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Investigations on thin-film flow play a vital role in the field of optoelectronics and magnetic devices. Thin films
are reasonably hard and thermally stable but quite fragile. The thermal stability of a thin film can be further improved
by incorporating the effects of nanoparticles. In the current work, a stretchable surface is considered upon which hybrid
nanofluid thin-film flow is taken into account. The idea of augmenting heat transmission by making use of a hybrid
nanofluid is a focus of the current work. The flow is affected by variations in the viscous forces, along with viscous
dissipation effects and Marangoni convection. A time-constrained magnetic field is applied in the normal direction to
the flow system. The equations governing the flow system are shifted to a non-dimensional form by applying similarity
variables. The homotopy analysis method is employed to find the solution to the resultant equations. It is noticed in this
study that the flow characteristics decline with augmentation of magnetic, viscosity and unsteadiness parameters while
they increase with enhanced values of thin-film parameters. Thermal characteristics are supported by increasing values
of the Eckert number and the unsteadiness parameter and opposed by the viscosity parameter and Prandtl number. The
numerical impact of different emerging parameters upon skin friction and the Nusselt number is calculated in tabular form.
A comparison of current work with established results is carried out, with good agreement.

Keywords: thin-film flow, hybrid nanofluid, viscous dissipation, stretching surface, homotopy analysis method
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1. Introduction

Recently thin-film flow has obtained considerable signif-
icance due to its important applications at the industrial level
such as coating of fibers and cables, cooling of metallic plates,
processing of foodstuffs, extrusion of plastic surface thinning
and annealing of copper wires.[1] Researchers have been in-
spired by the pioneering work of Wang,[2] who investigated
the time-dependent flow of a thin film over a stretchable sur-
face. Wang’s[2] ideas were further extended by Andersson et
al.[3] to improve heat transmission characteristics. Afterwards,
Liu and Andersson[4] presented the idea of thin-film flow in a
more generalized form. Wang[5] performed an analytical solu-
tion using the homotopy analysis method (HAM) for thin-film
flow upon a time-dependent stretched sheet. Wang compared
the results of HAM with the numerical solution and found a
good agreement between the results. Iqbal et al.[6] analyzed
thin-film flow upon an unsteady surface using thermophoresis
effects and Brownian motion. They observed that the ther-
mal profiles were augmented by a corresponding increase in
Brownian and thermophoresis parameters. Sadiq[7] analyzed
the thermal characteristics for thin-film nanoparticles upon a
stretched surface by using the temperature of the surface and

an internal heat generation source. Sadiq used water as the
base fluid with copper, titanium and alumina nanoparticles,
and proved that augmentation of the volumetric fraction of
solid nanoparticles reduced the flow and enhanced the thermal
characteristics.

The suspension of small-sized particles (of a size <

100 nm, i.e., nanoparticles) in a base fluid results in
a nanofluid.[8,9] It has been proved experimentally[8] that
nanofluids has higher thermal flow characteristics than tradi-
tional fluids. Additionally, hybrid nanofluids have attracted the
attention of researchers due to their wide range of applications
in the fields of medicine, nanotechnology and the phenomenon
of thermal transmission. Khan et al.[10–12] published an excel-
lent analysis of heat transmission by hybrid nanofluids using
various flow conditions and different graphical views. They
proved that the rate of thermal flow is much better for hybrid
nanofluids compared with traditional fluids. Due to the use
of hybrid nanofluids, as investigated by Hayat et al.,[13] ap-
plications in many fields such as biomedicines, conservation
of energy, ceramics, optics and nanotechnology have been up-
dated. Khan et al.[14] researched the thermal flow of a carbon
nanotube nanofluid between two rotating plates. The authors
of this investigation used various flow conditions and high-
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lighted that thermal diffusivity of the fluid was augmented
with enhancement in thermal radiation and Brownian motion.
Pal and Mandal[15] discussed the flow of a hybrid nanofluid
past a stretched surface with impact of a magnetic field. Xu et
al.[16–19] carried out some impressive work to improve the flow
and heat transfer of a nanofluid by using various flow condi-
tions with different geometrical views. In these investigations
the authors made an attempt to fill the gaps in the existing lit-
erature.

Viscous dissipation is caused by devastation of a fluctuat-
ing velocity gradient due to viscous stresses. This irreparable
procedure normally leads to the conversion of kinetic energy
to internal energy of the fluid and causes heating of the flow
system. Pop[20] analyzed the idea of energy dissipation and
transportation at the nanoscale and also highlighted that this
concept is of great importance in designing energy conserva-
tion systems and energy-efficient circuits. Ali et al.[21] ex-
amined the impact of viscous dissipation upon thermal flow
for hybrid nanoparticles in a porous channel. It was no-
ticed in that study that the thermal profiles were augmented
with the enhancement of energy dissipation. Sharma et al.[22]

inspected the effects of forced convection heat transmission
on time-dependent fluid flow between rotary discs. In that
work the authors used the basic concept of the Neuringer–
Rosensweig model for flow equations. They noted that the
dissipation parameter caused an augmentation in thermal flow.
Augusto et al.[23] employed the concept of thermal flow and
viscous dissipation for the reduction of friction inside a grease-
filled labyrinth seal. They used an Arrhenius-type equation
in their mathematical modeling. Khan et al.[24–26] analyzed
the augmentation of heat transfer and thermal flow by a thin
moving needle surrounded by a moving fluid. In these inves-
tigations, the authors used the impact of viscous dissipation
along with other flow conditions and established that thermal
flow and heat transmission were augmented by enhancing the
values of the viscous parameter.

The inspection of viscous fluid flow upon a stretching sur-
face is of significant importance due to practical applications
in numerous manufacturing procedures such as copper wire
drawing, fabrication of glass, stretching of artificial fibers and
plastic films, and polymer extrusions, etc. The performance of
the final product depends upon the rate of mass and thermal
flow over the stretching surface, as examined by Karwe and
Jaluria.[27] Lund et al.[28] analyzed the Tiwari and Das model
using the thermophoresis characteristics of nanoparticle fluid
flow upon a porous stretching surface. In that study, the au-
thors used copper and alumina nanoparticles in water as the
base fluid. Abbas et al.[29] investigated the inclined stretching
surface of the flow of a hybrid nanofluid using the Xue and
Yamada–Ota models. Zainal et al.[30] highlighted the stability

concept of a magnetohydrodynamic nanoparticle flow upon
a stretching sheet with the squared velocity term. Anuar et
al.[31] explored the effects of buoyancy on hybrid nanofluid
flow over a stretching plate using silver and magnesium oxide
nanoparticles. They noted that velocity declined while ther-
mal flow was enhanced with increased volumetric fraction of
nanoparticles. Readers can find more information about the
related work in Refs. [32–41].

Several investigations have been conducted into thin-film
flow over a stretching sheet by employing different flow con-
ditions, but no work has yet been carried out on thin-film flow
of a hybrid nanofluid with variable viscosity influenced by
Marangoni convection, which is the main motivation for this
work. In the current work, a stretchable surface is considered
upon which flow of a hybrid nanofluid thin film is taken into
account. The current work focuses on the idea of augmenting
heat transmission by making use of a hybrid nanofluid. The
equations that govern the flow problem will be converted to di-
mensionless form by employing a set of similar variables. The
resultant set of equations will then be solved by using HAM.

2. Mathematical formulation
Consider an unsteady two-dimensional thin-film flow of a

hybrid nanofluid upon a stretching surface affected by a mag-
netic field applied in the direction normal to the flow of fluid.
The stretched velocity of the surface is Uw = bx/1−at, where
b and γ are fixed values. To augment the heat transfer charac-
teristics of the fluid flow, titanium oxide and silver nanoparti-
cles were incorporated into the base fluid. The flow is also in-
fluenced by variable viscosity and Marangoni convection. The
fixed concentration and temperature of the hybrid nanofluid
are C0 and T0, respectively, whereas these respective quanti-
ties at the surface of the sheet are Cw(x, t) = Cr(bx2/2ν)(1−
at)−3/2 and Tw(x, t) = T0 − Tr(bx2/2ν)(1− at)−3/2 with Cr

and Tr being the reference values of the nanofluid, such that
0 <Cr <C0 and 0 < Tr < T0.

Slot

y

x

σ
⊗

Free surface

u
T

h↼t↽

Ts Stretching sheet

Wall surface

Uw
TiO2

Ag
Hybrid naofluid

Fig. 1. Graphical view of the flow problem.
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By implementing the above assumptions, the flow and
thermal equations can be described as

∂u
∂x

+
∂v
∂y

= 0, (1)

ρhnf

[
∂u
∂ t

+u
∂u
∂x

+ v
∂u
∂y

]
=

∂

∂y

(
µ(T )hnf

∂u
∂y

)
−σ

∗B2(t)u, (2)

(ρCp)hnf

[
∂T
∂ t

+u
∂T
∂x

+ v
∂T
∂y

]
= khnf

∂ 2T
∂y2

+µ(T )hnf

(
∂u
∂y

)2

. (3)

The above equations are governed by the following physical
conditions:

u =Uw, v = 0, T = Tw, at y = 0,

µhnf (T )
∂u
∂y

=
∂σ⊗

∂T
∂T
∂x

,

∂T
∂y

= 0 and v = u
∂h
∂ t

at y = h(t). (4)

In Eq. (4) the surface tension is denoted by σ⊗ =

σ0 [1− γ (T −Tb)], with γ = (∂σ⊗/∂T )T=T0
having a fixed

value. Moreover, the flow components along the coordinate
axes are u and v, while the heat capacity, thermal conductivity
and density of the hybrid nanoparticles are

(
ρCp

)
hnfkhnf and

ρhnf, respectively.

2.1. The Reynolds model

In this model,

µ(T )hnf =
µf

(1−φ1)2.5(1−φ2)2.5 e−m(T−T∞), (5)

where T∞ is the temperature at the free stream and m is the
variation exponent of viscosity.

The dimensionless variables are as follows:

u =
∂ψ

∂y
and v =−∂ψ

∂y
, η =

(
b

υf(1−at)

)1/2

y,

ψ(x,y, t) =
(

υfb
1−at

)1/2

x f (η),

β =
b

υf(1−at)1/2 h(t),

T (x,y, t) = T0−Tr
(
bx2/2υf

)
(1−at)−3/2

Θ(η),

Λ = m(Tw−T∞). (6)

By incorporating Eq. (6) into the system of modeled equations
we have

f ′′′+
µf

µhnf

ρhnf

ρf
eΛΘ

[
f f ′′− ( f ′)2−S( f ′+

η

2
) f ′′
]

−M
σhnf

σf

µf

µhnf
f ′ = 0, (7)

khnf

kf
Θ
′′+Pr

(
ρCp

)
hnf(

ρCp
)

f

[
fΘ ′−2 f ′Θ − S

2
(3Θ +ηΘ

′)

]
+

µhnf

µf
e−ΛΘ PrEc( f ′′)2 = 0. (8)

Some physical parameters are encountered while changing the
governing system of equations to dimensionless form, which
are defined mathematically as

S =
γ

b
, M =

σ∗B2
0

ρfb
, Pr =

µfCp

kf
,

Ec =
U2

w

Cp(Tw−T0)
, Γ =

γσ0Tref

µf
√

bυf
. (9)

Here S is unsteadiness parameter, M is a magnetic parameter,
Pr is the Prandtl number, Ec is the Eckert number, Γ is the
Marangoni convection parameter and Λ is the viscosity pa-
rameter.

The conditions at the boundaries in the dimensionless
form are converted as

f (0) = 0, f (β ) =
Sβ

2
, f ′(0) = 1,

µ(T )hnf

µf
f ′′ (β ) = ΓΘ(β ), Θ(0) = 1, Θ

′(β ) = 0. (10)

The thermophoresis characteristics of traditional and hybrid
nanofluids are shown in Table 1 while their numerical values
are given in Table 2.

Table 1. Thermophysical characteristics of TiO2 and (TiO2 +Ag/blood) nanofluid.[42]

Properties Nanofluid (TiO2) Hybrid nanofluid (TiO2 +Ag/blood)

Density ρnf = (1−ϕ1)ρf +ϕ1ρs1 ρhnf =

{
(1−ϕ2)

(
(1−ϕ1)+ϕ1

ρs1

ρf

)
+ϕ2

ρs2

ρf

}
ρf

Heat capacity
(
ρCp

)
nf = (1−ϕ1)

(
ρCp

)
f +ϕ1

(
ρCp

)
s1

(
ρCp

)
hnf =

{
(1−ϕ2)

(
(1−ϕ1)+ϕ1

(
ρCp

)
s1(

ρCp
)

f

)
+ϕ2

(
ρCp

)
s2(

ρCp
)

f

}(
ρCp

)
f

Dynamic viscosity µnf =
µf

(1−ϕ1)
2.5 µhnf =

µf

(1−ϕ1)
2.5 (1−ϕ2)

2.5

Thermal conductivity κnf =
κs1 +2κf−2ϕ1 (κf−κs1)

κs1 +2κf +ϕ1 (κf−κs1)
κf κhnf =

κs2 +2κf−2ϕ2 (κf−κs2)

κs2 +2κf +ϕ2 (κf−κs2)
κnf
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Table 2. Numerical values of TiO2 and TiO2 +Ag/blood nanofluid for thermophysical properties.

Properties TiO2 nanoparticles Ag nanoparticles Pure blood base fluid

ρ (kg/m3) 4250 10500 1063
Cp (J·kg−1·K−1) 686.2 235 3594

κ (W/mK) 8.954 429 0.492

3. Solution method
It is a common observation that most physical phenomena

when modeled mathematically give rise to a nonlinear equa-
tion. Sometimes, the resultant set of equations is highly non-
linear. To solve such models, researchers and mathematicians
have designed certain tools and techniques. HAM[12,43,44] is
one technique that is used to determine the semi-numerical so-
lution to such problems. This method requires some starting
values, which are defined below.

The operators πf, πΘ , and πΦ in linear form are expressed
as

πf =
∂ 4 f
∂ξ 4 , πΘ =

∂ 2Θ

∂ξ 2 . (11)

The expanded form of these operators is

πf(χ1 +χ2ξ +χ3ξ ) = 0, πΘ (χ4 +χ5ξ ) = 0. (12)

The series expansion in Taylor’s series form is given below:

f (ξ ;ρ) = f0(ξ )+
∞

∑
x=1

fx(ξ )ρ
x, (13)

Θ(ξ ;ρ) = f0(ξ )+
∞

∑
x=1

Θx (ξ )ρ
x. (14)

Now

fx (ξ ) =
1
x

d f (ξ ;ρ)

dξ
|ρ=0, Θx (ξ ) =

1
x

dΘ (ξ ;ρ)

dξ
|ρ=0. (15)

Further, we can write

Lf [ fx(ξ )−Nx fx−1(ξ )] = πfR f
x (ξ ), (16)

LΘ [Θx(ξ )−NxΘx−1(ξ )] = πΘ RΘ
x (ξ ), (17)

where Nx = 0 if ρ ≤ 1 and ρ > 1.

4. Discussion of results
In the current work, a stretchable surface is considered

upon which hybrid nanofluid thin-film flow is taken into ac-
count. In this work we consider the idea of augmentation of
heat transmission by making use of a hybrid nanofluid. The
flow is affected by variations in the viscous forces along with
viscous dissipation effects and Marangoni convection. A time-
constrained magnetic field is applied in the direction normal to
the flow system. During the conversion of the equations that
govern the flow system into dimensionless form, some phys-
ical parameters have been encountered. The effects of these
parameters upon flow profiles are now discussed in detail with
the help of a graphical view, as given below.

4.1. Flow characteristics

The impact of variations in different emerging parameters
upon flow profiles is depicted in Figs. 2–5.

Figure 2 shows that change in the magnetic parameter M
reduces the flow profiles. Physically this can be interpreted
as follows: with increasing value of M a Lorentz force is pro-
duced that acts in the opposite direction to the flow of fluid and
causes resistance to the fluid’s motion. Due to these resistive
effects the fluid flow declines.

1.0

0.8

0.6

0.4

0.2

0

f
′(
η
)

0 0.2 0.4 0.6 0.8 1.0

η

TiO2+Ag

Ag

M/.↪ .↪ .↪ .

Fig. 2. Flow profiles versus magnetic parameter.

Figure 3 shows that an increase in the value of the viscos-
ity parameter Λ results in a reduction of the velocity profiles.
Actually, with an increase in the value of Λ the viscous forces
increase, and as a result more resistance is experienced by the
nanoparticles during motion. In this physical phenomenon, the
thickness of the momentum boundary layer is reduced, caus-
ing the velocity profiles to decline.

1.0

0.8

0.6

0.4

0.2

0

f
′(
η
)

0 0.2 0.4 0.6 0.8 1.0

η

TiO2+Ag

Ag

Λ/.↪ .↪ .↪ .

Fig. 3. Flow profiles versus viscosity parameter.

From Fig. 4 we can see that velocity is reduced in re-
sponse to an increase in the unsteadiness parameter S. Phys-
ically this can be interpreted as follows: an increase in the
value of S causes more resistive force to the fluid motion and
increases the skin friction. In this whole process, the strength
of the momentum layer is reduced, ultimately decreasing the
velocity of the nanoparticles.
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1.0

0.8

0.6

0.4

0.2

0

f
′(
η
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η

TiO2+Ag
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S/.↪ .↪ .↪ .

Fig. 4. Flow profiles versus unsteadiness parameter.

Figure 5 shows the impact of the thin-film parameter β

upon the flow of fluid. An increase in the value of β leads
to strengthening of the thickness of the momentum boundary
layer, as a result of which the flow characteristics of the fluid
increase.

1.0

0.8

0.6

0.4

0.2

0

f
′(
η
)

0 0.2 0.4 0.6 0.8 1.0

η

TiO2+Ag

Ag

β/.↪ .↪ .↪ .

Fig. 5. Flow profiles versus thin film parameter.

4.2. Thermal characteristics

The impact upon flow profiles in response to variations in
different emerging parameters has depicted in Figs. 6–9.

A change in thermal profiles in response to variations in
the Eckert number Ec is presented in Fig. 6. It can be observed
that with a growth in the value of Ec the transmission of en-
ergy increases from higher to lower regions. In this process
kinetic energy changes to heat energy, leading to growth in the
thermal profiles.

1.0

0.8

0.6

0.4

0.2

0

Θ
(η
)

0 0.2 0.4 0.6 0.8 1.0

η

TiO2+Ag

Ag

Ec/↪ .↪ .↪ 

Fig. 6. Thermal profiles versus Eckert number.

Figure 7 depicts that the thermal characteristics decline
with augmentation in Prandtl number Pr. Actually, at lower
values of Pr more heat diffuses while at higher values of Pr

less heat diffuses. Hence an increase in the value of Pr causes
a reduction in thermal diffusion, leading to a decline in thermal
characteristics.

1.0

0.8

0.6

0.4

0.2

0

Θ
(η
)

0 0.1 0.2 0.3 0.4 0.5

η

TiO2+Ag

Ag

Pr/↪ ↪ ↪ 

Fig. 7. Thermal profiles versus Prandtl number.

Figure 8 depicts that for increasing values of the un-
steadiness parameter S more heat transfer occurs from re-
gions of higher concentration to lower ones. This phenomenon
strengthens the thickness of the thermal layer and causes an
enhancement in the heat transfer.

1.0

0.8

0.6

0.4

0.2

0

Θ
(η
)

0 0.1 0.2 0.3 0.4 0.5

η

TiO2+Ag

Ag

S/↪ ↪ ↪ 

Fig. 8. Thermal profiles versus unsteadiness parameter.

Figure 9 portrays the influence of variations in the viscos-
ity parameter Λ upon heat transmission. It can be noticed from
this figure that for increasing values of Λ the thickness of the
thermal layer decreases, as a result of which there is less heat
diffusion. In this physical process, heat transmission declines
as depicted in Fig. 9.
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)
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η
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Λ/.↪ .↪ .↪ .

Fig. 9. Thermal profiles versus viscosity parameter.

4.3. Discussion of the tables

The thermophysical properties of nanoparticles are pre-
sented in Table 1 while their numerical values are depicted
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in Table 2. The impact of various parameters on the ther-
mal transfer rates for hybrid and traditional nanofluids is de-
scribed numerically in Table 3. It can be seen that the Nusselt
number increases with higher values of Ec, volumetric frac-
tion of solid nanoparticles and the thin-film parameter while
it declines with growth in the value of the viscosity parameter.
The rate of heat transmission for hybrid nanoparticles has been
noted to be much better than of a traditional nanofluid. A com-
parative analysis of current results and those published in the
literature by Qasim et al.[45] was also carried out in the current
investigation with regard to variations in common parameters.

This comparison is presented in Table 4, where good agree-

ment is noticed. In Fig. 10 the percentage augmentation in the

rate of thermal flow is presented with a comparison between

TiO2 nanoparticles and (TiO2 +Ag) nanoparticles. From this

chart, it is quite obvious that the rate of thermal flow varies

from 3.77% to 9.02% when the values for TiO2 nanoparti-

cles range from 0.01 to 0.03 whereas for the same range for

(TiO2 +Ag) nanoparticles the thermal flow rate varies from

4.05% to 9.58%. This justifies that hybrid nanoparticles en-

sure a greater heat flow rate than traditional nanofluids.

Table 3. Comparison of the heat transfer rate of nanofluids and hybrid nanofluids.

Λ β Ec φ1 φ2 −
(

knf
kf

)
Θ ′(0) for nanofluid −

(
khnf
kf

)
Θ ′(0) for hybrid nanofluid

0.3 0.5 0.5 0.01 0.01 0.356412 0.0.355283
0.5 0.01 0.354210 0.3531312
0.7 0.02 0.3521023 0.35132621

0.6 0.3553121 0.35223012
0.7 0.35437521 0.35100213

1 0.78632104 0.79578213
1.5 0.98876210 1.08932943

0.02 0.02 0.99742187 1.13201342
0.03 0.03 1.203421642 1.41032145

Table 4. Comparison of the values of the common parameters in the current work and the work of Qasim et al.[45]

Ec β f ′′(0) ( [45]) f ′′(0) (present work) −Θ ′(0) ( [45]) −Θ ′(0) (present work)

2 0.5 0.32532103 0.325312421 1.4342164 1.43420013
3 0.3252210 0.32521203 2.21356421 2.21353108
4 0.32510213 0.32509213 3.02175431 3.021723142

0.6 0.34568521 0.345675421 1.23142310 1.231421212
0.7 0.36574218 0.365731021 1.02146321 1.021462142

%Enhancment in heat transfer rate

10%
9%
8%
7%

5%
6%

4%
3%
2%
1%
0%

0%

0%

4.05%

3.77%

6.08%

5.81%

9.58%

9.02%

0 0.01 0.02 0.03

TiO2 TiO2-Ag

φ1, φ

Chart. Percentage increase in heat transfer rate and comparison between
nanofluids and hybrid nanofluids.

5. Conclusion

In this investigation, a stretchable surface is considered
upon which a hybrid nanofluid thin-film flow is taken into ac-
count. In this work we focus on the idea of augmenting heat
transmission by making use of a hybrid nanofluid. The flow
is affected by variations in the viscous forces along with vis-
cous dissipation effects and Marangoni convection. A time-
constrained magnetic field is applied in the direction normal

to the flow system. During the conversion of the equations
that govern the flow system into dimensionless form, some
physical parameters are encountered. The effects of these pa-
rameters on the flow profiles have been discussed in detail with
the help of graphs. After a detailed discussion of the work the
following points can be noted:

• When increasing the values of the magnetic parameter
a Lorentz force is produced that acts in the opposite di-
rection to the fluid flow and causes resistance to fluid
motion. Due to these resistive effects the fluid flow de-
clines.

• As the values of the viscosity parameter increase the vis-
cous forces increases, due to which more resistance is
experienced by the nanoparticles during the motion that
in turn weakens the velocity profile. The same effects
were noticed for increase in the unsteadiness parameter
with fluid motion.

• Increase in the thin film parameter leads to strengthen-
ing of the thickness of the momentum boundary layer,
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as a result of which the flow characteristics of the fluid
improve.

• The transfer of energy increases with increase in the
value of the Eckert number, which leads to growth of
the thermal profile.

• Increase in the Prandtl number results in a reduction in
thermal diffusion that causes a decline in thermal char-
acteristics.

• With increase in the value of the unsteadiness parame-
ter more heat transfer takes place from regions of higher
concentration to regions of lower concentration, due to
which an enhancement in heat transfer occurs.

• With increasing value of the viscosity parameter, the

thickness of the thermal layer is reduced; as a result less
heat diffuses and ultimately heat transmission declines.

• It is also established that the rate of thermal flow varies
from 3.77% to 9.02% when the values of TiO2 nanopar-
ticles range from 0.01 to 0.03 whereas for the same
range of values of (TiO2 +Ag) nanoparticles the ther-
mal flow rate varies from 4.05% to 9.58% demonstrat-
ing that hybrid nanoparticles ensure a greater heat flow
rate than a traditional nanofluid.
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Appendix A
Table A1. Nomenclature.

u,v Velocity components (m·s−1) M Magnetic parameter
B0 Magnetic field strength (N·m·A−1) Pr Prandtl number
T0 Surface temperature (K) Ec Eckert number
T Free surface temperature (K) Cp Specific heat capacity (J·kg−1·K−1)

f ′ Dimensionless velocity Γ Marangoni convection parameter
k Thermal conductivity (W·m−1·K−1) S Unsteadiness parameter
Λ Viscosity parameter

Greek symbols
µ Dynamic viscosity (mPa) ρ Density (kg·m−3)
η Similarity variable σ Electrical conductivity
Θ Dimensionless temperature β Thin film parameter
Subscripts
hnf Hybrid nanofluid nf Nanofluid

f Base fluid
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