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Abstract
m
) Problem of unsteady laminar Sluid flow in an inclined parallel permeable walls
with llut lower wall assumed to be wavy while the upper wall flat in a nanofluid with
magnetic field effect, Soret and Dufour effects with convective boundary conditions
{ms been considered. The model is presented in its rectangular coordinate system and
m.co.rporates the effects of Brownian motion, and thermophoresis i){tr(lmeler.
Similarity solution is presented which depends on the Magnetic parameter (M), Darcy

number (Da), Prandil number ( P,). Lewis number ( ¢ ), Brownian motion (N, ),

thermophoresis number ( M 9, Soret (Sr) aumber, Dufour (DU) number. It is found

that, for the fluid temperatare to be relatively tow, the heat generationt parameter ( ¢( 3

) has to be kept positive.

Keywords: Adomian Decomposition Method, Nanofluid, Nanopaticles, Thermophoresis,Boundary layer, Channel
flow, Soret number, Dufour number.

.0  Introduction
wong carly studies related to the subject of heat transfer from irregular surfaces, is the work of Lekoudis et al. [1] who

alyzed the boundary-layer of compressible flows along a corrugated wall. Shankar_and Sinha‘[2] solved the Rayleigh
oblem along a wavy surface using the perturbation technique. Lessen and Gangwam [3] investigated the effects of low
onitude wall undulations in order to capture the stability of the boundary layer in laminar form. Recently, Rees and Pop
4] studied the effects of stationary plane waves on the natural convegtion .indugcd by a hcatqd undulated surface in a porous
dium numerically. All of the above studies were performed on a single infinitely long horizontal wavy wall configuration

hout considering the channel-flow argument. ; : : o

ry recently, Muthuraj and Srinivas [5] studied the cqmbmed 'frcc and force convection considering bptll heat a?nd mass

nsfer within a vertical corrugated porous channel with traveling thermal waves. Using "hc perturbation technique, the
ts of different pertinent parameters, namely, the H.ar'tmann numbcr,'Schmldt nu'mb.ctf. and‘lhgt porosity parameter, on

ow fields and heat and mass transfer characteristics Iwcrc cexrzlfl‘:?ic(i).rrtf;iic‘/;l?}l]1:';‘3l?_lhﬁi\slrwli?l! l"VCS“gi"L‘ld lhlt

: | _ ’ : one vertical ¢ anne > Orous materi

ibined convection fluid flow and heat transfer through a ‘ong imation for perturbation solulionr? (}irccslmtra:l:d‘

ey : T » wave approx
oying lincarize chnique. The assumed long | 3 0 :
);hcgsh n[c;lngsguéfc(lj z}n analy):ical approach for combined heat and mass transfer of an unsteady

! ; : ir lar vertical channel with coupled boundary condition using
{ i . eoelastic fluid flow in an lregy ; ‘ e
;)tfil())"(]ir:)cd%n(fmlcs ’l\‘llls;oil:(:lt;CZCd the effects of different pertinent parameters such as Sherwood number and Biot
A chnique. They ani

I i ducted the perturbation technique to proble 3
I : ~ Kumar and Umavathi [8] con ! problem of
ke QR and temporeiu Mgt us medium between a long vertical undulated wall and parallel flat

-di 5 y ive flow in a poro ¢ : :
tt‘l:g dlmensmn;ﬂ 'Lawtrdl C?:Lvﬁfitlli‘;ing 4 Walters fluid (model B'). They discussed the relevant flow and heat transfer
| presence of a heat source 4
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© - he base fluid, 7 is the time, & s 4]
( the basc fluid, » & Is the thermal djffiyeie: :
E :;u pcrmcability. o is the electrical conductivity dll?ﬁu.sl"'ly, U'is the kinematic viscousity, k" is the thermal conductivity, k is
» 2718 the thermal-diffyci . S i 65
. Usion ratio, 7y is the convective fluid temper: hi
o, perature, 21 is

external magnetic field, (s the heat generation, C, is the

IS the Brownijan diffusion coefficient, D,

the convective heat transfer coefficient, P is the poroysi B
' Y By

gecific heat capacity at constant pressure, /)

B
(pe),

- is the thermopheric diffusion

f coefficient and 7 = is the ratio between é
: pe), the effective heat capacity of the fluid with p being the density, ¢ is
~ Jorchheimer’s inertia coefficient and P, is the density of the particles, g is the accele

- N ] ration due to gravity, 7, , is the mean
- {luid temperature, C ¢ is concentration susceptibility.

Defining the dimensional stream function (l// (x,y))

: 0
in the usual way such thaty = 22 and v = —@/—and following
Ox

e,

‘, the work in [10] :-
) 5 av. T—7 o
B ) 7, (1).0(n) T and 7 () 0

3 where 77, f (77) 1 9(77) ; ,1’(77) are the dimensionless fluid distance, velocity profile, temperature profile, and
- nanoparticle concentration.

- Neglecting the pressure gradient, equations (1) to (6) reduces to the following local similaritysolution:-
3 B 5

B - &/ "+ f" - (1+8) /7 —Re(Da™ + M) f'+Cos®(G,,0+G..x)=0)

by A
2

by

n0' +Prf0 +RePrg,0+PrN,z'0 +PrN0”+PrDUy" =009)

1 A
k" B 71 +Relefz' + LeS,0" =0 (10)

?Wilh corresponding boundary conditions:
)= /. 7 (0) =0, 0/ (0)=-B (1-0(0)), x(0) = 1.
()-0,0(1)=0, y(1)=0. (1)

lnwhich;f(')____vo (1 ﬂt),Ghzgoﬂ((; /)’G’;'x: - =2 _c¢’Dal=a_
A av : v % '

v g = ,Bzﬁ__(i’ﬂ;’l_’l] ,th(pc),,D,,(co_ch)‘
r =-(—;,Le-——5;‘, 0 U,DC/’ k a (pC)_,U

DA,KT(CO—C") 60 o DMKT (T" T”), are the Suction parameter, Thermal
DU s—mnd Ty 1 GGGy
: o eter, inertia coefficient, inverse Darcy number, Renold number,
dy Pa}l]”a:: e,;eration or absorption parameter, Biot number, Brownian
berl’JmEer, %md Soret number respectively.

(pe), v
Of number, modified Grashof number, unstea

etic Parameter, Prandtl number, Lewis mf{mrn
! Parameter, thermophoresis parameter, e,
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I'he problem is solved by taking Lx = &
- ot R T

Generally on the wavy wall, the flyj

convective heating, and the ﬂluid .h”d vel

panofraction are zeros. nanofract

It is observed lhdlj yclocny profile graphs ¢

the purallcl walls. The flow back is as 'p.s Crosses to the negative

It should be noted that while a qm‘n;i‘:yd result of the w it
«

ocity is

S zero, the t

58 s e S b .

On is at maximum wll:;lp\ua“"L varies as the parameter as a result of
¢ on the flat wall, the velocity, temperature and

axis, this implic :
' ] TP A ,.lhlls implies that, there is a flow back within
IS varied, others wl AR LI Involyed,

§ where kept constant through out the work
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