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ABSTRACT

Natural convection phenomena involves very complex time-dependent dynamics due to a strong
coupling between incompressible flows and heat transfers. This coupling is related to the fact
that the thermo-fluid flow is driven by a buoyancy force depending on temperature distribution
as well as the temperature is convected by the background fluid flow. An implicit treatment for
the coupling requires for an iterative procedure while an explicit treatment induces a timestep
restriction due to numerical instability. To overcome the issues, we propose an efficient robust
numerical procedure based on a monolithic projection method for solving the coupled equa-
tions. In the present monolithic method, nonlinear convection, linear diffusion and buoyancy
terms are implicitly advanced using the Crank–Nicolson scheme in time, which enables the
interaction between velocity and temperature to be treated synchronously and the admissible
timestep to be restricted only by a required solution accuracy. To avoid an unnecessary iterative
procedure in monolithic approach, we utilize the linearization of the nonlinear convection term
and a block lower-upper decomposition along with approximate factorization to decouple all
variables. This produces a decoupled linear system for intermediate velocity and temperature,
without requiring an iterative procedure. We perform numerical simulations of two-dimensional
natural convection problems in order to investigate the temporal accuracy and stability of the
proposed method. Overall, numerical results indicate that the proposed method is almost un-
conditionally stable, second-order accurate in time, and computationally efficient because of
the non-iterative solution procedure in solving the decoupled momentum and energy equations.
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