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ABSTRACT: Gas is injected into a localized area in an oxidiz 
ing fluidized bed boiler to fluidize a portion of the bed. By 
varying the relative pressures and flow rates of the locally in 
jected gas supply and the main fluidizing gas supply a selected 
portion of the bed is fluidized, while the remainder of the bed 
remains in a static condition. Fuel distribution and com 
bustion are restricted to the fluidized portion of the bed, mak 
ing possible a wide range of thermal output variation. 
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3,565,022 
METHOD FORREGULATING HEAT OUTPUT FROMAN 

oXIDIZING FLUIDIZED BED 
BACKGROUND OF THE INVENTION 

This invention relates generally to fluidized beds, and more 
particularly to a method for regulating the rate of fuel con 
sumption and heat output from oxidizing fluidized beds. 
Simply stated, a fluidized bed consists of a mass of discrete 

particles suspended within a walled enclosure by a flowing 
stream of fluid, which enters the enclosure through a porous 
bottom surface. As the fluid, which may be a liquid or gas, 
passes upward through the bed, individual particles are 
suspended in the stream and disengaged from one another. 
Mobility of the particles within the bed is enhanced, so that 
the mass of fluidized particles resembles a high viscosity 
liquid. The fluidized particulate suspension obtained by this 
process is useful in a wide variety of chemical and industrial 
processes. 

Recently developed fluidized bed boilers employ oxidizing 
fluidized beds for heat generation. A bed of inert granular 
material is supported in contact with heat exchange surfaces 
by a stream of air within the boiler. When the fluidized bed is 
heated above a critical ignition temperature and is supplied 
with a mixture of air and coal, intense combustion occurs 
within the bed. High heat releases, and heat transfer direct 
from the bed material to the heat exchange surfaces enhance 
the efficiency of the boiler, reducing the boiler dimensions 
required for a specified thermal output, in comparison with 
more conventional boiler designs. 
Although heat exchange efficiency is inherent in the opera 

tion of oxidizing fluidized bed boilers, a relatively narrow 
range for variation of fuel consumption and heat output in 
each individual boiler has impeded their general commercial 
acceptance. Previously, it was necessary to operate the oxidiz 
ing fluidized bed near the maximum output, or, alternatively, 
to completely shut the bed down. This all-or-nothing opera 
tion made inefficient use of fuel and lacked the output flexi 
bility available from conventional boilers. Partitioned beds, 
the sections of which were operable individually or in groups, 
were investigated in attempts to provide additional discrete 
steps in the operation of fluidized bed boilers. However, the 
turndown ratio continued to be limited by the operational 
limits of each individual bed section. 

SUMMARY oF THE INVENTION 
This invention is a method for improving the turndown ratio 

of oxidizing fluidized beds. It is based upon the determination 
that selective fluidization of a portion of a bed can be achieved 
under carefully controlled operating conditions. By varying 
the size of the fluidized portion, the amount of combustion 
within the bed can be regulated over a wide range. 
When a fluidizing gas, such as air, is directed upward from a 

distribution grid and through a particulate bed, the bed 
remains in a static condition until the gas velocity is sufficient 
to fluidize the smallest, lightest fraction of the particulate. At 
this gas velocity the smaller particles rise to the top of the bed 
in a fluidized state, while the larger particles remain, in static 
condition below them. If a localized stream of gas, such as air 
or fluegas, is injected in combination with the main fluidizing 
gas supply at a point within the static lower portion of the bed, 
with sufficient pressure and flow rate to overcome the static 
resistance of the bed, fluidization of the larger particles results 
in the area of localized gas injection. Solid fuel particles in 
jected into the bed at a point near the localized gas stream can 
then penetrate the fluidized upper and lower portions of the 
bed to provide discrete areas of combustion, regardless of the 
overall extent of bed fluidity. The fuel particles penetrate only 
the fluidized portion, and not the static portion of the bed. By 
maintaining the bed between the minimum ignition tempera 
ture of the fuel and the agglomeration temperature of the bed, 
continuing combustion within the locally fluidized portion is possible. 
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Combination of a localized gas injection with a main fluidiz 

ing gas supply may be used in this way to obtain a wide varia 
tion in the heat output from the bed. In addition, with suffi 
cient pressure and flow rate the localized gas supply alone is 
sufficient, in itself, to fluidize a small portion of the particulate 
bed, so that the boiler output is continuously variable between 
the minimum limit imposed by local fluidization and the max 
imum limit. 
Three distinct fluidization conditions represent the possible 

range of operation in a fluidized bed regulated by the method 
of this invention. During minimum load, only that portion of 
the bed fluidized by the localized gas supply is available for ac 
tive heat production and transmission to imbedded heat 
exchange surfaces. During an intermediate load condition, the 
portion of the bed which is locally fluidized interacts with the 
upper portion of the bed which is fluidized by the main fluidiz 
ing gas supply. In this condition, fuel particles transported into 
the bed near the local injection point readily diffuse through 
the combined fluidized portions of the bed, but do not 
penetrate the static portion of the bed. Oxidizing bed tempera 
ture is reached only in the fluidized portions of the bed. Under 
full load condition, the entire bed is fluidized by the main gas 
supply, and the injected fuel is distributed uniformly and ox 
idized throughout the bed. This latter condition is the state of 
bed operation achieved by the prior art. 

Therefore, one object of this invention is a method for ob 
taining a wide range of thermal output variation in an oxidiz 
ing fluidized bed. 
Another object of this invention is increased operating effi 

ciency and flexibility in oxidizing fluidized bed boilers by 
enabling their operation over a wide range of thermal output. 

Still another object of this invention is to increase the turn 
down ratio of oxidizing fluidized bed boilers. 
These and other objects of the invention will become more 

apparent with reference to the following specification and drawing. 

BRIEF DESCRIPTION OF THE DRAWING 
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The sole FIG, is a partial section of an oxidizing fluidized 
bed boiler. 

DESCRIPTION OF THE PREFERREDEMBODIMENT 
In the sole FIG. an oxidizing fluidized bed boiler 10 is 

shown. The boiler 10 incorporates design details which are 
well known in the prior art and includes an enclosure 12 with 
vertical sidewalls 14 and a horizontal base 16. Within the en 
closure 12, fuel is mixed with air and burned. Heat generated 
by this process is transferred through heat exchange surfaces 
18 to a working fluid, flowing in a conduit 20 within the boiler. 
Working fluid enters and leaves the conduit 20 through supply 
pipes 22 on the exterior of the boiler, passing to its ultimate 
use in a heated state. 
The combustion zone 24 of the boiler 10 is a bed 26 of dif 

ferent sized inert particles which can be suspended in a 
fluidized state by a stream of gas from a blower 28. Gas, such 
as air or a mixture of air and other gases, from the blower 28 
enters the boiler 10 near the base 16 of the enclosure 12. This 
main fluidizing gas supply flows upward into the bed 26 
through a perforated distribution grid 30, which is spaced up 
ward from the base 16. In the distribution grid 30 there is an 
array of spaced perforations 32 which distribute the main gas 
supply in an even stream throughout the horizontal cross sec 
tion of the bed 26. When the gas is injected into the bed with 
sufficient pressure and flow rate, individual particles in the 
bed are disengaged from one another and suspended in a 
fluidized state. 
Depending upon their relative sizes, particles in the bed 26 

are fluidized by different pressures and flow rates of the 
fluidizing gas. Smaller particles are fluidized by lesser pres 
sures and flow rates than larger particles, and so the smaller 
particles drift to the top of the bed. When the pressure and 
flow rate is insufficient to fluidize large particles the lower part 
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of the bed, the large particles remain in a static condition 
while the smaller particles may form a fluidized layer on the 
top. In this way it is possible to fluidize a fractional portion of 
the bed with the main fluidizing gas supply. 

Fuel enters the boiler 10 through an injection port 34 ad 
jacent to the distribution grid 30 at the bottom of the bed 26. 
The fuel is preferably a particulate solid, such as crushed coal, 
which is mechanically or pneumatically injected into the bed. 
For pneumatic injection the fuel is mixed with a local gas 
supply, such as air or fluegas, at the junction of a fuel supply 
pipe 36 and a gas supply pipe 38. When the entire bed is in a 
fluidized state, the injected fuel spreads throughout the 
volume of the bed with relatively uniform distribution. By 
maintaining the bed temperature above the ignition tempera 
ture of the fuel, reaction of the fuel and air mixture results in 
uniform combustion. 

It has been found that if sufficient pressure and flow rate are 
maintained, the local gas supply acting alone is sufficient to 
fluidize a fractional portion of the bed 26. The required pres 
sures and flow rate depend upon design characteristics of the 
bed and boiler, and are easily determined experimentally by 
increasing the input volume of the local gas supply until partial 
fluidization occurs. When the localized supply is injected with 
sufficient pressure and flow rate, fluidization in the area im 
mediately above the injection port 34 results, as depicted by 
the line A-A in the FIG. Incoming fuel particles penetrate 
only the fluidized portion of the bed, and active oxidation is 
limited to the portion of the bed to the left of line A-A. The 
only direct heat transfer from the bed 26 to the heat exchange 
surface 18 takes place in the fluidized portion. The balance of 
the bed, to the right of line A-A remains relatively cool and in 
static condition, with little heat transfer into the heat 
exchange surfaces. By designing the heat exchange surfaces, 
so that they occupy only the space to the right of line A-A, 
operation of the bed can be maintained without substantial 
heat transfer to the working fluid. 
The effects of the main fluidizing gas supply can be com 

bined with those of the local gas supply to achieve varying 
states of fluidization within the bed 26. By increasing gas flow 
through the distribution grid 30, a fractional upper portion of 
the bed can be fluidized, as explained above. The fractional 
portions affected by each gas supply combine to form a larger 
area of fluidization than occurs with either gas supply acting 
alone, as shown by the area above and to the left of line A-B in 
the FIG. The active area for heat transfer from the bed to the 
heat exchange surface 18 is thus increased. 
By varying the relative pressures and flow rates of the main 

and local gas supplies, other states of partial fluidization are 
possible. Either gas supply may be reduced to a pressure 
which is insufficient alone to produce fluidization, but in com 
bination with the other gas supply is sufficient for partial 
fluidization. It is only necessary that the combined pressures 
and flow rates be sufficient to fluidize a portion of the bed ad 
jacent to the fuel injection port so that there is a path for injec 
tion of fuel into the active area of the bed. When these condi 
tions exist, the static portion of the bed remains relatively im 
pervious to incursions by the fuel and localized gas stream. 

For full load operation the pressure and flow rate of the 
main gas supply from blower 28 are increased in an amount 
sufficient to fluidize the entire bed, as practiced by the prior 
art. Additional temperature control at this and lesser load con 
ditions may be achieved by combining air and recirculated 
fluegas in the main fluidizing gas supply to regulate the oxida 
tion rate within the bed 26. 
While the sizes of the bed particles and the type and size of 

fuel employed will vary according to well known fluidized bed 
design parameters, experiment has shown that a bed of coal 
ash particles in the range of 6 inch by 20 mesh is suitable for 
the method of this invention. Coal in the range of 4 inch to % 
inch by 0 mesh is an appropriate fuel. For optimum results, the 
bed particles should be of nonuniform size distribution, and 
the fuel particles should be generally larger than the bed parti 
cles. These and other specific parameters for practice of this 
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4. 
invention will easily be verified by the skilled worker in the art 
in accord with known design and operational characteristics 
of fluidized beds. 
While this invention has been described in relation to a 

specific oxidizing fluidized bed boiler configuration, it may be 
practiced in any suitable fluidized bed boiler. Furthermore, 
practice of the invention is not limited to an oxidizing fluidized 
bed, but will find application for a variety of reactions and 
reactants in fluidized beds in general. The invention is there 
fore to be limited only by the scope of the following claims. 

I claim: 
1. A method for controlling a reaction within a fluidized bed 

comprising: 
injecting a localized stream of fluid into the bed at a point 

near the base of the bed; 
injecting a stream of reactant into the bed near the point at 
which the localized stream of fluid is injected; 

injecting a distributed stream of fluid into the bed from 
points spaced about the lower surface area of the bed; 

regulating the relative pressures and flow rates of the local 
ized and distributed fluid streams so that a selected frac 
tional portion of the bed is fluidized, with at least some 
part of the fractional portion in contact with the stream of 
reactant; 

maintaining the fluidized portion of the bed in a state con 
ducive to a desired reaction; and 

whereby localized reaction takes place in the fluidized frac 
tional portion of the bed, and the static portion of the bed 
remains substantially impervious to incursions by the fuel 
and localized fluid stream. 

2. A method for controlling the thermal output of an oxidiz 
ing fluidized bed comprising: 

injecting a localized stream of gas into the bed at a point 
near the base of the bed; 

injecting a stream of fuel into the bed near the point at 
which the localized stream of gas is injected; 

injecting a distributed stream of gas into the bed from points 
spaced about the lower surface area of the bed; 

regulating the relative pressures and flow rates of the local 
ized and distributed gas streams so that a selected frac 
tional portion of the bed is fluidized, with at least some 
part of the fractional portion in contact with the stream of 
fuel; 

maintaining the fluidized portion of the bed above the 
minimum ignition temperature of the fuel; and 

whereby localized combustion takes place in the fluidized 
fractional portion of the bed, and the static portion of the 
bed remains substantially impervious to incursions by the 
fuel and localized gas stream. 

3. A method for controlling the thermal output of an oxidiz 
ing fluidized bed as claimed in claim 2, in which the step of 
regulating further comprises: 

regulating the pressure and flow rate of the localized stream 
of gas so that the localized stream of gas is sufficient alone 
to fluidize a fractional portion of the bed; and 

regulating the pressure and flow rate of the distributed 
stream of gas so that the distributed stream has a minimal 
effect upon fluidization of the bed. 

4. A method for controlling the thermal output of an oxidiz 
ing fluidized bed as claimed in claim 2, in which the step of 
regulating further comprises: 

regulating the pressure and flow rate of the localized stream 
of gas so that the localized stream of gas is insufficient 
alone to fluidize any fractional portion of the bed; and 

regulating the pressure and flow rate of the distributed 
stream of gas so that the distributed stream of gas alone is 
insufficient to fluidize any portion of the bed, but in com 
bination with the localized stream of gas is sufficient to 
fluidize a fractional portion of the bed. 

5. A method for controlling the thermal output of an oxidiz 
ing fluidized bed as claimed in claim 2, in which the step of 
regulating further comprises: 
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regulating the pressure and flow rate of the localized stream 
of gas so that the localized stream of gas is sufficient alone 
to fluidize a fractional portion of the bed; and 

regulating the pressure and flow rate of the distributed 
stream of gas so that the distributed stream of gas alone is 
insufficient to fluidize any portion of the bed, but in com 
bination with the localized stream of gas is sufficient to 
fluidize a larger fractional portion of the bed than the lo 
calized stream of gas acting alone. 

6. A method for controlling the thermal output of an oxidiz 
ing fluidized bed as claimed in claim 2, in which the step of 
regulating further comprises: 

regulating the pressure and flow rate of the localized stream 
of gas so that the localized stream of gas is insufficient 
alone to fluidize any fractional portion of the bed; and 

regulating the pressure and flow rate of the distributed 
stream of gas so that the distributed stream of gas alone is 
sufficient to fluidize only a fractional portion of the bed, 
and in combination with the localized stream of gas is suf 
ficient to fluidize a larger fractional portion of the bed. 

7. A method for controlling the thermal output of an oxidiz 
ing fluidized bed as claimed in claim 2, in which: 

the steps of injecting a localized stream of gas and injecting 
a stream of fuel are performed by injecting a mixture of 
gas, such as air or fluegas, and particulate fuel, such as 
coal, into the bed; and 

the step of injecting a distributed stream of gas into the bed 
comprises injecting a distributed stream of oxygen laden 
air into the bed to promote combustion within the bed. 

8. A method for controlling the thermal output of an oxidiz 
ing fluidized bed as claimed in claim3 in which: 

the steps of injecting a localized stream of gas and injecting 
a stream of fuel are performed by injecting a mixture of 
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6 
gas, such as air or fluegas, and particulate fuel, such as 
coal, into the bed; and 

the step of injecting a distributed stream of gas into the bed 
comprises injecting a distributed stream of oxygen laden 
air into the bed to promote combustion within the bed. 

9. A method for controlling the thermal output of an oxidiz 
ing fluidized bed as claimed in claim 4 in which: 
The steps of injecting a localized stream of gas and injecting 
a stream of fuel are performed by injecting a mixture of 
gas, such as air or fluegas, and particulate fuel, such as 
coal, into the bed; and 

the step of injecting a distributed stream of gas into the bed 
comprises injecting a distributed stream of oxygen laden 
air into the bed to promote combustion within the bed. 

10. A method for controlling the thermal output of an ox 
idizing fluidized bed as claimed in claim 5 in which: 

the steps of injecting a localized stream of gas and injecting 
a stream of fuel are performed by injecting a mixture of 
gas, such as air or fluegas, and particulate fuel, such as 
coal, into the bed; and 

the step of injecting a distributed stream of gas into the bed 
comprises injecting a distributed stream of oxygen laden 
air into the bed to promote combustion within the bed. 

11. A method for controlling the thermal output of an ox 
idizing fluidized bed as claimed in claim 6 which: 

the steps of injecting a localized stream of gas and injecting 
a stream of fuel are performed by injecting a mixture of 
gas, such as air or fluegas, and particulate fuel, such as 
coal, into the bed; and 

the step of injecting a distributed stream of gas into the bed 
comprises injecting a distributed stream of oxygen laden 
air into the bed to promote combustion within the bed. 


