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ARTICLE INFO ABSTRACT

MSC: The demand for efficient heat transportation for the reliable functioning of mechanical processes
00-01 is rising. The hybrid nanofluid emulsion is a related new concept in this research field. This
99-00

communication pertains to mass and thermal transportation of Graphene oxide (Go) + AA7072
to be dissolved homogeneously in the bulk engine oil. In order to demonstrate the effectiveness

I}:Z’:’ svrgg';ge of this hybrid nanofluid, a simple nanofluid Go/engine oil is also discussed. The flow of fluids
Magnetohydrodynamic occurs due to stretch in the wedge adjusted with Riga surface. The design of a hybrid nanofluid
Hybrid nanofluid manifests the novelty of the work. The system of partial differential equations that are based on
Heat source conservation principles of energy, momentum, and mass are transmuted to ordinary differential
Williamson fluid form. Numerical simulation is carried out on the Matlab platform by employing the Runge-Kutta
Runge-Kutta method approach along with a shooting tool. The influential parameters are varied to disclose the nature

of physical quantities. The flow is accelerated with higher attributes of the modified Hartmann
number, but it decelerates against the Weinberg number. The fluid’s temperature rises with
increment, in the concentration of nano-entities. The velocity for hybrid nanofluids is slower than
that of mono nanofluids and the temperature distribution for hybrid nanofluids is greater than
that of mono nanofluids. The fluid temperature increases with the concentration ¢, of AA7072.

1. Introduction

During the previous few decades, numerous researchers are engaged to accomplish exceptional advancement in heat transporta-
tion, hence some new sorts of fluids are characterized, specifically nanofluids. These are advantageous to the thermal design of
microelectronics, refrigeration and cooling, processors of PCs, portable, and so forth. Fundamentally, heat transfer relies on heat
conductivity and molecule fixations of volume. At first Choi [1] reported that warmth moving paces in nanofluids were more note-
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Nomenclature

Latin Symbols f dimensionless streem function
u,v velocity components B Biot ntfmjber o
(x,) Cartesian coordinates (op Skin friction coefficient
U, velocity of the wall Nu Nusselt number

k* permeability of porous medium Re, Local Reynolds number
hy coefficient of heat transfer Greek Symbols

T temperature of nanoparticles . .

k thermal conductivity H viscosity )

ks nanofluid thermal conductivity Hng viscosity of nar.lOﬂ‘.nd )
Kpng hybrid nanofluid thermal conductivity Hhnf h}’br id n'ano.ﬂuld' viscosity
oC, heat capacity % kinematic viscosity

Jo electrodes current density o electrical conductivity

d width of electrodes P Density

M, magnate magnitization Py nanofluid density

U, free stream velocity Phng hybrid nanofluid density
Ty ambient temperature n similarity variable

Qp heat source/sink coefficient 0 similarity temperature
Mh Hartmann number r fluid relaxation time

K orosity parameter .

Pr grandttly nrl)lrnber Subscripts

o heat source p nanoparticles

Ec Eckert number w on the sheet surface

T, wall constant temperature nf nanofluid

w, Weissenberg number hnf hybrid nanofluid

worthy as compared to simple liquids. Gangadhar et al. [2,3] investigated impact of living microorganisms and nonlinear radiations
on Oldroyd-B nanofluid flow. Ramana et al. [4] elaborated effect of Cattaneo-Christov heat flux theory on Oldroyd-B fluid past non-
linear stretched flow. Gangadhar et al. [5] analyzed effect of convective heating on EMHD flow of radiative second-grade nanofluid
across a Riga plate. Rao et al. [6] investigated spectral relaxation method for 3D MHD nanofluid flow across an elastic sheet due
to convective heating. Gangadhar et al. [7,8] examined micropolar nanofluid flow over an elastic sheet with Newtonian heating.
Gangadhar et al. [9] discussed nonlinear radiation case for Casson-Maxwell nanofluid flow along with chemical reactions. Gupta et
al. [10] numerically investigate the radiative nanofluids with Marangoni convection. Kumar et al. [11] investigated the slip effects
on nanofluid flow with melting phenomena. Gangadhar et al. [12] explained magnetization for burgers’ fluid based on convective
heating and heterogeneous-homogeneous reactions. Gangadhar et al. [13] analyzed effect of entropy depreciation on magnetized
Boussinesq couple stress fluid with unstable heat production. Elangovan et al. [14] elaborated impact of entropy minimization on
variable viscous couple stress fluid flow across a medium with thermal radiation and heat source/sink. Gangadhar et al. [15,16]
investigated biconvective flow of magnetized couple stress fluid and for nanofluid by using different geometries. Many researchers
were done similar work [17-20].

In recent times, scientists are planning hybrid nano-particles to enhance the heat transition rate of simple liquids/gases. The
hybrid nano-particles are composed by blending materials of different kinds having nano-meter sized. The alloy of nano-particles
is named hybrid nano-fluids. These fluids are utilized in many areas of daily life such as cooling in electronic networks, machine
coolant, cooling vehicle motors, and so forth. Babazadeh et al. [21] scrutinized the behavior of Hybrid nanofluids in a permeable
cavity with radiation effects. The comparative study of rotating surface of a disk and cone when Hybrid nanofluid flows between
the canonical gap was deliberated by Gul et al. [22]. El-Gazar et al. [23] studied Fragmentary displaying for upgrading the thermal
performance of conventional sunlight based as yet utilizing hybrid nanofluid. Raju et al. [24] examined the advancement in stream
as well as the magnetohydrodynamic, radiative Newtonian fluid’s thermal transit aspect with water base fluid and A1203+graphene
hybrid nanofluid is hybrid nanofluid. The investigation of water-ethylene glycol streaming across a level chamber, consisting of
hybrid nano-particles was broke down by Alwawi et al. [25]. The impacts of entropy creation on the MHD bounding layer stream of
a mixture nanofluid of non-uniform viscous close to the lower stagnant locale of the heat circle was analyzed by Sakinder et al. [26].
Nanoparticles of all sorts, including Al,05, Fe;0,, TiO, as well as CuO along with their base liquids like water, lubricating oils,
glycol as well as ethylene glycol was scrutinized by Bashirnezhad et al. [27]. Mansoury et al. [28] depicted an extensive experimental
analysis to assess the implication of nanoparticles on the efficiency of varied parallel stream thermal exchangers with similar heat
transition exterior areas. Dadheech et al. [29,30] used different type of nanoparticles mixed in base fluid flowing over an inclined
magnetic field. Agrawal et al. [31] discussed radiative impact on hybrid-nanofluids flow over a sponge medium. Elangovan et al.
[32] discussed solution for radioactive MHD TiO2-Fe304/H20 nanofluid and its biological applications. Similar work was done by
many researchers [33-35].
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Fig. 1. Flowchart.

The property of liquids that do not submit to the laws of Newton is named non-Newtonian fluids. Many of the examples are seen
in our daily life such as squeezed fruits, cleaner, dissolved margarine and ketchup, etc. Perhaps Williamson fluid is among the most
important Non-Newtonian fluids was investigated by Williamson in 1929 [36]. Li et al. [37] scrutinized the motion of Williamson
nanofluid, heat and mas transition through a permeable straining sheet. The numerical investigation of MHD and heat transit flow
was examined by Qureshi et al. [38]. Yahya et al. [39] investigate the heat attributes of Williamson hybrid nanofluids through
stretch surface with utilizing the engine oil as a base fluid. The study of Ag-Cu/EO across a stretched sheet having shape factor was
deliberated by Jamshed et al. [40]. The study of outcomes of chemical reactions on Darcy Forcheimer Williamson nanofluid through
a stretched linear sheet was examined by Rasool et al. [41]. Similar work on different non-Newtonian fluid were done by [42-46].

The stream with the effects of attractive field gives valuable outputs to design and mechanical procedures, for example, elec-
trochemical miniature, atomic blenders, siphons, blood-stream estimation, and electromagnetic mixing in the projects of power and
plasma control. Electromagnetic body power (Lorentz force) can handle the progressions of electrically leading liquids. In poor elec-
trical conductive liquids, the Lorentz force is wasteful in light of the fact that it creates almost no flow. To defeat the weaknesses,
Gailitis and Lielausis [47] demonstrated a gadget called Riga surface. Madhukesh et al. [48] investigated the flow of water containing
SWCNT nanoparticles as well as floating microbes with a Riga surface. The study of non-Fourier heat flux, gyrotactic micro-organisms
and double chemical reaction along the stream of rotating nanoparticles through Riga plate was analyzed by Ali et al. [49]. Rasool et
al. [50] studied the generation of Lorentz force by Riga plate in the presence of Casson nanofluid with marangoni force. The theory of
Cattaneo-Christove heat flow with activation energy and the flow of twisting Maxwell nanofluid across a Riga surface was discussed
by Ali et al. [51].

The previous work has less consideration for the researchers because of the modern need. The necessities of modern civilization
require efficient heat transportation to maintain thermal balance. An ongoing trend of problems in thermal engineering involve the
study of hybrid nanofluid flow. In this scenario, a very rare emulsion of AA7072 + Graphene oxide/engine oil is considered to flow
across a stretching wedge coupled with a Riga surface. To highlight the role of hybrid nanofluids, a comparative flow behavior of
simple new fluid is also presented. The study of this manuscript motivates the researchers towards the hybridization of nanoparticles
to enhance the significance of nanofluids which is beneficial in different fields as mentioned above. The parametric findings are
evaluated numerically by coding the Runge-Kutta method in Matlab script. The results can be useful for the thermal performance
of electronic equipment, and heat exchangers. Through this computational effort, we have successfully elucidated the parametric
impacts on the dynamics of fluids.

2. Mathematical formulation of the problem

Consider a time-independent, incompressible, and two dimensional stream of hybrid nanofluids (4A47072/ Eigen oil) and
(AA7072 + GO/ Eigen oil) over a Riga wedge as illustrated in Fig. 1. Let the x — axis be parallel to the surface of the Riga wedge
and also the y — axis be perpendicular to it. The components of flow speed along the x and y — axis are taken « and v, the dynamic
viscosity of hybrid nano-liquid is 4, , T is the temperature, p,, is the density of hybrid nanoparticles, k* is the permeability of the
porous medium, K}, is the hybrid nanofluid thermal conductivity, J, denotes the current density of electrodes, d is the width of
electrodes, M, signifies the permanent magnates’ magnetization, I is the fluid relaxation time, pC, is the heat capacity and Q,, is the
heat source/sink coefficient. In presence of above assumptions, the leading formation is given [39,52,53]:
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Table 1
Physical characteristics of new species and base liquid.
Physical properties AAsg7o GO Engine oil
p (kg.m™3) 2720 1800 884
c, (J(kg.°’k 893 717 1910
x (W(m.°k) 222 5000 0.144

Table 2
Physical characteristics of hybrid and single nanofluids [54-56].

Properties Nanofluid Hybrid Nanofluid
. . _ K _ "
wu (viscosity) My = W Hinf = [W]
p (density) p,‘f:pf((l—(b)+¢& ﬂhnf:[ﬂ/(l_(bz)((l_(b )+‘D1p_\l)+¢'zﬂsz]
pC, (Heat capacity) (0Cnf =(pC,) (1 - D) + @ fjjf Gy =[0G (1= @)1~ )+ By ‘(’c L) 1+ @, (5C,),]
T, Kinp _p Kty =DRy (5= nmm,/-A 58
¥ (Thermal conductivity) e o s Py iy Kip k(s = D (N, Ky
Kp Ko+ (sp—Drp+@(k p—k,) Koy Ka+Gs —1),(/—(;/—1)@,(;‘/—& D
where £ [— |
* R s P
: - oy _ o=@ Ty _ 010140, 0,-0,, (9, 40,
o (Electrical conductivity) rx_/ =1+ (6+2)—(c—1)® # =+ (0,®,+0,®, 4200, )P0, (0, +0,D,)—0, (P, +,))
ou , Jv _
u , )
ox 0y
du  Ou _ Hn Pu | mjgMy  Hn ou 9*
Ou  Ou_ Mg O mioMy _ Mg u  \p, pOu 0’ @
0x 6y Phny OY? 8 Phny K 0y 9y?
oT | oT _ kmy 0T | Ha ou 0
s 4o — 22 (e 0 _(7-T,). (3)
0x (3y (pcp)hnf dy (PCplpny 0x PCohns
The concerned boundary conditions (see equation (4)):
aT
u:Uw:ax,U:O,—khnf— :hf(T—Tw), as y=0,
9y ©)

u—-U, T—->T,, as y— .

The wedge stretches nonlinearly with a velocity U,, = u,,x™. The free stream velocity is denoted by U, = u,x™, T, is the ambient
fluid temperature, A, is the heat transfer coefficient and .» is wall temperature. Here, Table 1 depicts the thermophysical propertles
The volume distribution for AA7072 nanoparticles is 0. 01 in bulk of GO / Engine oil is taken. In this model ¢, =0.04 and ¢, =
for mono nanofluid GO / Engine oil. For hybrid nanofluid, volume fraction ¢, = 0.03 (GO) and ¢, =0.01 (AA7072) is considered.
Thermo-physical attributes of hybrid nanofluid and nanofluids are disclosed in Table 2.

To redevelop the mathematical model (1)-(4), the similarity factors are stated. They are provided by (see [53]):

(m+ 1)U, , (m+ l)U v -1
=\ "5 7 U f'(n)=u, - (f(n)+ lnf m)=v, T =T, + (T, —T,)0(m), (5)

by using equation (5), the mass conservation eq. (1) is balanced and the eq. (2) to eq. (4) become:

(1+A1W€f”)fw—A1(ﬂf/2—ff”)+A1MhexP(ah'7)mil —-Kf' +p=0, (6)
0" — —LPr(As 0/ — EcA,f"? - 00) =0, @)
hnf

hnf

Fm=0, f'(m=0, 6'(n) = B;(1 - 6(n)), ar n=0,
ky

(8)
f(0) = 1, 8(0) = 0, as 5 — .

Equations (6)—(7) are the required ordinary differential equations and equation (8) is the required transformed boundary con-

ces _ mlyMy 127 " _ _ 20 _ a2 x2m _ vrCyy
ditions. Where, Mh = ST O = (7a(m+l)x'"‘ Y22 K = = p= m+1’ 0= Cymy e DT Ec= )y TuTe)? Pr= o and
3/2 Gn-D2 L, . . . .
We= F% signify modified Hartmann number, non-dimensional parameter, porosity factor, wedge angle factor, heat

generation factor, Eckert number, Prandtl number as well as Weissenberg number. The quantities of engineering significance (see
[52,53]):

7 X4y I ou oT
Cf f;)fz Nu= kf( wu T, ) w_”hnf(ay " 7(6_)2)’ qw:khnfa_y’ ar= 0 (9)

In transformed form equation (9) is transmuted into equation (10) by using equation (5):
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Table 3
Comparison of —¢’(0) outcomes.

Pr Wang. [57] Khan and Pop [58] Yahya et al. [39] Our results
2.0 0.9114 0.9113 0.9112 0.9111
6.13 - - 1.7597 1.7594
2.0 1.8954 1.8954 1.8953 1.8952
20.0 3.3539 3.3539 3.3540 3.3540
+F T T T
AAT072 0ok AAT072 i
AA7072-GO ' AA7072-GO
b 0.8 R
S 07f .
0.6 R
5 = S
= " <05 / ]
14
o4r  § @, =0.1,03,0.6 T
,:
03f § R
——--"" - ,’
== H 02 / g
,I
0.1/ R
/
. . . 0 . . . . . . . .
6 7 8 9 0 1 2 3 4 5 6 7 8 9
n n

Fig. 2. Velocity f’(n) fluctuation with (a) Mh and (b) a,,.

O+ Wef"(0)
R v
[k 6 (0)]

NuxRex’l/2 S —
f

CfyRe,'?
(10)

3. Solution procedure

For the computation of results, the numerical solution procedure of equation (1) to equation (3) is desired as it is very difficult
to attain an analytical solution. As a result, the Runge-Kutta numerical algorithm is employed to estimate the given model. The
strategy’s fundamental design is to transform derivatives of high order into order first derivatives as given below:

! —
s1=15

5y =53
2
1+ WeA1s3)s’3 = Al(sg —5183) — A]Mhexp(othn)m—+l +K,s, -8
s, =55
k
55 = ﬁPr(Aﬁlss - EcA4s§ —Osy)

along with the boundary conditions:

khnf
” s5=B;(1 —s4),atn=0

5, > 0,54, >0asn— oo.

51=0,s,=0,

4. Discuss on results

Here, the results are computed and presented for numerical solutions for two cases, case-i = AA7072 / Engine oil and case-ii =
AA7072 + GO / Engine oil. The reliability of the arithmetical strategy is determined in limiting situations, as revealed in Table 3.

For numerous parameters graphical findings the range of the prominent parameters are 0 < Mh <0.02, 0.1 <a;, <0.6, 0.1 < We <
2.0,01<K,<20,01<m<20,01<f<10,0.1<Ec<03,001<0<0.1, and 0.5 < B; < 1.5. When the dimensionless number of
impacts is changed in adequate variations, calculations are made to elaborate the heat and mass transition by Williamson hybrid
nanofluid. Figs. 2 through 5 show the findings for AA7072 /Engine oil and AA7072 + GO /Engine oil. The specified values of the
Prandtl number Pr =30 are used here. The impacts of modified Hartmann number M, and non-dimensional factor «; on velocity
component f’(n) are illustrated in Fig. 2. It is encountered that the flow of both nanofluids intensifies with raising M, and diminishes
with growing «,. The modified Hartmann number M, is linked to the Riga exterior layout, that minimizes friction in the stream
and thus results in acceleration. Fig. 3 portrays the implication of the Weissenberg number We and the porous medium K, on
f'(). The motion slows as it approaches (We and K,). The main cause for the velocity reductions is that We are the ratio of the
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(a) (b)

AAT072 | ook ———— AATOT2 |
“““““ AATI72-GO ' -———=--=-- AAT072-GO
T 08 i
T 0.7 4
T 06 i
Zos
T U Y- r _ -
We =0.1, 1.0, 2.0 K, =0.1, 10,20
T 04 4
T 03 i
T 02 i
T 01F 4
5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
K n

+F T T T e ——— T T +F T=———T
(a) (b)
ool AA7072 | ool / AA7072 |
————————— AA7072-GO ’ - = ——————= AA7072-GO
08 R 08 R
07 R 0.7 R
06 R 06 R
C 0.5 £ 0.5
= = £8=0.1,0.5,1.0
oal m=0.1,1 ] 04 .
03 R 0.3 R
02 R 0.2 R
0.1 B 0.1 4
0 . . . . . . . . o . . . . .
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8
n
Fig. 4. Velocity f’(n) fluctuation with (a) m and (b) .
0.6 T T T T T T T T T 0.6 T T T T T T T T T
(a) (b)
AA7072 — AA7072
05FR\Y, mmmmmm—== AA7072-GO E 0.5 AA7072-GO B

E Tos E
£
Ec=0.1,0.2,0.3 Q=0.01,0.05, 0.1
. 02 .
. 04 .

Fig. 5. Temperature 6(n) fluctuation with (a) Ec and (b) Q.

specific relaxation time. When K, improves, there is more strong opposition in the stream, so velocity declines. Fig. 4 illustrates the
consequences of the nonlinear factor m as well as the Wedge angle f§ on the flow rate f’(n). The velocity lessens as the factor m raises,
but it expands quite faster as f# intensifies. Fig. 5 depicts the thermal gradient for simple as well as hybrid nanofluids for distinct
attributes of Ec and Q. It can be observed that as Ec grows, the temperature of both liquids lowers. The main motive for this delay
would be that higher values of Ec transform mechanical power to heat energy via thermal dissipation. Temperature, the other side,
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Table 4

(a)
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Outcomes for Skin friction factor —f”(0).

Fig. 6. Temperature 6(y) fluctuation with (a) ® and (b) B,.
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AAT072
AA7072-GO

We s K, Mh m ay AAT072 AAT072 + Go Total CPU Time (AA7072) Total CPU Time (AA7072 + Go)
0.1 0.01 1.0 0.02 0.5 0.01 0.5811 0.5753 14.620497 14.504887
0.2 0.5727 0.5671 14.691500 14.650395
0.3 0.5648 0.5595 14.500567 15.075104
0.1 0.01 0.5727 0.5671 14.869099 14.535016
0.02 0.5881 0.5829 14.622750 14.589662
0.03 0.6034 0.5986 14.243131 14.438235
0.01 0.1 0.5904 0.5849 14.747698 14.243213
0.5 0.5825 0.5770 14.498096 14.328429
1.0 0.5727 0.5671 14.731030 14.453568
1.0 0.01 0.5357 0.5306 14.820237 10.815037
0.02 0.5727 0.5671 14.619012 14.417475
0.03 0.6086 0.6026 14.831071 15.022862
0.02 0.1 0.5989 0.5930 14.956907 14.763952
0.3 0.5838 0.5781 14.668503 14.830897
0.5 0.5727 0.5671 14.734096 15.152299
0.5 0.01 0.5727 0.5671 15.391032 15.755734
0.02 0.5709 0.5653 15.184299 15.390768
0.03 0.5691 0.5663 14.213779 14.311109
Table 5
Outcomes for Nusselt number —6’(0).
Ec o B, AAT072 AAT072+ Go
0.01 0.1 1.0 0.4667 0.4606
0.02 0.4926 0.4869
0.03 0.5190 0.5132
0.01 0.6274 0.6256
0.05 0.5748 0.5719
0.1 0.4667 0.4606
0.1 0.5 0.3246 0.3211
1.0 0.4667 0.4606
1.5 0.5740 0.5385

rises with expanding Q values for both liquids. Physically, it generates heat from the surface due to 7,, > T, which increases the
temperature. Fig. 6 depicts the consequences of volume fractions ¢, as well as B;. It can be seen as the valuation of ¢, accumulates,
so does the temperature. The basic explanation for this phenomenon is that as ¢, grows, so does heat conductivity. Temperature
improves the Biot number including both fluids. Biot number and temperature have a direct physical correlation. As an outcome, as
the worth of B; grows, consequently the temperature. Furthermore, the outcomes of skin friction —f”(0) for the varied inputs of the
quantities We, f, K,, M;,, m as well as a,, are displayed in Table 4. Absolute values of — f "(0) are noticed to be boosted by M, and S.
Whenever the parameters We, K,, m, and «,, are elevated, the valuation of —f”'(0) reduces. In addition, the Nusselt number —6’(0) is
improved by improving values of Ec and B, as depicted in Table 5. It is ascertained that —6’(0) lowers in regards to the heat source

factor Q.
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5. Conclusions

A theoretical description of heat and mass transport of hybrid nanofluid (AA7072 + Go)/engine oil due to an extending Riga wedge
is presented in this paper. Numerical findings are computed with varying inputs of pertinent factors like modified Hartmann number
(M), Weisnberg number (We) dimensionless parameter (a,), wedge angle factor (f), heat source factor (Q), Eckert number (Ec),
Biot number (B;), volume fraction (¢,), suction parameter (K,) and nonlinear stretching parameter (m). The following outcomes are
yielded:

Velocity profile f’(n) increases when modified Hartmann number M), takes higher inputs.

Velocity profile f’(n) decreases with the rising values of «,, K,, We, and m while it upsurges with the rising values of g.
Temperature 6(;) decreases when the values of Ec intensified. On the other hand, temperature increases rapidly when Q in-
creases.

The hybrid nanofluid temperature increases with concentration ¢,.

The temperature of fluid also increases with the Biot number.

Skin friction factor decreases with the rising values of @), K,, We, and m for both fluids (i = AA7072, ii = AA7072 + GO)

On the other hand, increases for p and M.

Nusselt number —6’(0) increases for B; and O while decreases for Eckert number Ec in both cases.

Future direction

This study may be extended for Maxwell nanofluid, Oldroyd-B nanofluid, tangent hyperbolic and viscoelastic Jeffery nanofluid
for different geometries.
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