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Convective turbulence can be generated in a fluid layer
which is heated from below and cooled from above when the
temperature difference between the top and the bottom layer
is sufficiently large. Convective turbulence is present in the
interior of stars and planets and in planetary atmospheres.
Most studies of convective turbulence, particularly those
with a focus on the mechanisms of turbulent heat transfer,
have been conducted in the Eulerian frame (see Ref. 1).

The Lagrangian perspective on convective turbulence
implies that one follows massless tracer particles and moni-
tors velocities, accelerations, and temperature along the
tracer tracks. Recently, we have carried out three-
dimensional direct numerical simulations of the Boussinesq
equations of motion.>” The fluid is enclosed in a rectangular
slab of aspect ratio 4. Periodic boundary conditions are ap-
plied in the horizontal directions and free-slip boundary con-
ditions in the vertical direction. The Rayleigh number is
Ra=1.2X 10% and the Prandtl number Pr=0.7. A pseudospec-
tral method is used to advance the equations of motion on a
grid with 2048 X2048 X 513 points. In total, we monitored
1.2 10° tracer particles.

The upper panel of Fig. 1 shows a snapshot of the La-
grangian tracer ensemble. The particles are colored accord-
ing to the temperature at their position, which is indicated in
the color legend. All tracers were initially seeded in a plane
very close to the bottom boundary. White tracers were addi-
tionally arranged in a regular grid in order to illustrate tur-
bulent mixing as time progresses. The diagonal cutting plane
nicely highlights the coherent thermal plumes. The heat
transport in turbulent convection is concentrated in coherent
structures that detach from the thin thermal boundary layers
at the top and bottom.

In the middle panel, the most intense local heat transfer
events are highlighted in red by taking the product of the
vertical velocity u, with the temperature fluctuation about the
mean temperature profile at the tracer position. Both hot ris-
ing plumes from the bottom and cold falling plumes from the
top form positive products and thus contribute to the upward
heat flux as sketched in the lower panel.
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FIG. 1. (Color) (enhanced online).
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