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ABSTRACT

Cyclone separators are used for removal of fine particulate matenral in
process industries. The thesis presents the results of experimental investigations on
measurements of wall friction during solid loading in reverse flow cyclone and the
effect of solid loading and particle size distribution on performance characteristics of
an \ uniflow cyclone. Uniflow cyclones beiong to a class of cyclone separators, where
the discharge of dust and clean gas are in parallel to the inlet. In conventional
reverse flow cyclones the clean gas and solids exit in opposite direction.

The wall friction is estimated by measuring deflection of the test section,
which is related to the torque on the wall due to rotating fluid. The experiments are
camried out at Machinenbau und Verfahrenstechnik, Fachhochschule, konstanz,
Germany.

Experimental resuits show that the wall friction increases during solid loading
compared with clean air. An empirical equation of the form A¢ = a Nre" is proposed to
predict the wall friction for clean air as well as during solid loading. The constants a
and n are 10.5, 0.195 and 62.5, 0.365 respectively for clean air and solid loading.

Experiments on uniflow cyclone are carried out at |IT Delhi, Inidia. The

rotating plate feeder is developed and interfaced to the computer for accurate control

of solid feeding. The measurement for pressure drop is made online using Rosemont
pressure transducers and A/D card. The online analysis of solid particles in gas
stream is made from sampling using cascade Retsch™ impactor. Two uniflow

cyclones with different diameters and vane angles are used in the study.



A parametric equation is developed to predict grade efficiency for uniflow
cyclone by assuming viz., a) inertial forces dominate particle motion, and b) the
separation chamber can be considered as swirling tank for separation of particles in
similarity to a mixing tank so that the concentration in the outlet duct is same as that
in separation chamber.

The radial flux of particles is obtained by solving steady state force balance on
particle motion. The mass balance resulted in parametric equation consisting all
geometric and operating parameters to predict grade efficiency of cyclone. The
equation is observed to predict the results of experimental values closely. The
calculated correlation coefficient is 0.895. The particle cut-size and total separation
efficiency are predicted close to the experimental values.

The experimental results show that the inlet velocity and purge rate are
significant parameters to influence the performance. The particle cut size decreases
with increasing inlet velocity and purge rate. The total separation efficiency increases
as length of separation chamber decreases. |

The inlet dust concentration significantly influences the particle cut size and
total separation efficiency. The particle cut size is inversely proportional to inlet
concentration. The separation efficiency increases with concentration proportionally.

The particle size distribution has shown to influence total separation
efficiency. The separation efficiency increases with increase in width of distribution.
The particle cut-size is observed to decrease as the width of distribution decreases.

Experiments aré carried out to measure pressure drop with clean air and

during solid loading for various operating conditions. The pressured drop is observed

1



to increase with inlet velocity. The pressure drop decreases proportionally with purge
rate. The pressure drop for uniflow cyclone is estimated using equation deduced for
conventional reverse flow cyclone after introducing suitable entrance factor for wall
tangential velocity. The predicted pressure drop values are compared with
measurements with clean air and during solid loading. The prediction is in good
agreement with experimental measurement. The comelation factor is calculated to

0.92.
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