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Convective heat transfer arises in nature and in practice when a heated or cooled surface is brought into contact with a mass of fluid. The temperature changes cause density variations leading to buoyancy forces. Examples of such phenomena abound. They include the air which is warmed and circulated by a radiator in a room, atmospheric and ocean circulation, the design of solar energy collectors, process of frost formation involving low temperature surfaces, the motion in a kettle of water heated from below to name just a few of examples. There is a great deal of information available about steady state convective heat transfer over bodies of various shapes. However, the unsteady case has attracted much less attention in the literature. Literature concerning the transient convective flow over vertical flat surfaces is abundant. Representative studies in this area may be found in the review papers by Joshi (1990), Pop et al. (1999) and in the recent book by Pop and Ingham (2001).

The aim of this lecture is to present the most recent results on unsteady convective flows from vertical surfaces, which are fundamental in nature and underpin the understanding of more complex flow regimes. In free convection flows the driving mechanism is the surface temperature or surface heat flux. Hence, when the surface of a body is under transient heating, the surface temperature is a function of time and gives rise transient free convection flows. These transient flows are important since they have wide applications in nuclear reactor technology, floated gyro-compasses and liquid heat sink cooling of re-entry vehicles.

All the investigations of unsteady free or mixed convection boundary layer flow in the vicinity of a vertical semi-infinite flat plate have virtually considered the transient process in which the plate is heated impulsively to a constant temperature, that can be higher (heated surface) or smaller (cooled surface) than that of the surrounding fluid. At a given point on the plate, during the early phase of the flow development, the temperature and velocity fields develop as if the plate were infinite in extent as there is no mechanism by which the presence of the leading edge can be transmitted instantaneously up the plate. Explaining the transition from the small time solution to the large time, or steady state, solution has proved to be very difficult. We shall show in our lecture the procedure proposed by Ingham (1985) to give an answer to this problem.

Another topic of interest in unsteady convective flows is that of transient free or mixed convection boundary layer flow past a vertical flat plate subjected to a sudden change in surface heating rate and we will also deal with this problem in our lecture following the studies by Joshi and Gebhart (1988), Harris et al. (1999), and Padet and Lorenzo (2002). Many such transients do not start from quiescence, but from a previous heating and resulting flow condition. An examples is a solar collector panel, when solar insolation suddenly changes, possibly due to changing cloud cover. An initial steady flow becomes a transient, which ultimately many result in another steady flow condition.

Further, we shall report on the effect of mixed convection adjacent to a vertical flat plate on unsteady separation and the influence of the evolving boundary layer flow on the convective heat transfer. In order to facilitate this, a model problem considered by Cassel (2001) has been chosen involving a rectilinear vortex traveling in an otherwise stagnant ambient fluid. near the plate wall that is heated to a temperature above that of the ambient fluid. The results show that not only does unsteady separation have a dramatic influence upon the convective heat transfer, but mixed convection can also have a significant effect upon the unsteady separation process.

Finally, some open problems in unsteady convective flows from a vertical surface will be pointed out.
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