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Abstract

The .second Law analysis for free convection of air flow in L-shaped and ['-shaped
enclosures with a heat generating body

Masoud Mirhoseini'

'mmasood2000@gmail.com

Natural convection heat transfer in enclosures is frequently encountered in many practical
fields such as solar collectors, double glazed windows, etc. Also, in these applications,
thermodynamic systems exposed to thermal gradients, friction effects, chemical reaction and
etc, are subject to energy losses, which induce entropy generation (EG) in the system. EG is
associated with thermodynamic irreversibilities, which exist in all heat transfer and fluid flow
processes.

In this research presented as a M.Sc. thesis, the second Law for free convection of air in L-
shaped and I-shaped enclosures with a heat generating body, is numerically analyzed. The
left wall is kept at a constant low temperature of Tc, whereas other walls are assumed to be
insulated, except the hot step with high temperature of Ty.

The fluid properties are also assumed to be constant, except for the density in the buoyancy
term, which follows the Boussinesq approximation. In this analysis, the continuity,
momentum and energy equations are solved, using a finite volume method and SIMPLER
algorithm. The results have been validated by comparing with published results for a similar
case where a good agreement is achieved. By positioning the heat generating body at three
locations inside the enclosure for six different shapes of enclosure and various Rayleigh
numbers between 10° and 10°, a total of 90 cases have been studied. :

Results show that, increasing the Rayleigh number, increases the value of mean Nusselt
number over the hot step. Heat is transferred mostly by the conduction for lower Ra numbers,
for higher Ra numbers convection mechanism becomes dominant. The main EG is formed
due to heat transfer since velocity components are relatively small in Natural convection for
Ra<10", but for Ra>10* the contribution to due to fluid friction becomes more effective and
has comparable values. The height of step is more effective than top face of heated step in
heat transfer and EG. When the heat generating body is at the center of enclosure, heat
transfer rate and EG have their maximum values. Heat transfer rate and EG in L-shaped
enclosures are less than I'-shaped enclosures.

Keywords: Natural convection, entropy, enclosure, heat generating body
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! Chang and Tsay

> Dagtekin and Oztop

¢ S. Mahmud

4 Magherbi, Abbassi and Ben Berahim
> Erbay and Altac

6 Oztop and Bilgen

"Lee and Ha




