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Abstract

The current article explores the effect of viscous dissipation on the hybrid nanofluid flow over a
stretching sheet. Further, different nanoparticles can be used to enhance the thermal conductivity of
the fluid. The resultant suspension is examined with the effect of velocity slip. The velocity slip effect is
incorporated in the boundary condition of the momentum equation. Heat transfer analysis is done in
presence of convective conditions and thermal radiation. Comparative study of different hybrid
nanofluids and nanofluid is considered. Here we have chosen manganese Zinc ferrite MnZnFe,O, and
Nickle Zinc ferrite NiZnFe, O, as nanoparticles in base fluids Kerosene oil and engine oil.
Mathematical modeling of the present flow system is illustrated and solved by the shooting built-in
method. Graphs for velocity, temperature, skin friction and Nusselt number are presented for
different parameters. Here we noticed that velocity profile of MnZnFe, Oy — NiZnFe,Oy —

CyoHy; — CgH,gis maximum as compared to other hybrid nanofluids. Velocity and temperature
have opposite effects against slip parameter. The temperature of the fluid 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 of fluids include aeronautics and vehicular freezing frameworks in manufacturing fields, freezing
and hydronic warming frameworks in structures, material, nourishments and synthetics. When two or more
nanofluids are mixed with conventional base fluids like water or ethylene glycol or kerosene or engine oil possess
high thermal conductivity and this mixture of dual nanoparticles in base fluids are called as hybrid nanofluids.
Recently, several researchers examined the nanofluid and hybrid nanofluids flow through diverse surfaces.
Rashad et al [1] explored the magnetic field and internal heat generation effects on the free convective stream of
nanoliquid in a rectangular cavity filled with porous medium. Mohebbi and Rashidi [2] examined the natural
convective stream of nanofluid in an L-shaped enclosure with a heating obstacle. Daniel et al [3-5] exemplified
the viscous dissipation and radiation effects on magnetohydrodynamic (MHD) flow of nanofluid with chemical
reaction through diverse surfaces. Zeeshan and Majeed [6] illustrated the analysis of heat transfer on a
ferromagnetic fluid flow through a stretching sheet. Muhammad and Nadeem [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 and Manganese 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 stream of hybrid nanofluid past a moving rotating disk. Kumar et al [ 10]. deliberated the magnetic
dipole effect on ferromagnetic hybrid nanoliquid stream past an extending cylinder.

The fluid flow with 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 source which leads to affect heat transfer rates.
Recently, Daniel et al [ 11] exemplified the viscous dissipation and radiation effects on magnetohydrodynamic
(MHD) flow of nanofluid with chemical reaction. Farooq et al [ 12] scrutinized the peristaltic activity of different
nanoparticles in viscous fluid on taking account of radiation and slip effects. Hayat et al [13] scrutinized the
hydrodynamic Darcy-Forchheimer viscous liquid flow through an extending surface. Shehzad et al[14]
examined the impact of Hall current on instable viscous liquid through the oscillatory spinning disk.

The no-slip boundary constraint is one of the focal standards of the ‘Navier—Stokes hypothesis’. Yet, there are
numerous conditions where this constraint does not work. The slip condition can apply to particle suspended
liquids like nanofluids or foams and single-phase fluids as well. The non-adherence strong liquid interface
movement which is additionally called as velocity slip which is a hydrodynamic term that has been inspected under
certain conditions. Vinita and Poply [15] analytically depicted the consequences of velocity slip and heat production
on the hydrodynamic slip flow of nanofluid with the help of a stretching cylinder. The impact of ohmic effect and
viscous dissipation on the MHD flow of nanoliquid through a cylinder on taking account of thermal and velocity
slip effects was scrutinized by Mishra and Kumar [16]. Ramesh et al [17] discussed the heat transference in hybrid
nanofluid flow with chemical reactions and slip effects. Khan et al[ 18] examined the Darcy-Forchheimer second-
order velocity slip flow of hybrid nanofluid between dual gyrating disks. Khan et al [19] used the above conditions on
Carreau-Yasuda liquid and studied the rate of entropy generation.

In modern 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. From past decades, several researchers examined the effect of radiation on diverse
fluid streams over diverse surfaces [20—22]. The stagnation point flow of Casson liquid over a stretching sheet
with radiation effect was scrutinized by Ramesh et al [23]. Prasannakumara et al [24] explored the mass and heat
transference in Sisko nano liquid flow over a stretching sheet on taking account of radiation effect and chemical
reaction. Kumar et al [25] deliberated the impact of radiation effect on hybrid nanofluid flow with CNT’s as
nanoparticles. Nadeem et al [26] investigated the chemically reactive Sisko nanofluid instigated by a rotating disk
saturated with the non-Darcy permeable medium. Jamaludin et al [27] scrutinized the convective flow of
ferrofluid through a nonlinearly moving surface.

Convective boundary conditions play a vital role in fluid 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 the magnetic effect along with viscous dissipation in nanofluid flow on taking
account of homogeneous and Heterogeneous chemical reactions. Jyothi et al [29] discussed the water-based
SWCNT and MWCNT flow through stretchable gyrating disks. Here the influence of radiation effect and
magnetic field are considered along with convective boundary constraint. Khan et al [30] exposed the influence
of activation energy on nanofluid flow with gyrotactic microbes and convective boundary constraint. The
influence of viscous dissipation on the MHD flow of a tangent hyperbolic nanofluid was explored by Atif et al
[31]. The heat transport in a non-Newtonian nanofluid with radiation effect was scrutinized by Reddy et al [32].

In view of the above literature survey, it is obvious to the best of the writer’s knowledge, that no efforts have
far been initiated concerning viscous dissipation and radiation effects on stream of a hybrid nanoliquid over a
stretching sheet. Hence in this investigation, we scrutinized a hybrid nanoliquid stream over 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

Here we have considered two-dimensional steady flow of different hybrid nanofluids. Slip flow is considered at
boundary condition of momentum equation. Convective boundary condition and thermal radiation is also
considered in thermal equation. Sheet is stretched with stretching rate S. Here we have chosen manganese Zinc
ferrite MnZnFe,O, and Nickle Zinc ferrite NiZnFe,O, as nanoparticles and Kerosene oil and engine oil are used
as base fluids. figure 1 describes the flow geometry of the problem.

Equation (1) is the continuity equation which shows that in flow is equals to out flow. Equation (2) is
momentum equation which holds the conservation law of momentum. First term on left hand side of
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Figure 1. Schematic geometry of problem.

equation (2) is due to inertial forces, first term on 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 term of right-hand side shows the additional effect of thermal radiation.
From all above assumptions flow equations are presented below ([3, 4] and [7]):

Ou  Ov
4+ =0 1
Ox Oy W
Ou Ou 8p 0%u
= 4 = 2
Phnf(“ o ay) Ee + Mo By ©))
or | 9T 9T | 160*T3 0°T
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The corresponding boundary conditions are as follow:
W= K Uiy v =0, kg = 20 = (T = T) u =0, T = T @
y
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Ou
=\ 5
p 13)/ ( )

Here, (u, v) are velocity vector, (x, y) are Cartesian coordinates, T is temperature, T, is ambient temperature,
Ty is surface temperature, )\ is slip coefficient, b, is heat transfer coefficient. The fallowing similarity
transformations are considered in the modelling ([4, 5]):

= yF = Sxf(©), v = — ST (©), 0(6) = = ©)
l/f TW — Too

where vy = vy + vf, in case of two base fluid.
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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The corresponding reduced boundary conditions are:
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Where, R is radiation parameter, Pr is Prandtl number, L, is slip parameter and B is Biot number.
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Table 1. Thermo physical properties of base fluid and ferrite nanoparticles ([7, 10]
and [33]).

Physical properties p (kg m=3) G, (J/kegK) k (W mK™) Pr

CsHis 890 1868 0.145 12900
CioHn 783 2090 0.15 21
MnZnFe, O, 4700 1050 3.9 —
NiZnFe, 0, 4800 710 6.3 —

The physical quantities of engineering interests skin friction and Nusselt number are given by:

Tw x4,

Cpo= ——"——, Nu, = (1n

(pfl + pr)Uw (kfl + ku)(TW - Toc)

Where

du T  160*T3 OT
Tw = + ) = —k nf ~— = — 12
(B + Hp2) Dy 4y hnf oy oy (12)

The dimensionless forms of skin friction and Nusselt number are given by:
Re®* Cp = f"(0), Nu,Re™*° = — kh—"f + R|0'(0) (13)
(kpr + kf2)

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 and manganese zinc ferrite with kerosene oil and Engine oil (Cg H;) as
base fluids. The thermophysical properties of ferrite nano particles and base fluids are given in tables 1-3. The
reduced ODEs are solved numerically and analysed with 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 and Biot 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 flow problem.

Velocity distribution

The variation in velocity distribution for several influencing parameters are displayed in figures 2—5. Figure 2 is
depicted to scrutinize the movements of fluid particles in the absence of added effects for various special cases
namely, MnZnFe,O, and NiZnFe,O, as nanoparticles with CoH,, — CgH,g hybrid base fluid, MnZnFe,O, and
NiZnFe,0, as nanoparticles suspended in CgH,g as base fluid, MnZnFe,O, and NiZnFe,O, as nanoparticles
suspended in kerosene oil as base fluid and NiZnFe,O, as nanoparticle along with C;oH,, asabase fluid. One
can notice from the figure that, MnZnFe,0, and NiZnFe,O, as nanoparticles with C;oH,,-CgHg has higher
velocity and MnZnFe,0,-NiZnFe,O, as nanoparticles with C,oH,, 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, MnZnFe,0, and NiZnFe,O, as nanoparticles suspended in base fluid

CioHy; — CgHis. Figure reveals that the velocity of the fluid motion and related boundary layer thickness
declines for increase in the value of slip parameter. From physical fact of sight, increase in slip parameter
deteriorates in the saturation of the fixed 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 in MnZnFe,0, and NiZnFe,O, as nanoparticles suspended in CgH 5 . Figure 4 displays the
distribution of velocity in the velocity boundary layer for diverse values of the slip parameter for two different
cases with MnZnFe,0, and NiZnFe,0, as nanoparticles suspended in C;yH,, as a base fluid and NiZnFe,O, as
nanoparticles with C;yH22 as a base fluid. Here, it is noticed that velocity gradient declines for enhance in values
of slip parameter. Solution containing MnZnFe,O, and NiZnFe,O, as nanoparticles declines faster than the
solution suspended with NiZnFe, O, as nanoparticle. Physically, this infers that the frictional obstruction
between the surface and liquid molecule increments. Therefore, the fluid velocity declines. Figure 5 delineates
the impact of the nanoparticle solid volume fraction over two different solution containing MnZnFe,O, and
NiZnFe,0, as nanoparticles with hybrid base fluid and CgH 5 base fluid respectively. It is noticed that the
increased values of ¢ improves the axial velocity gradient. The impact of boundary layer thickness is to oppose
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Table 2. Thermo physical properties of both MnZnFe, Oy — NiZnFe, Oy — CyoHy; and MnZnFe,04 — NiZnFe, O, — CjoHy; — CgHys ([7, 10] and [33]).
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Table 3. Thermo physical properties of NiZnFe,0, -C;oH,;, and MnZnFe,0,4-NiZnFe,0, -C;oH,»([7, 10] and [33]).

PI‘OPel‘ties NiZnFe, Oy — CioH,) MnZnFe, O, — NiZnFe, O, — CgHig
Densit Pf = _ s Vot _(q 1 - “Cpa (s
Y p == of -9+ e ooy — A= o)L= )+ b |+ b
. (PCplnf (pCp)s (0Cpdhnf (PCp)s1 (pCp)s2
Heat capacity pC e (1 — 1 — ek P — 1 — {d i
p Y PLp (Cplf ( ¢) ( ¢) + ¢(Pcp)f WCpy ( ¢z) ( ¢1) + ¢1 (WCpy + ¢2 (WCpy
. . _ Hy _ Hf
Viscostor 5nf N (l<c1; fbk)z)'5 26(kf — ks) fhnf } (I<<1 ¥ @122-5)(1 2 d)z()kz y ks2)
.. kg Ges+ 2kp) — 20k — ks hnf (k2 + 2kpp) — 295 (kif — ks2
Thermal conductivity ki T (ks 2kp) + ok — ko) kef  (ks2+ 2ke) + oyl — ks2)
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ke (ki +2kp) + py(hkp —ka)

Prandtl number 21 12900

relative movement of the liquid. The effect of viscosity is to resist relative motion of the fluid. In fact, it plays a key
role in momentum transfer between the layers of fluid, and it acts when there are movements between those
layers. In liquids, it is due to the van der Waals forces between the molecules. 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 particular measure of a liquid, bigger
nanoclusters emerge because of van der Waals 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 by MnZnFe,O,4 and NiZnFe,O, as nanoparticles with hybrid base fluid inclines faster.
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Figure 5. Effect of volume fraction on profile of axial velocity.
Table 4. Comparison table of f”(0) and f (co) for different values of slip parameter when .
A 0.0 0.3 1 2 5 30
Wang [34] £"(0) -1 —0.701 —0.430 —0.284 —0.145 —0.0438
f(c0) 1 0.887 0.748 0.652 0.514 0.322
Present £"(0) -1 —0.70125 —0.43014 —0.28412 —0.14585 —0.04384
f(c0) 1 0.88756 0.74895 0.65245 0.51458 0.32254
Thermal distribution

The variation in thermal distribution for several influencing parameters are displayed in figures 6—11. Plots of
the thermal function in the absence of added effects for two different solutions subtended by ferrites
nanoparticles with hybrid base fluid and C,H,, respectively, are shown in the figure 6. It is observed that,
solution with C;yH,; as a base fluid has higher thermal gradient when compared with hybrid base fluid
subtended by ferrites nanoparticles. Figure 7 explains the change in thermal gradient due to the absence of added
effects. MnZnFe,0O, and NiZnFe,O, as nanoparticles suspended in engine oil as a carrier fluid has lower thermal
gradient when compared with NiZnFe,O, as nanoparticles with Engine oil as a base fluid. Figure 8 illustrates the
change in thermal gradient in the interior of the boundary layer for several values of slip parameter for hybrid
base fluid and base fluid kerosene oil both containing ferrites nanoparticles MnZnFe,O4 and NiZnFe,O, . Itis
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 nanoparticles MnZnFe,0, and NiZnFe,O, shows higher rate of increase
when compared with hybrid base fluid suspended by ferrites nanoparticles MnZnFe,O, and NiZnFe,O, . The
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heat transference at the surface diminishes with the expansion in estimation of slip boundary. This might be
because of the way 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 along with kerosene oil as a base fluid. Physically, inclination in Biot number produces
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Figure 11. Curve of 0 (¢) for diverse values of R.

large heat transfer through convection which results in inclination of thermal field. Figure 10 illustrates the
behaviour of thermal gradient over the influence of Biot number for suspended ferrites nanoparticles with
CgH g as base fluid and NiZnFe, O, nanoparticles with C;oH,, 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
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Figure 13. Curve of coefficient of skin friction over volume fraction.

with kerosene oil as a base fluid suspended by ferrites nanoparticles (figure 9). Similar pattern in rate of increase
can be observed for both hybrid nanofluid and nanofluid flow (figure 10). Physically, the more 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 with C;yH,, as a base fluid. 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 nanoparticle NiZnFe, O, is faster than hybrid
nanofluid with ferrites nanoparticles MnZnFe,O, and NiZnFe,O, . Since, heat radiation has a profound effect
on the liquid temperature. Here, it is noted that the distribution of temperatures increases when the R is
increased which in turn generates internal heat in the system. This is because the insertion of the coefficient
decay by arise in R which is responsible to the enhancement of thermal field.

Coefficient of skin friction and rate of heat transfer

Figures 1215 displays the change in coefficient of skin friction and Nusselt number. The coefficient of skin friction
and Nusselt number expressions are given in mathematical formulation section. Figure 12 is plotted to discuss the
variation in coefficient of skin friction for several combination of nanoparticles with different combination of base
fluids. One can observe from figure that skin friction coefficient of MnZnFe,0,-NiZnFe,0,-C;oHp,-CgH 5 is
higher when compared to remaining nanoparticle mixture with single base fluid as shown in figure 12. It is because
of the fact that the presence of ferrite nanoparticles in single base liquid diminishes the wall shear stress as related to
the case when C;oH,,-CgH; ¢ based ferrite nanoparticles. Figure 13 is plotted to analyse the coefficient of skin friction
for diverse values of volume fractions. One can observe from the figure that the uppermost wall shear stress is
detected for MnZnFe,0,-NiZnFe,0,-C,oH,,-CsH s when compared to MnZnFe,0,-NiZnFe,0,-C,yH,, . This is
because of the way that, the ferrite nanoparticles which bring about the enhancement of the thickness of the
nanofluid inside the boundary layer and yet the wall shear stress increases. Figure 14 illustrates the variation in heat
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transfer rate versus B. Itis detected from figure that the rate of heat transference is lesser in MnZnFe,0,-NiZnFe,0,-
C1oHa,,-CsH g when compared to NiZnFe,0,-CoH,, . The variation in rate of heat transfer NiZnFe,O,-C,oHy,in for
diverse values of R is depicted in figure 15. One can observe from plot that enhancement in radiation effect increases
the rate of heat transfer. Table 4 is constructed to show the validation of the problem by comparing our results in
limiting case for f”(0) and f (c0) with Wang [34] and we found the excellent agreement of results.

Conclusion

+ Present paper is about hybrid nanofluids flow over a stretching sheet with velocity slip, thermal radiation and
convective conditions. Key points of the present analysis are mentioned below:

+ Velocity of MnZnFe,0,4-NiZnFe,0,-C,oH,,-CgH 5 is dominant over all other nanofluids.

+ Temperature of the fluid is more for MnZnFe,O,-NiZnFe,0,-C,oH,, as compared to
MnZnFezo4—NiZnFezo4—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 is more for NiZnFe, Oy — C,oH,; as compared to MnZnFe,0,4-NiZnFe,0,4-C,oH;,-CsHjs.

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