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I.  ABSTRACT

8.  OBJECTIVES

The overall objective of this demonstration project is to demonstrate the advantages and
disadvantages of swirling flow and alternate feed system as applied to circulating fluidized bed coal
combustor burning Ohio’s high sulfur coal.  The objective of the Phase I of this research, is to study
the hydrodynamics of a cold model, swirling circulating fluidized bed with tangential injection of
secondary air, and to quantitate the extent of erosion in the bed.

9.  WORK DONE AND CONCLUSIONS:

A literature study was conducted on cold model erosion studies.  Based on the theories that have
been developed to quantitate the erosion due to particle impaction, a procedure to quantitate the
erosion in cold model experiment was developed.

Based on hydrodynamic similarity, scaling factors were identified and a complete design of a cold
model circulating fluidized bed (bed diameter 4 in and bed height of 12 ft.) was developed.  The bed
was constructed according to our design specifications by a subcontractor.

A detailed test plan was prepared to study the effects of air flow rates (primary and secondary air),
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swirl ratio and solid recirculation rates on the hydrodynamics of the system.  The test plan also
includes an experimental program to investigate both qualitatively the erosion of the bed by
impaction of solids.

The cold model was operated according to the test plan and data on the pressure drop, gas velocity,
solid recirculation rates, solid mass flux and erosion was collected as a function of the operating
variables.

From the data it was concluded that wall erosion was mainly caused by the particles sliding down
the combustor wall and that erosion due to particle impaction was negligible at all swirling ratios that
were investigated.  Furthermore, the erosion was independent of bed diameter, since the sliding
velocity of the particles down the combustor walls was independent of the bed diameter.  Hence it
was unnecessary to experiment with different bed diameters.

The extent of erosion, quantified by the weight loss of the sample in a fixed time interval, initially
increased with increase in swirl velocity, and then decreased as the swirl number was increased
further.  This surprising result was attributed to the fact that as the swirl ratio increases, the particle
diameter sliding down the walls increases, since the centrifugal force moves smaller particles
towards the center of the bed and the larger particles towards the wall.

The hydrodynamic behavior was also characterized for the swirl and non-swirl cases, and design
equations have been developed.

10.  PLANS FOR COMING YEAR:

The final report on this project will be submitted before December 31, 1990, and this project will
terminate.

II.  HIGHLIGHTS/ACCOMPLISHMENTS

11. Technical papers will be prepared and presented at national and international meetings.
This study represents the first study to quantitate the hydrodynamics and erosion in a
swirling circulating fluidized bed system.
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