Malaysian Journal of
Effect
Mathematical
of Non-uniform
Sciences
Suction
1(2): 193
or Injection
- 204 (2007)
on Mixed Convection Flow

Effect of Non-uniform Suction or Injection on Mixed Convection Flow
Over a Vertical Cylinder Embedded in a Porous Medium
M. Kumari,1 C. Bercea & I. Pop2
Department of Mathematics, Indian Institute of Bangalore, Bangalore, India
2
Faculty of Mathematics University of Cluj, R-3400 Cluj, Cluj CP 253, Romania
1

ABSTRACT
The effect of steady non-uniform suction or injection on mixed convection boundary layer
flow over a vertical heated or cooled permeable cylinder, which is embedded in a fluidsaturated porous medium, is studied numerically using the Darcy law approximation. Both
assisting and opposing flow cases are considered. Using suitable transformations, the coupled
governing boundary layer equations are transformed into a form suitable for a numerical
solution. The effects of the suction or injection, transverse curvature and mixed convection
parameters on the local Nusselt number and temperature profiles are studied. The obtain
results are presented graphically and discussed in details.
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INTRODUCTION
Convective heat transfer in fluid-saturated porous media has been studied quite extensively
during the last few decades. This has been motivated by its importance in many natural and
industrial problems. Prominent among these are the utilization of geothermal energy,
chemical engineering, thermal insulation systems, nuclear waste management, grain storage,
fruits and vegetables, migration of moisture through air contained in fibrous insulation,
food processing and storage, contaminant transport in ground water and many others. A
detailed review of the subject of convective flows in porous media, including exhaustive
list of references, was done by Nield and Bejan (2006), Ingham and Pop (2002, 2005),
Vafai (2000, 2005), Pop and Ingham (2001), Ingham et al. (2004) and Bejan et al. (2004).
Free and mixed convection from vertical or horizontal cylinder embedded in a porous
medium is the principal mode of heat transfer in numerous applications such as in connection
with oil/gas lines, insulation of horizontal pipes, cryogenics as well as in the context of
water distribution lines, underground electrical power transmission lines and burial of nuclear
waste, to name just a few applications. The case of free and mixed convection flow from
vertical cylinder placed in a porous medium has been studied extensively both analytically
and numerically. It appears that Minkowycz and Cheng (1976) were the first to present a
numerical solution of the problem of free convective boundary layer flow induced by a
heated vertical cylinder embedded in a fluid-saturated porous medium when the surface
temperature of the cylinder is taken to be proportional to xm, where x is the distance from the
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