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Abstract Based on the particle capture mechanisms of an isolated cylinder normal to the gas flow and the
particle motion equations in vortex flow, the theoretical demisting efficiencies of the interception, the inertial
impaction, the centrifugal separation, and the combination demisting efficiency of the independent mechanisms
of a rotary thread demister were developed. To test the theoretical demisting efficiencies, a rotary thread
demister with diameter of 500 mm was used in this experiment. Two rotary thread layers were arranged in the
rotary thread demister. The threads were made from polyester with diameter of 3 mm. The rotary speed of the
threads ranges from 250 to 800 r-min"'. The medium diameter of the dorplets is 20.1 um. The inlet concentration
of water sprary is about 4 100 mg-m™. The gas velocity in the rotary thread demister is 2.5 m-s™'. Experimental
results indicated that the overall separation efficiency could be greatly enhanced by increasing the thread
number. For instance, when the rotary speed was 500 r-min"', the overall efficiencies of the double rotary thread
layer demister with 100 threads per layer and with 200 threads per layer were 95% and 98% respectively.
According to the empirical equation of the relation between the overall collection efficiency and the fractional
efficiency, the approximate prediction of the fractional efficiency of the rotary thread demister can be found
from the experimental value of overall collection efficiency. The comparison results show that the theoretical
fractional efficiency of the combination mechanism fitted well with the empirical prediction values. In the range
of droplet diameters from zero to 40 pm, the mean deviation was less than 1.4%. From the comparison of the
independent mechanisms, it was found that the inertial impaction was predominant, the centrifugal separation
was lesser, while the interception was negligible since the interception efficiency was only about 2.5% for 20 um
droplet collection at 200 threads per layer. The centrifugal separation efficiency of the vortex flow created by the
fast spinning threads followed the exponential mode which was the function of the square of drop diameter and
rotary speed. Thus, the centrifugal separation effect is distinct for larger water droplets.

Keywords  rotary thread demister; interception; inertial impaction; centrifugal separation; demisting

efficiency
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