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ABSTRACT

Investigating buoyancy-driven natural convection, where temperature gradients generate fluid
movement, enhances.our understanding of the fundamental mechanisms governing heat and mass '
transfer in fluids. Darcy-Bénard convection (DBC) exhibits various instability modes depending on
parameters such as Rayleigh number. Analyzing flow behavior helps in predicting these instability
modes (onset of chaotic behavior), which is crucial for maintaining system stability or triggering
controlled mixing in industrial processes. This thesis investigates the weakly nonlinear stability
analysis of Darcy-Bénard convection in a rectangular enclosure with convective boundary conditions
applied at the top surface. Both linear and weakly non-linear analyses are performed to gain insights
into regular convection patterns, heat transport behavior, and the onset of chaotic motion. A Lorenz
model is utilized to explore both steady and unsteady states associated with non-classical
Darcy-Bénard convection. To assess the enhancement in heat transfer, the Nusselt number is
evaluated. The impact of viscous dissipation on non-classical Darcy-Bénard convection is also

analyzed in detail.
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