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Abstract

Natural convection with phase change in lid cooled enclosures has been extensively studied
experimentally and numerically for water. Low aspect ratio small enclosures of both cubical and
cylindrical symmetry with isothermal top wall were used. The other walls were neither adiabatic nor
ideal heat conductors, allowing heat entry from the surrounding water bath. The external
temperature varied from 5oC to 25oC,  whereas the top wall was kept at -10oC. The flow and ice
structures,  their dependence on the flow parameters, geometry, initial conditions and the thermal
boundary conditions were investigated. Digital Particle Image Velocimetry and Thermometry - full
field experimental technique based on the digital image analysis was used to obtain quantitative 2-D
temperature and velocity fields information. The paths of the individual tracers obtained using digital
particle tracking helped to understand and verify the flow structure.
It was found that the Thermal Boundary Conditions of non-isothermal walls have triggering effect on the
flow configuration. Experimental and numerical investigations indicated that simplifications or
idealisations of the TBC usually applied in numerical models may lead to substantial differences of the
flow pattern.  Solving the coupled solid-fluid heat conduction problem for the side walls together with 3-D
Navier-Stokes equations improved modelling.
The onset of convection was studied for two different initial conditions: zero flow field with initially
warm fluid or developed natural convection without phase change. The instabilities of the flow
observed for the first case could be effectively damped by the second method. It was found that the
growing conical ice front has a stabilising effect on the flow. Similarly, modifications of the thermal
boundary conditions at the side walls stabilised onset of convection.
Complicated flow structures in the cavity are reflected on the ice surface created underneath the lid.
The eight-fold flow symmetry was observed for the cube cavity. In the axis-symmetric cylindrical
cavity the 16-fold flow symmetry was observed, both for the temperature field and the ice structure.
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