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Abstract

In this work, the effects of heat and mass transfer on unsteady firee convective couette dissipating fluid
flow with slip conditions in presence of variable suction and radiative heat source are investigated.
The governing equations of the model namely,; continuity, momentum, energy and concentration
equations are non-dimensionlised and solved using perturbation techniques. The numerical results are
presented graphically and effects of material parameters have been discussed.

Keywords: Free convective, Couette flow, Variable suction, Permeability, Dissipating fluid, Mass
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1.0. Imtroduction

More recently, the attention of many researchers has been drawn to Convective fluid flow with mass
transfer along a vertical porous plate in the presence of magnetic field and variable suction due to its
useful applications in different branches of science and technology such as cosmical and geophysical
science, fire engineering, combustion modeling, nuclear power plants, gas turbines and various
propulsion devices for aircrafts, missiles, satellite and space vehicles etc. One of the early studies on
the problem was presented by Ostrach (1952) who carried out the analysis of laminar free convective
flow and heat transfer about a flat plate parallel to direction of the generating body force using
similarity solution method. Soundalgekar (1979) investigated unsteady free convection flow along
vertical porous plate with different boundary conditions and viscous dissipation effect. Singh (1983)
analyzed the MHD free convective flow past an accelerated vertical porous plate by finite difference
method. Hossain and Begum (1984) presented the effects of mass transfer and free convection past a
vertical porous plate while Crpeau and Clarksean (1997) studied similarity solution of natural
convection with internal heat generation which decays exponentially. Kim (2000) investigated
unsteady MHD convective flow and heat transfer past a semi-infinite vertical porous moving plate
with variable suction. Makinde et al. (2003) reported unsteady free convective flow with suction on an
accelerating porous plate.

Chamkha(2004) discussed unsteady MHD convective heat and mass transfer past a semi-infinite
vertical permeable moving plate with heat absorption. He assumed that the plate moved with a
constant velocity in the direction of the fluid flow while the free stream velocity is assumed to follow
the exponentially increasing small perturbation law. Singh and Gupta (2005) investigated the MHD
free convective flow of a viscous fluid through a porous medium bounded by an oscillating porous
plate in the slip flow regime with mass transfer.The effects of chemical reaction and radiation
absorption on the unsteady MHD free convection flow past a semi-infinite vertical permeable moving
plate with heat source and suction was studied by Ibrahim et al. (2008). Sreekanth et al. (2001)
analyzed transient MHD free convection flow of an incompressible viscous dissipative fluid and
obtained the solution employing explicit finite difference method. Chamkha (2003) studied MHD flow
of a uniformly stretched vertical permeable surface in presence of heat generation/absorption and
chemical reaction. Recently,Al-Odat and Al-Ghamdi(2012)investigated numerically Dufour and
Sorets effects on unsteady MHD natural convection flow past vertical plate embedded in non-Darcy
porous medium. Das (2009) reported the effects of suction and injection on MHD three dimensional
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couetteflow and heat transfer through a porous medium. The stationary plate and the plate in uniform
motion are respectively subject to transverse sinusoidal injection and uniform suction of the fluid. Das
et al. (2010) discussed the hydromagnectic convective flow past a vertical porous plate through a
porous medium with suction and heat source. The study concluded among others that the effect of
increasing magnetic parameter slow down the transient velocity of the flow field at all points.

More recently, Das et al. (2012) analyze the effects of Radiative heat and mass transfer on Natural
convection couette flow through a porous medium in the slip flow regime. The effect of magnetic field
viscous dissipation is neglected in this study. In view of the importance of the parameter neglected, we
are concerned in this study with the effects of heat and mass transfer on free convective couette flow
with dissipative heat through a porous medium in the slip flow conditions.

NOMENCLATURE

P,._rp Prandtl number

k
V= fldnematic viscosity

v’ gRa
Gi= s Grashof number for heat transfer
Xy, X, Suction parameters
hy, Ry Slip flow parameters
F Radiation parameter
K, Permeability parameter
4 Schmidt number
U Dimensional velocity P
Tk The dimensional temperature
g The concentration
Jit Volumetric coefficient of expansion for heat transfer
Bl Volumetric coefficient of expansion for heat transfer
K The thermal conductivity
Ch Specific heat at constant pressure
DMolecular diffusivity
gAcceleration due to gravity
Aand B Real positive constants
tThe time
LEckert number

MMagnetic parameter
€a small positive number such that €A « 1 and €B « 1

2.0. Mathematical Analysis

We consider an unsteady free convective flow of a viscous incompressible fluid between two
vertical parallel porous plates placed at a distance h apart in the slip flow regime in presence of
variable suction and radiative heat source Let the medium between the plate be filled with a porous
material of permeability
Kt =—K3(1 + eRe~ "'t
and a time dependent suction

VI() =—Vi(1 + ede ™'t
be applied at the plate y = 0 and the same injection velocity be applied at the plate y = 1.We choose
x-axis along the plate and v —axis normal to it.
The dimensional governing equations can be stated as follows

Continuity equation
s

which resulted to the variable time suction as defined above , i.e
Vi=—Vi(1 + ede ™'t
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Momentum equation:

du- ol oud J L gul ul araut
g Vi +ede™ gy = 9B {Tl Th) + () +v w7 Vs T,
(2
Energy equation:
1 —wip 30t K 2%t 1 3q | g (3ut

SRl = e - ) 3)
Concentratlon equation:
Al wilpl 86t d2et
e V011+L/1 )a;y = 4)
with the following boundary conditions

auw' ar q /n m

C U]._levil ﬁz_—,dy =_Fsaty1=0 (5)
1!1 — Uz = 1 TI;I s cl = Cﬂat‘)}l =h
whereL. the Maxwell's reflection coefficient.
The radiatwe heat ﬂux g, 1s given by
:}f’ 4011 = THI (6)
whereI= [ K; ac"” dA, Ky is the absorption coefficient at the wall, e,;is Planck's function and 4 is
the frequency. ot

3.0. Methods of Solutions
In order to write the governing equations and the boundary conditions in dimensionless form,the
following non-dimensional quantities are introduced

¥ ] i vw? ul Iy Vi
Y= E= sah= — = == >
% v Vy Ve P s
1 b i T
8= k(T - 1), 0 = ZRlOet) R o VL
7 K KV,
VigBR™m Avl v 1 L Vih
(,cz —, e 1_),S'C=—rq1=—}a2:—‘(-€: ;
DV, pe T ) Ve Vo v
Lol _ LV i
et =iy ==, n= e , e = 2 (r =5 (7)
into the governing equations (1)-(4) whlch now reduce to :
Momentum equation
~Ag  OF du u!
— (1 + cAe )a =G, H-Hfr(-l-a 5 P L.H_&_ﬁ,e_m)+'mwz (8)
Energy equation
. —arn@8 _ 1 978 4 A
(1 +eae~onE = 2 S8 Fp £ Be (v) (9)
Concentration equation
A et 1 8%
o (1 | fAe )av L (10)
du 20 e birih,
u= o0 pe= <N, o S (11)
$ L ARG (12)
=a;+-—,8=0,C=0,aly=h
u 7 ay y

In order to reduce the above system of partial differential equations to a system of ordinary differential
equations in dimensionless form, the velocities, momentum, temperature, and mass are represented as:

w(y, £} = 1w, (v) + ee™i, @) + 0(e2) + ... (13)
8y, 1) =0,(y) + ce™8,(y) + 0(c?) + ... (14)
Clv.t) = Coly) + ce™C (y) + 0(c?) + ... €l5)
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On substituting equations(13)-(15) into equations(8)-(10)and neglecting the coefficient of like powers

of ¢, we get the following set of differential equations.

gl (M - — )IL, — 60— G " e

g - ( +—f—wJU1 = AU}~ U, = 6,8, — Gelr (1)
H;T | 83 FO, = FEc(Ub)? (18)
P 4 01+ (w— )8y = —A0) — 2EcU3U] (19)
% +cl=0 (20)
€540l +wey = -4 @1

and the corresponding boundary conditions reduced to:
ugly) = uoo(¥) + Ecug  (¥) + 0(Ec?)
Uy (¥) = uqy(¥) + Ecuy4(v) + 0(Ec? )
80(3) — Bgo () + Ecby; () + O(Ec™)
0:(¥) = 8,(¥) + Echy, (v) + 0l
Co(y) = Coo (¥} + EcCpy (y) + G(Ec?)

1Y) = CroW) + Eely (y) + 0(kc?) (24)
I A .
. 1

Ugg + Ugq — (M & k—) Uoo — —Grbp0 — G:Cog (25)
Ul + 04 - ( + )Um = —G, 041 — G:Cot (26)

+ Ul — (M 45— 0) U = AUl =52~ G610 - GGy @)

Iyl = (M s w) Uy = —AUY, — 3”"’ . (.C.%
_Héé + 8, — "guu =0 (29)
901 + By — FBy1 = —(Uga)* (30)

d+8l+H M+ F—wif, =485, (31)

9 +8{; + (M —F — w)8y, = —A83; — 2(Uo)(U{y) (32)
(_DO +5¢Cly — 0 (33)
cm +5¢Ci =0 (34)

L L+ Cly + wlyy = —AC], (35)

c + CL + wCyy = —A62 (36)

W1th the following corresponding boundary conditions
Uge = ity + RyUge Ugy = RyU3y Uyg = hyUfg Uyy = RyU];

aty =0 (37)

oo = &z | hallgy Uay = hpligy Usg = hp Uy 11y = hyUdy
aty =1 (38)
Bl = =1,683; = 0,8, =0, cnd G0 —NE—1 (39)
Ono = 0,057 = 0,010 = C,and 0y, =0, aty=1 (40)
Clo=—1,C31=0,Cy=0,and C} =0,aty =0 (41)
Gon = 0,Ca1 = 0, Cry = D, and Gy 20— (42)
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The solutions of equations (25)-(36) subject to the boundary conditions (37) and (42) are respectively:
U(y’t)—:‘/ll{;,'msy =+ Azf}mﬁy Ttz L-]_E..’mﬁ‘y_ it Lzﬂm/'y 1 k] =t .L3€,’ SY 4 EC( Alqe'ﬂlzﬂr’ st AZO ema¥
Lose M7+ quﬁ’m'-‘y + Loﬁezmsy iz que(m°_m5)3’ A Lgaelmg+m3)y - qug(m1+msly 0 Llnﬂe[rﬁ-ms)gf o
2m Tia+ni)V L2 +1q) —1724)]
e T & ,r‘mze( 2tng)) + ligesay + le_e(m@ m-a)y + ,vlwse(rg ma)y 4+ ['106821114)/ @
LLU76(”2+H11)J’ =+ LlUBe(m*_m‘}-ly e Lloge(rz+md)y 5= Llloe)-?'zy) =+ EE_[JJtI-A—]_I;E’mI"‘V + Aiﬁgm--_u_‘/_lr_
mey My Nn- s : = -1¥
Lyye sﬂr'+ Lyze™s? + Lyge’ 2Y +lLZR€m"V + Lzaew + Lyyet™¥ + [,aeMoy + [, eMa¥ +
Lype"™2¥ + Be { A 2™z + A,,e™M2e) + [, e™d + Lyque™ Y & Lg% + | e +
Lliré’:{m‘*;y =il Lnﬁe(mc+mb_‘|y e
-1
L117B(m3+mg)y 4 Lﬂﬂe(m,,ﬂn;)y o ane{rz—'.'ns'ty = LHOEZmﬁy A L1»;1 e(1n5+n13‘1y e Luzezmgg' I
1‘1230{7n4+:'ng)y i L_Ime(r;,_ﬂfeq)y + lesez-mﬂ L Luﬁe(r: iy )y Lyt (ng—tiegdy 4 Luﬁc(m&-r-rz}'y s
lege’!mz}’ + ALlﬂﬂemﬂy‘-l_ Lipie™20¥ + L ose'Mar— Ml 4 ngge(m1s+m5]y -+ Lige' ™ot
Lﬂqe(mw"'mSW o L1-me[m‘-1+m5)3" + Ly wermﬂﬂns'ly e Lﬂnﬁ.ﬁnﬁ+m”)y i Ltwefmr,ﬂrtm)ju 1
Li_40€(‘mg Img)y o L]_41£'(mm Imgly 4 L142{"{m$ Imqq)y 4 LM—BU('T"(‘ 1T42)Y 4 L144__t’2(m"‘ my7)Y
Lqu(rns+nawl,\’ o LHﬁE(mﬁm?]y ot L1+7€(n13+1nw}3? e L1 438(":3""“'—1}3’ L Llwe{m#mu)y +
]‘H“E(rmﬁ'rren):-f + I, “PL"IM'i'rrtw)}' S gUma=tits)y i1 __g(,(mﬂ-mm}y + Lyaq plma—t )y ¢
f & = 4 By o 0 3 ] 1541
LLESE("‘A.“"”-LZ.D’ + Llssef"'ﬁ"‘m;v)y + Lls,?e["'z"’m-‘_ub’ + Llsaef."z"'mv.]? i L1396-(rz M)y
Llﬁﬂeff’z“‘mnj}'-i- L151E'.'(r2+m‘2)y+ L‘lﬁzemlgj’ 4+ L16337’1:1}' + L‘lﬁa‘rem”j’ + L1558m12y +
Ligse™?} ] (43)

9(}' t ) A E.Semﬁy e Cﬂe.m.,_y Y Be (Age.m.,y +A4cmﬁy o L3182m5y s ngi-’(ms Imgly LSSE(m?' me)y
L ‘,:"M_El'm.1 —ires )Y | quel'rﬁms)y 13 L%ezrngy L L_”e[mf,+m3)y i L?aezrngy 3 L.we(m; +mady 4
L‘I_De(ma'ﬂ’;)'y [ ;J’” cz-m.‘,y 5 ]J’wc(ﬂh—'fz}]/ + deefﬁhﬂﬁa)'y + *Jqllre.(mﬁ+'r_,-._}y + L:Hezﬁy ) It
s [ A5e™s¥ + Age™=0¥ + Lae™sY + L e™1Y+ Be (A ™Y + 4 pe™eed + [, ™V +
L,,_v,f?msy AL L,, Hezmsy AE Lwe(msﬂns]y o Lwe(‘ma-ims]y e LH] E‘{7."z,,+.rn_;)y i L.,--,B("z +mz)y 4
LSHeZm;y o L_’lc('mﬁ Ima)y 4 LSSsz‘ly 1 L:,G(?{m“ I ma)y L'_TL,(T; Im2)y Lot 2myy 4
(S8 o o)
e oe1m1+z-‘}y +L e{mt—,i--m@]}’ o eMe=TY 4 [ _o2ray 4 [ _o'Ms—tgz)¥ 4 {me+mqgdy 4
59 ¥ +lggete t Lgy A2 Lgse Lese
Lﬁse(rr:;ﬂquy 1 LhﬁE"“lF‘—m"‘"y of Lrﬂe{‘rrz; +Hg13y 4 Lﬁgﬁ' (s—tre12)y 4 Lwe("“?*"‘ﬁ)y it
LTC,e(mw'l'"muJJ" -;—L,?ig'i'ml.""mo)l’ +L728(m10+“1h.]y + L,;,zerm-_l"'ma)y +L7Le-(”11z+“1ul"’ +
L7qe(n13+m-_v],ﬁ’ + Lme(mm"'”‘!h’ |z L,??e{‘mg +mg)y 4 Lmes'mmﬂn;‘ly + Lgae[én‘_g—rrag)y o
J‘lt'l e(m.‘ﬂﬂ' ARG )IU_Ae("rl't4+-.-n1 aly 4 f’u;ic(m"_mq)y =0 ’134(?{7'141;7“1“);!/ 0 ’:550("rl4_7f‘11)y
Mg+ r,—m.-- g — ) (1, + L L, =171 )
+L86_€-( 4+ )Y L87e( y V_/J)’ i Lsse( 2=l + [ooeT MY 4 Lgﬂe(’i M)y 4 Lgle{:; M-}V 4
ngeuzﬂn,,)y T L%e(rzﬂnlz 1y ) ] (44)

C, ) =C,+ Cye™Y + ge~ ( Ae™u? + Age™iz¥ + Lie™Y + Ec ( Age™is? + Ae™Y +
L™y + Ayye™a¥ +1,,e727 )] (45)

Skin-friction coefficient is expressed as follows:

Ty | [Hu duy(y¥) i1, [¥)

puﬂv,,J_ ';;)j’=0 > ( Ay + g™ dy )y=0

T = Am; + Aymg+ Lim; + Lymy + LyrytEc (A omy  +Agmyy+Losmy+Losms+Lag 25 + Loy (ms+ mg) +
Log(mst ms) + Log( ms+ my) + Lygp( ms+12) + Lygg 2meg + Lygz( M3+ mg) + Lygz2ms + Lygsa( myt m;)
+ Ligs( M5 + 12) + Lypg2my + Lygy( myet 1) + Ligg( met me) + Loy( ms + mg) + Lyge( 1t mg) +
Ligo2m, +ee [ ApsmystAemigtLymst Losmetlygimg + Losmgt Logrytlaging +  Lopgmygt
Lyomy+Lggtitgp +

Ec¢ {AnmystAgymyy+Lymy+ LijamyytLy13m7 + Liyamgt Lis2ms+Lyg( ms + me) + Lyq7( ms + m3) +
Lyqg(ms+ my) + Lyqg( Ms+ 1) + Lypp2me + Ly pq ( mst mg) + Lypp2ms + Lygy(my+my) + Loyya(rpt
my) + Lig; 2my + Lyyg(me+ )+ Lopz(my+ me) + Lygg(my+ 1) + Lypy2r, + Liggmyy +
Lizimyg +

Lizp(mst myg) + Lygz(mstmpg)+ Lygq(ms+mo)+ Lygg( ms+ myg) + Lyge( ms+ my) +
Ligz(mst mpp) + Layp(myzt me) + hqgy( myg+mg) + Lo Mo+ mg) + g (myo+ mg) +
Ligz(mp+me) + Lyga( mist mg) + Lygg( mytmyy) + Lygs( myt myg) + Lyge( mot+ mj) +
Lig7(mpt ms) + Lygg(myt ms) + Lygg(mp+ms) + Ly myt my7) + Lygy(my+ mys) +
Liga(mst mo) + Lyza(mutmy) + Liga(me+mp)+ Lygg(mytmyg) + Lyzg(1+myy)+
Ligz(ptmpg) + Lyep(ntmg) + Lysy(ntmyg) + Lygg(trmy)+ byg(n+mp,)+ Loygm+
Liggmis+ Lyggmy+ Ligsmppt Lygers } ] (46)

C‘(' =
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The rate of heat transfer (i.e) the heat flux at the wall is given by;

ae a8y, a8, o d6- 2R -
Nu= ((—) =(__u) Ec(ﬁ) i r—‘) +E c( )
Ay y=u ay =0 Ay y=0 Ay P=0 Ay 4 y=0

Nu = Csm; + Cemy + Ec( Asm; +Aymg + L3 2m;s + Ls; (mg + ms) + Lz (m3 + ms) + Lsg (my + ms) + Las
(r; + ms) + L3 2mg + Li; (mg + ms)+ Lys2m; + Lyo(my+ m;) + Lyg(mst 1) + Ly 2my + Layp(my+ 1) +
Lyy(mg+ m,) +

La(mg + 1) + Lis2ry) +ee™ % [ Asmo +Agmyo + Lom; +Ligmys + Ec { Ajymyo+A gmyp + Lygmy +Las2my
+

Lug(ms + ms) + Lso(ms+ ms) + Lsy(mst ms) + Lsp(rpt ms) + Lsy 2mg + Lss (mg + m3) + Lss 2Zmy + Lsg
(ms + ms) + Lsy (ms+12) + Lsg 2my + Lso (my+ 12) + Lo (Mg + my) + Lo (ms+ 13) + Lga 215 + L3 (my7+
ms) + Lgg (Mg + ms) + Lgs (mg+ ms) + Lgs(mygt ms) + Lgz(my i+ ms) + Leg(myat ms) + Leg(mg + myy) +
Lyo(ms + myg) + Lyi(mg + mg) + Lyi(me + myg) + Loa(me + my) + Lyg(me + myp) + Los(mst myg) +
Log(myt myg) + Lop(myt mg) + Log (my + myg) + Lgg (3 + my ) + Ly (my+ my,) + Lg (my+ myy) + Ly,
(my+ myg) + Lgs (my+ mo) + Lgg (my+ myo) +

Lgs (my+ myy) + Lgs (Mg + myz) + Lgz (r2+ myg) + Lgg (r2 + myg) + Ly (12 + mg) + Log (12 my) + Loy (r2+
myo) +

Loy (r2+ my) + Los (rp+ myy) } | (47)
e Ay e o 244, i
Wherain =0 1y = 55 Fr v’!—'; +1Pvd P Pr .P: +1Pr1,
—1 VAR ~1=V1+4q =PrisPre-4Pr
ms = LTRAE = , My = 5
2 : 2 2
—Pr —VPr2 + 4Pr —Prt JPT% + 4Pr(f — @)
Ty — g = g — :
2 2
—Pr —/Pr2 + APr{f — w) —Si 4+ VSe2 —ASco
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—Sc —~V8c? — 45cw
— 5 : o
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ol s Seltt ~ o SCreliE e = Gal, o B =
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’ ’ N
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Lo = P(2Amulag | 2m3lyLog)tyy = B(A(Mmy | mydlag | 2malamaloe | 2medamslisg),

tiz= PR.(A(my | 7 )lag | 2rylamglay | 2malarlyg) b = B(RAMZLy | 2m21,1,0),
Era = =B(AT) + M) gy 4 2r0maliys + 2mlory L),

bys = =B.(AMmy +mg )Lz + 2mgLlomglys) , g = —B(A(rs + g )Ly, ,

b7 = —B(2Arlas + 20815000 ), by = —B@mgAymy-Ar5) , by = =P.2msAymyyA4,) ,
tzo = —1(2MsAiMaLlyr) oy — —B(ZmgAymyglag) , 2z — —1-(ZmsA My Las)
trz = —P-(2mzAimaLag) , tas = — P (2MsAamysAss) , tas = —B(2msdamysdyg) ,
£ = —F(2msA;mylay) , tyy = —R.(2imgAsmyogLsg) g = —P-(2mgAymyqLay) ,
Lry = =B.(2msAsmy;1a4) 5 Ly = —Pa(2im 1., MagA13) 5tz = =B2riglamighig),
taz = —1(2maLlamgly;) , tyz = =B (2myLymygLag) | tag = —L(2mglymyy Lyg) ,
a5 = —FB-(2mzLlymioLsn) , tag = —P.(2malomy,Ass) , tyr = LP';r(21’7'141'52?""11ﬂAm) s
Esn = B(2mulomolyg) , bag = B(@malomiglag), tan =  P-(2mylamyqLas) ,
tyg = —BCmyLymyyLay) , by = —B5.(2r2lamygAi2) | by = —B.(2rpLaii-gdyg) ,
tyy = —B(2rzLamedzs) , tas = =B (Zrylymigly;) , tag = —P.(2ryLymyglag) ,

ty7 = —B(2rlamy1Ayg) , tig = —P(2ryLygmy, L),

4.0. Results and Discussion

In this work,the effects of variable suction and mass transfer on unsteady free convective couette
dissipating fluid flow are considered. The governing equations are solved for velocity, temperature,
and concentration distribution and the various parameters on the flow have been considered and the
results are presented graphically and discussed quantitatively. The velocity of the flow field varies to a
great extent with the variation of the flow parameters. The main factors affecting the velocity of the
flow field are suction parametersa; , iy Grashof number for heat and mass transferG,. , G,; slip flow
parameters h. , h, , radiation parameter F, permeability parameter K; and Schmidt number S,.. The
effects of these parameters on the velocity of the flow field are analyzed in Figures 1 to 15 with default
fixed parameters as F=3 6 =206, =2 "B — 171, =01, t = 0.1, Ec = 0025, = 1.002 ,
Kn=1,A=05 #8=07h =01, =05, a, =01, a, =07 Figures 8 and 9 discuss the
effect of suction parameters «, and a., respectively on the flow field. Analyzing the curves of both
figures, it is observed that both parameters have accelerating effect on the velocity of the flow field at
all points. Figures 1 and 2 respectively show the effect of Grashof number for heat transfer ¢,.and
mass transfer G, on the flow field. The effect of growing Grashof number for heat transfer and mass
transfer is to accelerate the magnitude of velocity of the flow field at all points. The effects of slip flow
parametersh. and h;; on the velocity of the flow field are shown in Figures 3 and 6 respectively.
Comparing the curves of both figures, it is observed that the parameter A, enhance the velocity of the
flow field in the range 0< y < 0.5 it converges at y = .5 , and then diverges. The parameter 1,
tends to decreases the velocity profiles.

Figure 5 shows the effect of radiation parameter F on the flow field. A growing radiation parameter is
found to accelerate the velocity of the flow field at all points. Figure 7, present the effect of
permeability parameter K}, on the velocity field.The effect of increasing permeability parameter is to
accelerate the velocity of the flow field at all points. Figure 4 shows the effect of Schmidt number 5,
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on the velocity field. The effect of growing §. decreases the velocity in the range 0<y < 043 It
converges at point ,yv = 0.43then diverges to have reverse effect on the velocity of the flow field. It is
observed from figure 11 that as r increases the velocity increases also but it diverges at point
¥ = 0.5 with a reverse effect on velocity field.In figure 12, E¢ enhances the temperature field. Figure
10 shows the effect of magnetic parameter M on the velocity, as magnetic M increase the velocity
decreases. Influence of schmidt parameterS,on the concentration of the flow field is shown in figure
15,asschmidtS,. increases the concentration boundary layer reduces. Figure 13 present the effect of
radiation parameter F the on temperature field. The effect of increasing radiation parameter is to
accelerate the temperature of the flow field at all points. Figure 14 shows the effect of prandtl
parameter P, on the temperature field. The effect of growing B. is to decrease the temperature at all
points of the flow field. Table 1 shows the variation of Nusselt number Nn and skin friction at the wall
with the variation of each parameter while others are fixedasF=3 ,G6,, = 2,6, =2 , I3 =0.71,0 =
01,t=01,Ec=0025.=1.002 ,K,=1,A4=05 B=07, h =01 ,h, =05, 2 =01,
@, = 0.7. An increase in magnetic parameter M and prandtl number make both Nu and skin friction
to decrease. Also, an increase in Grashof number(,, enhance Nu and skin friction.Increase in slip
flow condition h,, suction parameter «, , and eckert number K¢ make Nu to increases and skin friction
to decreases. While increase in radiation parameter F, Grashofnumber G.,suction parameterc;,
schmidt number 5. and permeability parameterk,.decreases the Nusselt number and make skin
friction to increase.

Table 1.Variation of Nu and skin friction of the walls Witll the parameter

5.0. Conclusions

Nu Skin Nu Skin friction
friction
M=0.1 -1.3601 1.9677 h,=0.5 -1.3601 1.9677
M=2 -14218 1.5931 Jt,=1 -1.4421 3.1780
M=3 -1.4102 1.6795 w2 -1.3483 0.0214
Ec=0.1 -1.4504 6.5112 o, =01 -1.3601 1.9677
Ec=0.01 -1.3601 1.9677 a, — 0.5 -1.3406 1.0300
Ec=0.001 | -1.3590 1.5134 e | -1.3282 0.1011
=2 -0.6345 -23.6524 e, =07 -1.3601 1.9677
F=3 -1.3601 -1.9677 z, — 1.7 -1.4836 4.1736
F=4 -1.4639 1.9372 &3 -1.8274 6.9980
&G.=2 -1.3601 1.9677 S.=1002 | -13601 1.9677
1,=3 -1.3192 2.4499 S. =102 -1.3613 1.9718
G.=4 -1.2852 3.2078 =2 -1.3808 241312
=2 -1.3601 1.9677 B -1.3601 1.9677
=3 -1.3986 2.4271 b -1.4948 1.5897
fr, = -1.4431 2.9474 B -1.7781 1.4366
hy =01 | -1.3601 1.9677 K,=1 -1.3601 1.9677
hy =02 | -13530 1.5544 K,=2 -1.4870 1.7561
hy =05 | -1.3431 0.7012 K, =3 -1.6439 2.8155

We present below some of the important features of the flow field due to the variation of the flow
parameters.

1. Suction parameters ¢, uitd «; are observed to have different effect on the velocity of the flow field .
2. The Grashof number for heat transfer &.and Grashof number for mass transfer G, is to accelerate the
magnitude of velocity of the flow field at all points.

3. The slip flow parameters b and h,enhance the velocity of the flow field at all points in a different
mamner. The parameter b4 tends to converge the velocity profiles at a point and there afterhas reverse
effecton it. While the parameter fi; tends to retard the velocity profiles at all points.
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4. A growing radiation parameter F is found to accelerate the velocity of the flow field at all points.

5. The effect of increasing permeability parameter K, is to accelerate the velocity of the flow field at
all points.

6. The Prandtl number [ retard the magnitude of temperature of the flow field at all points. While
radiation parameter (F), accelerate it.

7. A growing Schmidt number reduces the concentration boundary layer thickness of the flow field at
all points.

8. Eckert number (Ec) accelerate the velocity of the flow and also increases the magnitude of
temperature of the flow field at all points.

9. Magnetic parameter (M) reduces the velocity of the flow field.
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