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\ortex is a significant feature of turbulent rotating convection, which is
also the basic pattern of geophysical fluid and internal solar fluid. Thus, to research
the outbreak mechanism and structure of the convection is of great importance to
weather forecast and solar activity forecast. People applied experiments to statistics
on the macroscopic flow or DNS to analyze the fine structure of the flow in the past,
but neither had done experiments to explore the outbreak mechanism in a
thermodynamic way nor measured the 3-D structure of a vortice. Instead, we
design the special instrument and experiment on the outbreak and development
process of the rotating convection in detail, at parameter Ra=2.79*1e7, Pr=7.11,
Ta=1.08*1e7 on a bottom-heated water tank. The rotating convection was observed
to shares some similarity with weather systems on Earth kinetially and
dynamically.

Blue dye was used to visualize the convection outbreak, showing transient
ring structure before convection initiation. With heating started, the temperature on
the water tank’s floor grew linearly for 60s with no significant temperature change
on upper layer before visually detectable convection occured. A thin thermal
boundary layer was thus supposed to form and give rise to the ring structure.

PIV was used to study 3-D structure of a single vortex, with red laser
illuminating vertical plane of fracture and green laser for horizontal plane. The
vortex was quite similar to the weather system on Earth and a simple linear
typhoon flow pattern model was thus used to depict it. Some characteristic
parameters were determined with the model. Putting them into a
nondimensionalized vertical vorticity equation (vertical component ), we find the
stretching of implicated vorticity balanced with vertical convection of vorticity,
also similar to some synoptic weather systems.

turbulent rotating convection; experiment; PIV; vortex structure; flow pattern
determination;



