Abstract

This Project was aimed at developing and studying of two novel modifications of a
conical fluidized-bed combustor ensuring high-efficiency and environmentally friendly
combustion of rice husk, one of the most viable biomass fuels in Thailand.

In the first part of the Project, an advanced 400-kWy, conical fluidized-bed
combustor (FBC) was tested for firing Thai rice husk at variable operating conditions.
Compared to its predecessor (a pilot 350-kWy, conical FBC showing 96% combustion
efficiency for firing rice husk), the advanced combustor included some geometrical and
design modifications aimed at improving the combustion efficiency and emission
performance of the reactor. Differences between the air distributors and Ap-u diagrams
(accounting for the total pressure drop across the air distributor and gas—solid fluidized
bed) for the two reactors (pilot and advanced) are discussed. Axial temperature and gas
concentration (O,, CO and NOy) profiles in the combustors were compared for similar
operating conditions (excess air and heat release rate per unit cross-sectional area). At
excess air of 40—-60%, the bed temperature in the advanced conical FBC was substantially,
by about 180 °C, higher than that in the pilot combustor, mainly, due to better fuel-air
mixing and higher residence time of reactants. Formation and decomposition of CO and
NO in the bed region as well as in the freeboard of the two conical FBCs showed different
trends under similar operating conditions. At excess air of 40-60%, CO emission from the
advanced conical FBC was found to be much (7-8 times) lower than that from the pilot
combustor, while NOy emissions were represented by almost the same values. High (over
99%) combustion efficiency is achievable when firing rice husk in the advanced 400 kWy,
conical FBC for the range of excess air.

In the second part of the Project, a novel conical swirling fluidized-bed combustor
(SFBC) using an annular spiral air distributor was designed, assembled and tested with the
aim to determine hydrodynamic, combustion and emission characteristics. The special
“cold-state” experiments showed an existence of four operating regimes of a gas—solid
swirling fluidized bed. Based on the results from the “cold” hydrodynamic study, optimal
bed characteristics (sand particle size and the bed height), as well as the range of the
primary air flowrate, were determined prior to the combustion tests. During the combustor
operation, primary air was introduced through an annular spiral distributor at the
combustor base, while secondary air was tangentially injected into the splash zone of the
reactor. Radial and axial temperature and gas (O,, CO, NO) concentration profiles in the
conical SFBC were investigated at a fixed fuel feed rate for variable (i) excess air (from
20% to 80%), (i1) secondary-to-primary air ratio (from 0.26 to 0.75) and (iii) fuel-moisture
content (from of 8.4% to 35%) for characterization of the pollutants in different regions of
the reactor. In the tests for variable fuel properties, “as-received” rice husk was
moisturized to control NO formation. As revealed by the experimental study on the SFBC,
through moisturizing “as-received” rice husk, NO emission from the combustor can be
substantially reduced, while CO emission is effectively controlled by secondary air
injected into the combustor over the swirling fluidized bed. Such a system allowed
achieving quite effective least-cost control of both NO and CO in this combustor, securing,
however, very high (over 99%) combustion efficiency when firing “as-received” and
moisturized rice husk. Compared to the pilot conical FBC operated under similar
conditions, the combustion efficiency of the conical SFBC fired with rice husk is sensibly
higher (by about 3%), while CO emission is reduced to rather lower levels.
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