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Abstract: Problem statement: A steady two-dimensional free convection and messster flow past

a continuously moving semi-infinite flat plate itudied theoretically, by taking into account the
viscous dissipation effectApproach: The governing equations are transformed into a dfet
simultaneous ordinary differential equation by gssuitable similarity transformations. The coupled
differential equations are integrated using the deulutta Gill method together with the shooting
technique Results: Numerical resultsvere presented for the distribution of velocity, tempera and
concentration profiles within the boundary lay€onclusion: The effects of varying parameter Gb,
the Gebhart number, Sc, Schmidt number and Pr,dBranmber on the velocity, temperature and
concentration profiles were displayed graphicatly different values of parameters entering into the
problem. Significant changes were observed in laeat mass transfer coefficient, due to viscous
dissipation in the medium. In addition, the skiittion coefficient, Nusselt number and Sherwood
number were shown in a tabular form.
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INTRODUCTION layer theory and the basic differential equatioms a
applicable. Many authors have attacked this proplem
Owing to their numerous applications in industrial however, this attack has been limited to some
manufacturing process, the problem of heat and massnstrains on the surface velocity and temperature
transfer in the boundary layers of a continuouslydistribution. In addition to these investigations,
moving semi-infinite flat plate has attracted theexperimental and theoretical studies of the flovd an
attention of researchers for the past 3 decadese®d temperature fields in the boundary layer on a
the application areas are hot rolling, study préidn¢  continuous moving surface have been made by &sou
metal spinning, drawing plastic films, glass blogyin al. (1967) for different values of the Prandtl number
continuous casting of metals and spinning of fibersMeasure of the laminar velocity field were in exeet
Annealing and thinning of copper wire is anotheragreement with the analytical predictions. The heat
example. In all these cases, the quality of thalfin transfer of above problem of different physical
product depends on the rate of heat and masséraamisf situations have been studied. Viscous dissipatibichy
the moving surface. By drawing the strips in anappears as a source term in the fluid flow gensrate
electrically conducting fluid subjected to a madgmet appreciable temperature, gives the rate at which
field the rate of cooling can be controlled and finel  mechanical energy is converted into heat in a visco
products of desired characteristic might be aclieve  fluid per unit volume. This effect is of particular
Flow in the boundary layer of a viscous fluid on asignificant in natural convection in various dewdbat
moving continuous solid surfaces was investigated bare subjected to large variation of gravitatiomaké or
Sakiadis (1961a). It was observed that the boundarthat operate at high rotational speeds, pointed by
layer growth is in the direction of motion of the Gebhart (1962) in his study of viscous dissipatiom
continuous solid surface and is different from tbéat natural convection in fluids. Similarity solutiofsr the
the Blasius flow past a flat plate. Still the boand same problem with exponential variation of wall
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temperature was obtained by Gebhart and Mollendorén infinite vertical oscillating plate with constameat
(1969). It is observed that the effect of viscousflux has been carried by Kishahal. (2006). Kairiet
dissipation is more predominant in vigorous naturalal. (2011) investigated the combined effect of viscou
convection and mixed convection processes. Theay alsdissipation and radiation on natural convectionadm-
have shown the existence of similarity solutiontlee = Darcy porous medium saturated with non-Newtonian
external flow over an infinite flat vertical surfac fluid of variable viscosity. El-Arabawy (2009) sied
having an exponential variation of surface tempgeat the effects of suction/injection and chemical react
Vajravelu and Hadjinicolaou (1993) studied the heabn mass transfer over a stretching surface. Adegbie
transfer characteristic in the laminar boundargfagf a  and Alao (2007). investigated the steady-state fbdw
viscous fluid over a linearly stretching surfacethwi Newtonian liquid with exponential temperature-
variable wall temperature subject to suction ombtgy.  dependent viscosity and substantial viscous heat
They considered the effects of viscous dissipatind  generation between symmetrically parallel heated
internal heat generation. The effect of chemicalwalls with walls at different temperatures.

reaction, heat and mass transfer on a laminar dlonwg The aim of the present study is to study the éffec
a semi infinite horizontal plate have been studigd of viscous dissipation on heat transfer and masssfer
Anjali and Kandasamy (1999). Studied the effect ofin flow past a continuously moving semi-infiniteaffl
viscous dissipation on heat transfer in flow past glate. The analysis showed that the viscous diSsipa
continuously moving semi-infinite flat plate. Naair have significant influence on the non-dimensionedth
convection boundary layer flow over a sphere of aand mass transfer coefficients.

viscous incompressible electrically conducting dlim

the presence of magnetic field and heat generatitn ~ Mathematical formulation: Consider the two-
the effects of viscous dissipation has been ingatdd dimensional, flow past a continuously moving semi-
by Alam et al. (2007) and Subhas Abet al. (2011) infinite flat plate. The x-axis is assumed to bketa
studied the effect of viscous and Joules dissipatio  along the plate and the y-axis normal to the plate.
MHD flow over a porous nonlinear vertical stretapin are the velocity components in the x and y diretio
sheet with partial slip. Since the pioneering wafk Now, the governing equations under the boundary
Sakiadis (1961b) which studied the moving platevflo layer and Boussinesq approximations may be written
problem, wherein various aspects of the problenehavas:

been investigated by Cortell (2006). Cortell (2007as

worked on viscous flow and heat transfer over a-nondu  ov_, (1)
linearly stretching sheet. Cortell (2008) further ox oy

investigated on the effects of viscous dissipathoul

radiation on the thermal boundary layer, over a-non au au  du

linear stretching sheet. Moreover, Cortell (2007b) ua—+va—:vF (2)
studied the viscous flow and heat transfer oveom n X y y

linearly stretching surface. Raptis and Perdiki30&)

studied viscous flow near a non-linear stretching ot 47 k 02T v (au) 3
sheet in t_he presence of a _cheml_cal reaction and‘& Vay_pcpay2+cp(w] 3)
magnetic field. Kumar (2009) investigated the study

of radiation and viscous dissipation effects over a

stretching surface subjected to variable heat flux U‘LCH,‘LC:D@ ()
presence of transverse magnetic field. Kishan and ox dy  dy’

Amrutha (2010) studied the two-dimensional steady

nonlinear MHD boundary layer flow of an

incompressible, viscous, electrically conductived an Along with the boundary conditions:
Boussinesq fluid flowing over a vertical stretching

surface in the presence of uniform magnetic figjd b u= Uy v=0 T= T, &G G at y (5)

taking into account the viscous dissipation wittathe u=0 T-T; C- G at y

mass transfer chemical reaction and thermal

stratification effects. A study on MHD free convieet Here:

flow of an incompressible viscous dissipative flild a = Thermal diffusivity constant
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C, = Specific heat The non-dimensional numbers are defined as the
v = Kinematic viscosity of the ambient fluid viscous dissipation parameter known as the Gebhart
2
S ) ) number, given by Gb =U7, Schmidt number
The above set of partial differential equations ar G (Tu =T
converted into ordinary differential equations gsthe  given by Sc= v/D and the Prandtl number given by
following similarity transformation: Pr =vl/a.
MATERIALSAND METHODS
— UO
n=y,-> (6)

VX The set of Eq. 10-12 together with the boundary
conditions (11) have been solved numerically by

@) applying shooting technique along with Runge-Kutta
Gill method .From the process of numerical
computation, the skin-friction coefficient, the #&c

W(x,y)=4vxU, f

O T-T, Nusselt number and the local Sherwood number, which
S‘T -7 (8) are respectively proportional to"f(0), - 8" (0) and -
voT @ (0) are also sorted out and their numerical vahres

presented in a tabular form.
o= o ©) The parameters for the present problem are the
C -C local Nusselt number and the local Sherwood number,
which indicate physically the rate of heat transdad
the rate of mass transfer respectively.
Where: Now the heat flux (g) and the mass flux (}y) at
the wall are given by:

n = The similarity variable
® = The dimensionless stream function dependg on qW=—k(g—;)y:0 =-k(T,-T.) {% 8 (0)

only
And:
i i aC U, ,.
aLlpet Y be t;q? stream function defined such thatMW:_D [a] -D (CW—Cm)\/V:;tP )
u=—- V=— y y=0
oy 0X
and so that it automatically

o o ] Hence the Nusselt number (Nu) and Sherwood
satisfies the continuity Eq. 1. The final transfedn . mber (Sh) are obtained as:

equation and boundary conditions are:

. Nu=%=—(Reﬁe '(0)
f"‘+5ff":o (10) (T . =)
i.e.Nu(Rg2=-0 '(0) and
1 sh=—Mu___-_(Ra2¢ (0
e"+EPrfe'+GbPr(f‘)2=0 (11) D (CW—Cw)_ :
i.e.Sh( Ré_%=—¢ '(0)
¢+>% g=0 (12) |
2 where, Re=lk/V is the Reynold’s number.

The ordinary differential Eq. 10-12 along the
With the boundary and initial conditions as: boundary condition Eq. 13 are solved by giving
approximate initial guess values for the missinigiah
conditions of f (0), 8 (0), ¢(0) and these values are
f(0)=0:f(0)=28(Q=1p(9=1 atn= ( (13)  matched with the corresponding boundary conditens
f()=0; 6()=0; ¢f)=0 atn- o f'(c0) B (c0) and@ («). Extensive calculations have been
1115
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performed to obtain the flow and temperature fidlts " om i mp i
a wide range of parameters 0 <€10, 0 < Sc<1 and _ e=08pe=!
1< Gb<10. VAN
i
RESULTS . " \'
| | =1\ Go-1
Table 1 shows numerical values of viscous = 2 o
dissipation effects on'f(0), 6'(0) andg (0). i I': ~ \ i
The profiles for velocity, temperature and ¥ 4 — = Gh=10
concentration are shown in Fig. 1-7 respectivelithw 1
various values of the parameters. s
Table 1: Viscous dissipation effects of(@),6' (0) andg (0) f
Sc Pr Gb (0 8’ (0) @ (0) 1 .1 51
0.3 071 1 -0.4439 -0.1894 -0.2183
5 -0.4439 0.4710 -0.2490
10 -0.4439 1.2966 0.2873  Fig. 3: Effect of viscous dissipation pér
0.6 7 1 -0.4485 -0.2068 -0.3268
5 -0.4485 4.0156 -0.5455
10 -0.4485 9.4169 -0.8166 ;
0.78 10 1 -0.4539 -0.2270 -0.3910 1 -~ Se=0.78,pr=10
5 -0.4539 5.5742 -0.6939 4 e
10 -0.4539 12.8260 -1.0723 A B
1.2 Sc=06,pr=1 340 \
] : — (i = ]
1 e | -~ \ _
.‘_:.' 344 '\‘ * P e Tk
08 o I \‘ 'tl )
Go=1 154 : =+ =Gh=10
E 06 —_—Gb=3
04 — Gb= 10
0.2
0
1 M 51 Fig. 4: Effect of viscous dissipation parameter @b

. . L non-dimensional temperatuée
Fig. 1: Effect of viscous dissipation parameter &b

non-dimensional velocity f'

Sc=0.3, pr=071

— = D= ]

i"\\ \ Gh=1

i

\ T ———a(h=
> \ \ Gbe=s
0.6 o\ — =Gb=10 ¢ Gh=10
0.4 Series 4 2
q-
0.2 Rl

Fig. 2: Effect of viscous dissipation parameter @b Fig. 5: Effect of viscous dissipation parameter @b
non-dimensional temperatuée non-dimensional concentratign
1116



J. Computer Sci., 7 (7): 1113-1118, 2011

12 The non-dimensional heat transfer coefficient and

Sc=00,pr=

mass transfer coefficient are plotted against the
parameter Gb. The heat transfer coefficient andsmas
transfer coefficient are increased with the Prandthber
and also as the value of the flow governing paramet
is increased.

Table 1 presents the effect of Sc, Pr and Gb on
the skin friction coefficient f'(0), the Nusselt number
-6 '(0) and the Sherwood numberp-(0). The results
reveal that the Nusselt number and the Sherwood
number increases as Sc, Pr and Gb increases.

CONCLUSION
Fig. 6: Effect of viscous dissipation parameter @b
non-dimensional concentratiqn An increase in the viscous dissipation parameter
Gb resulted:

* Anincrease in temperature

* Afall in concentration

* An increase in heat transfer coefficient and mass
transfer coefficient
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