
flow. Upadhya et al. (2020) compared heat transfer char-
acteristics of graphene nanofluid considering two different
base fluid ethylene glycol and water. They observed that
ethylene glycol based graphene nanofluid shows better heat
transfer compared to water based graphene nanofluid. Raju
et al. (2019) explored the influence of magnesium oxide
nanoparticles in nonlinear boundary layer flow and found
that improvement in non linear convection parameter
improves heat transfer rate. Seth et al. (2016, 2018)
observed that nanofluid not only support energy efficiency
but also augment green manufacturing management ini-
tiatives. Sajid and Ali (2019) analyzed that shape and size
of nanoparticles has key role in the heat transfer
enhancement. Abdelrazek et al. (2020) investigated heat
transfer of nanofluids by considering different geometry
and found that different heat transfer rate for the same
nanofluid in square and circular tube flows. Chen et al.
(2020) took up experimental investigation on bubble
characteristics of time periodic subcooled flow boiling in
annular ducts due to wall heat flux oscillation and found
that bubble size reduced after time lag. Tariq et al. (2020)
investigated thermal performance of normal-channel facile
heat sink using water and TiO,—H,O nanofluids. They
observed maximum reduction in base temperature for
TiO,-H,0 nanofluid. Shahsavar et al. (2020) reported that
improving Re, T, and amplitude of wavy wall increases
the system performance during melting and solidification
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mechanisms. Khalid et al. (2020) has discussed in detail
about various techniques applicable for improvement in
thermal performance of heat types such as use of
nanofluids and self- rewetting fluids, manufacturing vari-
ous types of fins and grooves, inner surface treatment, use
of different types of wicks, using different inclination
angles in heat types.

Currently, researchers have thought about new kind of
nanofluid called ‘Hybrid nanofluid’ which is the amalga-
mation of two different types of nanoparticles in the base
fluid. Hybrid nanoparticle is formed by the combination of
physical and chemical properties of two or more
nanoparticles simultaneously to obtain a homogeneous
phase. Researchers are vigorously working on heat and
transport phenomena of this kind of fluid material and have
demonstrated that Hybrid nanofluid has high efficient
thermal conductivity, effective heat transfer, advantages of
individual suspension, stability lower operating cost, better
performance than the nanofluid. Application field of
Hybrid nanofluids includes all the areas of heat transfer like
electronic cooling, generator cooling, vehicle thermal
management, coolant in machine, nuclear system cooling,
thermal storage, biomedical, refrigeration, space aircrafts,
heat pipe, lubrication etc. Recently, Sajid and Ali (2018)
explored thermal conductivity of hybrid nanofluids and
suggested that appropriate selection of hybrid nanoparticles
plays a key role in attaining stability of the fluid. Babar
et al. (2019) noticed that fluids comprising tube shaped
nanoparticles exhibits greater viscosity compared to
spherical shape nanoparticles. Muhammad et al. (2020)
took up comparative study in squeezed flow of hybrid
nanofluid and nanofluid and found that performance of
hybrid nanofluid is effective. Sheikholeslami et al. (2019)
investigated flow properties by dispersing hybrid
nanoparticles into water inside a wavy tank. Kumar et al.
(2020) analyzed Blasius and Rayleigh stokes on hybrid
nanofluid flow and found that nanoparticles generate
warmness because of the photocatalytic nature.

Considerable attention is provided today by the
researchers towards aluminium oxide Al,Os; (alumina)
nanoparticles owing to its significant increment in propel-
lant burning rate as well as coolent, lower ignition time and
temperature. Al,Oj3 is ideal material of far-infrared emis-
sion. Due to its exceptional properties aluminium
nanoparticles are applicable in aerospace applications,
modern solid rocket propellants normally contains alu-
minium powder as fuel owing to its high energy release
during the oxidation process to alumina, in automobiles,
corrosion, heat shielding coating of aircraft etc. In liquid
form Al,O3 nanoparticles are used in plastics, ceramics,
rubber, refractory products in order to improve ceramics
density, fracture toughness, creep resistance, wear resis-
tance, smoothness etc. The morphology of Al,O3
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nanoparticles is spherical and would appear as white
powder. Wakif et al. (2020) studied the influence of surface
roughness and thermal radiation considering alumina-cop-
per oxide hybrid nanofluid and found that improvement in
roughness parameter upsurge the stability of the hybrid
nanofluid. Sriharan et al. (2020) studied experimentally
heat transfer performance by considering various metal
oxide based nanofluids and found that Al,Oz—DIW nano-
fluid has higher heat transfer coefficient.

Graphene is an atom thick honeycomb sheet of carbon
atoms. In 1 mm of graphite there occur about 3 million
layers of graphene. It is harder than diamond but more
elastic than rubber. Its electron mobility is 100 times faster
than silicon. Its electrical conductivity is 13 times better
than copper. Since single layer of graphene is known for
good electrical conductance and heat conductance it is used
in micro and nanoelectronics. Thus, graphene could form
the basis of latest carbon based microprocessor which
would be more powerful than the silicon-based processors.
Biomedical applications of graphene include drug delivery
and medical devices. In addition, graphene is used in
capacitors for energy storage, catalysts, batteries, organic
light emitting diodes. Due to high mobile free © electrons
graphene shows high electrical and thermal conductivity
than copper. Goodarzi et al. (2019) reported that
improvement in solid nano sheet volume fraction in gra-
phene water/silver based nanofluid increased the heat
transfer. Sarafraz and Safaei (2019) reported that graphene-
methanol nanofluid employed inside the heat pipes could
improve the thermal efficiency of the evacuated tube solar
collector. Raju et al. (2019) studied unsteady nonlinear
convection in Eyring Powell nanofluid and found that
graphene nanofluid enhanced heat transfer performance.
Sarafraz et al. (2019) indicated that application of graphene
nano-platelets potentially improve the thermal conductivity
of the working fluid.

The 2D flow of fluid in the vicinity of immediate of a
surface is important area of research in various engineering
fields such as paper production, glass blowing, drawing,
continuous stretching etc. Hayat et al. (2019) studied
Darcy-Forchheimer 3D rotating flow due to stretchable
surface and noticed that temperature and concentration
fields improved with the increase in rotational parameter.
Kumar et al. (2020) studied flow of micropolar fluid past a
slendering stretching surface and noticed that microrotation
parameter enhance couple stress coefficient. Abd El-Aziz
and Afify (2019) examined the influence of hall current and
entropy on Casson fluid flow past a stretching surface. Raju
et al. (2019) analyzed heat and mass transfer in Casson—
Williamson fluid with non-uniform source/sink over a
stretching surface. Kumar et al. (2019) analyzed that heat
and mass transport process past slendering sheet match

with those over a flat sheet in presence of slip flow
conditions.

Considering the above mentioned applications of gra-
phene and Al,O3 nanoparticles in this study we have ana-
lyzed flow and heat transport of MHD, radiative Newtonian
fluid, nanofluid ((Graphene + H,0), (Al,03 + H,0)) and
hybrid nanofluid (Graphene + H,O + Al,O3) over a
stretching sheet considering convective boundary condi-
tion. The governing flow equations which are in PDEs are
transformed into ODEs by suitable transformations.
Numerically the ODEs are handled with built in Runge—
Kutta based shooting method in MATLAB. Comparative
studies are undertaken for velocity f/({) and temperature
0(¢) distribution for varying parameters value for hybrid
nanofluid, nanofluid and Newtonian fluid. Variation in skin

1
friction <CfRexa) and local Nusselt number

(NuxRex VZ) addressed through the preparation of graphs

and tables. Further, obtained numerical results are com-
pared with available resources.

2 Modeling of constitutive equations

Two-dimensional, incompressible flow of hybrid nanoma-
terial over a stretching sheet is considered. We consider
Graphene and aluminium oxide (Al,O3) nanoparticles
distributed in base fluid water (H,O) for the present anal-
ysis. Flow is analyzed in the presence of MHD, radiation
and convective boundary conditions. Cartesian coordinate
frame (x;,y;) is considered in such a way that x; is
extending along the convective surface and y; is measured
normal to the surface.(u;,v1) are the velocity components
along (x,y) axis. The flow is confined to y; > 0. Here, T-
fluid temperature, Ty the convective surface temperature
and hy is the heat transfer coefficient. T,,-ambient fluid
temperature. By is the uniform magnetic field strength
which is applied in the direction transverse to the stretching
surface. g is the acceleration due to gravity. Figure I
depicts the flow problem. To attain the thermal equilib-
rium, Graphene/water nanofluid is constituted by dissolv-
ing a nanoparticle volume fraction ¢, in water to constitute
Graphene/water nanofluid. This ¢, is kept constant
throughout the analysis. Now, to attain our anticipated
results the second nanoparticle volume fraction ¢, of alu-
minium oxide Al,O3; nanoparticles is dispersed in Gra-
phene/water nanofluid to constitute hybrid nanofluid
Graphene—aluminium oxide (Al,03)/water.

Following Uma Devi and Anali Devi (2017) and Man-
junatha et al. (2019) the leading equations of the flow
model are given by:
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Fig. 1 Flow geometry of the problem
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The appropriate boundary conditions for the flow model
are:

3
T | (0-00m 0 ) | (w) + <<1 - 92) [(1 b+ (Zf‘)] + 03 (’j};))

or or g\ O°T 165°T3, '\ &°T
M] ~_ + vl ~ N —2 + *7 _2
Oxy - (PG )hnf Oy 3k (pCP)hnf i

(6)

3 Similarity transformations

The requisite similarity variables (Egs. (7)—-(10)) and
thermo physical properties of nanofluid and Hybrid nano-
fluid represented in Table 1 are considered to solve the
Egs. (1), (2), (3) and (6).

Uy = cxy— & (7)
vi = =/ (evr)f(0) (8)
(= ( ;)}’1 9)
(T*Too)%: (Tr — Tw) (10)

Thus, following ODEs Eqs. (11) and (12) with boundary
conditions, Eq. (13) are obtained.

(&)

(11)

vl(xléO) = O, ul(xl,O) =
—ka—T(xl,O) =he(Ty = T), T(x1,
y

Uy(x1) = exy, up(x,
00) = Too

(4

~—

Exploiting Rosseland approximation for radiation (fol-
lowing Raju et al. (2019)) the radiative heat flux (g,) is
interpreted as:

(DT

where T* =~ (4T20)T — (ST;‘O) and k*-mean absorption
coefficient, ¢* Stephen Boltzmann constant.

Considering Eq. (5) and abandoning higher order terms
in T* ~ (4T73))T — (3T%) (see (Hayat et al. 2019)) Eq. (3)
can be reconsidered as:
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o0) =0,

20 (ko 4 (PCp)y
- O +38). ((1—¢2>[<1—¢1>+¢1 (W)

~
—
o
=
>

£(0) =0, ‘”d—(é))z 1, %(CO) = —Bi(1 - 0(0)), %
=0, 0(0) =
(13)
where M = (%”) the magnetic parameter, R = (4‘,;,?")

Ky (CI’)f

the radiation parameter, Pr = < T
f

) the Prandtl num-

ber, Bi = hrf \/2 the Biot number
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Table 1 The thermo physical properties of nanofluid and Hybrid nanofluid

Properties Hybrid Nanofluid

Nanofluid

ka+(n—1)ky —(n—1) s (ks —ks2)
ko +(n—1)key+ b (koy —ks2)

if ki +(n—1)ke—(n—1) ¢ (ke —ks1)
ksi+(n—1)kp+¢, (k/ —k1)

4G ( (1= ) (1= 0 (o

Thermal conductivity kk/_/
bf

ky
where

Heat capacity

Density
Phnf =
Viscosity

- Hy
Hinf = 24 25 (1=,

( (1= 02) (1= 60 (eCy),

Ky

kap kst (n=1Dky—(n—1) (ks —ky)
Ky

») 61 (pCy), ,)] ) (PCp) = (1 = 0)(pCy) 0 (pC,),
+¢:(0Cy)
+¢) (pCp)s.])} ) pup = (1= D)pp + py
+6:(0Gp)

Hy
:unf - (1— )

See Uma Devi and Anali Devi (2017) and Manjunatha et al. (2019)

Friction factor coefficient (Cy) and reduced Nusselt

number (Nu,) are identified as: [following Uma Devi and
Anali Devi (2017) and Manjunatha et al. (2019)]

Mg (Ouy
Cr = ] (@y1> (14)
\ 1 d*f(0)
Cr(Re,)?= 15
(R )= ((17¢1)(2_5)'(17¢2)(2.5)) dCZ (15)
= Ntk (OT
=y (), 1
i (Rey ()= () (e SR ) 400 (17)

Re, = X1/, " is the Reynolds number.

4 Calculation

The Runge—Kutta based shooting method is utilized with
the MATLAB package to solve the nonlinear dimension-
less Eqgs. (11)—(13). For numerical computation we have
considered values of the non-dimensionless parameter as
M=05R=02,Bi=02,¢, =¢,=0.1,n=

3,Pr = 6.2. Here ¢, is solid volume fraction of Graphene
nanoparticles and ¢, is aluminium oxide Al;O3 nanopar-
ticles and n = 3 denotes shape of nanoparticles is spherical.
For computation thermo physical properties of nanofluid
and Hybrid nanofluid are applied from Table 1. Thermo-
physical properties of Graphene, aluminium oxide (Al,O3)
and water at 25 °C are considered and listed in Table 2
Substantiation of Numerical code is tested via comparing
the results incorporated in Table 3. The attained outcomes
are in excellent concurrence with the published results of
Uma Devi and Anali Devi (2017) and Manjunatha et al.
(2019).

Table 2 Thermophysical properties of nanoparticles and water at
25 °C

Properties Water (H,O)  Graphene Al O3

Thermal conductivity k( K> 0.6071 2500 40

Heat capacitance C, <kL> 4180 2100 765
997.0 2250 3970

Density p <%>

See Uma Devi and Anali Devi (2017)

Numerical values for Cf(Rex)% and Nux(Rex)(%l) for
various parameters for hybrid nanofluid (Graphene + alu-
minium oxide (Al,Os)/water)and Newtonian fluid are
compared in Table 4. Numerical values for skin-friction

coefficient Cf(Rex)% and Nusselt number Nux(Rex)(%l> for
various parameters for regular nanofluid
(Graphene + water, aluminium oxide (Al,O3) + H,0) and
hybrid nanofluid (Graphene + aluminium oxide (Al,O3)/
water)are compared in Tables 5 and 6. Characteristics of
assorted physical variables on the velocities f'({) and
temperature 0({) addressed in Figs. 2, 3,4, 5, 6, 7 and 8 for
various cases. In Figs. 2, 3 and 4 f'({) and 0({) profiles are
compared for Newtonian fluid (¢, = ¢, = 0) and hybrid
nanofluid(Graphene + aluminium oxide (ALO;) +
water)case. Through Figs. 5, 6, 7 and 8 f/({) and 0({)
profiles are compared for nanofluid (Graphene + water,
aluminium oxide (Al,O3) + H,O)and hybrid nanofluid
(Graphene + aluminium oxide (Al,O;)/water)case.

5 Results and discussion
The flawless perception of the theoretical flow problem is
discussed in detail in this section. Figure 2 disclose the

impact of increment in radiation parameter (R) on tem-
perature 0({) profiles. It is evident that temperature
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Table 3 Various values of Pr for the corresponding temperature gradient (— %&9)) when Bi=B=M=.A=¢, =¢, =0

Pr Uma Devi and Anali Devi (2017) Manjunatha et al. (2019) Present study
20.0 1.35390 1.35390 1.35390
7.0 1.89540 1.89540 1.89540
6.13 1.75968 1.75968 1.75968
2.0 0.91135 0.91135 0.91135

Table 4 Numerical values for

(R and N (Re) for R M Bi ((Re,) Nity(Re,)(?)
various parameters ¢, = ¢, =0 Al,O; + HyO + Graphene ¢, = ¢, =0 Al,O; + H,O + Graphene
0.1 — 1.329577  — 2.199706 5.266084 2.986227
0.5 — 1.329577  — 2.199706 5.531590 3.107206
0.9 — 1.329576  — 2.199706 5.681491 3.175446
0.1 — 1.156251  — 4.641766 — 1.899428  — 2.705365
0.5 — 1.329577  — 4.640547 — 2.199706  — 2.704953
0.9 — 1.482265  — 4.639482 — 2.462934  — 2.704595
0.1 — 1329577 — 2.199705 10.359453 5.895588
0.3 — 1329576 — 2.199706 3.692787 2.073125
05 — 1329577 — 2.199706 2.359453 1.308633
Table 3 Mumerical values for g B n  Crphene ALO; + HyO + Graphene  Al,Os + H,0
Cf(Rex)% for various parameters
0 — 1.719525 — 2.256614 — 1.959539
1 — 2.488795 — 3.252657 — 2.669083
2 — 3.066905 — 4.002825 — 3.220435
0.2 — 2.139089 — 2.799446 — 2.342092
0.6 — 2.139089 — 2.799446 — 2.342092
1 — 2.139089 — 2.799446 — 2.342092
0.2 — 2.139089 — 2.799446 — 2.342092
0.6 — 2.139089 — 2.799446 — 2.342092
1 — 2.139089 — 2.799446 — 2.342092
3 — 2.139089 — 2.799446 — 2.342092
6 — 2.139089 — 2.799446 — 2.342092

distribution of the hybrid nanofluid and Newtonian fluid
increases with increment in R. Physically, this is due to the
increment in R produce more kinetic energy to the system.
However, it is evident that Newtonian fluid shows higher
0({) profiles compared to hybrid nanofluid (Graphene +
aluminium oxide (Al,O3) + water) thus for better cooling
performance one can adopt this kind of hybrid nanofluid.

In Fig. 3 it is evident that, elevating values of magnetic
parameter (M) depreciates velocity f'({) of both Newto-
nian fluid and hybrid nanofluid (Graphene + aluminium
oxide (Al,03) + water). Here compare to hydromagnetic
case hydrodynamic case is stronger. Lorentz force devel-
oped due to magnetic parameter become stronger with the
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increment in (M). Thus, stronger Lorentz force deteriorates
the velocity f7({).

In Fig. 4 it is observed that increment in Biot number
(Bi) improves distribution of temperature in both Newto-
nian fluid and hybrid nanofluid  (Graphene+
AlL,O3 + H,0). Since Biot number (Bi) includes the heat
transfer coefficient 4;, this enhances for higher values of
Bi. Therefore temperature augments. For Bi = 0 there is no
heat transfer at the wall (insulated wall) as Bi — oo one
can obtain the prescribed surface temperature.

It is evident that Newtonian fluid demonstrates higher
0(¢) profiles compared to hybrid nanofluid (Graphene +
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Table 6 Numerical values for

n M R Bi Graphene + Al,O3 + H,O + Graphene Al,O3 + H,O
Nusselt number Nux(Rex)(T) water
for various parameters
0 2.921934 2.250658 3.260554
1 2.922889 2251224 3.261640
2 2.923592 2.251642 3.262466
0.2 2.922457 2.250968 3.261142
0.6 3.015356 2.315808 3.369747
1 3.074921 2.357401 3.439545
0.2 2.922457 2.250968 3.261142
0.6 1.076705 0.821369 1.206835
1 0.707554 0.535450 0.795973
2.922457 2.250968 3.261142
2.031612 1.281554 2.359910
0.12 0.16
01} Dashed Lines : AL O, +Graphenc+Water 014 Dashed Lines : AL O, +Graphenc+Water
Solid Lines  : (,61=0, (,62=0 0.12 Solid Lines  : (,61=0, (,62=0
0.08 ¥
0.1F
0.06 R=0.1,0.5,0.9 0.08}
= =
0.04 0.061
\ 0.04 [
0.02 *.
0.02
N ~ o
ol N =
ok
-0.02 * : ! ! ! . + -0.02 * : ! ! ! +
0.5 1 1.5 2 25 3 3.5 0 0.5 1 1.5 2 25 3.5 4
< ¢

Fig. 2 Influence of radiation (R) on temperature (6(())

1
091
Dashed Lines : A1203+Graphcne+Watcr
08 Solid Lines  : ¢, =0, ¢,=0
071
0.6
Zosf
M
M=0.1,0.5,0.9
041
031
0.2
011
0 . . . . n
0.5 1 1.5 2 2.5 3 3.5
¢

Fig. 3 Influence of magnetic parameter (M) on velocity (f'({))

Al,03 4+ H,0) thus for better cooling performance one can

adopt this kind of hybrid nanofluid.

Fig. 4 Influence of Biot number (Bi) on temperature (6(())

1
0.9 H X
Dashed Lines : AI203+Graphene+Water
0.8 Solid Lines  : Graphene+Water
o7k Blue Lines :AI203+Water
0.6
= osf M=0,1,2
-
041
031
0.2F
011 =
0 . T
0 0.5 1 1.5 2 25 3.5 4
¢

Fig. 5 Influence of magnetic parameter (M) on velocity (f'({))

Through Fig. 5 the influence on velocity f'({) profiles
against the variation of magnetic parameter (M) is
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0.02f V
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Fig. 6 Influence of radiation (R) on temperature (6(())
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0.2 Solid Lines  : Graphene+Water
Blue Lines :AI203+Water
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Fig. 7 Influence of Biot number (Bi) on temperature (0(())
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003\ ‘,"'-._
s ' ‘t
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-0.01 ! !
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Fig. 8 Influence of shape of nanoparticles (n) on temperature 0(()
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portrayed for nanofluid Graphene/water (Graphene+
H,0), aluminium oxide (Al,03)/H,O (Al,O3 + H,0) and
hybrid nanofluid (Graphene + Al,O3 + H,0). Improve-
ment in M develops the Lorentz force thus f({) profile is
decreased. It is observed that nanofluid shows lower f’({)
profiles compared to hybrid nanofluid (Graphene+
ALO3; +H,0). Further Al,O3 +H;O based nanofluid
shows lower velocity profile compared to Graphene + H,O
and Graphene + Al,O3 + H,0. This may be because of
larger surface area provided by the Graphene 4+ Al,Os3 +
H,O and both graphene and aluminium nanoparticles are
lighter in nature. In Fig. 6 influence of improving values of
R on temperature 0({) is portrayed. Radiation improves the
temperature distribution of the nanofluid (Graphene+
H,0, Al,O3 + H,0), and hybrid nanofluid (Graphene+
AL, O3 + H,0). However, hybrid nanofluid (Graphene+
Al,O; + H,O) shows lower temperature distribution
compared to Graphene + H,O and Al,O3 + H,O nano-
fluid. It is evident that Al,Os; + H,O nanofluid shows
higher temperature distribution. Thus hybrid nanofluid
(Graphene + Al,03 + H,0O) can be adopted for better
cooling performance. In Fig. 7 Improvement in Biot
number (Bi) improves temperature profile of the nanofluid
(Graphene + H,0, Al,O3 + H,0), and hybrid nanofluid
(Graphene + Al,03 + H,0). In Fig. 8 improvement in
spherical size of the nanoparticles decrease the temperature
profile in both nanofluid case and hybrid nanofluid case.
Further it is witnessed that hybrid nanofluid (Graphene+
Al,O;3 + H,0) case shows lower temperature distribution
compared to nanofluid (Graphene + H;0, Al,O3+
H,0).Nanofluid (Al,03 + H,O) shows higher temperature
distribution compared to other two cases. Thus, nanofluid
(Al,03 4+ H,0) enhances thermal conductivity of the fluid.
Hybrid nanofluid (Graphene + Al,O3 + H,O) can be
opted for cooling purpose.

From Table 3 it is evident that augmentation in Prandtl
number (Pr) improves heat transfer rate of the Newtonian
fluid but larger (Pr) diminishes heat transfer rate. This is
because larger Prandtl number corresponds to weaker
thermal diffusion.

From Table 4. It is noticed that, hybrid nanofluid
(Graphene + Al,03 + H,0) shows lower friction rate and
heat transfer rate compared to Newtonian fluid with the
improvement in radiation (R), magnetic (M) and Biot
number (Bi). From Table 5 it is witnessed that improving
values of M lowers friction rate in nanofluid
(Graphene + H,0, Al,03 + H,O) and hybrid nanofluid
(Graphene + Al;03 + H,0). Further, nanofluid (Graphene
+ water) shows higher friction rate compared to (Al,Os.

+ H,0) and hybrid nanofluid (Graphene + Al,O3+
H,0). From Table 6 it is observed that, rising values of
magnetic parameter (M) improves the heat transfer rate in
nanofluid (Graphene + H,0, Al,03 + H,0) and hybrid
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nanofluid (Graphene + Al,03 + H,O). Further, Hybrid
nanofluid shows lower heat transfer rate compared to
nanofluid (Graphene + H,0, Al,O3 + H,0). It is also
witnessed that nanofluid Al,O3 + H,O shows higher heat
transfer compared to Graphene + water. Improvement in R
increases the heat transfer rate in nanofluid
(Graphene + H,0, A,O3 + HO) and hybrid nanofluid
(Graphene + Al,0; + H,O). Hybrid nanofluid shows
lower heat transfer rate compared to nanofluid. Further, it is
evident that nanofluid Al,O3; + H,O shows higher heat
transfer compared to Graphene + water.

Larger values of Biot number (Bi) and shape of spher-
ical nanoparticle (n) decreases the heat transfer rate in
nanofluid (Graphene + H,0, Al,03 + H,0) hybrid nano-
fluid (Graphene + Al,053 + H,0).

The results infer that usage of nanofluid (Al,05 + H,0)
significantly enhance convection heat transfer performance
over a stretching sheet.

6 Conclusions

The impact of flow and heat transport of MHD, radiative
Newtonian fluid, nanofluid
(Graphene + H,0, A,O3 + HO) and hybrid nanofluid
(Graphene + Al,0; + H,0) over a stretching sheet con-
sidering convective boundary condition is analyzed in this
study through graphs and tables. The most noteworthy
results are as follows.

e Obtained results indicate that the rate of heat transfer
values for various mixture as Graphene + water
(2.921934), Al,0; + H,O + Graphene (2.250658)
and Al,O; + H,O (3.260554). Thus, water based
Al,O3 + graphene hybrid nanofluid can be opted for
cooling performance.

e The friction at the wall for Graphene + water (—
1.719525), Al,O3 + H,O + Graphene (— 2.256614)
and Al,Os; + H,O (— 1.959539). Thus, water based
Al,O3 + graphene hybrid nanofluid shows lower wall
friction rate.

e Newtonian fluid shows higher temperature distribution
compared to hybrid nanofluid
(Graphene + Al,03 + H,0).

e Hybrid nanofluid (Al,O; + H,O + Graphene) shows
lower wall friction rate compared to nanofluid
(Graphene + H,0, Al,O3 + H,0).

e Graphene/water nanofluid shows higher wall friction
compared to Al,Os/water nanofluid.

e Hybrid nanofluid (Graphene + Al,O3 + H,O) shows
lower heat transfer rate compared to nanofluid
(Graphene + Hzo, A1203 + HQO)

e Nanofluid (Al,O5; + H,0) significantly enhance con-
vection heat transfer performance over a stretching
sheet.
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