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EFFECTS/THEORETICAL MODEL/SOLAR ENERGY/CONSTRUCTAL

DESIGN/NATURAL CONVECTION.

The thesis studies flow in a solar chimney, a device for generating electricity
from solar energy by means of a turbine extracting the flow energy from the hot air
rising through a tall chimney with the ultimate goal of a better design to obtain a
higher efficiency. Operating characteristics that are significant to the flow in solar
chimney are sought and studied to aid in the optimization of solar chimney design.

Dimensional analysis is applied to determine the dimensionless variables to
guide the experimental study of flow in a small-scale solar chimney model. The study
shows that if the model is required to be geometrically similar to the prototype, then
the dynamic similarity condition requires the solar heat fluxes of the two cases to be
different, an inconvenient requirement in an experimental setup. Further study shows
that, to achieve the same-heat-flux condition, the roof radius between the prototype
and its scaled models must be dissimilar, while all other remaining dimensions of the
models remain similar to those of the prototype. The functional relationship obtained
suggests that it would be possible to group all the relevant variables into a single
dimensionless product. Three physical configurations of the plant were numerically
tested for similarity: fully geometrically similar, partially geometrically similar, and

dissimilar types. The values of the proposed single dimensionless variable for all these



cases are found to be nominally equal to unity. The value for the physical plant
actually built and tested previously is also evaluated and found to be about the same as
that of the numerical simulations, suggesting the validity of the proposition.

Moreover, the study compares the predictions of performances of solar
chimney power plants by using five theoretical models that have been proposed in the
literature. The parameters used in the study are various plant geometrical parameters
and the solar heat flux. Numerical results from the carefully calibrated CFD
simulations are used for comparison with the theoretical predictions. The power output
and the efficiency of the solar chimney plants are used as functions of the studied
parameters to compare relative merits of the five theoretical models. Models that

performed better are finally recommended.

Guided by a theoretical prediction, CFD is used to investigate the changes in
flow properties caused by the variation of flow area. It appears that the sloping
collector affects the flow properties through the plant. The divergent-top chimney
leads to significant augmentations in Kinetic energy at the tower base. It is shown that
the proper combination of the sloping roof and the divergent-top chimney can produce
power as much as hundreds times that of the conventional solar chimney power plant.

An analytical turbine model is developed in order to evaluate the performance
of the solar chimney power plant. The relationships between the ratio of the turbine
pressure drop to the pressure potential (available system pressure difference), the mass
flow rate, the temperature rise across the collector and the power output are presented.
The model shows that, for the system with a constant pressure potential, the optimum

ratio of the turbine pressure drop to the pressure potential is 2/3. For the system with
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non-constant pressure potential, it is clear that this optimum ratio is a function of the
plant size and solar heat flux.

To evaluate the performance of a small-scale physical model, four
experimental plants were constructed at Suranaree University of Technology, Nakhon
Ratchasima Province, Thailand. The experimental results are different but show the
same trends as the predicted values. This may be caused by the fluctuating solar heat
flux and the effect of the large chimney diameter when compared with the roof size.
Moreover, the difference in dimensionless variables between the large and the small
plant is noticeable, contrary to the theoretical and numerical predictions. Reasons
could be the varying atmospheric conditions when the tests were run.

Based on the method of constructal design, the optimal chimney height/roof
radius, maximum mass flow rate and maximum power under the constraints of  fixed
surface area and volume are determined. Results indicate that the pressure drop at the
collector inlet and at the transition section between the collector and chimney are
negligible and the friction loss in the collector might be neglected when the svelteness
is greater than 6.5. Because of the flow resistances associated with distribution of
power over a territory, the size of the territory must be finite and optimally allocated to
each power plant. Several patterns of the multi-scale plants on a square area are
explored. The global performance of such patterns is greater when more land area is

allocated for the largest plant.
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