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ABSTRACT. The steady flow through a porous medium of a non-Newtonian
viscoelastic Walter’s liquid-B model fluid flow over a stretching sheet is studied with
heat and mass transfer. Two different conditions for the temperature at the surface are
considered. Analytical solution for the governing equations of momentum, mass and
heat transfer are given. The influence of various physical parameters as the porosity
parameter, non-Newtonian fluid characteristics on the flow, heat and mass transfer are
examined.
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INTRODUCTION

The flow, heat and mass transfer in laminar boundary layers above inextensible
stretching sheets are of practical importance in the fields of electrochemistry polymer
processing and in fiber industries, etc. [1-4]. CRANE [5] studied the boundary layer flow of a
Newtonian fluid caused by an elastic sheet whose velocity varies linearly with the distance
from a fixed point on the sheet. The extension of the problem to non-Newtonian Walter’s
liquid “B” model was given by ABEL et al. [6]. ABEL and VEENA [7] studied a viscoelastic
fluid flow and heat transfer in a saturated porous medium over an impermeable stretching
surface with frictional heating. RAJA GopAL et al. [8, 9] studied the flow of a non-Newtonian
fluid of second grade over a stretching sheet.

In the present study, the flow of a viscoelastic incompressible fluid (Walter’s liquid B’
model) past a stretching sheet through a porous medium is investigated with heat and mass
transfer. The flow in the porous medium deals with the analysis in which the differential
equation governing the fluid motion is based on the Darcy’s law which accounts for the drag
exerted by the porous medium [10]. The effects of various parameters as porosity parameter



M, visco-elastic parameterk,, Schmidt number Sc, and Prandtl number Pr on flow, heat and
mass transfer characteristics are examined.

MATHEMATICAL FORMULATION

Momentum Transfer
The fundamental equations of motion in the case of a second grade fluid is given by [8,9]
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Mass Transfer
The diffusion equation is written as
2
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and the relevant boundary conditions are
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whereu,v,c,v, p,D and K are the velocity components in the x-direction, in the y-direction,

concentration profile, kinematic viscosity, density, diffusion coefficient, Darcy permeability.
A and A are constants. The equation of continuity is satisfied if we choose a dimensionless
stream function y such that
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Introducing the similarity transformations
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transforms Eq. (2) to
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where y = v/ AK is the porosity parameter [10]. Following the procedures discussed in [8, 9]
we seek a solution of Eq. (7) in the form
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which is satisfied by the following boundary conditions:
n=0:f=0,f"=Lnp—>w0:f">0,f"—>0. 9)

Upon substituting (8) into (7) and using boundary conditions (5) the velocity components take
the form
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k, =k,A/v is the visco-elastic parameter, consequently the diffusion equation takes the form
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where Schmidt number sc =v/D and the boundary conditions are
n=0:p=1n—>w0:¢p—0. (13)
Now to seek the solution of (12) we introduce the change of variable
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then (12) is written as
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with the boundary conditions
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Now the solution of (15) satisfying (16) in terms of Kummer’s function M is given by
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Equation (17) in terms of 7 is written as
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Thus, the local wall mass flux can be expressed as



J, =—pD(dc/ dy) A ¢'(0).

Heat transfer
The governing boundary layer equation with temperature-dependent heat generation
(absorption) is
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PO, vy =k

The thermal boundary conditions depend on the type of heating process under consideration.
Here we consider two different heating processes, namely:

(1) prescribed surface temperature (PST) and

(i1) prescribed wall heat flux (PHF).

Prescribed surface temperature (PST case)
In this case, the boundary conditions are

y=0:T=T, (=T, +AX"),y > 0:T >T,, (19)

where r is the wall temperature parameter; when r=0, the thermal boundary conditions
become isothermal. Defining the non-dimensional temperature
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Using relation (10), (11), (20), Eqg. (18) and boundary conditions (19) can be written as
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where Pr = 4C, /k, the Prandtl number and 8 = Qv /Ck , the heat source/sink parameter.
Introducing the change of variable
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and inserting (23) in (21) we obtain
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and (22) transforms to
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Thus, the solution of Eq. (24) satisfying (25) is given by
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The non-dimensional wall temperature gradient derived from (27) is
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and the local wall heat flux can be expressed as
6, =k, =—kay"*x0/(0). (29)
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Closed-form solutions are obtained for several sets of values of a, b and r. Also, the
expressions in Egs. (28) and (29) are evaluated for several sets of values of the parameters y,

Pr, a,randfg.

Prescribed wall heat flux (PHF case)

Here the boundary conditions are

y:O:—k(%):qszxs,y—mo:T—>TOO, (30)

where s is the wall heat flux parameter. For s=0, the stretching sheet is subjected to uniform
heat flux. Defining
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and inserting (6), (7), and (31) in (18) and (30) we obtain
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Using transformation (23), Eq. (32) and (33) reduce to
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Now the solution of (34) satisfying (35) is obtained as
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Equation (36) in terms of 7 is written as
g(n7) =C,e “@"M ((a+b) —s,1+2b,~(Pr/ a®)e ") (37)
where C, is the same as given above.
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The wall temperature gradient T, is obtained from (34) as

T,-T
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Several closed-form solutions are obtained from Eq. (37), also numerical values of g(0)

for several sets of values of the parameters y, Pr, s, and  can be are estimated.

References:

[1]
[2]
[3]
[4]
5
[7]
[8]
[9]
[10]

CHIN, D. T. (1975): Mass transfer to a continuous moving sheet electrodes. J.
Electrochem. Soc. 122: 643-646.

GORLA, R. S. R. (1978): Unsteady mass transfer in the boundary layer on a continuous
moving sheet electrode. J. Electrochem. Soc. 15: 865-8609.

GRIFFTH, R. M. (1964): Velocity, temperature and concentration distributions during
fibre spinning. J. Ind. Eng. Chem. Fundam. 3: 245-250.

ERICKSON, L. E., FAN, L. T., and Fox, V. G. (1966): Heat and Mass transfer on a
moving continuous flat plate with suction or injection. Ind. Eng. Chem. Fundam. 5: 19-
25.

CRANE, L. J. (1970): Flow past a stretching sheet. ZAMP 21: 645-647.

SIDDAPPA, B., and ABEL, S. (1985): Non-Newtonian flow past a stretching plate. ZAMP
36: 890-892.

ABEL, S., and VEENA, P. (1998): Viscoelastic fluid flow and heat transfer in aporous
medium over a stretching surface. Int. J. Non-linear Mech. 33 (3): 531-540.
RAJAGOPAL, K. R., NA, T. Y., and GUPTA, A. S. (1984): Flow of a viscoelastic fluid
over a stretching sheet. Rheol. Acta 23: 213-215.

McLEOD, J. B., and RAJA GoPAL, K. R. (1987): On the uniqueness flow of a Navier-
Stokes fluid due to a stretching boundary. Arch. Ration. Mech. Anal. 98: 385-393.
KHALED, A. R. A, and VAFAI, K. (2003): The role of porous media in modeling flow
and heat transfer in biological tissues. Int. J. Heat Mass Transf. 46: 4989-5003.



