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ABSTRACT

Electrostatic charging of spray droplets and particles is a well known method for improving
the transfer efficiency of spraying systems. Electrostatic spraying systems are therefore good
technological solutions when the spray material is expensive, or overspray is highly undesirable,
and are used commonly in spray painting and agricultural pesticide application. The present
research aims to investigate a new application for charged sprays: chilling warehouses in food
industry. Spraying water in a chilling warehouse has two purposes; it counteracts the drying
effect of cold air on warm products, and provides additional evaporative cooling effort. High
transfer efficiencies are required in this application, because excess moisture will condense and
freeze in the evaporators. This makes it a potentially interesting application for charged sprays.

In this work a computational fluid dynamics simulation of electrically charged sprays in such a
cooling application is developed. The commercial Fluent (version 18) code is used as the solver
for this simulation. Models to treat the two-way interaction between the electrostatic field and
charged droplets are implemented using user-defined functions. The results of the simulation
are generally in good agreement with experimental and numerical data obtained by Domnick et
al.[1] and Mark et al.[2], as seen in figure 1.
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Figure 1: Electrostatic rotating bell sprayer, (a) present CFD results and (b) photo from Mark
et al.[2]

After validation the model is further extended to include the effects of evaporation. This includes
modelling the transfer of heat, mass and electric charge between the droplets and the continous
phase. The complete model is used to simulate the effects of electrostatically charged sprays in
a chilling warehouse.
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