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Fluidized bed heat exchanger.

@ A fluidized bed heat exchanger is described in which a per-
forate support plate (20) bears relatively lightweight absorbent
material particles and relatively heavy fuel ash particles in a
fluidized bed (18). The heat exchanger includes a drain (42}
through which aflow of airis forced upwardly into the bed (18}.
The air flow is controlled such that it forms an air screen which
retains the adsorbent material particles in the bed (18) but
allows the fuel ash particles to fall into the drain (43) for
discharge.
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FLUIDIZED BED HEAT EXCHANGER

This invention relates to a fluidized bed heat
exchanger and, more particularly, to a heat exchanger in
which heat is generated by the combustion of particulate fuel
in a fluidized bed and a method of operation thereof.

The use of fluidized beds has long been recognized
as an attractive way of generating heat. In a normal fluid-
ized bed arrangement, air is passed through a perforated plate
or grid supporting particulate material which usually includes
a mixture of a fuel material, such as high sulphur bituminous
coal, and an adsorbent material for adsorbing the sulphur
released as a result of the combustion of the coal. As a
result of the air passing through the bed, the bed behaves
like a boiling liquid which promotes the combustion of the
fuel. The basic advantages of such an arrangement include a
relatively high heat transfer rate, substantially uniform
bed temperature, combustion at relatively low temperatures,
ease of handling the coal, a reduction in corrosion and
boiler fouling and a reduction in boiler size.

In the fluidized bed combustion process, the
coal and adsorbent are continuously introduced into the bed
by suitable feeders, injectors, or the like, and coal ash
and adsofbgnt are discharged from the lower portion of the
bed, ﬁsuaiiy through a gravity drain pipe having an entrance

registering with a discharge opening formed through the
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perforated support plate and a distal end communicating with
a screw cooler, a conveyor belt, or the like. However, in
arrangements in which the size of the coal extends over a
relatively large range, relatively heavy pieces of coal ash
tend to migrate to an area above the drain pipe and form a
dense area that is difficult, if not impossible, to fluidize.
As a result, the heavy pieces of coal ash do not drain, but
rather cause a clogging of the drain pipe and an attendant
severe curtailment in the operating efficiency of the bed.

Furthermore, in the operation of the fluidized
bed, in order to maximize heat transfer efficiency, it is
desirable to maintain close control over the level of
material in the bed. Precise control is difficult to achieve
in a fluidized bed in which new material is continuously
being introduced, if the drain tends to become clogged. An
effective solution to the problem of such drain clogging is
described in United States Patent Nec.4 335 661, and British
Patent Application No.82 04709. '

In addition to maintaining a continuously
controllable discharge through the drain, it is also desirable
to retain the relatively light adsorbent material particles
in the fluidized bed, while permitting only the relatively
heavy coal ash particles to discharge through the drain. In

this manner, the adsorbent material is retained in the




10

15

20

25

0090641

fluidized bed for a longer time to adsorb more sulphur from
the combustion of the coal and, as a fesult, less new
adsorbent material need be continuously introduced. There
is an acceptable loss or attrition of adsorbent material

in the normal operation of the bed by the reduction of the
adsorbent material to fine particle size due to the boiling
action of the bed and the grinding of the particles against
one another, and by the entrainment of the fine adsorbent
material particles in the fluidizing gas, by which they are
carried out through the flue.

According to the present invention means are
provided in a fluidized bed heat exchanger for retaining
adsorbent material in the bed while permitting the passage
of spent fuel into the bed drain for discharge. Preferred
such means form an upward flow of air from the bed
drain sufficient to retain the relatively light adsorbent
particles in the bed while: permitting the discharge of the

relatively heavy fuel ash particles. The air flow can of

course be varied to control the return of the particles which

are admitted to the drain pipe. By this means, a fluidized
bed heat exchanger can be operated in such a way that
substantially all of the fuel , normally coal, is fluidized
and in which the ash is prevented from clogging the drain

pipe, while the ash is permitted to discharge through the
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drain pipe, but adsorbent material is selectively prevented
from doing so. The exchanger can also be operated in such
a manner that the level of the fluidized bed is precisely
controlled.

A fluidized bed heat exchanger embodying the
present invention has a perforate plate supporting a
fluidized bed of particulate material and a drain pipe to
which a source of compressed air is connected to flow
upwardly through the drain pipe and into the material of the
fluidized bed above the drain pipe, thereby preventing the
heavy pieces of coal ash from accumulating. The upward flow
of air also results in a low density area in the fluidized
bed in a generally conical region above the inlet to the drain
pipe, thereby providing less support for the particulate
material in the region above the drain pipe. Thus, the
heavier particles of the fluidized bed tend to migrate toward
the low density region and to sink into the drain pipe. The
flow of compressed air is selected so that it forms a separat-
ing air screen by which the relatively light particles of
adsorbent material are buoyed and lifted upwardly, while the
heavier coal ash particles are pulled by gravity down through
the upwardly flowing compressed air into the drain pipe. Thus,
the area in the fluidized bed around the inlet to the drain

pipe is kept substantially free of any accumulation of
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material, and the light adsorbent material particles are
retained in the fluidized bed, while the heavier coal ash
particles are allowed to continuously and freely discharge
through the drain pipe. Since the coal ash particles in an
heat exchanger of the invention can drain relatively
freely, they discharge at a relatively constant rate. The
rate of particulate material flowing into the fluidized bed
can then be adjusted whereby the level of the fluidized

bed can be precisely controlled.

The invention will now be described by way
of example and with reference to the accompanying drawings
wherein:-

Figure 1 is a vertical sectional view of the
fluidized bed heat exchanger of the present invention, and

Figure 2 is an enlarged cross-sectional view of
the drain pipe of Figure 1.

Reference numeral 6 refers in general to an
enclosure forming a major portion of the fluidized bed heat
exchanger which may be in the form of a boiler, a combustor,
a process reactor or any similar device. The enclosure 6
comprises a front wall 8, a rear wall 10, and two sidewalls,
one of which is shown by the reference numeral 12. Each wall
is formed by a plurality of vertically extending tubes 14

disposed in spaced, parallel relationship and connected
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together by a plurality of elongated fins 16 extending for
the entire lengths of the tubes 14 and connected to diametri-
cally opposed surfaces of the tubes in a conventional manner.
The upper portion of the enclosure 6 is not shown for the
convenience of presentation, it being understood that it
comprises a convection section, a roof and an outlet for
allowing the combustion gases to discharge, also in a
conventional manner.

A bed of particulate material, shown in general
by the reference numeral 18, is disposed within the heat
exchanger 6 and rests on a plate 20 extending horizontally
in the lower portion of the heat exchanger and having a
plurality of perforations 21. The bed 18 can comprise a
mixture of discrete particles of fuel material, such as
bituminous coal, and an adsorbent, such as limestone, for
adsorbing the sulphur released by the combustion of the
fuel material.

An air plenum 22 is provided immediately below
the perforated plate 20 and an air inlet pipe 24 is provided
through the plenum for distributing air from an external
source (not shown) to the plenum under the control of a
valve 26. Since the valve 26 can be of a conventional design,
it will not be described in any further detail. A bed light-

off bruner 28 is mounted through the front wall 18 immediately
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mounted through the front wall 18 immediately above the
plate 20 for initially lighting off the bed 18 during
startup.

Three overbed feeders 30, 32 and 34 are provided
which extend through a sidewall 12. The feeders 30, 32 and
34 receive particulate coal from inlet ducts or the like,
and are controlled by valves or other flow control devices
to feed the coal particles onto the upper surface of the bed
18. The feeders 30, 32 and 34 can operate by gravity

discharge or can be in the form of spreader feeders or any

other similar device. It is understood that feeders identical

to the feeders 30, 32 and 34 and controlled by identical
devices can also be provided through one or more of the
front wall 8, the rear wall 10 and the other side wall 12,
and that similar feeders and control devices can also be
provided for discharging the adsorbent onto the bed 18.

A pair of horizontal headers 40 are connected in
fluid communication with the tubes 14 forming the front
wall 8 and the rear wall 10, and another pair of horizontal
headers 42 are connected in fluid communication with the
tubes 14 forming the side walls 12. It is understood that
headers similar to the headers 40 and 42 are provided in
communication with the upper ends of the walls 8, 10 and 12.

As a result, a fluid to be heated can be sequentially or
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simultaneously passed through the walls 8, 10 and 12 to
pick up the heat from the fluidized bed in a conventional
manner.

As can be seen in greater detail in Figure 2,
a drain 43 extends through the air plenum 22 and includes a
outer pipe 44, an inner pipe 46 defining a throat concentri-
cally disposed within the outer pipe 44, and a bevelled
collar 48 secured between the outer and inner discharge
pipes 44 and 46 at their upper ends so that an upper edge
of the bevelled collar 48 is level with the lower surface
of the perforated plate 20 to form a gradually narrowing
inlet for the particulate coal ash entering the drain 43.
The inlet is positioned at an opening 49 defined in the
perforated plate 20. The bevelled collar 48 may be secured
in any suitable manner, as by threadedly connecting the
bevelled collar to the external surface of the inner pipe
46 and welding the bevelled collar to the outer pipe 44.
The outer pipe 44 is supported by a threaded connection or
other suitable connection to an annular flange 50 depending
from the lower surface of the perforated plate 20. The
outer and inner pipes 44 and 46 extend downwardly through a

bottom wall 52 of the plenum 22 where they are guided by a

collar 54 interposed between the outer pipe 44 and an annular

flange 56 depending from the lower wall 52 of the plenum 22.
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The outer and inner pipes 44 and 46 terminate at lower ends
which are welded or otherwise suitably secured to a flat
annular plate 58 which extends radially outward from the
lower end of the inner pipe 46. The flat annular plate 58
includes a plurality of apertures 62 spaced outward from the
outer pipe 44 for receiving fasteners, such as nuts and
bolts 63, to connect the flange 58 to a compressed air
inlet assembly 64.

The compressed air inlet assembly 64 includes
a compressed air inlet pipe 66 having a lateral inlet port
68 which is connected to a source of compressed air (not
shown), the flow of compressed air to the inlet pipe 66
being controlled by avalve 70. The compressed air inlet
pipe 66 includes a radially extending upper flange 72
including a plurality of apertures 74 by which the nuts and
bolts 63 can connect the flange 72 to the flange 58. An
inner pipe 76, including at its upper end an outwardly
flaring frustoconical plate 78 having a plurality of
perforations 80, is positioned concentrically within the
compressed air inlet pipe 66. The frustoconical plate 78
includes a central aperture 81 through which the draining
coal ash particles can pass. The upper end of the
frustoconical plate 78 includes an outwardly extending

flange 82 which overlies the flange 72 and includes apertures
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84 in alignment with the apertures 74, so that the flange
82 can be clamped between the flanges 72 and 58 when the
appropriate fasteners are installed. A lower annular flange
86 extends radially outward from the lower end of the

inner pipe 76 beyond the air inlet pipe 66 so as to define,
with the air inlet pipe 66, the inner pipe 76 and the
frustoconical plate 78, an annular plenum chamber 88.

A suitable device, such as a rotary feeder 90,
is secured at the lower end of the inner pipe 76 to control
the discharge of the coal ash. Although a rotary feeder has
been indicated in the drawings, other suitable discharge
devices, such as screw feeders, can be employed.

In operation, the valve 26 associated with the

air inlet pipe 24 is opened to allow air to pass up through

the plenum 22 and through the perforations 21 in the perforat-

ed plate 20. The light-off burner 28 is then fired to heat
the material in the bed until the temperature of the
material reaches a predetermined level, whereby combustion
is started and relatively heavy coal ash particles begin
to form, at which time particulate fuel is discharged from
the feeders 30, 32 and 34, and adsorbent material is
discharged from other feeders (not shown) onto the upper
surface of the bed 18 as needed.

After the bed 18 has been fluidized and has
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reached a predetermined elevated temperature in accordance
with the foregoing, the light-off burner 28 is turned off
while the feeders 30, 32 and 34 continue to distribute
particulate fuel to the upper surface of the bed in
accordance with predetermined feed rates. Fluid, such as
water, to be heated is passed into the headers 40 and 42
where it passes simultaneously, or in sequence, through the
tubes 14 forming the walls 8, 10 and 12 to add heat from the
fluidized bed to the fluid before it is passed to external
apparatus for further processing.

Compressed air is admitted to the annular plenum
chamber 88 through the compressed air inlet port 68 by the
manipulation of the valve 70. The compressed air flows
through the perforations 80 in the frustoconical plate 78
and increases in velocity when it enters the throat
defined by the inner drain pipe 46, from which it flows
directly upward through the fluidized bed 18, creating
a generally conical low density region in the fluidized bed
above the drain 43. There is a greater volume of compressed
air flowing upwardly over the drain 43 than in any other
region of the fluidized bed 18. As a result, the bed
material over the drain 43 is prevented from accumilating

around the inlet to the drain . In addition, the material of
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the fluidized bed 18 tends to migrate toward the low density
region over the drain 43. Furthermore, the diameter of the
inner drain pipe 46 and the flow of air from the compressed
air source are selected so that the air flowing up through
the drain 43 defines an air screen separating the
relatively lightweight adsorbent material particles from
the heavier coal ash particles. Thus, when the particulate
material of the fluidized bed 18 moves into the low density
region over the drain 43, the flow of compressed air from
the drain forces the relatively lightweight adsorbent
material particles upward, but permits the heavier coal ash
particles to sink into the drain 43, from which they are
discharged by the rotary feeder 90 or other suitable
discharge device.

There is an inherent rate of attrition of the
adsorbent particles due to their reduction to fine size
by the collisions and abrasions of the boiling action of
the fluidized bed 18 and the resultant entrainment of the
fine adsorbent particles by the fluidizing air, in which they
are carried out through the flue. Thus, the adsorbent
particles are normally eliminated in the flue gas, the coal
ash particles are continuously discharged through the drain
43 and additional adsorbent and coal is continuously supplied

to the top of the fluidized bed 18 to maintain a continuous
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circulation of material and a constant level in the
fluidized bed 18. Since the flow of coal ash particles into
the drain 43 occurs freely, rather than being upredictably
restricted or blocked by accumulations around the entrance
to the drain 43, it occurs at a relatively constant rate,
so that the rate of particulate material being fed to the
fluidized bed 18 can be adjusted, whereby the level of the
fluidized bed 18 can be precisely controlled. If it is
desired to increase the rate of removal of the adsorbent
material from the fluidized bed 18, the flow of compressed
air through the drain pipe 43 can be reduced so that the
lighter adsorbent material particles will fall through the
drain pipe 43 along with the heavier coal ash particles. By
adjusting the amount of compressed air flowing through the
drain 43 into the fluidized bed 18 the size of particles
which will be allowed to fall through the drain 43 can be

controlled.
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CLAIMS:-

1. A fluidized bed heat exchanger comprising an
enclosure including a perforate plate (20) for supporting

a bed (18) of particulate material containing a fuel and

an adsorbent, means (22,24,26) for introducing air into

a said bed (18) through perforations (21) in the plate

(20) to fluidize said bed (18), feeding means (30, 32, 34)
for introducing particulate material to said bed (18), and
a drain (43) having an inlet to said bed (18) for receiving
spent particulate material therefrom

CHARACTERISED IN THAT

means (64) are provided for retaining the adsorbent material
in said bed (18) while permitting the passage of fuel ash
into the drain (43).

2, An heat exchanger according to Claim 1
CHARACTERISED IN THAT the retaining means (64) are operable
to provide a flow of air through the drain (43) and into
said bed (18).

3. An heat exchanger according to Claim 2
CHARACTERISED IN THAT the retaining means (64) comprises

an air plenum chamber (88) in the drain (43) and communicat-
ing therewith.

4. An heat exchanger according to Claim 3
CHARACTERISED IN THAT the plenum chamber (88) is annular

and defined in part by a frustoconical plate (78), perforat-
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ions (80) in the plate (78) providing such communication.
5. An heat exchanger according to Claim 4
CHARACTERISED IN THAT wherein the frustoconical plate (78)
has a central aperture (8l) through for passage of fuel
ash particles.

6. , An heat exchanger according to any preceding
Claim CHARACTERISED IN THAT the inlet to the drain (43)

is positioned at an opening (49) in the support plate (20).
7. An heat exchanger according to any preceding
Claim CHARACTERISED IN THAT the drain (43) comprises an
outer pipe (44) and a concentric inner pive (46), the
inner pipe (46) defining a throat.

3. A method of cperating a fluidized bed (18)
defined on a perforated support plate (20) comprising
supplying particulate material to the fluidized bed (18)
such material including a fuel material and an adsorbent
material; supplying fluidizing air to the bed (18) through
perforations (21) in the support plate (20); housing the
fuel in the fluidized bed (18) by which relatively heavy
fuel ash particles are formed; CHARACTERISED IN THAT

the fuel ash particles are discharged through a drain (43)
while the adsorbent material is retained in the fluidized
bed (18).

9. A method according to Claim 8 CHARACTERISED IN

THAT the adsorbent material is prevented from entering the
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drain (43) by an air screen formed by a flow of air
through said drain (43) and into the fluidized bed

(18), which air flow is controlled to permit the passage
of fuel ash into the drain (43).

10. A method according to Claim 8 or Claim 9
CHARACTERISED IN THAT the supply of particulate material
to the bed (18) is adjusted to control the level of

particulate material therein.
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