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Hidden effects of MHD and thermal radiations for a viscous dissipative nanofluids

(Al2O3 − H2O and γAl2O3 − H2O) are taken under consideration. The models are

formulated by implementing the suitable similarity transformations. Then, two models

are discussed mathematically by using RK scheme together with shooting method. The

results for flow regimes, coefficient of skin friction, thermophysical characteristics, and

heat transfer coefficient are pictured and discussed comprehensively by changing the

pertinent flow parameters. It is observed that the nanofluids velocity increases abruptly for

higher Hartree pressure gradient. For assisting flow situation, the velocity F ′(η) increases

and abrupt decreasing behavior is examined for opposing flow case. The composition of

Al2O3−H2O, and γAl2O3−H2O becomes more dense for high volume fraction therefore,

drops in the velocity field is noted. The temperature of Al2O3 −H2O, and γAl2O3 −H2O

rises rapidly by varying opposing flow parameter γ < 0 and high volume fraction φ. Also,

the temperature β(η) declines abruptly for parameter λ.

Keywords: wedge, host fluid, magnetic field, thermal radiation, viscous dissipation, γAl2O3 nanoparticles, RK

scheme

INTRODUCTION

The analysis of the host fluids saturated by various sort of nanoparticles over a wedge geometry is
of the essential and interesting topic in fluid dynamics and heat transfer phenomena. Currently, the
hidden effects of significant flow parameters like magnetic number, thermal radiation, and viscous
dissipation for regular and nanofluids models becomes important.

The flow and entropy generation analysis in magnetized nanofluid by considering the impacts
of porosity described in Ellahi et al. [1]. The study of effective dynamic viscosity in non-Newtonian
fluids in porous medium reported in Eberhard et al. [2]. The analysis of Roselands heat flux over
non-linear stretchable surface with slip flow conditions was examined in Majeed et al. [3].

Keeping in mind the importance and popularity of the wedge type flow, Falkner and Skan [4, 5]
focused on this particular direction of fluid mechanics and presented earlier study. They analyzed
the boundary layer model mathematically and extend the case for stretching walls of the wedge.
The work of Falkner and Skan provided a new direction in the fluid dynamics. Rajagopal et al. [6]
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inspired by the work of Falkner and Skan [4, 5] and extended
the boundary layer model for non-Newtonian fluid and found
fascinating results. They analyzed the flow characteristics over
a fixed wedge in the fluid. Later on, Lin et al. [7] inspired
by the concept forced convection and extend the model by
incorporating the various Prandtl values. Hartree [8] discussed
the boundary layer model for approximate solutions and
highlighted important results. Watanabe [9] and Watanabe and
Pop [10] extended the Falkner Skan model by considering the
phenomena of free and forced convection and explored the
hidden effects on the flow characteristics, respectively. They
presented the impacts of magnetic field, suction and injection in
the flow field.

The porosity of the wedge walls affects the flow characteristics
significantly. In the light of this fact, Koh and Hartnett [11]
explored the results for skin friction and local coefficient of
heat transfer and observed significant variations due to porosity
parameter. Similarly, Kumari et al. [12] discussed the phenomena
of mixed convection over a porous wedge. In 2003, Chamkha
et al. [13] reported the radiative Falkner Skan flow and presented
its characteristics over a semi-infinite domain. El-Dabe et al.
[14] prolonged the Falkner Skan model for Casson fluid and
treated the respective non-linear flow model numerically and
incorporated the influences of magnetic field in the flow behavior
and the heat transfer phenomena. The flow characteristics
of Casson fluid over a symmetric wedge was presented by
Mukhopadhyay et al. [15] in 2013. A novel analysis comprising
the impacts of ohmic heating, applied magnetic field, and
mixed convection on radiative flow over a stretchable wedge
reported in Su et al. [16]. The alterations in the flow pattern
of micropolar and Newtonian fluids over a wedge moving in
the fluid and Viscoelastic fluid flow in the presence Lorentz
force reported in Ishak et al. [17, 18] and Rashidi et al.
[19], respectively.

Kandasamy et al. [20] prolonged the Falkner Skan flow
by comprising the impacts of chemical reaction and found
the results for suction or blowing on the radiative flow
over a porous wedge. Hussanan et al. [21] highlighted the
influences of Joule heating in the flow past over an oscillating
plate. They also highlighted the alterations in the flow
characteristics due to convective flow condition and resistive heat
phenomena. A comprehensive analysis of Falkner Skan flow in
the presence of velocity slip phenomena and applied Lorentz
force described by Su et al. [22]. Recently, Ullah et al. [23]
contributed the Falkner Skan model for non-Newtonian nature
of the fluid.

A prominent fact that the regular fluids have less heat
transfer characteristics. For many productions in various
industries required considerable level of heat transfer and
base liquids fail to provide such amount heat. However,
researchers focused and thought to overcome this issue. Finally,
a new class of the fluid developed and titled as Nanofluid.
Basically, the nanofluid is a compound fluid composed by
base liquid with the nanoparticles. These nanoparticles obtained
from various metals and their oxides. In nanofluids, the
volume fraction of the nanoparticles plays the role of back
bone for the heat transfer enhancement. The development

of the nanofluids reduces the problems and issues faced
by the industrialist and engineers. Thus, the analysis of
the nanofluids became an orbit for the researchers and
engineers and explored new and fascinating characteristics of
the nanofluids.

Recently, Rafique et al. [24] reported the numerical
study of Casson nanofluid over an inclined surface and
found the results for flow field. Impact of magnetic field
by considering second slip flow condition on the flow
Casson nanofluid explored by Majeed et al. [25]. In 2019,
Bibi et al. [26] examined the flow model in the presence of
convective boundary condition. The significant analysis for
different sort of nanofluids under various flow conditions
are examined in Saba et al. [27] and Srinivasacharya
et al. [28].

The nanofluid models (Al2O3 − H2O and γAl2O3 − H2O)
considering the phenomena of magnetic field, thermal radiation,
and viscous dissipation is taken over a wedge geometry in
the Cartesian coordinates. Two types of thermal conductivities
are incorporated in the energy equation to enhance the heat
transfer rate in Al2O3 − H2O and γAl2O3 − H2O nanofluids.
The model is described in section Model Formulation and
treated mathematically in section Mathematical Analysis. The
fascinating role of magnetic field and thermal radiation in
the flow regimes explored and explain in section Physical
Interpretation of Results. The quantities related to engineering
interest (Skin friction and local Nusselt number) are presented
and analyzed for varying flow parameters. In the end, major
effects of under consideration model are incorporated.

MODEL FORMULATION

Statement and Geometry
Steady, laminar and viscous incompressible flow of H2O
saturated by Al2O3 and γAl2O3 nanoparticles is taken over a
wedge. The effects of magnetic field and thermal radiation are
taken into account. The velocity at the wedge surface is ŭw =

U

̂
wx

m and at the free stream is Ŭe = U

̂
∞xm and are functions of

x. Here, U

̂
w and U

̂
∞ are constants at the surface and away from

the surface. Furthermore, corresponding to wedge angle λ =

�/π , the Hartree pressure parameter is λ = 2m/(m+1). Induced
magnetic field produced due to the motion of Al2O3 − H2O and
γAl2O3 − H2O nanofluids is neglected through the analysis. The

temperature at the wedge surface is T̂w = T̂∞ + A/x2m and is
a function of x. The temperature at the surface and at the free
stream is Tw and T∞, respectively. The physical theme of the
model comprising the role of Al2O3 and γAl2O3 nanoparticles
is demonstrated in Figure 1 over a semi-infinite region.

Governing Equations and
Non-dimensionalization
In the light of above highlighted assumptions, the following is the
model which govern the flow of nanofluids over a wedge [23, 28]:

∂ û

∂x
+
∂ v̂

∂y
= 0 (1)

Frontiers in Physics | www.frontiersin.org 2 May 2020 | Volume 8 | Article 75

https://www.frontiersin.org/journals/physics
https://www.frontiersin.org
https://www.frontiersin.org/journals/physics#articles


Ahmed et al. Viscous Dissipative Nanofluid Flow Models

FIGURE 1 | Physical Theme of the Flow.

û
∂ û

∂x
+ v̂

∂ û

∂y
= U

̂
e (x)

dU

̂
e (x)

dx
+
µ̂nf

ρ̂nf

(
∂2û

∂y2

)

−
σ̂nf

ρ̂nf
B20 (x) (u−

˘
Ue (x)) (2)

û
∂T̂

∂x
+ v̂

∂T̂

∂y
=

k̂nf(
ρ̂cp

)
nf

(
∂2T̂

∂y2

)
+

1(
ρ̂cp

)
nf

(
∂ û

∂y

)2

−
16σ ∗T3

∞

3k
(
ρ̂Cp

)
nf

(
∂2T̂

∂y2

)
(3)

The law of conservation of mass, momentum and energy
shown in Equations (1–3), respectively. The velocities in x
and y directions are û and v̂, respectively. The velocity at the
free stream, temperature, effective dynamic viscosity, density,
electrical conductivity, thermal conductivity, and heat capacity

are represented by U

̂
e, T̂, µ̂nf , ρ̂nf , σ̂nf , k̂nf , and

(
ρcp

)
nf
,

respectively. Mean absorption coefficient and Stefan Boltzmann
constants are denoted by k and σ ∗, respectively.

The conditions on the flow at the boundaries are defined as
Ullah et al. [23]:

At the surface
û = ûw (x) ,

v̂ = 0,

T̂ = T̂∞ + A
x−2m

At the free stream
û → U

̂
e (x) ,

T̂ → T̂∞





(4)

The similarity variables defined in the following way for the
non-dimensionalization of the governing flow model [23]:

û = ∂ψ̂
∂y

v̂ = − ∂ψ̂
∂x

ψ̂ =

√
2νf xÛe(x)

(m+1) F (η)

η =

√
(m+1)Ûe(x)

2νf x
y

β (η) = T̂−T̂∞
T̂w−T̂∞





(5)

The following models are used to enhance the performance of the
particular model [29]:

ρ̂nf =

{
(1− φ)+

φρ̂s

ρ̂f

}
ρ̂f (6)

µ̂nf = µ̂f (1− φ)
−2.5

µ̂nf = µ̂f (123φ
2 + 7.3φ + 1)

}

For Al2O3 −H2O and γAl2O3 −H2O, (7)

(
ρ̂cp

)
nf

=

{
(1− φ)+

φ
(
ρ̂cp

)
s(

ρ̂cp
)
f

}
(
ρ̂cp

)
f

k̂nf = k̂f

{
k̂s+2k̂f−2φ

(
k̂f−k̂s

)

k̂s+2k̂f+φ
(
k̂f−k̂s

)

}

k̂nf = k̂f (4.97φ
2 + 2.72φ + 1)





(8)

For Al2O3 −H2O and γAl2O3 −H2O (9)

σ̂nf = σ̂f




1+

3
(
σ̂s
σ̂f

− 1
)
φ

(
σ̂s
σ̂f

+ 2
)
−
(
σ̂s
σ̂f

− 1
)
φ




. (10)

The particular values of thermophysical characteristics
embedded in Equations (6–10) are given in Table 1.
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TABLE 1 | Thermal and Physical Properties [29].

Host fluid and

nanoparticles

ρ̂(kg/m3) ĉp(kg
−1K−1) k̂(Wm−1K−1) σ̂ (S/m) Pr

H2O 997.1 4,179 0.613 0.005 6.96

Al2O3 3,970 765 40 3.5× 107 -

After performing the suitable differentiation and
incorporating the effective nanofluids models given in Equations
(6–10) in the dimensional model, the following two models of
nanofluids are obtained:

Al2O3 − H2O Model

F′′′ +
1− φ + φρ̂s

ρ̂f

(1− φ)−2.5

(
FF′′ + λ

(
1− F′2

))

+
(1− φ)2.5


1+

3

(
σ̂s
σ̂f
−1

)
φ

(
σ̂s
σ̂f
+2

)
−

(
σ̂s
σ̂f
−1

)
φ




−1
M2(1− F′) = 0, (11)



1+

Rd

k̂s+2k̂f−2φ
(
k̂f−k̂s

)

k̂s+2k̂f+φ
(
k̂f−k̂s

)



β ′′

+
1

k̂s+2k̂f−2φ
(
k̂f−k̂s

)

k̂s+2k̂f+φ
(
k̂f−k̂s

)




(
PrFβ ′ − 2λPrF

′
β

)

{
(1− φ)+

φ(ρcp)s
(ρcp)f

}−1
+ PrEcF′′2




= 0. (12)

γAl2O3 −H2O Model

F′′′ +

(
1− φ + φρ̂s

ρ̂f

)

123φ2 + 7.3φ + 1

(
FF′′ + λ

(
1− F′2

))

+


1+

3

(
σ̂s
σ̂f
−1

)
φ

(
σ̂s
σ̂f
+2

)
−

(
σ̂s
σ̂f
−1

)
φ




123φ2 + 7.3φ + 1
M2(1− F′) = 0, (13)

[
1+

Rd

4.97φ2 + 2.72φ + 1

]
β ′′

+
1

4.97φ2 + 2.72φ + 1




(
PrFβ ′ − 2λPrF′β

)
{
(1− φ)+

φ(ρ̂cp)s
(ρ̂cp)f

}−1
+ PrEcF′′2




= 0. (14)

The conditions at the boundaries at the surface and at the free
stream are as under:

At the surface η = 0
F (η) = 0

F
′
(η) = γ

β (η) = 1
At the free surface η→ ∞

F
′(η) → 1
β (η)→ 0





(15)

The parameters embedded in the models are Eckert number,

Û2 (x)(
cp
)
f
(Tw − T∞)

, Pr =
µ̂f

(
ĉp
)
f

k̂f
,M2 =

σ̂fB
2
0νf

U

̂
∞(m+ 1)

,

Rd =
16σ ∗T3

∞

3k̂f k
, andγ =

U

̂
w

U

̂
∞

.

Quantities of Engineering Interest
Skin friction and local heat transfer phenomena are of great
importance from engineering point of view. Mathematical
dimensional expressions for these quantities are as under:

C

̂
F =

µ̂nf

ρ̂nf Û2(x)

(
∂ û

∂y

)
↓y=0 (16)

N

̂
ux =


 −xk̂nf

k̂f

(
T̂w − T̂∞

)



(
∂T̂

∂y

)
↓y=0, (17)

These expressions reduced in the following non-dimensional
form by implementing the suitable differentiation and
nanofluids models:

C

̂
F

√
Rex =

123φ2 + 7.3φ + 1(
(1− φ)+ φρ̂s

ρ̂f

) F′′(0), (18)

N

̂
ux (Rex)

− 1
2

=
−

k̂s+2k̂f−2φ
(
k̂f−k̂s

)

k̂s+2k̂f+φ
(
k̂f−k̂s

) β ′ (0) For Al2O3 −H2O

−
(
4.97φ2 + 2.72φ + 1

)
β ′ (0) For γAl2O3 −H2O




,(19)

here, Rex =
xU

̂
(x)

ν

̂
f

is denotes the local Reynold number.

MATHEMATICAL ANALYSIS

Shooting technique [30, 31] is adopted for the mathematical
analysis of the particular nanofluids flow models. The reason
behind this choice is the non-linearity (for instance see [32–40])
of the models over semi-infinite region. To initiate the technique,
the following substitution are made:

︷︸︸︷
y 1 = F,

︷︸︸︷
y 2 = F′,

︷︸︸︷
y 3 = F′′,

︷︸︸︷
y 4 = β ,

︷︸︸︷
y 5 = β ′.(20)
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FIGURE 2 | The effects of λ on dimensionless velocity F ′(η) for (A) γ = 0.4, (B) γ = −0.4.

FIGURE 3 | The effects of (A) γ positive, (B) γ negative on dimensionless φ on dimensionless velocity F ′(η).

FIGURE 4 | The effects of φ on dimensionless velocity F ′(η) for (A) γ = 0.4, (B) γ = −0.4.
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FIGURE 5 | The effects of M on dimensionless velocity F ′ (η) for (A) γ = 0.3, (B) γ = −0.3.

FIGURE 6 | The effects of (A) γ positive, (B) γ negative on dimensionless temperature β(η).

FIGURE 7 | The effects of λ on dimensionless temperature β(η) for (A) γ = 0.4, (B) γ = −0.4.
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FIGURE 8 | The effects of φ on dimensionless temperature β(η) for (A) γ = 0.4, (B) γ = −0.4.

FIGURE 9 | The effects of Ec on dimensionless temperature β(η) for (A) γ = 0.4, (B) γ = −0.4.

FIGURE 10 | The effects of Rd on dimensionless temperature β(η) for (A) γ = 0.4, (B) γ = −0.4.
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FIGURE 11 | The effects of λ on skin friction coefficient.

FIGURE 12 | The effects of M on skin friction coefficient.

Al2O3 − H2O Model
The flow model Al2O3 − H2O can be reduced into the
following form:

F′′′ = −
1− φ + φρ̂s

ρ̂f

(1− φ)−2.5

(
FF′′ + λ

(
1− F′2

))

−
(1− φ)2.5


1+

3

(
σ̂s
σ̂f
−1

)
φ

(
σ̂s
σ̂f
+2

)
−

(
σ̂s
σ̂f
−1

)
φ




−1
M2(1− F′), (21)

β ′′ =
−1

1+ Rd
k̂s+2k̂f −2φ

(
k̂f −k̂s

)

k̂s+2k̂f +φ
(
k̂f −k̂s

)




1

k̂s+2k̂f−2φ
(
k̂f−k̂s

)

k̂s+2k̂f+φ
(
k̂f−k̂s

)

(

(
PrFβ ′ − 2λPrF′β

)
{
(1− φ)+

φ(ρ̂cp)s
(hatρcp)f

}−1
+ PrEcF′′2)



.(22)

By implementing the transformations made in
Equation (19), the system of Equations. (21, 22)
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FIGURE 13 | The effects of Rd on local Nusselt number (γ > 0).

FIGURE 14 | The effects of Rd on local Nusselt number (γ < 0).
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FIGURE 15 | The effects of Ec on local Nusselt number (γ > 0).

FIGURE 16 | The effects of φ on Effective Dynamic viscosity.
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FIGURE 17 | The effects of φ on Thermal conductivity.

FIGURE 18 | The effects of φ on Electrical conductivity.
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FIGURE 19 | The effects of φ on Effective density.

TABLE 2 | Reliability of the study by comparing with existing scientific literature for

F ′′ (0).

φ = 0,M = 0,Rd = 0, Ec = 0, γ = 0, Pr = 0.73, λ = 2m
m+1

m Current results Existing scientific literature

0.0000 0.46959 0.46960

0.0141 0.5046143 −−

0.0435 0.5689777 0.56898

0.0909 0.6549788 0.65498

0.1429 0.7319985 0.73200

0.2000 0.8021256 0.80213

0.3333 0.9276536 0.92765

0.5000 1.0389035 1.03890

transformed into the following initial value problem:




︷︸︸︷
y ′

1︷︸︸︷
y ′

2︷︸︸︷
y ′

3︷︸︸︷
y ′

4︷︸︸︷
y ′

5




=




︷︸︸︷
y 2︷︸︸︷
y 3

−

(︷︸︸︷
y 1

︷︸︸︷
y 3+λ

(
1−

(︷︸︸︷
y 2

)2
))

[
1−φ+ φρs

ρf

]−1

(1−φ)

−2.5 −


1+

3

(
σ̂s
σ̂f

−1

)
φ

(
σ̂s
σ̂f

+2

)
−

(
σ̂s
σ̂f

−1

)
φ




(1−φ)−2.5 M2(1−
︷︸︸︷
y 2)

︷︸︸︷
y 5

−A

̂
1


A
̂
2




(
Pr
︷︸︸︷
y 1

︷︸︸︷
y 5−2λPr

︷︸︸︷
y 2

︷︸︸︷
y 4

)

{
(1−φ)+

φ(ρ̂cp)s
(ρ̂cp)f

}−1 + Ec
(︷︸︸︷

y 3

)2









, (23)

Where, A

̂
1 =

−1

1+ Rd

k̂s+2k̂f −2φ
(
k̂f −k̂s

)

k̂s+2k̂f +φ
(
k̂f −k̂s

)

A

̂
2 =

1

k̂s+2k̂f−2φ
(
k̂f−k̂s

)

k̂s+2k̂f+φ
(
k̂f−k̂s

)

and the set of conditions at η = 0 are as:




︷︸︸︷
y 1︷︸︸︷
y 2︷︸︸︷
y 3︷︸︸︷
y 4︷︸︸︷
y 5




=




0
γ

n

̂
1

1
n

̂
2




(24)

Here, n

̂
1 and n

̂
2 are unknown and the accuracy is set as 10− 6.
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γAl2O3 −H2O Model
The model γAl2O3 − H2O reduced into the following pattern:

F
′′′
= −

(
1− φ + φρ̂s

ρ̂f

)

123φ2 + 7.3φ + 1

(
FF′′ + λ

(
1− F′2

))
−


1+

3

(
σ̂s
σ̂f
−1

)
φ

(
σ̂s
σ̂f
+2

)
−

(
σ̂s
σ̂f
−1

)
φ




123φ2 + 7.3φ + 1
M2(1− F′), (25)

β
′′
=

−1

1+ Rd
4.97φ2+2.72φ+1




1

4.97φ2 + 2.72φ + 1
(

(
PrFβ ′ − 2λPrF′β

)
{
(1− φ)+

φ(ρ̂cp)s
(ρ̂cp)f

}−1
+ PrEcF′′2)


 . (26)

By using transformations, the following system is obtained:




︷︸︸︷
y ′

1︷︸︸︷
y ′

2︷︸︸︷
y ′

3︷︸︸︷
y ′

4︷︸︸︷
y ′

5




=




︷︸︸︷
y 2︷︸︸︷
y 3

−

(1−φ+ φρs
ρf

)

(︷︸︸︷
y 1

︷︸︸︷
y 3+λ

(
1−

(︷︸︸︷
y 2

)2
))

123φ2+7.3φ+1
−


1+

3

(
σ̂s
σ̂f

−1

)
φ

(
σ̂s
σ̂f

+2

)
−

(
σ̂s
σ̂f

−1

)
φ




123φ2+7.3φ+1
M2(1−

︷︸︸︷
y 2)︷︸︸︷

y 5

−A

̂
11


A
̂
12




(
Pr
︷︸︸︷
y 1

︷︸︸︷
y 5−2λPr

︷︸︸︷
y 2

︷︸︸︷
y 4

)

{
(1−φ)+

φ(ρ̂cp)s
(ρ̂cp)f

}−1 + Ec
(︷︸︸︷

y 3

)2









, (27)

where, A

̂
11 =

1

1+ Rd
4.97φ2+2.72φ+ 1

A

̂
12 =

1

4.97φ2 + 2.72φ + 1
(28)

The initial conditions are same as in Equation (24).

PHYSICAL INTERPRETATION OF RESULTS

The flow parameters like magnetic parameter, thermal radiation,
and viscous dissipation play fascinating role in the flow regimes.
The influences of afore mentioned flow parameters on the flow
field explored graphically and discussed comprehensively in this
section. Moreover, the results for the quantities of engineering
interest are taken into account and discussed. The results plotted
for two cases of the wedge according to the wedge movement. It
is important to mention the cases of flow depending on the value
of parameter γ . The wedge and fluid move in opposite direction
for negative γ and move in alike direction for positive γ .

Velocity Field
Figure 2 interprets the behavior of the nanofluids velocity
(Al2O3 − H2O and γAl2O3 − H2O) for γ > 0 and γ <

0, respectively. From Figure 2A, it is obvious that the velocity
increases when the wedge and the nanofluids move in alike way
(γ > 0). The velocity of Al2O3 − H2O nanofluids increases
abruptly in comparison with γAl2O3 − H2O nanofluid. The
reason behind this is the difference between the effective models
of dynamic viscosity for Al2O3 and γAl2O3. The nanofluid
γAl2O3−H2O becomes more dense due to the dynamic viscosity
containing high volume fraction of the nanoparticles and the

momentum of the fluid drops. Due to drop in momentum, the

velocity starts decreasing. Near the wedge surface, momentum
of the nanofluids declines due to the friction between the wedge
surface and the nanofluids. The effects of the pressure parameter
are very prominent in the region 2 ≤ η ≤ 4. These effects are
elaborated in Figure 2A. Figure 2B highlights the alterations in
the nanofluids velocity for opposing case. The negative values
of γ shows that the nanofluids and wedge move in opposite
direction. For opposing case, the asymptotic region increases for
γAl2O3 −H2O nanofluid.

Figure 3 elaborates the alterations in the velocity F′(η) for
varying wedge parameter γ . Due to altering wedge parameter,
very interesting variations in the velocity field are observed. For
assisting case γ > 0, the velocity upturns abruptly. When the
nanofluids and wedgemove in alike direction then themovement
of wedge in the direction of nanofluids provide extra momentum
to the nanofluids. Therefore, the velocity positively increases.
In the vicinity of the wedge, the velocity increase abruptly for
both sort of nanofluids. For Al2O3 −H2O nanofluid, the velocity
shows asymptotic behavior quickly in comparison with γAl2O3−

H2O. These results are plotted in Figure 3A. Figure 3B shows
that the velocity of the nanofluids drops very quickly over the
domain of interest. The opposite movement of the wedge and
the nanofluids cause the declines in the velocity profile. Due
to the opposite movement, friction between the wedge surface
and the nanofluids slow down the momentum of the nanofluids.
Consequently, the velocity drops.

The volume fraction of the nanoparticles is very key
ingredients which alters the nanofluid characteristics affectively.
These effects are portrayed in Figures 4A,B for assisting and
opposing case, respectively. The behavior of the velocity for
assisting case elaborated in Figure 4A. For increasing φ, the
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nanofluids velocity drops rapidly. For γAl2O3 − H2O, the
prompt decrement in the velocity occurs due to high volume
fraction incorporated in the dynamic viscosity. The velocity
vanishes asymptotically beyond η ≥ 4. Figure 4B portrays
the velocity profile for opposing flow case. For opposing flow,
the velocity declines very abruptly in comparison with assisting
flow. The opposite movement and high volume fraction of the
nanoparticles opposes the opposes the motion. Therefore, the
velocity rapidly drops and asymptotically vanishes beyond η ≥ 6.

The influences in the velocity behavior by altering the
magnetic parameter are depicted in Figure 5. From Figure 5A,
it is observed that the velocity of the nanofluids F′(η) positively
increases for assisting flow. Due to less dense composition of
Al2O3 − H2O nanofluid, the velocity profile increases promptly
as compared to γAl2O3−H2O nanofluid. Similarly, for opposing
case, the velocity field portrayed in Figure 5B. Figure 5B shows
the prompt increasing behavior of the velocity for both sort of
nanofluids. In the region 1 ≤ η ≤ 3.5, these effects of M on the
velocity F′(η) are very rapid.

Temperature Field
The alterations in temperature fields of Al2O3 − H2O and
γAl2O3 − H2O nanofluids by varying the wedge parameter γ
presented in Figure 6. Figure 6A shows that for assisting flow,
the temperature β(η) drops. The drops in the temperature is
due to the alike motion of the nanofluids and wedge. For
Al2O3 − H2O nanofluids, decreasing pattern of the temperature
is quite rapid and prominent in the region 1 ≤ η ≤ 3. The
temperature β(η) vanishes asymptotically at the free stream. An
interesting impacts of γ are observed for opposing flow case.
These alterations are depicted in Figure 6B. When the wedge
moves in the opposite direction of the nanofluids, then due to
the force of friction between the wedge surface and the molecules
of the nanofluids heat produces which favors the temperature
β(η). The temperature increases abruptly near the wedge. The
reason is that the more friction between the molecules of the
nanofluids and the wedge surface. For γAl2O3−H2O nanofluids,
the temperature arises rapidly than Al2O3 −H2O nanofluid.

Figure 7 highlights the influences of pressure parameter λ on
the temperature of Al2O3 −H2O and γAl2O3 −H2O nanofluids.
The pressure parameter λ opposes the nanofluids temperature.
For assisting flow, the temperature is decreasing function of λ and
the decrement in Al2O3 − H2O nanofluid is rapid. Due to high
dynamic viscosity of γAl2O3 − H2O nanofluid, the temperature
drops slowly than Al2O3 − H2O nanofluid. It is observed that
the temperature vanishes at the thermal boundary layer which
starts beyond η > 3. These influences are shown in Figure 7A.
It is investigated that the opposite motion of the wedge and
nanofluids reduces the temperature very rapidly. Due to opposite
motion, the velocity of the momentum drops. Consequently,
the velocity declines which cause the rapid decrement in the
temperature. The role of λ on β(η) is very cleared. Moreover,
for opposing case, thermal boundary layer increases and the
temperature decreases beyond η > 5. This behavior of the
temperature is portrays in Figure 7B.

Figures 8–10 depicted the behavior of temperature β(η) for
volumetric fraction φ, Eckert number Ec and thermal radiation

parameter Rd, respectively. The temperature patterns for both
assisting and opposing case are plotted.

In the study of nanofluids, the importance of volume
fraction cannot be neglected. The volume fraction alters the
temperature effectively and plays vibrant role. The variations
in the temperature for assisting and opposing flow due to
altering φ are plotted in Figures 8A,B, respectively. From
these, it is inspected that the volume fraction favors the
temperature positively. For γ > 0, the increasing pattern
of the temperature is quite slow than γ < 0. The main
reason of this phenomena is the force of friction produces
between the wedge surface and molecules of the nanofluids.
For assisting case, thermal boundary layer decrease and in the
case of opposing flow it starts increases and the temperature
is vanishes beyond η > 3 and η > 4, respectively. For
γAl2O3 − H2O3 the temperature β(η) increases very promptly
due to the dynamic viscosities of Al2O3 − H2O3 and γAl2O3 −

H2O3 nanofluids.
The effects of Eckert number which appears due to the

viscous dissipation are plotted in Figures 9A,B for alike and
opposing flow cases, respectively. The temperature varies almost
inconsequentially for γ > 0 for both sort of nanofluids.
On the other hand, it is inspected that for more dissipative
nanofluids, the temperature β(η) arises rapidly. Thermal
boundary layer decreases for Al2O3 − H2O nanofluid and
increases for γAl2O3 − H2O nanofluid. From Figures 10A,B,
it is obvious that thermal radiation parameter increases the
nanofluids temperature for both the cases. For opposing
case, the temperature β(η) arises quite rapid than alike
flow case.

Skin Friction and Local Nusselt Number
This subsection highlights the behavior of skin friction
and local Nusselt number for different values of the flow
parameters for assisting and opposing flow. It is observed
that the skin friction is directly proportional to the pressure
parameter λ. For opposing flow, skin friction increases
slowly in comparison with opposing flow case. These are
depicted in Figure 11. Figure 12 shows that the magnetic
parameter M favors the skin friction for both assisting and
opposing flows. For assisting case, it varies very slowly
for assisting case while abrupt alterations are observed for
opposing flow.

The alterations in local heat transfer coefficient (Nusselt
number) for different parameters incorporating in Figures 13–
15 for alike and opposing flow cases. It is observed that heat
transfer decreases at the wedge surface for alike flow case for
radiative flow. The heat transfers for γAl2O3−H2O nanofluids is
rapidly drops than Al2O3 − H2O nanofluids. On the other hand,
decrement in the heat transfer is observed for opposing flow.
The heat transfer drops abruptly for γAl2O3 − H2O nanofluid.
These variations are portrayed in Figure 14. Figure 15 depicts
the influences of dissipation phenomena on the heat transfer.
The heat transfer drops abruptly for more dissipative γAl2O3 −

H2O nanofluid and in Al2O3 − H2O nanofluid, these effects are
quite slow.
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Thermophysical Properties
Thermophysical characteristics contribute vibrantly in the flow
regimes of nanofluids. These properties effectively alter the
nanofluid characteristics. The effects of volume fraction φ on
the effective dynamic viscosity, thermal conductivity, electrical
conductivity and density are plotted in Figures 16–19. From
Figure 16, it is clear that the dynamic viscosity of γAl2O3 −

H2O increases exponentially. The for Al2O3 − H2O nanofluids,
these are very slow. Due to this improvement in the dynamic
viscosity, the characteristics of the nanofluids affects. Similarly,
thermal conductivity of γAl2O3 − H2O nanofluid is quite rapid.
However, no major difference between thermal conductivities
of Al2O3 − H2O and γAl2O3 − H2O nanofluids is observed.
Furthermore, electrical conductivity and density of the nanofluid
arises by increasing the volume fraction in feasible domain. These
are elaborated in Figures 18, 19, respectively.

Comparison With Scientific Literature
Table 2 elaborating the reliability of the presented results with
existing scientific literature for F′′(0). It is detected that by
setting different physical parameters equal to zero, our results
meets the existing scientific results in the literature that show
the reliability of the presented physical results and applied
numerical technique.

CONCLUSIONS

A novel radiative and dissipative study on Al2O3 − H2O and
γAl2O3 −H2O nanofluids heat transfer model in the presence of
applied magnetic field is considered over wedge. Two nanofluids
models are obtained corresponding to two different sort of
nanoparticles together with host liquid water. Then the models
are treated mathematically by implementing RK scheme coupled
with shooting method. Finally, the results for the flow regimes,
heat transfer and thermophysical characteristics are plotted and
found the following major outcomes:

i. The velocity of γAl2O3 − H2O nanofluid increases for higher
Hartree pressure gradient parameter.

ii. The assisting flow of nanofluid over wedge favors the velocity
field F′(η) and the velocity drops for opposing flow.

iii. The velocity profile F′(η) drops for higher volume fraction
factor φ of the nanoparticles.

iv. The temperature of the nanofluids arises for opposing flow.
v. The temperature β(η) arises for more dissipative and

radiative nanofluids.
vi. The temperature field β(η) declines for higher Hartree

pressure gradient parameter.
vii. The parameter λ and strength of magnetic field favors the

skin friction coefficient.
viii. For more radiative and dissipative nanofluids, the heat

transfer coefficient drops.
ix. Dynamic viscosity increases abruptly for γAl2O3 − H2O

than Al2O3 − H2O nanofluid which alters the flow
characteristics effectively.

x. Thermal and electrical conductivities increases by increasing
the nanoparticles volume fraction φ.

xi. From comparison of presented results with existing scientific
literature, it is observed that the presented physical results
are valid.
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NOMENCLATURE

Parameter Description SI Unit

Ec Eckert number Dimensionless

F ′ (η) Dimensionless velocity Dimensionless

knf Effective thermal conductivity Wm−1K−1

kf Thermal conductivity of the fluid Wm−1K−1

ks Thermal conductivity of the nanoparticles Wm−1K−1

M Hartmann number Dimensionless

Pr Prandtl number Dimensionless

q(x) Wall heat flux W/m2

Rd Thermal radiation parameter Dimensionless

T Temperature K

Û(x, t) Main stream velocity m/s

û Velocity in x direction m/s

v̂ Velocity in y direction m/s

β(η) Dimensionless temperature Dimensionless

γ Wedge parameter Dimensionless

η Similarity variable Dimensionless

µnf Effective dynamic viscosity kg/ms

µf Dynamic viscosity of the fluid kg/ms

ρnf Effective density kg/m3

ρf Density of the fluid kg/m3

ρs Density of the solid particles kg/m3

(
cp
)
nf

Effective heat capacity of the nanofluid kg−1K−1

(
cp
)
f

Heat capacity of the fluid kg−1K−1

(
cp
)
s

Heat capacity of the nanoparticles kg−1K−1

σ ∗
m Electrical conductivity S/m
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