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PROGRESS OF COMBUSTION IN THE FURNACE OF A CIRCULATING 

FLUIDIZED BED BOILER 

ANDERS LYNGFELT, LARS-ERIK AMAND AND BO LECKNER 
Chalmers University of Teclwoiogy 

Goteborg, Swed,m 

Gas concentrations were measured in the combustion chamber of a circulating fluidized bed boiler 
(FBB ). Sieved fractions of solid material sampled at different heights were analyzed for combustible matter. 
Together with the bulk density profile obtained from pressure drop measurements, these data were used 
to obtain the distribution of combustible matter in the combustion chamber. 

High concentrations of combustible gases and low concentrations of oxygen Were found in the hoUom 
part, indicating that the bed material to a large extent is subject to reducing conditions. From the gas 
concentration profile, the degree of combustion/fuel conversion versus boiler height was deduced. This 
procedure, however, involves a major error since measured concentrations gin, a misrepresentation of the 
concentrations of the gas flow. This is explained by a through flow of gas through bubbles or voids in the 
bottom bed with high velocity and high concentration of oxygen. 

A correction for the hn1ass flow was attempted, which increases the 02 concentration in the lowest 
position from 2.5 to 11%. This correction compared favorably with the fuel conversion versus height, 
derived from the distribution of solid combustibles (char) in the combustion chamber. 

The results show that the concentrations measured in the bottom part of the combustion chamber do 
not represent the flow and cannot, accordingly, be directly used in mass balanees. This misrepresentation 
has consequences for the interpretation of gas measurements in the bottom part of FBBs. 

Introduction 

The purpose of this work is to improve under
standing of combustion in circulating fluidized bed 
boilers (FBBs), by measuring local concentrations of 
gas and solid combustibles inside the combustion 
chamber. It is also intended to provide data that can 
serve for comparison with fluidized bed combustion 
modeling. 

Most measurements of gas concentrations in fluid
ized bed combustors are from small units, although 
some data are available from larger units [1,2]. The 
fluidization conditions and the solids distribution in 
small units differ from those observed in larger units. 
This is reflected in measured gas concentration pro
files [3], which are quite different from those ob
tained in the larger unit of the present study. 

This work is part of a broader program involving 
local measurements under different operating con
ditions, and the present investigation treats the com
bustion of coal at full load and under normal air
staging conditions. 

Expeiimental Desciiption 

The 12-MW circulating FEB used [4] is a com
mercial boiler, but it was built for research purposes 
and is equipped for vaiious types of measurements. 
The square cross section of the combustion chamber 

is about 2.5 m2 and the height is 13.5 m ,vith the 
cyclone outlet at about 11 rn above the bottom plate. 
The fuel was a bituminous coal with 40% volatiles 
and a particle size less than 20 mm (cl50 - 10 mm). 
No limestone was added. The bed temperature was 
850 °C, the load 8 MvV, the air-to-fuel ratio 1.2, the 
primarv-air fraction about 60%, and the dense bot
tom bed height about 0.5 m. 

Gas concentrations ,vere recorded by two sets of 
analyzers, one for flue gas sampling and the otl1er 
for measurements inside the combustion chamber 
(CO and C02: infrared; 02: paramagnetic; HC: 
flame ionization). The analyzers were calibrated 
daily and the sets could be switched to double check 
the accuracy. H2 was not measured, but later mea
surements under similar conditions with an H2 an
alyzer, and also previous measurements with a gas 
chromatograph [5], indicate that H2 is well corre
lated to hydrocarbon concentration (HC), which al
lows the assumption that H2 = 0.9HC (methane 
equivalents). 

The concentrations of individual hydrocarbons 
were obtained from combining the results of previ
ous measurements of individual hydrocarbons with 
a coal of similar typR and under similar operating 
conditions [5], with calibration data from the IIC 
analyzer for these lwdrocarbons. Knowing the com
position of hvclrocarbons, the stoichiometric oxygen 
consumption for hydrocarbons was determined to be 
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