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Abstract

The momentum and heat transfer in laminar boundary layer of a non-Newtonian
power-law fluid flowing past a stretching surface with uniform surface heat flux and uni-
form free-stream, are analyzed. The sheet is linearly stretched in the presence of a uni-
form transverse magnetic. The effect of internal heat generation or absorption is also
considered. The governing similar equations are solved numerically for several values
of the power-law viscosity index and the non-Newtonian Prandtl number of the fluid.
A discussion is provided for the effect of the magnetic field and heat source/sink para-
meters on the velocity and temperature fields. Friction coefficients and Nusselt number
are calculated for the mentioned parameters.
© 2004 Published by Elsevier Inc.

1. Introduction

Fluids for which the relationship between the shear stress and rate of strain
is not linear through the origin at given temperature and pressure are said to be
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non-Newtonian. The subject of the boundary-layer flow on a continuously
moving surface travelling through a quiet ambient fluid is currently one of
important in view of its relevance to a number of engineering processes. Flows
due to a continuously moving surface is encountered in several processes for
thermal and moisture treatment of materials, particularly in processes involv-
ing continuous pulling of a sheet through a reaction zone, as in metallurgy in
textile and paper industries, in the manufacture of polymeric sheets, sheet glass
and crystalline materials. As examples on stretched sheets, many metallurgical
processes involve the cooling of continuous stripe or filaments by drawing them
through a quiescent fluid and that in the process of drawing, when these strips
are stretched.

Since the pioneering work of Sakiadis [1] with regards to the boundary layer
on a cylinder that is moving with a uniform velocity in a Newtonian fluid.
Erickson et al. [2] extended Sakiadis problem to include blowing or suction
at the moving surface and investigated its effects on the heat and mass transfer
in the boundary layer. Many investigations have concentrated on the problems
of a stretched sheet with a linear velocity and different thermal boundary con-
ditions (see for instance [3—11]). Recently, Abo-Eldahab [12] studied the Hall
effects on magnetohydrodynamic free-convection flow at a stretching surface
with uniform free-stream. Most of the fluids in the mentioned applications
are not strictly Newtonian. Therefore, an analysis considering the non-Newto-
nian behavior of these fluids in such flows seems appropriate. In view of these
applications, viscoelastic boundary-layer flow along a stretching sheet has been
the subject of a large number of publications [13-20].

Its worth mentioning here that many of the inelastic non-Newtonian fluids
encountered in chemical engineering processes, are known to follow the empir-
ical Ostwaald—de Waele model or the so-called “power-law model” in which
the shear stress varies according to a power function of the strain rate. Hassa-
nien et al. [21] studied the flow and heat transfer in a power-law fluid over a
non-isothermal stretching sheet.

The present paper is devoted to study the MHD free-convection flow of a
non-Newtonian power-law fluid near a stretching surface with a uniform
free-stream of constant velocity and temperature. The flow is subjected to
external magnetic field. The effect of internal heat generation or absorption
is also considered. The governing non-linear partial differential equation under
the assumption of small magnetic Reynolds number transformed into a system
of ordinary differential equations, which are solved numerically using a shoot-
ing method with fourth order Runge-Kutta method. Numerical calculations
are performed for various values of the power-law viscosity index, the non-
Newtonian Prandtl number, the magnetic field and heat source/sink parameter.
Results are given for the velocity field distribution and thermal field distribu-
tion. Friction coefficients and Nusselt number have been calculated and pre-
sented in tables.
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