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Abstract: This problem focuses on the laminar flow of a nanofluid in atined permeable parallel walls. We assume that the lower
wall is wavy while the upper wall is flat with Dufour effectsoi®t effects, and a magnetic field effect with boundary coo been
convective. The rectangular coordinate system has beehtoggesent the model for this problem. It also incorpor#teseffect of
thermophoresis parameter and Brownian motion. The oldadmailarity solution is dependent on the thermophoresisitmer (\;),
Darcy number Da), Magnetic parameteiM), Dufour ©U) number, Soret§r) number, Brownian motionNy), Lewis humber I(e),
Prandtl numberR;). It is found that at the wavy wall, the fluid flow back.

Keywords: Thermophoresis, nanofluid, nano particles, boundary Jalermo-difussion, difussion thermo, channel flow, wavyi wa
and Adomian decomposition method.

1 Introduction

The study of energy or heat transfer from irregular surfaicegarticular, wavy configurations has become extensore, f
their widespread applications during past years. Pravgititiermal boundary layers formation and promoting cafigbil

of the fluid motion near the surface for corrugated and rongegeometries increase the heat transfer rates, thereby
resulting in enhancement of heat transfer performance.mgtioe various applications of such heat transfer surfaees a
wall undulation, plate heat exchangers, micro-electratewices, design of solar collectors, film vaporization in
combustion chambers and cross-hatching on ablative sasfa@nspiration cooling of return automobiles and rocket
boosters.

In recent times, the joint free and force convection cor@ideboth mass and heat transfer within a perpendicular
corrugated porous duct with moving heat waveswas analyzddraestigated by Muthuraj and Srinivas (2010). Using
the perturbation method, the influence of the various pentiparameters, namely, the Schmidt number, Hartmann
number, and the porosity constraint, over the flow fields withss and heat transfer characteristics were explained.
Umavathi and Shekar (2011) investigated the combined atioveand heat transfer fluid flow via a long perpendicular
corrugated channel filled with permeable material, empigylinearization method. They assumed long wave
approximation for perturbation solution. Gireesha and &dhesh (2013) conducted an analytical approach for
combined mass and heat transfer of an unsteady magnetayydmmics visco-elastic flow via an irregular vertical
passage with coupled boundary condition using perturbatohnique. They analyzed the influence of different salien
constraint such as Sherwood and Biot number on velocity antpérature fields. Kumar and Umavathi (2013)
conducted the perturbation technique to a problem of tindependent two-dimensional convective (natural) flow in a
permeable medium amid a long perpendicular undulated wadllparallel flat wall with heat source utilizing a Walters
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fluid (model B). They discussed the significance of the flow and energyrmesson features, namely, the rate of heat
transfer at both walls and the skin friction in detail. Umitasvaand Shekar (2014) conducted the same technique on
convection (mixed) of the laminar flows in a wavy-perpentiicpassage filled with two immix able viscous fluids. They
found that the viscosity parameter, grashof number, caidiycratio and geometry ratio increase the momentum
component parallel to the flow direction.

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

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

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

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

2 Problem formulation

Consider a time independent, 2-D boundary-layer flow of eofiaidl in a channel inclined at angf®. located aty =
acogLx) is the wavy wall while at = h the other flat wall. Whera is the amplitude of the wavy wall arick is a location

on the wavy wall. The temperatuféas no constant value at the wavy wall while nanoparticletiva C have constants
valueCy aty = aCogLx) and T, andC;, aty = h respectively. For the present, we will implement the foration of
Aiyesimi (2015a) in a permeable wavy wall with permeabjlityagnetic field, Soret, Dufourt, Heat generation effects
with convective boundary conditions. The governing equregiare

Jdu ov
% + oy~ 0 (1)
Momentum equation
WU Lop, d—2u+a—2u fﬂufcqbusz—B%u )
ox dy  psdx ox2 ~ dy? k P

+9B(T — Th) cosO + gB(C— Cp) cosO.
Energy equation

oT  aT 0°T 92T Q
quLvd_y_a(ﬁde—y?-)—Fp—cp(T_Th) (3

+1(D (d_ca_T_i_d_Cd_T)_;’_E d_T 2+ a_T ? +M@
Bloxox oy ay’ T ax ay CsCp 0y?
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Nanofraction equation

ocC oc 9°C 92C DumKr 02T 92T
G vy =P (G ) () (5 + 5 ) @

Subject to the boundary conditions:

y=aCogLx):u=0, v=0, —k*g—; =h*(Tf—=Ty), C=Cy, y=h:u—0, T—>T,, C—Cp. (5)
The velocity along th& andy axes are respectivelyandv, ps is the density of the base fluigis the fluid pressure) is
the kinematic viscousityk* is the heat conductivity, k is the permeability,is the electrical conductivityyis the heat
diffusivity, Kt is the heat-distribution ratiol; is the convective fluid temperaturk is the convective heat transfer
coefficient, ¢ is the porousityBoexternal magnetic fieldQis the heat generatio, is the specific heat capacity at
constant pressur®g is the Brownian diffusion coefficienDr is the thermopheric diffusion coefficient ama= Eg ;f is
the ratio between the effective heat capacity of the fluidhibeing the density; is Forchheimer’s inertia coefficient
and pp is the density of the particles, g is the acceleration duerswity, Tyis the mean fluid temperatur€s is

concentration susceptibility.

C
C

The dimensional stream function is define(gs(x,y)) such thatu = %—‘5 andv = —‘;—‘)’(’ . From Sheikholeslami et al.,
(2014).
T-Th C-Gy

, g=axf(n), e(n):ﬁ, a”dX(”):CO_ch

n= (??) (6)

oI

wheren, f (n), 6(n), x (n) are the non-dimensional distance, velocity, temperatume nanoparticle concentration.

Neglecting the pressure gradient equatid)2d (5) reduces to the following local similarity solution

£ + Re(f '~ (1+¢) f2— (Da 1+ M) f/) + G7xB COSO + Grey( CosO = 0 @)
8" + RePrfo +Prag0+ PrNyx 6 +PrNi2+DUPry” =0 (8)
X' +ReLefy +LeS6" =0 )

with corresponding boundary conditions

f(0)=0, f(0)=0, 6'(0)=—Bi(1-6(0), x(0)=1, f'(1)=0, 8(1)=0,x(1)=0. (10)
in which
3 3 2
Grrx = 9B (x) (To— To) gB(XLEJToiT”), Grex = h gB(ng(Soicm, p=cxp, Dal= rg—f, Re= ? M= Ua—lla)o, P= %,
v . hZQ . h* su\1/2 . (pC)pDB(C()fCh) . (pC)pDT(TofTh)

Le= Dy’ P~ apCp’ Bi= 1 (E) > No= (pc)su TN (po)iTho
DU — DMKT(Co—Ch) _ DMKT(TO_Th)

CsCp(To—Th) ’ Tmu(Co—Ch)

are the Grashof number, Inverse Darcy number, modified @fasimber, inertia coefficient, Gravitational parameter,
Renold number, Magnetic Parameter, Lewis number, Prandtiber, heat generation or absorption parameter, Biot
number, Brownian motion parameter, thermophoresis pasnigufour number, and Soret number respectively.
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Table 1: Comparison of Result fof () with the present work for Re=1 and®r0.1.

n RK- Present
Method 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 technilye nonlinear coupled ordinary differential equatiofsdg

(9) alongside the boundary conditiori}{ has been solved by the proposed Modified Adomian Deconipoditethods
Ebaid and Al-armani (2013) and results have been comparedifferent values ofy with the Numerical method as
shown in Table 1. All other parameters are assumed to be xeeptfor Re=1 andP# 0.1and temperature is assumed
to be constant on the lower wall. From the graphs it isobgktivat the present method and the Numerical method are in

an excellent agreement.
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Fig. 1. Effect of magnetic parameter on velocity

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

Figure 1 show the effect of magnetic field paramelé)y 0n the velocity of the fluid. We observed that as M reduces, th
velocity profile increases along the wavy wall but rises atftht wall.

Figures 2 to 3 present the effect of Darcy nuniBe) on the velocity profile and temperature profile. We noticext &%
the Darcy number increases, the velocity profile boundacktiess reduces, and thermal boundary thickness increases

across the boundary layer.
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Fig. 3: Effect of Dacian number on temperature
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Fig. 4: Effect of Prandtl number on velocity

profile. profile.
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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)ten\elocity and energy distribution. As the Prandtl
reduces the velocity profile also reduces at the region ctogbe wavy wall but has no effect at the flat wall region. The
temperature distribution increases with reduction in gtemumber.

Figures 6 to 7 displays the effect of Biot number (Bi) on vélpand temperature profiles. We noticed that the fluid
velocity at both walls rises with rise in the Biot number vehithe thermal boundary thickness reduces. It is worthy of

note that at) = 0.22the velocity profile is the same for all values of Biot numbe

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

Figures 10 to 11 display the effect of soret numb®r) (on velocity and nanofraction profile. As the Soret humber
increases, the velocity profile increases while the naxtifna profile reduces.

Figures 12 to 14 display the influence of Lewis number (Le) eloeity, temperature and the concentration profiles
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Fig. 7: Effect of Biot number on temperature Fig. 8: Effect of Dofour number on velocity
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Fig. 9: Effect of Dufour number on temperature Fig. 10: Effect of Soret number on velocity
profile. profile.

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

Figure 15 shows that as heat generatigy) (ncreases from negative to positive so the temperatufdgedso increases.

4 Conclusion

This problem focuses on the laminar flow of a nanofluid in atiried permeable parallel walls. We assume that the lower
wall is wavy while the upper wall is flat with Dufour effectspi®t effects, and a magnetic field effect with boundary
conditions been convective. The rectangular coordinaséery has been used to present the model for this problem.
It also incorporates the effect of thermophoresis paramnstd Brownian motion. The obtained similarity solution is
dependent on the thermophoresis numby, ODarcy numberDa), Magnetic parameteM), Dufour ©U) number, Soret

(Sr) number, Brownian motionN,), Lewis numberl(e), Prandtl numberR). It is found that at the wavy wall, the fluid
flow back. From the results displayed, the following obstoves were made

(1) The graphs displayed in this work satisfy the boundanddions.
(2) Results obtained are in good agreement with the Nuniefazhnique 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.
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Fig. 13: Effect of Lewis number on temperature
profile.

(3) The problem is solved by takihg = 7.
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Fig. 12: Effect of Lewis number on velocity
profile.
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Fig. 14: Effect of Lewis number on
nanofracrion.

(4) Generally onthe wavy wall, the fluid velocity is zero, teeperature varies as the parameter as a result of coreectiv
heating, and the fluid nanofraction is at maximum while onftaewall, the velocity, temperature and nanofraction
are zeros. Also, at the region close to the wavy wall, therst exflow back which is the reason the graphs of the

velocity profile crossed the negative axis.

(5) Itis worthy of note that while some quantities are varigtthers were kept constant through-out the work.
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