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Nonlinear Thermal Convection Pattern

Xisense , Prof. Zhou
Physics Institute, Peking University, Beijing 100871, China

Abstract: An open system far from equilibrium can exhibit bifurcation behavior, causing the system to leave its original dis-
ordered thermodynamic branch and undergo a transition to a stable ordered state. This ordered structure is referred to as a “dissipative
structure.” The theory of dissipative structures can explain various issues in both natural sciences and human social sciences, making
it one of the few significant scientific theories that spans multiple disciplines. In the case of the Rayleigh-Bénard convection system,
which consists of a fluid layer bounded by a free surface and a solid wall, nonlinear thermal convection patterns emerge when the
system is far from equilibrium. This experiment aims to observe the emergence process of thermal convection patterns within water
layers of different thicknesses as the temperature difference between the upper and lower surfaces of a water-filled container is altered,
providing a preliminary understanding of open systems and dissipative structures. The experiment employs shadowgraphy, using a
CCD to capture the sensitive distribution of images that reflect the density differences at various positions within the water layer. It also
allows for a rough assessment of the symmetry breaking in water layers of 2 mm and 4 mm thickness, indicating the critical temperature
at which patterns appear.

Key Words: Heat convection, dissipative structure theory, symmetry breaking, shadow method
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