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Abstract

Spray drying process is widely used for production of particulate products on large
scale in ceramic, food and other industries by transforming slurry droplets into
particles. However, the spray drying is an energy demanding process, since large
amount of water in the slurry needs to be evaporated. The present study is focused
on improving the energy performance of industrial-scale spray dryer by recovering
energy from exhaust gases.

At first, the mathematical models of various degree of complexity were established
and verified for simulation of slurry drying in spray dryer. Extensible and user-friendly
computer program was developed in Visual Basic for Applications within Microsoft
Excel based on a coarsest-scale model. This software can be used for preliminary
estimation of various alternatives in the improvement of energy utilization of spray
dryer. An advanced simulation software package was also developed for the detail
analysis on effects of process parameters on energy performance utilizing a finer-scale
model.

Combinations of the response surface methodology with model simulations were
employed to investigate the influences of process parameters on the energy recovery
in spray drying process that partially recycle the exhaust drying gas. The energy
efficiency and energy saving were studied for various values of recirculation ratios
with respect to the temperature and flow rate of the drying air, slurry feed rate
and concentration of slurry. As a result, significant gains in energy efficiency and
energy saving were obtained for a spray drying system with high recirculation ratio of
exhaust air. The high slurry feed rate and the low slurry concentration, inlet drying
air temperature and drying air flow rate enhanced the energy efficiency of spray drying
system. However, the high energy saving was obtained in spray dryers operating at
low slurry feed rate and high slurry concentration.

Finally, the energy performance of industrial spray dryer equipped with an air-to-air

heat exchanger for heat recovery from exhaust gas was explored in production of high



IV

value particles. The energy efficiency and energy saving were calculated using the
finer-scale model for values of process parameters varied according to a space-filling
design. The meta model equations were formulated employing the well-fitted response
surface equations. In the present range of process parameters, the maximum gains of
43% in energy efficiency and 52% in energy saving were obtained by optimization of
process parameters using the response surface methodology.

The results of the present analysis are intended to be used for optimization of energy

performance of spray dryers utilized in various industries.
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