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This work explores the influence of double diffusion over thermally radiative flow of thin film hybrid nanofluid and
irreversibility generation through a stretching channel. The nanoparticles of silver and alumina have mixed in the Maxwell
fluid (base fluid). Magnetic field influence has been employed to channel in normal direction. Equations that are going
to administer the fluid flow have been converted to dimension-free notations by using appropriate variables. Homotopy
analysis method is used for the solution of the resultant equations. In this investigation it has pointed out that motion of
fluid has declined with growth in magnetic effects, thin film thickness, and unsteadiness factor. Temperature of fluid has
grown up with upsurge in Brownian motion, radiation factor, and thermophoresis effects, while it has declined with greater
values of thermal Maxwell factor and thickness factor of the thin film. Concentration distribution has grown up with higher
values of thermophoresis effects and has declined for augmentation in Brownian motion.

Keywords: Maxwell fluid flow, magnetohydrodynamic (MHD), hybrid nano fluid flow, stretching channel,
double diffusion, entropy generation, HAM technique
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1. Introduction
Thin film plays a dynamic role in quantum phenomena in

super-lattices and multi ferric materials. When the base fluids
include nanoparticles thin films are more suitable for analyz-
ing the process of thermal flow. Qasim et al.[1] investigated
the heat and mass flows by using thin film nanoparticles-based
fluid over a stretching surface and concluded that tempera-
ture of fluid decreases with the values of nanoparticles volume
fraction and viscous dissipation factor increasing. Adebayo et
al.[2] studied pulsed wave experimentally by using thin film
flow past a plate and numerically solved their problem. Akkus
et al.[3] considered a thin film flow of fluid and analyzed the
modeled equations numerically. Dantapat et al.[4] studied thin
film flow solution analytically by employing viscous fluid flow
past a stretching sheet. Saeed et al.[5] debated on nonlinear
convection fluid flow for thin film nanofluid past an inclined
plate and analyzed the growth of mass and thermal flow rate
in the form of percentage values.

In recent years, the explorations linked to fluid of non-
Newtonian nature have received much attention due to its en-
gineering and industrial applications in making metallic plates
and fabricating rolling sheets and plastic polymers. Such a
fluid cannot be described by using a single constitutive equa-
tion; but they are described by many equations. Such fluids
also involve Maxwell fluid equations. Islam et al.[6] inspected

mixed convective and thermally radiative Maxwell nanofluid
flow on horizontally placed stretching cylinder by using the
effects of heat sink/source upon flow system. Nadeem et al.[7]

discussed Maxwell nanofluid flow past an expanding surface
and noticed that the temperature distribution increases with
nanoparticles concentration growing. The influence of ther-
mal radiation was employed by Zainal et al.[8] for investigat-
ing Maxwell nanofluid past a shrinking surface. Jawad et al.[9]

have studied analytically the mixed convective MHD Maxwell
nanofluid flow subjected to Dufour, Soret and thermal con-
ductivity effects. Abdal et al.[10] explored MHD Maxwell
nanofluid flow over a stretched and permeable surface sub-
jected to activation energy and bioconvection effects. Abbasi
and Shehzad[11] have analyzed threedimensional Maxwell
fluid flow past a bidirectional stretched sheet.

The discipline for studying the characteristics of electri-
cally conducted fluid such as salty water, is termed magne-
tohydrodynamics (MHD). The MHD has many applications
in engineering and medical industry,[12] for instance mag-
netic endoscopy, treatment of cancer tumor, and drug target-
ing. Turkyilmazoglu[13] analyzed the thermal flow past a ro-
tary disk by applying a uniform magnetic field in the hori-
zontal direction and has concluded numerically that thermal
profile is amplified with magnetic factor increasing. Saleh and
Hashim[14] discussed MHD mixed convective fully developed
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flow through a vertical channel and highlighted that rever-
sal flow also exists in the channel. In Ref. [15], the authors
studied the transport characteristics for n-type diluted mag-
netic semi-conductors by using the properties of electronic and
magnetic effects. Uddin et al.[16] discussed intelligent network
for MHD double diffusive thin liquid flow past a stretched sur-
face. Hosseinzadeh et al.[17] discussed MHD micro-polar hy-
brid nanofluid flowing through a sinusoidal cylinder and deter-
mined that the velocity is weakened and temperature as well
as skin frictionincreases with intensification in concentration
of nanoparticles and magnetic field effect. Guedri et al.[18]

investigated the dissipative flow and generation of irreversibil-
ity for EMHD fluid flow on a surface, and revealed that tem-
perature increases with electric field effect and magnetic field
effect increasing.

It is noticed that in modern time technology the thermal
conductance of many base fluids needs to be improved. For
this purpose, nanoparticles are mixed in a pure fluid and the
resulting fluid is termed nanofluid. The nanofluid has greater
thermal conductivity than normal fluids. Such a fluid has
many industrial applications, such as coolant of exchangers,
electric devices and automobile engine. The idea of mix-
ing nanoparticles into pure fluid was first introduced by Choi
and Eastman[19] for maximizing the thermal conductance of
normal fluid. Najafabadi et al.[20] discussed nanofluid flow
through a vertically placed channel under polynomial bound-
ary conditions. Ghadikolaei et al.[21] studied the MHD Cas-
son nanoparticles flow past an inclined stretched surface and
deduced that the fluid motion declines with magnetic factor
increasing. Shah et al.[22] have carried out a novel work by
considering gold nanoparticles in blood flowing through a per-
meable channel subjected to micro-polar effects and thermal
radiations. Khan et al.[23] discussed the radiative rotary flow
for MHD Casson nanofluid over a spinning cylinder with in-
fluence of Joule heating dissipation. Bilal et al.[24] analyzed
numerically the time-based hybrid nanofluid flow by using
chemically activated energy and deduced that the fluid mo-
tion and thermal distribution were augmented by employing
hybrid nanoparticles. Rajput et al.[25] inspected the augmen-
tation of Nusselt number for nanofluid in heat exchanger by
considering CNT and copper-oxide in flow system.

The production of entropy in the fluid flow phenomenon
is pretty important and more applicable concept. It is produced
because of irreversibility in the flow system. To enhance the
effectiveness of the system, entropy needs minimizing. Ul-
lah et al.[26] discussed the production of entropy carried out
the thermal flow analysis in power law fluid motion and high-
lighted that with the increase of Eckert number the production
of entropy augments while Bejan number decreases. Butt and
Ali[27] analyzed the influence of magnetic field on the produc-
tion of irreversibility for fluid flow on an elongated surface.

Cheng and Liang[28] analyzed the constraints on the produc-
tion of entropy for parallel two-stream flow thermal exchang-
ers using the viscous heating effect and deduced that the min-
imization of resistance to entropy causes the thermal flow of
fluid to augment. Khan et al.[29] investigated the thermal flow
and production of irreversibility for MHD Casson nanofluid
flow over a spinning cylinder.

Any physical phenomenon when it is modeled mathemat-
ically, mostly leads to some nonlinear differential equations.
The nonlinearity of such equations is much high in some phys-
ical problems. The analytical solving of such modeled equa-
tions is very difficult even impossible sometimes. Researchers
have settled many procedures to handle such nonlinear prob-
lems mathematically. Homotopy analysis method[30] is one of
such techniques used to solve various nonlinear problems.

Considered in this work are the following iteams.
(i) Effects of double diffusion on thermally radiative flow

of thin film hybrid nanofluid through a stretching channel.
(ii) Irreversibility produced by a flow system consisting

of Maxwell hybrid nanofluid.
(iii) Maxwell fluid is taken as pure fluid while Ag and

TiO2 nanoparticles suspend in it to hybridize the pure fluid.
(iv) Magnetic effects are applied in the normal direction

to current flow problem.

2. Formulation of problem
A thin film flow of fluid is considered through a stretch-

ing channel subjected to the influence of thermal radiations.
The motion in fluid is induced by applying a force to a sheet
that starts motion due to stretched behavior of the surface (as
shown in Fig. 1). The quantity h(t) describes the width of the
sheet. The initial velocity of the fluid is assumed to be zero
so that the fluid motion is systematically established due to
motion of sheet. Figure 1 shows the graphical view of flow
problem.

Ag TiO
2

hybrid nanofluid
Ag + TiO

2

B
0 Free surface

u
T

C

h(t)

y/h

y/0
Force

Slit

Stretching sheet

Fig. 1. Physical geometry of flow problem.

The motion of sheet in the presence of force is given by

U =
bx

(1−αt)1/2 , (1)

where U represents the velocity along the x axis while elastic-
ity term is given by b/(1−αt)1/2 with α ≥ 0 but α < 1 as
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time increases. The T0, Tr and C0, Cr are the reference tem-
peratures and concentrations respectively, and they are in the
following order: T0 ≥ Tr ≥ 0 and C0 ≥Cr ≥ 0. Moreover, the
surface temperature of sheet is depicted by Ts. The magnetic
field in the transverse direction is given by the following ex-

pression:

B0 (t, x) =
B0

(1−αt)1/2 . (2)

The leading equations are modeled as[1,5,31]

∂ u
∂ x

+
∂ v
∂ y

= 0, (3)(
∂ u
∂ t

+ v
∂u
∂y

+u
∂u
∂x

)
+λ1

(
v2 ∂ 2u

∂y2 +2uv
∂ 2 u

∂x ∂y
+u2 ∂ 2 u

∂ x2

)
= υ

∂ 2 u
∂ y2 −

σ B2
0

ρ

(
u+λ1 v

∂u
∂y

)
, (4)

∂T
∂ t

+u
∂T
∂x

+ v
∂T
∂y

= α

[
∂ 2 T
∂ y2

]
+ τ

[
DB

(
∂C
∂y

) (
∂T
∂y

)
+

DT

Th

(
∂T
∂y

)2
]

+ λ2


∂ 2T
∂ t2 +u

∂u
∂x

∂T
∂x

+ v
∂v
∂y

∂T
∂y

+u
∂v
∂x

∂T
∂y

+ v
∂u
∂x

∂T
∂x

+2u
∂ 2T
∂x∂ t

+
∂T
∂x

∂u
∂ t

+2v
∂ 2T
∂y∂ t

+
∂T
∂ t

∂v
∂ t

+u2 ∂ 2T
∂x2 + v2 ∂ 2T

∂y2 +2uv
∂ 2T
∂x∂y

 , (5)

∂ C
∂ t

+ v
∂ C
∂ y

+u
∂ C
∂ x

=
DT

Th

∂ 2T
∂y2 +DBhnf

∂ 2 C
∂ y2

+ λ3


∂ 2C
∂ t2 +u

∂C
∂x

∂u
∂x

+ v
∂C
∂y

∂v
∂y

+u
∂C
∂y

∂v
∂x

+ v
∂C
∂x

∂u
∂x

+2u
∂ 2C
∂x∂ t

+
∂C
∂x

∂u
∂ t

+2v
∂ 2C
∂y∂ t

+
∂C
∂ t

∂v
∂ t

+u2 ∂ 2C
∂x2 + v2 ∂ 2C

∂y2 +2uv
∂ 2C
∂x∂y

 . (6)

The flow components along the coordinate axes are u, v, while the density, thermal conductivity, specific heat, and viscosity are
denoted by ρ , K, Cp, and µ .

The conditions at boundaries are given below:

u =Uw, v = 0, C =Cw, T = Tw, when y = 0,
∂u
∂y

(µ ) =
∂C
∂y

=
∂T
∂y

= 0, v =
∂h
∂ t

, when y = h(t). (7)

Given below are the similarity variables which are used for transformation:

ψ (x,y, t) =
(

bυ

1−αt

)0.5

x f (ζ ) , C(x,y, t) =C0−Cr (1−αt)−1.5
(

bx2

2υ

)
ϕ (ζ ) ,

T (x,y, t) = T0−Tr (1−αt)−1.5
(

bx2

2υ

)
θ(ζ ), ζ =

(
b

υ(1−αt)

)0.5

y. (8)

The thickness of the thin film is described as

β = h(t)(b/υ(1−αt))0.5 , (9)
dh
dt

=
αβ

2
(1−αt)−0.5

(
υ

b

)0.5
. (10)

Using Eq. (8) the following equations are obtained:

f ′′′−
(

f ′
)2

+ f ′′ f −λ
(

f 2 f ′′′−2 f f ′′ f ′
)
−S
(

f ′+
ζ

2
f ′′
)
+M

(
λ f f ′′− f ′

)
= 0, (11)

1
Pr

Θ
′′− S

2
(
3Θ +ηΘ

′)−2 f ′Θ + fΘ ′+NbΦ
′
Θ
′+Nt

(
Θ
′)2

+ λT


3S2

2
(
Θ +Θ ′+ η

2 Θ ′′
)
− f f ′Θ + f f ′Θ ′+2( f ′)2

Θ +S f ′ (3Θ ′+ηΘ ′′)

+2SΘ
(

f ′+ η

2 f ′′
)
−2S f

(
2Θ ′+ η

2 Θ ′′
)
− S2

4 ( f +η f ′)(3Θ +ηΘ ′)

+ f 2Θ ′′−S f f ′ (3Θ ′+ηΘ ′′)

= 0, (12)
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Φ
′′+Sc

(
S
2
(
3Φ +ηΦ

′)−2 f ′Φ + f Φ
′
)
+

Nt

Nb
Θ
′′

+ λC


3S2

2
(
Φ +Φ ′+ η

2 Φ ′′
)
+2( f ′)2

Φ + f f ′Φ ′− f f ′Φ +S f ′ (3Φ ′+ηΦ ′′)

+2SΦ
(

f ′+ η

2 f ′′
)
−2S f

(
2Φ ′+ η

2 Φ ′′
)
− S2

4 ( f +η f ′)(3Φ +ηΦ ′)

+ f 2Φ ′′−S f f ′ (3Φ ′+ηΦ ′′)

= 0. (13)

Here, the Prandtl number, Brownian, unsteadiness, magnetic, Maxwell, and thermophoresis factors are presented by Pr, Nb, S,
M, λ , Nt specifically, they are given by the following mathematical expression:

S =
α

b
, Nb =

τDB (Cw−C∞)

υ
, λT =

λ1

(1−αt)
, Nt =

τDT (Tw−T∞)

υTh
, λC =

λ2

(1−αt)
, M =

σB2
0

ρb
, Pr =

µCp

k
. (14)

The subjected boundary conditions are converted into the following form by substituting Eq. (8) into Eq. (7):

f (0) = 0, f (β ) =
βS
2

, f ′(0) = 1, f ′′(β ) = 0, Θ
′(β ) = 0, Θ(0) = 1, Φ(0) = 1, Φ

′(β ) = 0. (15)

2.1. Quantities of interest

Some important quantities of interest are defined by the
following mathematical expressions:

Skin friction

Cf =
2τw

ρU2
w
,

Nusselt number

Nu =
qwx

k(Tw−T0)
, (16)

Sherwood number

Sn =
qmx

(Cw−C0) DB
,

with

τw = µ

(
∂u
∂y

)∣∣∣∣
y=0

,

qm =−DB

(
∂C
∂y

)∣∣∣∣
y=0

,

qw = −k
(

∂T
∂y

)∣∣∣∣
y=0

. (17)

In dimensionless notations we have

Re1/2Cf =− f ′′(0), Re−1/2Nu =−Θ
′(0),

Re−1/2Sh =−Φ
′(0), Re =

xUw

υ
. (18)

2.2. Entropy rate

The production of entropy is a basic concept and plays a
major part in any engineering or physical phenomenon. It is
based on second thermodynamics law which states that irre-
versibility is an increasing phenomenon in an isolated system
through some activations. Its mathematical expression is given
by

Sg =
k

T 2
∞

(
∂T
∂y

)2

+
µ

T∞

(
∂u
∂y

)2

+
µ

T∞K
(u)2 +

RD

C∞

(
∂C
∂y

)2

+
RD

T∞

∂C
∂y

∂T
∂y

,

SG = (1+Rd)λ
(
Θ
′)2

+Pr Ec

[(
f ′′
)2

+λ r
(

f ′
)2

+L
(

Θ
′
Φ
′+
(
Φ
′)2
)]

. (19)

Here SG = SgT∞/(Tw−T∞) is the entropy production rate, L = RD (Cw−C∞)/kf is the diffusive factor, and λ = (Tw−T∞)/T∞ is
the thermal difference factor.

2.3. Bejan number

The mathematical expression for Bejan number is given as follows:

Be =
λ (Θ ′)2

λ (Θ ′)2 +PrEc

[
( f ′′)2 +λ r ( f ′)2 +L

(
Θ ′Φ ′+(Φ ′)2

)] . (20)

3. Solution method
To solve Eqs. (11)–(3) with the help of Eq. (15), HAM code[29] is used as a method of solution. This method is quite fruitful

for the evaluation of highly nonlinear equations and ensures the solution convergence as well. The starting presumption in current
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investigation is defined as follows:

f0 (η) =
3

2β 2 (2−S)
[

η3

6
− βη2

2

]
+η , θ0 (η) = 1, ϕ0 (η) = 1, (21)

with

Lf ( f ) = A1
η3

6
+A2

η2

2
+A3η +A4, Lθ (θ) = B1η +B2, Lϕ (ϕ) =C1η +C2. (22)

Further details can be seen in Ref. [32].

4. Discussion of results
In this problem the governing equations are converted

into dimension-free notations by employing a suitable set of
variables. Homotopy analysis method has been used for the
solving the resulting equations. The effect of emerging factors
on flow profiles has deliberated in following subsections.

4.1. Velocity profiles

Figures 2–4 show the influences of different substantial
factors on fluid motion. Figure 2 exhibits the influence of un-
steadiness parameter S on fluid motion where the growing of
S results in the increase of the values of velocity characteris-
tics. It can be explained by the fact that with the growing of S,
the width of momentum boundary layer diminishes for greater
values of thickness of film (i.e. β = 0.70, 0.71, 0.72, 0.73),
thus the stretching performance of the surface finally reduces
the fluid’s motion as depicted in Fig. 2.

ξ

Fig. 2. Variations of f ′ with ζ for different values of β and S.

It can be observed in Fig. 3 that the growing of film thick-
ness β is responsible for decay in the fluid motion for ζ = 0.1–
0.8. Actually, for increased values of β , maximum confronta-
tion is realized by motion of fluid that reduces the strength of
boundary layer of momentum and eventually retards the ve-
locity characteristics. Higher values of M reduce the fluid’s
velocity for progression in β . It can be explained by the fact
that growing value of magnetic factor yields Lorentz force in
the reverse direction of motion of fluid, therefore the fluid par-
ticles experience a resistance for β = 0.70, 0.72, 0.74, 0.76.
In this process the fluid motion decays as shown in Fig. 4.

0 0.2 0.4 0.6 0.8 1.0
ξ

0

0.2

0.4

0.6

0.8

1.0

f 
' 
(ξ
) 

β/0.72

β/0.74

β/0.76

β/0.78

Fig. 3. Variations of f ′ with ζ for different values of β .

0 0.2 0.4 0.6 0.8 1.0
ξ

0

0.2

0.4

0.6

0.8

1.0
f 

' 
(ξ

) 

F/2
F/4
F/6

F/8

β/0.7, 0.72, 0.74, 0.76

Fig. 4. Variations of f ′ with ζ for different values of F and β .

4.2. Temperature profiles

The influences of different factors on temperature are pre-
sented in Figs. 5–9 for different values of film thickness β ,
i.e., β = 0.54, 0.55, 0.56, 0,57. When there is an increase in
the values of Brownian factor Nb, more collisions among the
nanoparticles take place, in this process the maximum amount
of kinetic energy is shifted toward thermal energy. In this pro-
cess the strength of temperature layer is enhanced supplement-
ing the thermal distribution of Maxwell fluid as portrayed in
Fig. 5. The influence of thermophore factor Nt on thermal
profile is shown in Fig. 6. Since Nt = τDT (Tw−T∞)/υTh,
with the growing of Nt the temperature gradient augments,
therefore maximum heat flows from warmer zone to colder
zone Because of this phenomenon the temperature of Maxwell
nanofluid augments as depicted in Fig. 6. A growth in un-
steadiness factor S causes an upsurge in temperature character-
istics as shown in Fig. 7. Actually, the growing of S depicts the
rate of heating over cooling rate due to which more transporta-
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tion of heat occurs. Hence, thermal profiles increase for grow-
ing values of S as given in Fig. 7. A progression in Maxwell
parameter λT results in a decline in thermal flow profiles as
described in Fig. 8. Essentially, the upsurge in λT reduces
the heat diffusivity and deteriorates the thermal boundary layer
width due to which a smaller amount of heat transmission is
ensured, which substantiates the lessening of temperature.
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4.3. Concentration profiles

The effects of different factors on concentration are
shown in Figs. 9–12. It is noticed from Fig. 9 that concen-
tration of Maxwell nanofluid has retarded with the growing of
Brownian motion factor Nb when β = 0.6, 0.7, 0.8, 0.9. Ac-
tually, when Nb augments more friction to fluid motion is pro-
duced, therefore less mass diffuses with the further growing
of heat diffusion. In this phenomenon concentration profiles
decline as illustrated in Fig. 9.
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Fig. 9. Concentration curves for different values of β and Nb.

Figure 10 shows the influence of Schmidt number Sc on
concentration characteristic for β = 0.4, 0.5, 0.6, 0.7. It is
seen from this figure that expansion in Sc causes retardation
in concentration profiles. Essentially, Sc relates mass diffu-
sivity to momentum diffusivity, hence greater values of Sc de-
cline the mass diffusion for which a smaller amount of mass
transportation occurs. Therefore, concentration profiles de-
cline with progression in Sc.
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Fig. 10. Concentration curves for different values of β and Sc.

In Fig. 11 it can be seen that for Maxwell factor λC =

1, 2, 3, 4 and β = 0.5, 5.2, 5.3, 5.4 the concentration of fluid
drops significantly. It can be explained by the fact that with
the growing of λC less mass diffuses that declines the strength
of boundary layer of concentration that justifies the retardation
of concentration profiles. In Fig. 12 it can be seen that when
β = 0.6, 0.7, 0.8, 0.9 the concentration of Maxwell nanofluid
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augments for the increase of Nt. Basically, for greater values of

Nt maximum diffusion of mass occurs that augments concen-

tration layer and ultimately increases concentration profiles as

portrayed in Fig. 12.

0 0.2 0.4 0.6 0.8 1.0
ξ

0

0.2

0.4

0.6

0.8

1.0

Φ
(ξ

)

β/0.5, 5.2, 5.3, 5.4

λ
C
/0.3

λ
C
/0.7

λ
C
/.1

λ
C
/.5

Fig. 11. Concentration curves for different values of β and λC.

0 0.2 0.4 0.6 0.8 1.0
ξ

0

0.2

0.4

0.6

0.8

1.0

Φ
(ξ

)

N
t
/0.1

N
t
/0.5

N
t
/0.7

N
t
/0.9

β/0.6, 0.7, 0.8, 0.9

Fig. 12. Concentration curves for different values of β and Nt.

4.4. Analysis of entropy rate and Bejan number

The influences of various substantial factors on irre-

versibility rate and Bejan number are shown in Figs. 13–16.
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Fig. 13. Entropy rate curves for different values of Br.

The effects of Br (Brinkman number) on entropy and Be-
jan number are shown in Figs. 13 and 14. It is obvious that Br

controls the heat that is released in conduction of molecules
through a relation of viscous heating to heat transportation.
Further, the thermal conductivity of fluid decays with the
growing of Br, thereby upsurging the entropy as depicted in
Fig. 13. In this phenomenon the value of Bejan number shrinks
as presented in Fig. 14. For the larger values of thermal radi-
ation factor the entropy of the fluid flow system upsurges due
to converging internal energy into thermal energy as shown in
Fig. 15. The Bejan number declines again with the value of Rd

increasing as indicated in Fig. 16.
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4.5. Discussion of tables

In the following Tables 1–3, the influence of different
substantial factors upon important engineering quantities have
been carried out.

Table 1. Numerical values of skin friction Re1/2Cf = f ′′(0).

λ M S β f ′′(0)

0.2 0.3 0.3 0.5 0.5242540

0.4 0.5376850

0.6 0.5489654

0.5 0.5354320

0.7 0.5431020

0.5 0.5512032

0.7 0.5610786

0.55 0.5965320

0.6 0.6565421

In Table 1, it has perceived that the skin friction has im-
proved for the growth in magnetic, unsteadiness, and film
thickness factors as these factors propose more resistance to
the fluid velocity due to which maximum friction generated.
Next as the thermal diffusivity rises with upsurge in the Brow-
nian motion, unsteadiness and thermophoresis factors while
decays for growth in thickness of film and Maxwell factor.
Therefore, the Nusselt number supplements for augmentation
in unsteadiness, Brownian, and thermophoresis factors and
lower values of the film thickness and Maxwell factor as given
in Table 2.

Table 2. Mathematical data for Nusselt number Re1/2Nu =−Θ ′(0).

Nt S λT Nb −Θ ′(0)

0.2 0.3 0.3 0.1 5.35231020

0.4 5.36785421

0.6 5.37802282

0.5 5.29367500

0.7 5.25653000

1.5 5.33023100

2 5.32087567

0.3 5.37642200

0.5 5.38754220

Table 3. Numerical values of Sherwood number Re1/2Shu =−Φ ′(0).

Sc Nb S Nt −Φ ′(0)

1.5 0.1 0.1 0.1 6.234012

2.5 6.193201

3.5 6.1302341

0.3 6.3245532

0.5 6.310321

0.3 6.180231

0.5 6.1265804

0.3 6.2808528

0.5 6.27021643

It has noticed in Table 3 that Sherwood number grows
up for higher values of thermophoretic factor and retards with
growth in Schmidt number, Brownian and Maxwell factors.
In Tables 4 and 5 comparison between the established work
(Qasim et al.[1]) and present work has conducted with a good
agreement among both results.

Table 4. Comparison of common factors regarding Nusselt number between present results and
previous results by Qasim et al.[1]

Common parameter Qasim et al.[1] Qasim et al.[1] Present Present

S Θ(β ) −βΘ ′(0) Θ(β ) −βΘ ′(0)

0.3 0.45921 0.64374 0.45963 0.64488

0.7 0.47941 0.768321 0.47972 0.769413

1.1 0.49916 0.853872 0.49973 0.856210

1.5 0.51732 0.88182 0.51821 0.883021

Table 5. Comparison of common factors regarding Sherwood number between present results and
previous results by Qasim et al.[1]

Common parameter Qasim et al.[1] Qasim et al.[1] Present Present

Sc Φ(β ) −Φ ′(0) Φ(β ) −Φ ′(0)

8 0.53210 0.89310 0.53332 0.89421

9 0.412098 0.753201 0.414201 0.75433

10 0.312804 0.63264 0.314216 0.634205
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5. Conclusions

This work explores the impact of double diffusion over
thermally radiative flow of thin film hybrid nanofluid through
a stretching channel. The nanoparticles of Ag and TiO2 have
been mixed in the base fluid taken as Maxwell fluid. Magnetic
field influence has been employed to the flow system. The
equations that are going to administer the fluid flow have been
converted to dimension-free form by employing suitable set
of variables. The impact of different substantial factors upon
flow profiles has been discussed in detail. Some conclusions
can be drawn from the present study below.

(i) Velocity profiles have been reduced with growth in
film thickness factor and unsteadiness parameter as both fac-
tors have adverse effects upon fluid motion.

(ii) Growing values of magnetic factor yields Lorentz
force in reverse direction of motion of fluid for which fluid
particles experienced a resistance and ultimately decline the
motion of fluid.

(iii) Temperature profiles have been augmented with up-
surge in thermophoresis, unsteadiness parameters and Brown-
ian motion factor for rising values of film thickness.

(iv) Temperature profiles have declined with progression
in the values of film thickness and thermal Maxwell factor.

(v) Concentration has retarded with advancement
in Schmidt number, Brownian motion, and concentration
Maxwell factors.

(vi) For greater values of thermophoresis factor, maxi-
mum diffusion of mass occurs, which augments concentration
layer and ultimately increases concentration profiles.

(vii) With the increase of Brinkman number and radiation
factor, the irreversibility rate grows up while Bejan number de-
clines.

(viii) The values listed in the tables show that for λ = 0.2,
0.4, 0.6; M = 0.3, 0.5, 0.7; S = 0.3, 0.5, 0.7; and β = 0.5, 0.55,
0.6 to 0.6, the skin friction of Maxwell nanofluid increases
from 0.524254 to 0.6565421.

(ix) For Nt = 0.2, 0.4, 0.6, S = 0.3, 0.5, 0.7, λt = 0.3,
1.5, 2.0, and Nb = 0.1, 0.3, 0.5, the Nusselt number varies
from 5.3523102 to 5.3875422, which depicts an augmentation
in Nusselt number.

(x) For Sc = 1.5, 2.5, 3.5, Nb = 0.1, 0.3, 0.5, S = 0.1,
0.3, 0.5, and Nt = 0.1, 0.3, 0.5, the Sherwood number varies
from 6.2340120 to 6.27021643, which shows an augmentation
in mass diffusivity.

(xi) The results of this investigation have compared with
published results, showing that they are in good agreement
with the previous results.
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