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Rayleigh-Bénard thermal convection in concentrated emulsions:
a plethora of dynamical regimes
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Emulsions are widely used in numerous interdisciplinary fields, yet their behavior in buoyancy-driven ther-
mal flows remains poorly understood. This study comprehensively characterizes the dynamical regimes of
thermal convection in emulsions via lattice Boltzmann simulationsﬂ Emulsions are prepared with different
volume fractions (@), ranging from dilute systems with Newtonian rheology to jammed systems exhibiting
non-Newtonian yield-stress behavior. Our study focuses on the Rayleigh-Bénard (RB) thermal convec-
tion, i.e., we consider emulsions confined between two parallel walls at different temperatures, undergoing
buoyancy forces whose impact can be encoded in the dimensionless Rayleigh number (Ra). We identify
the emergence of distinct convection dynamical regimes by systematically varying ¢ and Ra. In a previ-
ous WorkEI, we observed that sustained convection in jammed emulsions is accompanied by intermittent
transient dynamics leading to emulsion phase inversion. However, as Ra increases, many structural trans-
formations such as droplet breakup, coalescence, and phase inversion may affect the emulsions (see Fig[T),
significantly altering their rheological properties. For low-to-moderate values of ¢, the dominant mecha-
nism at high values of Ra is droplet breakup, while for high values of ¢, phase inversion prevails. In both
cases, the droplet size distribution is influenced by Ra, and scaling laws for the average droplet size are
derived and quantiﬁecﬂ Furthermore, these structural changes also affect the behavior of the average heat
transfer as a function of Ra, confirming a continuous transition from conductive to convective state for low
values of ¢ but evidencing a sharp transition in the phase inversion regime due to the rupture of the original
jammed emulsion in favor of the diluted inverted one>. These findings detail the various dynamic regimes
in thermal convection and their connection to structural changes in emulsions. The study sheds light on the
complex interplay between thermal forces, emulsion structure, and rheology, offering valuable insights into
the behavior of emulsions under buoyancy-driven thermal flows.

time time time time

[ stable emulsion ] [ breakup-dominated coalescence-dominated [ phase inversion

dynamics dynamics dynamics

Figure 1: Pictorial view of dynamical regimes of thermally convective emulsions under RB thermal con-
vection, resulting from different combinations of ¢ and Ra. The distinction is based on the behavior in the
number of droplets N with respect to its initial value N™!, Top panels: initial conditions. Middle panels:
steady-state configurations. From left to right: stable convective regime, with no variation of N; breakup-
dominated dynamics, with an increase of N due to breakup events; coalescence-dominated dynamics, with
a N decrease caused by coalescence events; phase-inverted emulsion.
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