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Abstract
The current article explores the effect of viscous dissipation on the hybrid nanofluidflowover a
stretching sheet. Further, different nanoparticles can be used to enhance the thermal conductivity of
thefluid. The resultant suspension is examinedwith the effect of velocity slip. The velocity slip effect is
incorporated in the boundary condition of themomentum equation.Heat transfer analysis is done in
presence of convective conditions and thermal radiation. Comparative study of different hybrid
nanofluids and nanofluid is considered. Herewe have chosenmanganese Zinc ferriteMnZnFe2O4 and
Nickle Zinc ferriteNiZnFe2O4 as nanoparticles in basefluids Kerosene oil and engine oil.
Mathematicalmodeling of the present flow system is illustrated and solved by the shooting built-in
method. Graphs for velocity, temperature, skin friction andNusselt number are presented for
different parameters. Here we noticed that velocity profile of - -MnZnFe O NiZnFe O2 4 2 4

-C H C H10 22 8 18 ismaximumas compared to other hybrid nanofluids. Velocity and temperature
have opposite effects against slip parameter. The temperature of thefluid rises with Biot number and
thermal radiation.

Introduction

In heat transfer, equipment fluids are often used as heat carriers. A few instances of important equipments of
heat passage offluids include aeronautics and vehicular freezing frameworks inmanufacturing fields, freezing
and hydronicwarming frameworks in structures,material, nourishments and synthetics.When two ormore
nanofluids aremixedwith conventional base fluids likewater or ethylene glycol or kerosene or engine oil possess
high thermal conductivity and thismixture of dual nanoparticles in basefluids are called as hybrid nanofluids.
Recently, several researchers examined the nanofluid and hybrid nanofluidsflow through diverse surfaces.
Rashad et al [1] explored themagnetic field and internal heat generation effects on the free convective streamof
nanoliquid in a rectangular cavity filledwith porousmedium.Mohebbi andRashidi [2] examined the natural
convective streamof nanofluid in an L-shaped enclosure with a heating obstacle. Daniel et al [3–5] exemplified
the viscous dissipation and radiation effects onmagnetohydrodynamic (MHD)flowof nanofluidwith chemical
reaction through diverse surfaces. Zeeshan andMajeed [6] illustrated the analysis of heat transfer on a
ferromagnetic fluid flow through a stretching sheet.Muhammad andNadeem [7] scrutinized the convective
heat transference elevated in boundary layer flow regions via ferrite nanoparticles. Yang et al [8] utilized the
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Magnetite andManganese zinc ferrite nanoparticles suspended in dual diverse carrier fluids to illustrate the
influences on the heat transference and friction drag. Jayadevamurthy et al [9]numerically explored the
bioconvective streamof hybrid nanofluid past amoving rotating disk. Kumar et al [10]. deliberated themagnetic
dipole effect on ferromagnetic hybrid nanoliquid streampast an extending cylinder.

Thefluid flowwith viscous dissipation effect is of great importance among scientists. Effects of viscous
dissipation are often neglected but its presence becomes significant when liquid viscosity is high. It changes the
temperature distributions by playing a key role like an energy sourcewhich leads to affect heat transfer rates.
Recently, Daniel et al [11] exemplified the viscous dissipation and radiation effects onmagnetohydrodynamic
(MHD)flowof nanofluidwith chemical reaction. Farooq et al [12] scrutinized the peristaltic activity of different
nanoparticles in viscousfluid on taking account of radiation and slip effects. Hayat et al [13] scrutinized the
hydrodynamicDarcy-Forchheimer viscous liquidflow through an extending surface. Shehzad et al [14]
examined the impact ofHall current on instable viscous liquid through the oscillatory spinning disk.

Theno-slip boundary constraint is oneof the focal standards of the ‘Navier–Stokes hypothesis’. Yet, there are
numerous conditionswhere this constraint does notwork. The slip condition can apply to particle suspended
liquids like nanofluids or foams and single-phasefluids aswell. Thenon-adherence strong liquid interface
movementwhich is additionally called as velocity slipwhich is a hydrodynamic term that has been inspectedunder
certain conditions.Vinita andPoply [15] analytically depicted the consequences of velocity slip andheat production
on thehydrodynamic slipflowofnanofluidwith the helpof a stretching cylinder. The impact of ohmic effect and
viscous dissipationon theMHDflowof nanoliquid through a cylinder on taking account of thermal and velocity
slip effectswas scrutinized byMishra andKumar [16]. Ramesh et al [17]discussed the heat transference inhybrid
nanofluidflowwith chemical reactions and slip effects. Khan et al [18] examined theDarcy-Forchheimer second-
order velocity slipflowof hybrid nanofluid betweendual gyrating disks. Khan et al [19]used the above conditions on
Carreau-Yasuda liquid and studied the rate of entropy generation.

Inmodern engineering,many processes take place at high temperatures and the knowledge of radiation
transfer is crucial to the development of proper equipment. Atomic power plants, electric turbines, rockets,
satellites, and space vehicles are such regional conditions. Studying the effects of radiation on different types of
flow is extremely difficult. Frompast decades, several researchers examined the effect of radiation on diverse
fluid streams over diverse surfaces [20–22]. The stagnation point flowofCasson liquid over a stretching sheet
with radiation effect was scrutinized by Ramesh et al [23]. Prasannakumara et al [24] explored themass and heat
transference in Sisko nano liquid flowover a stretching sheet on taking account of radiation effect and chemical
reaction. Kumar et al [25] deliberated the impact of radiation effect on hybrid nanofluidflowwithCNT’s as
nanoparticles. Nadeem et al [26] investigated the chemically reactive Sisko nanofluid instigated by a rotating disk
saturatedwith the non-Darcy permeablemedium. Jamaludin et al [27] scrutinized the convective flowof
ferrofluid through a nonlinearlymoving surface.

Convective boundary conditions play a vital role influid flow through several surfaces.Many researchers
used convective boundary constraints to study different fluid flows through several surfaces. Recently, Chamkha
et al [28] studied the influence of themagnetic effect alongwith viscous dissipation in nanofluid flowon taking
account of homogeneous andHeterogeneous chemical reactions. Jyothi et al [29] discussed thewater-based
SWCNTandMWCNT flow through stretchable gyrating disks. Here the influence of radiation effect and
magnetic field are considered alongwith convective boundary constraint. Khan et al [30] exposed the influence
of activation energy on nanofluid flowwith gyrotacticmicrobes and convective boundary constraint. The
influence of viscous dissipation on theMHD flowof a tangent hyperbolic nanofluidwas explored byAtif et al
[31]. The heat transport in a non-Newtonian nanofluidwith radiation effect was scrutinized byReddy et al [32].

In view of the above literature survey, it is obvious to the best of thewriter’s knowledge, that no efforts have
far been initiated concerning viscous dissipation and radiation effects on streamof a hybrid nanoliquid over a
stretching sheet. Hence in this investigation, we scrutinized a hybrid nanoliquid streamover a stretching sheet
on taking account of velocity slip and convective boundary conditions. Further, we have done a comparative
study on a different combination of nanoparticles suspension in diverse carrier liquids.

Mathematical formulation

Herewe have considered two-dimensional steadyflowof different hybrid nanofluids. Slip flow is considered at
boundary condition ofmomentum equation. Convective boundary condition and thermal radiation is also
considered in thermal equation. Sheet is stretchedwith stretching rate S.Here we have chosenmanganese Zinc
ferriteMnZnFe2O4 andNickle Zinc ferriteNiZnFe2O4 as nanoparticles andKerosene oil and engine oil are used
as basefluids.figure 1 describes theflow geometry of the problem.

Equation (1) is the continuity equationwhich shows that inflow is equals to out flow. Equation (2) is
momentum equationwhich holds the conservation law ofmomentum. First termon left hand side of
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equation (2) is due to inertial forces, first termon right hand side is due to pressure force and second term is due
to viscous forces. Here hybrid nanofluids are studied comparatively in detail. Equation (3) holds the
conservation law of energy. Here last termof right-hand side shows the additional effect of thermal radiation.
From all above assumptions flow equations are presented below ([3, 4] and [7]):
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The corresponding boundary conditions are as follow:
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Here, ( )u v, are velocity vector, ( )x y, are Cartesian coordinates, T is temperature, ¥T is ambient temperature,
Tf is surface temperature, l1 is slip coefficient, h1 is heat transfer coefficient.The fallowing similarity
transformations are considered in themodelling ([4, 5]):
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where n n n= +f f f1 2 in case of two basefluid.
The continuity equation (equation (1)) is satisfied after employing equation (6), the remaining reduced

equations in dimensionless form are as follow:
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Where, R is radiation parameter, Pr is Prandtl number, L1 is slip parameter and B1 is Biot number.
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Figure 1. Schematic geometry of problem.
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The physical quantities of engineering interests skin friction andNusselt number are given by:
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The dimensionless forms of skin friction andNusselt number are given by:
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Results and discussion

This segment comprises the importance of physical explanation of various dimensionless parameters on the
boundary value problem. The complete examination is performed by considering two distinctive nanoparticles
of ferrites in particular, nickel zinc ferrite andmanganese zinc ferrite with kerosene oil and Engine oil (C H8 18) as
basefluids. The thermophysical properties of ferrite nano particles and basefluids are given in tables 1–3. The
reducedODEs are solved numerically and analysedwith the help of graphs. The rate of heat transportation
phenomenon is portrayed in the resulting hybrid nanofluids. The impact of dimensionless parameters such as
slip, radiation parameter, Prandtl number andBiot number are deliberated. The pictorial results of the velocity
gradient, temperature profile and skin friction coefficient are found to get an obvious insight of the existing
boundary layer flowproblem.

Velocity distribution
The variation in velocity distribution for several influencing parameters are displayed infigures 2–5. Figure 2 is
depicted to scrutinize themovements offluid particles in the absence of added effects for various special cases
namely,MnZnFe2O4andNiZnFe2O4 as nanoparticles with -C H C H10 22 8 18 hybrid base fluid,MnZnFe2O4 and
NiZnFe2O4 as nanoparticles suspended inC8H18as basefluid,MnZnFe2O4andNiZnFe2O4as nanoparticles
suspended in kerosene oil as basefluid andNiZnFe2O4 as nanoparticle alongwithC10H22as a basefluid.One
can notice from the figure that,MnZnFe2O4andNiZnFe2O4 as nanoparticles withC10H22-C8H18 has higher
velocity andMnZnFe2O4-NiZnFe2O4 as nanoparticles withC10H22 has lower velocity when compared to other
cases. Figure 3 is portrayed to illustrate the influence of slip parameter subjected to velocity gradients for two
different conditions namely,MnZnFe2O4 andNiZnFe2O4 as nanoparticles suspended in basefluid

-C H C H .10 22 8 18 Figure reveals that the velocity of the fluidmotion and related boundary layer thickness
declines for increase in the value of slip parameter. Fromphysical fact of sight, increase in slip parameter
deteriorates in the saturation of thefixed surface due to the boundary layer in both the transverse and axial
directions, which results in decay of velocity gradient. It is also observed that, the rate of decrease in velocity
gradient is faster inMnZnFe2O4 andNiZnFe2O4 as nanoparticles suspended inC8H18 . Figure 4 displays the
distribution of velocity in the velocity boundary layer for diverse values of the slip parameter for two different
cases withMnZnFe2O4 andNiZnFe2O4 as nanoparticles suspended inC10H22 as a base fluid andNiZnFe2O4 as
nanoparticles withC10H22 as a basefluid.Here, it is noticed that velocity gradient declines for enhance in values
of slip parameter. Solution containingMnZnFe2O4 andNiZnFe2O4 as nanoparticles declines faster than the
solution suspendedwithNiZnFe2O4 as nanoparticle. Physically, this infers that the frictional obstruction
between the surface and liquidmolecule increments. Therefore, thefluid velocity declines. Figure 5 delineates
the impact of the nanoparticle solid volume fraction over two different solution containingMnZnFe2O4 and
NiZnFe2O4 as nanoparticles with hybrid basefluid andC8H18 base fluid respectively. It is noticed that the
increased values of f improves the axial velocity gradient. The impact of boundary layer thickness is to oppose

Table 1.Thermophysical properties of basefluid and ferrite nanoparticles ([7, 10]
and [33]).

Physical properties r ( )-kg m 3 Cp ( )/J kgK k ( )-W mK 1 Pr

C H8 18 890 1868 0.145 12900

C H10 22 783 2090 0.15 21

MnZnFe O2 4 4700 1050 3.9 —

NiZnFe O2 4 4800 710 6.3 —
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Table 2.Thermo physical properties of both - -MnZnFe O NiZnFe O C H2 4 2 4 10 22 and - - -MnZnFe O NiZnFe O C H C H2 4 2 4 10 22 8 18 ([7, 10] and [33]).

Properties - -MnZnFe O NiZnFe O C H2 4 2 4 10 22 - - -MnZnFe O NiZnFe O C H C H2 4 2 4 10 22 8 18
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relativemovement of the liquid. The effect of viscosity is to resist relativemotion of thefluid. In fact, it plays a key
role inmomentum transfer between the layers offluid, and it acts when there aremovements between those
layers. In liquids, it is due to the van derWaals forces between themolecules. Subsequently, the including
nanoparticles and nanotubes into engine oil would build its thickness because of the connections between the
particles and oil atoms. By expanding the number of strong particles in a particularmeasure of a liquid, bigger
nanoclusters emerge because of van derWaals forces between the particles. These nano-clusters avert the
crusade of oil layers on each other, pioneering to advanced augmentation in viscidness. Also, one can observe
that solution subtended byMnZnFe2O4 andNiZnFe2O4 as nanoparticles with hybrid basefluid inclines faster.

Figure 2.Curve of ( )x¢f .

Figure 3.Effect of ( )x¢L onf .1

Table 3.Thermo physical properties ofNiZnFe2O4 -C10H22 andMnZnFe2O4-NiZnFe2O4 -C10H22([7, 10] and [33]).
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Thermal distribution
The variation in thermal distribution for several influencing parameters are displayed infigures 6–11. Plots of
the thermal function in the absence of added effects for two different solutions subtended by ferrites
nanoparticles with hybrid basefluid andC10H22 respectively, are shown in the figure 6. It is observed that,
solutionwithC10H22 as a base fluid has higher thermal gradient when comparedwith hybrid basefluid
subtended by ferrites nanoparticles. Figure 7 explains the change in thermal gradient due to the absence of added
effects.MnZnFe2O4 andNiZnFe2O4 as nanoparticles suspended in engine oil as a carrierfluid has lower thermal
gradient when comparedwithNiZnFe2O4 as nanoparticles with Engine oil as a basefluid. Figure 8 illustrates the
change in thermal gradient in the interior of the boundary layer for several values of slip parameter for hybrid
basefluid and basefluid kerosene oil both containing ferrites nanoparticlesMnZnFe2O4 andNiZnFe2O4 . It is
noticed that the presence of the surface slipperiness affects temperature gradient, the enhance in values of slip
parameter increases the thermal gradient and its related boundary layer thickness. Also, it is observed that base
fluid kerosene oil suspended by ferrites nanoparticlesMnZnFe2O4 andNiZnFe2O4 shows higher rate of increase
when comparedwith hybrid base fluid suspended by ferrites nanoparticlesMnZnFe2O4 andNiZnFe2O4 . The

Figure 4.Effect of ( )x¢L onf1 for two different condition.

Figure 5.Effect of volume fraction on profile of axial velocity.

Table 4.Comparison table of ( )f 0 and ( )¥f for different values of slip parameter when .

l 0.0 0.3 1 2 5 30

Wang [34] ( )f 0 −1 −0.701 −0.430 −0.284 −0.145 −0.0438

( )¥f 1 0.887 0.748 0.652 0.514 0.322

Present ( )f 0 −1 −0.70125 −0.43014 −0.28412 −0.14585 −0.04384

( )¥f 1 0.88756 0.74895 0.65245 0.51458 0.32254
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heat transference at the surface diminishes with the expansion in estimation of slip boundary. Thismight be
because of theway that the slip boundary diminishes the thermal conductivity of the nanofluid. Therefore, heat
passage rate at the surface abatements, which raises the thickness of the thermal boundary layer. Figure 9
demonstrate the influence of Biot number subjected to thermal profile for two different solution containing
ferrites nanoparticles alongwith kerosene oil as a base fluid. Physically, inclination in Biot number produces

Figure 7.Variation of temperature profile in the absence of added effects.

Figure 8.Curve of ( )q x for diverse values of L .1

Figure 6. Impact of the nanoparticle solid volume fraction on curve of ( )q x .
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large heat transfer through convectionwhich results in inclination of thermalfield. Figure 10 illustrates the
behaviour of thermal gradient over the influence of Biot number for suspended ferrites nanoparticles with
C8H18 as basefluid andNiZnFe2O4 nanoparticles withC10H22 as a base fluid respectively. Increase in Biot
number increases the thermal profile. Also, rate of increase in hybrid based nanofluid is slower when compared

Figure 10.Curve of ( )q x for diverse values of B1 .

Figure 11.Curve of ( )q x for diverse values of R.

Figure 9.Curve of ( )q x for diverse values of B .1
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with kerosene oil as a basefluid suspended by ferrites nanoparticles (figure 9). Similar pattern in rate of increase
can be observed for both hybrid nanofluid and nanofluidflow (figure 10). Physically, themore grounded
convection brings about higher surface temperatures,making the thermal impact infiltrate further into the
liquid. Figure 11 is prepared to disclose the impact of R on thermal gradient. To understand the importance of
radiation parameter, a close observation is done over the thermal profile for both hybrid nonfluid and nanofluid
subtended by ferrites nanoparticles withC10H22 as a basefluid. Also, it is noticed that increase in radiation
parameter inclines the thermal gradient and thickness of its associated boundary layer gradually. The rate of
increase in thermal profile for nanofluid containing ferrites nanoparticleNiZnFe2O4 is faster than hybrid
nanofluidwith ferrites nanoparticlesMnZnFe2O4 andNiZnFe2O4 . Since, heat radiation has a profound effect
on the liquid temperature.Here, it is noted that the distribution of temperatures increases when theR is
increasedwhich in turn generates internal heat in the system. This is because the insertion of the coefficient
decay by a rise in Rwhich is responsible to the enhancement of thermal field.

Coefficient of skin friction and rate of heat transfer
Figures 12–15displays the change in coefficient of skin friction andNusselt number. The coefficient of skin friction
andNusselt number expressions are given inmathematical formulation section. Figure 12 is plotted to discuss the
variation in coefficient of skin friction for several combinationof nanoparticleswith different combinationof base
fluids.One canobserve fromfigure that skin friction coefficient ofMnZnFe2O4-NiZnFe2O4-C10H22-C8H18 is
higherwhen compared to remainingnanoparticlemixturewith single basefluid as shown infigure 12. It is because
of the fact that the presence of ferrite nanoparticles in single base liquid diminishes thewall shear stress as related to
the casewhenC10H22-C8H18 based ferrite nanoparticles. Figure 13 is plotted to analyse the coefficient of skin friction
for diverse values of volume fractions.One canobserve from thefigure that the uppermostwall shear stress is
detected forMnZnFe2O4-NiZnFe2O4-C10H22-C8H18when compared toMnZnFe2O4-NiZnFe2O4-C10H22 . This is
because of theway that, the ferrite nanoparticleswhichbring about the enhancement of the thickness of the
nanofluid inside the boundary layer and yet thewall shear stress increases. Figure 14 illustrates the variation inheat

Figure 12.Curve of coefficient of skin friction versus L .1

Figure 13.Curve of coefficient of skin friction over volume fraction.
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transfer rate versus B .1 It is detected fromfigure that the rate of heat transference is lesser inMnZnFe2O4-NiZnFe2O4-
C10H22-C8H18whencompared toNiZnFe2O4-C10H22 .The variation in rate of heat transferNiZnFe2O4-C10H22in for
diverse values ofR is depicted infigure15.One canobserve fromplot that enhancement in radiation effect increases
the rate of heat transfer. Table 4 is constructed to show the validationof theproblembycomparingour results in
limiting case for ( )f 0 and ( )¥f withWang [34] andwe found the excellent agreementof results.

Conclusion

• Present paper is about hybrid nanofluidsflowover a stretching sheet with velocity slip, thermal radiation and
convective conditions. Key points of the present analysis arementioned below:

• Velocity ofMnZnFe2O4-NiZnFe2O4-C10H22-C8H18 is dominant over all other nanofluids.

• Temperature of thefluid ismore forMnZnFe2O4-NiZnFe2O4-C10H22 as compared to
MnZnFe2O4-NiZnFe2O4-C10H22-C8H18.

• Temperature rises for higher slip parameter while decay in velocity is seen for greater slip parameter.

• Temperature is increasing function of Biot number and radiation parameter.

• Nusselt number ismore for -NiZnFe O C H2 4 10 22 as compared toMnZnFe2O4-NiZnFe2O4-C10H22-C8H18.

• Magnitude of skin friction reduces for higher nanoparticles volume fraction.

Figure 15.Curve ofNusselt number versus R.

Figure 14.Curve ofNusselt number versus B .1
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