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Abstract: This problem focuses on the laminar flow of a nanofluid in an inclined permeable parallel walls. We assume that the lower
wall is wavy while the upper wall is flat with Dufour effects, Soret effects, and a magnetic field effect with boundary conditions been
convective. The rectangular coordinate system has been used to present the model for this problem. It also incorporatesthe effect of
thermophoresis parameter and Brownian motion. The obtained similarity solution is dependent on the thermophoresis number (Nt ),
Darcy number (Da), Magnetic parameter (M), Dufour (DU) number, Soret (Sr) number, Brownian motion (Nb), Lewis number (Le),
Prandtl number (Pr ). It is found that at the wavy wall, the fluid flow back.

Keywords: Thermophoresis, nanofluid, nano particles, boundary layer, thermo-difussion, difussion thermo, channel flow, wavy wall
and Adomian decomposition method.

1 Introduction

The study of energy or heat transfer from irregular surfaces, in particular, wavy configurations has become extensive, for
their widespread applications during past years. Preventing thermal boundary layers formation and promoting capability
of the fluid motion near the surface for corrugated and roughened geometries increase the heat transfer rates, thereby
resulting in enhancement of heat transfer performance. Among the various applications of such heat transfer surfaces are
wall undulation, plate heat exchangers, micro-electronicdevices, design of solar collectors, film vaporization in
combustion chambers and cross-hatching on ablative surfaces, transpiration cooling of return automobiles and rocket
boosters.

In recent times, the joint free and force convection considering both mass and heat transfer within a perpendicular
corrugated porous duct with moving heat waveswas analyzed and investigated by Muthuraj and Srinivas (2010). Using
the perturbation method, the influence of the various pertinent parameters, namely, the Schmidt number, Hartmann
number, and the porosity constraint, over the flow fields withmass and heat transfer characteristics were explained.
Umavathi and Shekar (2011) investigated the combined convection and heat transfer fluid flow via a long perpendicular
corrugated channel filled with permeable material, employing linearization method. They assumed long wave
approximation for perturbation solution. Gireesha and Mahanthesh (2013) conducted an analytical approach for
combined mass and heat transfer of an unsteady magnetohydrodynamics visco-elastic flow via an irregular vertical
passage with coupled boundary condition using perturbation technique. They analyzed the influence of different salient
constraint such as Sherwood and Biot number on velocity and temperature fields. Kumar and Umavathi (2013)
conducted the perturbation technique to a problem of time independent two-dimensional convective (natural) flow in a
permeable medium amid a long perpendicular undulated wall and parallel flat wall with heat source utilizing a Walters
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fluid (model B′). They discussed the significance of the flow and energy transmission features, namely, the rate of heat
transfer at both walls and the skin friction in detail. Umavathi and Shekar (2014) conducted the same technique on
convection (mixed) of the laminar flows in a wavy-perpendicular passage filled with two immix able viscous fluids. They
found that the viscosity parameter, grashof number, conductivity ratio and geometry ratio increase the momentum
component parallel to the flow direction.

Influence of magnetic field on copper oxide nanofluid with heattransmission in a closed system was considered by
Shiekholeslami et al. (2014). It was observed the influence of energy source length and Hartmann number is quite
evident with increase in Rayleigh number.

Magnetohydrodynamic boundary layer flow of a Nanofluid over an extending sheet rooted in a darcian Permeable media
with radiation was studied by Aiyesimi et al. (2015a). They observed that when prandtl number reduces, the heat diffuses
faster from the system.

Lately Aiyesimi et al. (2015b) considered the convective boundary-layer flow of a nanofluid over an extending sheet with
radiation by extending the model of Khan and Pop (2010). Theyobserved that the nano-fraction buoyancy and thermal
buoyancy increases the fluids momentum, energy, and nano-fraction. It is proper to extend the work of Aiyesimi et al
(2015a) over an inclined permeable wavy channel with magnetic field, Duffour and Soret properties and use the
Adomian Decompositon Method (stocktickerADM) to obtain the analytical solution of the model.

This study is a new advancement in the literature in which an analytical solution of a nanofluid in an inclined permeable
wavy channel with Soret and Duffour effects is proposed using the Adomian Decomposition Method.

2 Problem formulation

Consider a time independent, 2-D boundary-layer flow of a nanofluid in a channel inclined at angleΘ . located aty =

acos(Lx) is the wavy wall while aty= h the other flat wall. Wherea is the amplitude of the wavy wall andLx is a location
on the wavy wall. The temperatureThas no constant value at the wavy wall while nanoparticle fractionC have constants
valueC0 at y = aCos(Lx) andTh andCh at y = h respectively. For the present, we will implement the formulation of
Aiyesimi (2015a) in a permeable wavy wall with permeability, magnetic field, Soret, Dufourt, Heat generation effects
with convective boundary conditions. The governing equations are
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Nanofraction equation

u
∂C
∂x

+ v
∂C
∂y

= DB

(

∂ 2C
∂x2 +

∂ 2C
∂y2

)

+

(

DMKT

TM

)(

∂ 2T
∂y2 +

∂ 2T
∂y2

)

(4)

Subject to the boundary conditions:

y= aCos(Lx) : u= 0, v= 0, −k∗
∂T
∂y

= h∗(Tf −Th), C=C0, y= h : u→ 0, T → Th, C→C0. (5)

The velocity along thex andy axes are respectivelyu andv, ρ f is the density of the base fluid,pis the fluid pressure,υ is
the kinematic viscousity,k∗ is the heat conductivity, k is the permeability,σ is the electrical conductivity,α is the heat
diffusivity, KT is the heat-distribution ratio,Tf is the convective fluid temperature,h∗ is the convective heat transfer
coefficient,ϕ is the porousity,B0external magnetic field,Qis the heat generation,Cp is the specific heat capacity at

constant pressure,DB is the Brownian diffusion coefficient,DT is the thermopheric diffusion coefficient andτ =
(ρc)p
(ρc) f

is
the ratio between the effective heat capacity of the fluid with ρbeing the density,c is Forchheimer’s inertia coefficient
and ρP is the density of the particles, g is the acceleration due to gravity, TM is the mean fluid temperature,CS is
concentration susceptibility.

The dimensional stream function is define as(ψ (x,y)) such thatu = ∂ψ
∂y andv = −

∂ψ
∂x . From Sheikholeslami et al.,

(2014).
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whereη , f (η), θ (η), χ (η) are the non-dimensional distance, velocity, temperature,and nanoparticle concentration.

Neglecting the pressure gradient equations (1) to (5) reduces to the following local similarity solution
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are the Grashof number, Inverse Darcy number, modified Grashof number, inertia coefficient, Gravitational parameter,
Renold number, Magnetic Parameter, Lewis number, Prandtl number, heat generation or absorption parameter, Biot
number, Brownian motion parameter, thermophoresis parameter, Dufour number, and Soret number respectively.
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Table 1: Comparison of Result forθ (η) with the present work for Re=1 andPr= 0.1.

η RK-
Method

Present
Work

0.0 0.9999 1.0000
0.1 0.8988 0.8976
0.2 0.7977 0.7953
0.3 0.6967 0.6931
0.4 0.5960 0.5913
0.5 0.4956 0.4898
0.6 0.3956 0.3889
0.7 0.2960 0.2891
0.8 0.1969 0.1907
0.9 0.0982 0.0941
1 0.0000 0.0000

3 Results and discussion

In order to establish the uniqueness of the present technique, the nonlinear coupled ordinary differential equations (7) to
(9) alongside the boundary conditions (10) has been solved by the proposed Modified Adomian Decomposition Methods
Ebaid and Al-armani (2013) and results have been compared for different values ofη with the Numerical method as
shown in Table 1. All other parameters are assumed to be zero except for Re=1 andPr= 0.1and temperature is assumed
to be constant on the lower wall. From the graphs it isobserved that the present method and the Numerical method are in
an excellent agreement.

Fig. 1: Effect of magnetic parameter on velocity
profile.

Fig. 2: Effect of Dacian number on velocity
profile.

Figure 1 show the effect of magnetic field parameter (M) on the velocity of the fluid. We observed that as M reduces, the
velocity profile increases along the wavy wall but rises at the flat wall.

Figures 2 to 3 present the effect of Darcy number(Da) on the velocity profile and temperature profile. We noticed that as
the Darcy number increases, the velocity profile boundary thickness reduces, and thermal boundary thickness increases
across the boundary layer.
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Fig. 3: Effect of Dacian number on temperature
profile.

Fig. 4: Effect of Prandtl number on velocity
profile.

Fig. 5: Effect of Prandtl number on temperature
profile. Fig. 6: Effect of Biot number on velocity profile.

Figures 4 to 5 display the influence of Prandtl number (Pr) on the velocity and energy distribution. As the Prandtl
reduces the velocity profile also reduces at the region closer to the wavy wall but has no effect at the flat wall region. The
temperature distribution increases with reduction in prandtl number.

Figures 6 to 7 displays the effect of Biot number (Bi) on velocity and temperature profiles. We noticed that the fluid
velocity at both walls rises with rise in the Biot number while the thermal boundary thickness reduces. It is worthy of
note that atη = 0.22the velocity profile is the same for all values of Biot number.

Figures 8 to 9 depicts the influence of Dufour number (DU) on both the velocity and temperature profiles respectively.
Rise in Dufour number raises the velocity profile while the temperature drops as it increases.

Figures 10 to 11 display the effect of soret number (Sr) on velocity and nanofraction profile. As the Soret number
increases, the velocity profile increases while the nanofraction profile reduces.

Figures 12 to 14 display the influence of Lewis number (Le) on velocity, temperature and the concentration profiles
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Fig. 7: Effect of Biot number on temperature
profile.

Fig. 8: Effect of Dofour number on velocity
profile.

Fig. 9: Effect of Dufour number on temperature
profile.

Fig. 10: Effect of Soret number on velocity
profile.

respectively. It is observe that reduction in Lewis number causes the velocity profile to reduce and temperature profile
increases while the nanofraction profiles is reduced.

Figure 15 shows that as heat generation (φ0) increases from negative to positive so the temperature profile also increases.

4 Conclusion

This problem focuses on the laminar flow of a nanofluid in an inclined permeable parallel walls. We assume that the lower
wall is wavy while the upper wall is flat with Dufour effects, Soret effects, and a magnetic field effect with boundary
conditions been convective. The rectangular coordinate system has been used to present the model for this problem.
It also incorporates the effect of thermophoresis parameter and Brownian motion. The obtained similarity solution is
dependent on the thermophoresis number (Nt ), Darcy number (Da), Magnetic parameter (M), Dufour (DU) number, Soret
(Sr) number, Brownian motion (Nb), Lewis number (Le), Prandtl number (Pr ). It is found that at the wavy wall, the fluid
flow back. From the results displayed, the following observations were made

(1) The graphs displayed in this work satisfy the boundary conditions.
(2) Results obtained are in good agreement with the Numerical Technique used previously as shown in Table 1. This

guaranteed the uniqueness of the method.
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Fig. 11: Effect of Soret number on nanofraction.
Fig. 12: Effect of Lewis number on velocity
profile.

Fig. 13: Effect of Lewis number on temperature
profile.

Fig. 14: Effect of Lewis number on
nanofracrion.

(3) The problem is solved by takingLx= π
2 .

(4) Generally on the wavy wall, the fluid velocity is zero, thetemperature varies as the parameter as a result of convective
heating, and the fluid nanofraction is at maximum while on theflat wall, the velocity, temperature and nanofraction
are zeros. Also, at the region close to the wavy wall, there exist a flow back which is the reason the graphs of the
velocity profile crossed the negative axis.

(5) It is worthy of note that while some quantities are varied, others were kept constant through-out the work.
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Fig. 15: Effect of heat generation on temperature
profile.
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