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A Pseudo-Transient Extension Method for Fully Coupled
Velocity-Pressure Algorithm under the Boussinesq Buoyancy
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Abstract: For the Boussinesq buoyancy approximation in natural convection problems, this paper
proposes a robustness-enhanced, convergence-accelerated method for a pressure-based fully coupled
velocity—pressure solver. The pseudo-transient continuation (PTC) method is employed to solve steady-

state computational fluid dynamics (CFD) problems. By developing a physics-based calculation method
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derived from the flow field characteristics to determine the pseudo time step, the traditional empirically-
dependent under-relaxation factors are replaced. The mathematical equivalence between this pseudo
time step and the under-relaxation factors is clarified, providing a higher efficiency for achieving
convergence. During the discretization of the governing equations, a scale analysis based on
characteristic velocity is introduced. By quantifying the physical effects of the diffusion, convection,
and buoyancy terms in the Navier-Stokes equations, a specific calculation scheme for the pseudo time
step tailored for natural convection problems is presented. Finally, two classic natural convection
problems-the annular cavity and the trapezoidal cavity-are selected as validation cases. A systematic
comparison is conducted between the proposed algorithm and a set of common under-relaxation factors
(0.2, 0.4, 0.6, 0.8, 0.9, 0.95). The results demonstrate that, compared to the traditional under-relaxation
factor approach, the proposed method exhibits remarkable adaptivity. Without any manual parameter
tuning, its convergence efficiency matches or surpasses that of the empirically determined optimal
relaxation factors obtained through extensive trial calculations. Furthermore, it demonstrates more
consistent and stable performance in terms of convergence rate and residual control. This research
provides a reliable path for steady-state CFD solvers, offering both self-adaptivity and optimal
convergence characteristics, thereby significantly reducing the reliance on empirical parameter tuning
inherent in traditional methods.

Keywords: pseudo-transient continuation; boussinesq approximation; pseudo time step; under-

relaxation factors
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