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Evolution of Multi-layered Convection due to Double-diffusive Effect
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Time evolution of a multi-layered convective system which is produced and maintained by diffusive convection is investi-

gated by a two-dimensional numerical simulation. Convective layers repeat merger with adjacent ones and increase their
thickness until a single convective layer fills the whole calculation domain. Two distinct processes of the layer evolution
are observed: a) vanishment of density gap between layers, and b) merger of density interfaces. A simple mechanistic
model was devised to understand the physical processes which controls the layer evolution. The model assumes inviscid
motions of convective plumes and turbulent entrainment due to the impingement of the plumes at the density gap between
layers. The model can successfully reproduce the merger processes.
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Fig. 1: Time evolution of vertical density gradient. Den-
sity gradient is scaled by its initial (uniform) value. Up-
percase symbols correspond to the events of vanishment
of the density gaps, and lowercase symbols to the events
of merger of the density interfaces.
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Fig. 2: Two types of layer evolution: a) vanishment of
density gap between layers, and b) merger of density in-
terfaces.
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Fig. 3: Time evolution of the vertical distribution of a)
Kinetic energy, and b) skewness of w. Density interfaces
are shown by the dotted lines. Note that the kinetic energy
is rescaled by a factor of two at 1 = 800.
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Fig. 4: Schematic of the asymmetric entrainment model.
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Fig. 5: Phase diagram of the periodic two-layer system.
Open circle denotes source point and closed circles sink
points.
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Fig. 6: Time evolutions of a) temperature gap between

above and below the interface, and b) layer thickness.
Symbols are the same as in Fig. 1.
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