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(54) A reactor chamber for a circulating fluidized bed boiler

(57) A circulating fluidized bed boiler reactor cham-
ber (2) comprises a circulating fluidized bed grate (10)
for combustion of a fuel in the reactor chamber (2) under
fluidized conditions, and a material inlet duct (28) for
transporting fuel into the reactor chamber (2) and further
to the grate (10). The grate (10) is provided with at least
a first particle extraction device (30) for discharge of non-

combustible objects from the grate (10). The at least a
first particle extraction device (30) is arranged within a
first target zone (44) located on the grate (10). The po-
sition of the first target zone (44) is based on at least one
trajectory path (ST1, ST2) of a non-combustible object
entering the reactor chamber (2) via the material inlet
duct (28).
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Description

Field of the Invention

[0001] The present invention relates to a circulating fluidized bed boiler reactor chamber comprising a circulating
fluidized bed grate for combustion of a fuel in the reactor chamber under fluidized conditions, and a material inlet duct
for transporting fuel into the reactor chamber and further to the grate for being combusted.
[0002] The present invention further relates to a method of removing non-combustible objects from a circulating fluidized
bed boiler reactor chamber.

Background of the Invention

[0003] In the combustion of a fuel a circulating fluidized bed (CFB) boiler may be used. A CFB boiler comprises a
circulating fluidized bed grate on which the fuel is fluidized by the combustion air, optionally together with a bed material,
which may be sand, and is combusted in this fluidized state. The fuel may, for example, be biomass, household waste,
coal, or peat. The fuel supplied to the CFB grate may comprise impurities, such as pieces of rock, steel pieces, etc, that
are not combustible. Such impurities are sometimes referred to as tramp material. To avoid accumulation of tramp
material in the CFB grate the grate comprises removal devices for removing tramp material from the grate. US 6,263,837
discloses a CFB grate in which a plurality of pockets are arranged in the grate to allow discharge of tramp material.

Summary of the Invention

[0004] An object of the present invention is to provide a circulating fluidized bed boiler reactor chamber which is more
efficient than the devices of the prior art with regard to removing non-combustible objects.
[0005] This object is achieved by a circulating fluidized bed boiler reactor chamber comprising a circulating fluidized
bed grate for combustion of a fuel in the reactor chamber under fluidized conditions, and a material inlet duct for trans-
porting fuel into the reactor chamber and further to the grate for being combusted, wherein the grate is provided with at
least a first particle extraction device for discharge of non-combustible objects from the grate, wherein the at least a first
particle extraction device is arranged within a first target zone located on the grate, the position of the first target zone
being based on at least one trajectory path of a non-combustible object entering the reactor chamber via the material
inlet duct.
[0006] An advantage of this reactor chamber is that the first particle extraction device is arranged in that position,
namely within the first target zone, where it is most likely that non-combustible objects will land on the grate. Thereby
the first particle extraction device will collect the largest possible amount of non-combustible objects. Furthermore, there
will be little need for further extraction devices since most if not all of the non-combustible objects will be captured by
the first particle extraction device. This reduces the investment cost of the reactor chamber and makes combustion more
efficient, since only a small percentage of the area of the grate is occupied by the extraction device, above which there
is limited, if any, fluidisation. Thus, by placing the first extraction device in this specific first target zone in an intelligent
manner based on a trajectory path, in contrast to distributing a plurality of pockets evenly over the entire area of the
grate as is done in the prior art, the investment cost is reduced, and the combustion efficiency is increased.
[0007] According to one embodiment the material inlet duct is inclined an angle β to the horizontal plane, and a lower
end of the material inlet duct enters, via an opening in a reactor chamber wall, the reactor chamber at a height HL above
the grate, wherein the first target zone starts in a start position SP1 which is located a horizontal distance L1 from the
opening in the reactor chamber inlet wall, the horizontal distance L1 being in the range of: 

[0008] An advantage of this embodiment is that the first target zone, within which the first particle extraction device is
arranged, starts in a position where impact on the grate of non-combustible objects ejected from the inlet duct are
expected to start. This start position SP1 may, within the above mentioned limits, coincide with an impact position on
the grate of an object that follows a trajectory path following a lower end of the inlet duct and straight towards the surface
of the grate.
[0009] The material inlet duct may, according to one embodiment, be inclined an angle β to the horizontal plane,
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wherein the angle β is preferably 20-80°, more typically 30-70°, to obtain efficient circulation of solids, i.e., recirculated
bed material and fuel, into the reactor chamber and further to the grate. If the angle β is less than 20° the risk of solids
getting stuck inside the material inlet duct increases. If the angle β is more than 80°, the spreading of fuel over the grate
may be less efficient.
[0010] According to one embodiment the material inlet duct is inclined an angle β to the horizontal plane, and the
material inlet duct has a height of DI, wherein the first target zone has a horizontal length L2 being in the range of: 

[0011] An advantage of this embodiment is that the first target zone obtains a suitable length for capturing most non-
combustible objects, regardless of whether these objects are located at the bottom or at the top of the physical material
stream being supplied from the material inlet duct into the reactor chamber. The height DI could, for example, be a
diameter in the case of a circular inlet duct, and could be a duct height in the case of a square or rectangular inlet duct.
[0012] According to one embodiment the material inlet duct is inclined an angle β to the horizontal plane, has a height
of DI, and a lower end of the inlet duct enters, via an opening in a reactor chamber wall, the reactor chamber at a height
HL above the grate, wherein the first target zone ends in an end position EP1 which is located a horizontal distance
L1+L2 from the opening in the reactor chamber inlet wall, the horizontal distance L1+L2 being in the range of: 

[0013] An advantage of this embodiment is that the first target zone, within which the first particle extraction device is
arranged, ends in a position where impact on the grate of non-combustible objects ejected from the inlet duct are expected
to stop. This end position EP1 may, within the above mentioned limits, coincide with an impact position on the grate of
an object that follows a trajectory path following a centre line of the inlet duct and straight towards the surface of the grate.
[0014] According to one embodiment an inlet opening of the first particle extraction device has a horizontal length of
EL1 in the range of: 

[0015] With a horizontal length EL1 of less than 50 mm the risk is increased that some non-combustible objects are
too large and cannot be captured, resulting in unwanted accumulation of non-combustible objects on the grate. With a
horizontal length EL1 of more than 400 mm the fluidisation over the grate is substantially reduced, which may result in
less efficient combustion, and/or a risk that some bed material and/or fuel is inadvertently captured in the first particle
extraction device.
[0016] According to one embodiment two or more particle extraction devices are arranged within the first target zone
at different horizontal distances from the opening in the reactor chamber inlet wall. An advantage of this embodiment is
that efficient capture of non-combustible objects can be achieved over a relatively large first target zone.
[0017] According to one embodiment the grate comprises at least one intermediate row of fluidizing gas nozzles
arranged between two separate particle extraction devices. An advantage of this embodiment is that efficient fluidisation
and efficient capture of non-combustible objects can be combined.
[0018] According to one embodiment an inlet opening of the first particle extraction device has a width EW1 which is
based on the minimum width of the material flow WMIN of the inlet duct and the maximum width of the material flow
WMAX of the inlet duct and which is in the range of: 
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[0019] The width EW1 of the first particle extraction device is, according to one embodiment, at least as wide as a
minimum width of a stream of material entering the reactor chamber via the inlet duct, and not wider than two times the
maximum width of a stream of material entering the reactor chamber via the inlet duct. Thereby, the particle extraction
device has a good chance of capturing non-combustible material supplied from the inlet duct. A width EW1 of more than
two times the maximum width of the stream of material entering the reactor chamber via the inlet duct is often less
efficient, since it reduces the fluidization over the grate without resulting in a substantial increase in the capture of non-
combustible material.
[0020] According to one embodiment a width EW1 of an inlet opening of the first particle extraction device is larger
than a length EL1 of the inlet opening, meaning that the inlet opening has a rectangular shape and extends perpendicular
to the longitudinal direction of the inlet duct. An advantage of this embodiment is that the first particle extraction device
will have the function resembling that of a moat or fence capturing non-combustible objects and preventing them from
accumulating on the grate.
[0021] According to one embodiment the grate is provided with at least a second particle extraction device for discharge
of non-combustible objects from the grate, wherein the at least a second particle extraction device is arranged within a
second target zone located on the grate in a position which is separate from the position of the first target zone, the
position of the second target zone being based on a different trajectory path of a non-combustible object entering the
reactor chamber via the material inlet duct than the trajectory path on which the position of the first target zone is based.
An advantage of this embodiment is that also non-combustible objects that do not follow the first-mentioned trajectory
path may be captured and removed. Examples of such non-combustible objects include objects that are quite heavy
and drop down relatively quickly, and non-combustible material that enters the inlet duct when there is pile of non-
combustible material accumulated inside the material inlet duct, adjacent to the outlet of the inlet duct.
[0022] According to one embodiment, an inlet opening of the second particle extraction device has a horizontal length
of EL2 in the range of: 

[0023] In accordance with reasoning similar to that presented hereinabove with reference to the length EL1, a length
EL2 of less than 50 mm may result in non-combustible objects not being able to enter into the second particle extraction
device, while a length EL2 of more than 400 mm may result in reduced fluidization efficiency. Preferably, the length EL2
is at least 80 mm, more preferably at least 100 mm, to capture also large non-combustible objects.
[0024] According to one embodiment, the second particle extraction device has a width EW2 which is preferably in
the same range as described hereinbefore with regard to the width EW1 of the first particle extraction device.
[0025] According to one embodiment a width EW2 of an inlet opening of the second particle extraction device is larger
than a length EL2 of the inlet opening, meaning that the inlet opening has a rectangular shape and extends perpendicular
to the longitudinal direction of the inlet duct. Thereby the second particle extraction device will have a function similar
to that of a moat or fence capturing non-combustible objects.
[0026] According to one embodiment the material inlet duct is inclined an angle β to the horizontal plane, and a lower
end of the inlet duct enters, via an opening in a reactor chamber wall, the reactor chamber at a height HL above the
grate, wherein the second target zone starts in a start position SP2 which is located a horizontal distance L3 from the
opening in the reactor chamber inlet wall, the horizontal distance L3 being in the range of: 

[0027] An advantage of this embodiment is that the second target zone starts rather close to the reactor chamber inlet
wall, which means that also very heavy objects that fall down on the grate almost immediately after the entering the
reactor chamber may be captured in the second particle extraction device.
[0028] According to one embodiment the material inlet duct is inclined an angle β to the horizontal plane, and a lower
end of the inlet duct enters, via an opening in a reactor chamber wall, the reactor chamber at a height HL above the
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grate, wherein the second target zone has a horizontal length L4 being in the range of: 

[0029] An advantage of this embodiment is that the second target zone obtains a suitable length for capturing also
such non-combustible objects that do not fall down on the grate immediately after entering the reactor chamber, but that
move a horizontal distance before impacting the grate.
[0030] According to one embodiment the material inlet duct is inclined an angle β to the horizontal plane, and a lower
end of the inlet duct enters, via an opening in a reactor chamber inlet wall, the reactor chamber at a height HL above
the grate, wherein the second target zone ends in an end position EP2 which is located a horizontal distance L3+L4
from the opening in the reactor chamber inlet wall, the horizontal distance L3+L4 being in the range of: 

[0031] An advantage of this embodiment is that the second target zone, within which the second particle extraction
device is arranged, ends in a position where impact on the grate of heavy non-combustible objects and/or non-combustible
objects hindered by material accumulated inside the material supply duct is expected to stop.
[0032] According to one embodiment a horizontal distance between the first target zone and the second target zone
is at least 300 mm.
[0033] According to one embodiment the grate provides a reduced flow of fluidizing gas at the first extraction device
and/or at the second extraction device compared to the flow of fluidizing gas at the rest of grate. For example, the grate
could be arranged without gas nozzles located vertically above the respective extraction device, and/or the grate could
be provided for supplying less fluidizing gas to some of the gas nozzles located adjacent to the respective extraction
device, compared to the amount of gas supplied to the rest of the gas nozzles of the grate. This will reduce the fluidization
of non-combustible objects above the extraction device and further improve the capture of non-combustible objects in
the extraction device. According to one embodiment there are no fluidizing gas nozzles arranged vertically above the
respective extraction device.
[0034] According to one embodiment the grate comprises a barrier row of fluidizing gas nozzles arranged downstream,
as seen in the flow direction of the fuel supplied from the material inlet duct, of the first particle extraction device to act
as a barrier to non-combustible objects and to direct bouncing objects into the first particle extraction device. An advantage
of this embodiment is that non-combustible objects are efficiently captured, and are prevented from spreading to other
parts of the grate.
[0035] According to one embodiment a barrier row of fluidizing gas nozzles may be arranged also at one or both of
the sides of the first particle extraction device. According to a further embodiment a barrier row of fluidizing gas nozzles
may be arranged also upstream of the particle extraction device. An advantage of these embodiments is that capture
of non-combustible objects is improved, since the barrier rows acts as a shielding which forces the objects towards the
opening of the particle extraction device.
[0036] According to one embodiment the grate comprises a barrier row of fluidizing gas nozzles arranged downstream,
as seen in the flow direction of the fuel supplied from the material inlet duct, of the second particle extraction device to
act as a barrier to non-combustible objects and to direct bouncing objects into the second particle extraction device. An
advantage of this embodiment is that capture of non-combustible objects is made more efficient. Similar as with the first
particle extraction device also the second particle extraction device could be provided with further barrier rows, along
the sides and/or upstream thereof, to increase the capture of non-combustible objects.
[0037] It is a further object of the present invention to provide a method of efficiently capture non-combustible objects
in a circulating fluidized bed boiler reactor chamber.
[0038] This object is achieved by means of a method of removing non-combustible objects from a circulating fluidized
bed boiler reactor chamber comprising a circulating fluidized bed grate for combustion of a fuel in the reactor chamber
under fluidized conditions, and a material inlet duct for transporting fuel into the reactor chamber and further to the grate
for being combusted, the method comprising arranging at least a first particle extraction device for discharge of non-
combustible objects from the grate within a first target zone located on the grate, the position of the first target zone
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being based on at least one trajectory path of a non-combustible object entering the reactor chamber via the material
inlet duct, and capturing non-combustible objects by means of the first particle extraction device.
[0039] An advantage of this method is that by arranging the first particle extraction device in that location where the
non-combustible objects can be expected to impact the grate results in a very efficient removal of non-combustible objects.
[0040] According to one embodiment the method further comprises combusting biofuel in the reactor chamber. The
present method provides, due to the efficient removal of non-combustible objects, particular advantages for combustion
of biofuel since biofuels tend to comprise a comparably large amount of non-combustible objects, such as pieces of
rock, nails, etc, that would rather quickly result in a large accumulation on the grate, and a need to stop operation for
maintenance, unless the non-combustible objects are properly removed from the grate.
[0041] Further objects and features of the present invention will be apparent from the description and the claims.

Brief description of the Drawings

[0042] The invention will now be described in more detail with reference to the appended drawings in which:

Fig. 1 is a schematic drawing and illustrates a circulating fluidized bed boiler as seen from the side thereof.
Fig. 2a is a schematic drawing and illustrates a grate and a material inlet duct as seen from the side thereof.
Fig. 2b is a schematic drawing and illustrates a grate and a material inlet duct as seen from above.
Fig. 2c is a schematic cross-section and illustrates the material inlet duct.
Fig. 3 is a schematic drawing and illustrates a grate according to an alternative embodiment as seen from the side
thereof.

Description of Preferred Embodiments

[0043] Fig. 1 is a schematic representation of a circulating fluidized bed (CFB) boiler 1. The CFB boiler 1 comprises
as its main parts a reactor chamber 2, a particle separator 4, and a seal pot 6. A wind box 8 is arranged for supplying
a gas to a circulating fluidized bed grate 10 of the reactor chamber 2.
[0044] An oxygen containing gas, which may typically be ambient air, but which could also be, for example, oxygen
gas, a mixture of oxygen gas and air, and/or a mixture of oxygen gas and recirculated combustion gas, is supplied to
the windbox 8 via a gas duct 12.
[0045] The circulating fluidized bed grate 10 comprises fluidizing gas nozzles 14, shown schematically in Fig. 1, that
distribute the oxygen containing gas over the surface of the grate 10 and causes a fluidization of the fuel and of the inert
bed material, such as sand, if present. The oxygen containing gas supplied via gas duct 12 will, hence, serve as both
the oxidant that oxidizes the fuel and as the fluidisation medium.
[0046] The oxygen containing gas oxidizes the fuel inside the reactor chamber 2, and a mixture of combustion gas
and bed material is transported from the reactor chamber 2 to the particle separator 4 via a discharge duct 16. The
combustion gas typically comprises, as its main components, nitrogen, carbon dioxide, oxygen and water vapour, and
also other gaseous and particulate components that are present in relatively small concentrations. In the particle separator
4, which may, for example, have the form of one or many cyclones, the solid material, including bed material and any
uncombusted portions of the fuel are separated from the combustion gas. The combustion gas is removed from the
particle separator 4 via a gas discharge duct 18. The combustion gas removed via duct 18 may be exposed to further
gas cleaning treatment, for example further removal of particulate material, prior to being released to the atmosphere,
or being taken care of in another manner, for example being taken care of in a carbon dioxide cleaning and compression
plant for sequestration of carbon dioxide. The solid particle material, i.e., the bed material and the uncombusted portion
of the fuel, separated in the particle separator 4 is removed via a particle discharge duct 20 and is forwarded to the seal
pot 6. The seal pot 6 functions as a lock preventing combustion gas from the reactor chamber 2 from passing backwards
into the particle separator 4. The solid material is then transported, via particle transport duct 22, from the seal pot 6. In
a position 24 fuel is supplied, via a fuel supply duct 26, to the solid material transported from the seal pot 6 via duct 22.
The fuel may, for example, be a biofuel, such as wood chips, hay, agricultural rest products, etc. The fuel may also be
of other types, including household or industrial waste, peat, coal, or any other fuel that is suitable for combustion in the
CFB boiler 1. An inclined material inlet duct 28 of the reactor chamber 2 is arranged for transporting the mixture of bed
material and fuel into the reactor chamber 2 and further to the circulating fluidized bed grate 10.
[0047] The fuel may comprise various impurities that are non-combustible. Some of these non-combustible impurities
are non-combustible objects that are too heavy to be fluidized, which means they will not form part of the fluidized bed
material. Examples of such impurities include pieces of rock, nails, excavator teeth etc. The circulating fluidized bed
grate 10 is provided with at least one particle extraction device for removing such non-combustible objects, sometimes
called tramp material, from the grate 10 to avoid accumulation of non-combustible objects on the grate 10. In the
embodiment of Fig. 1 the grate 10 is provided with a first particle extraction device 30 and a second particle extraction
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device 32 which will be described in more detail hereinafter. Each particle extraction device 30, 32 is provided with a
lock 34 controlling the discharge of collected non-combustible material to a transporting device 36 for transporting the
collected non-combustible material away for disposal.
[0048] Fig. 2a is a schematic drawing and illustrates the circulating fluidized bed grate 10 and the inlet duct 28 as seen
from the side thereof, i.e. as seen in the same perspective as in Fig. 1, but in an enlarged scale. The inlet duct 28 enters
the reactor chamber 2 via an opening 38 formed in a reactor chamber inlet wall 40. The inlet duct 28 is inclined an angle
β to the horizontal plane. The angle β between the inlet duct 28 and the horizontal plane is typically 20-80°, more typically
30-70°. The inlet duct 28 may have any suitable cross-section, including circular, oval, square, rectangular, etc. In
accordance with a preferred embodiment, illustrated in Fig. 2a, the inlet duct 28 has a circular cross-section, with an
inner diameter DI and a centre line Cl. A lower end 42 of the inlet duct 28 enters, via the opening 38 in the reactor
chamber inlet wall 40, the reactor chamber 2 at a height HL above the grate 10.
[0049] The grate 10 is provided with a first target zone 44, within which the first particle extraction device 30 is arranged,
and a second target zone 46, within which the second particle extraction device 32 is arranged. Each target zone 44,
46 is an imaginary horizontal area on the grate 10 which determines the location of one or more extraction devices 30,
32 and which has a position and extension adapted for efficient capture of non-combustible objects based on at least
one trajectory path of a non-combustible object entering the reactor chamber 2 via the material inlet duct 28.
[0050] In accordance with one embodiment the first target zone 44 starts in a start position SP1, which is a located a
horizontal distance L1 from the opening 38 in the reactor chamber inlet wall 40, and ends in an end position EP1, which
is located a horizontal distance L2 from the start position SP1. Hence, the first target zone 44 has a horizontal length
L2. In accordance with one exemplary embodiment, the first target zone 44 coincides at least partly with an area on the
grate 10 onto which the material inlet duct 28 "shoots" material that is to be supplied to the reactor chamber 2.
[0051] The start position SP1 is, in accordance with one embodiment, located a horizontal distance L1 from the reactor
chamber inlet wall 40 which may be calculated according to the following equation, which is based on a shooting trajectory
path ST1 based on the lower end 42 of the inlet duct 28: 

[0052] Since the environment in the reactor chamber 2 can be described as quite chaotic the distance L1 may be
varied to some extent. Hence, the distance L1 should preferably be in the range: 

[0053] The horizontal length L2 of the first target zone 44 is, in accordance with one embodiment, calculated according
to the following equation, which is based on a shooting trajectory path ST2 based on the centre line Cl, which is located
at DI divided by 2, of the inlet duct 28: 

[0054] Since the environment in the reactor chamber 2 can be described as quite chaotic the length L2 may be varied
to some extent. Hence, the length L2 should preferably be in the range: 

[0055] The end position EP1 is located a horizontal distance of L1 plus L2 from the reactor chamber inlet wall 40.
[0056] In Fig. 2a a trajectory path TP1 illustrates how a non-combustible object in the form of a piece of tramp material,
for example a nail, is introduced in the reactor chamber 2 by the material inlet duct 28, moves towards the first target
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zone 44, enters an inlet opening 48 of first particle extraction device 30 and is captured, and thereafter disposed of, as
described hereinbefore with reference to Fig. 1. Returning to Fig. 2a, a first barrier row 50 of fluidizing gas nozzles 14
are arranged downstream, as seen in the direction of the horizontal component of the trajectory path TP1, of the inlet
opening 48 of the first particle extraction device 30. The barrier row 50 of nozzles 14 acts as a barrier to pieces of tramp
material, and directs bouncing pieces of tramp material into the first particle extraction device 30. The flow of fluidizing
gas is reduced above the first particle extraction device 30, compared to the rest of the grate 10, since there are no
fluidizing gas nozzles vertically above the extraction device 30. The reduced flow of fluidizing gas above the extraction
device 30 reduces the lifting forces on pieces of tramp material, and increases the chance of capturing pieces of tramp
material in the first particle extraction device 30. Additionally, or alternatively, the gas nozzles 14 located adjacent to the
extraction device 30 could be provided with a reduced gas flow, compared to the other gas nozzles of the grate 10, to
further reduce the lifting force in the vicinity of the extraction device 30 for further improved capture of pieces of tramp
material.
[0057] In accordance with one embodiment the second target zone 46 starts in a start position SP2 which is a located
a horizontal distance L3 from the reactor chamber inlet wall 40, and ends in an end position EP2. The second target
zone 46 has a length L4. Hence, the end position EP2 is located a horizontal distance L4 from the start position SP2,
and is located a horizontal distance of L3+L4 from the reactor chamber inlet wall 40. In accordance with one exemplary
embodiment, the second target zone 46 is located in a drop-out zone of the material inlet duct 28, where heavier pieces
of material may drop-out of the inlet duct 28, following a different shooting trajectory path than non-combustible objects
captured at the first target zone 44.
[0058] The start position SP2 is, in accordance with one embodiment, located adjacent to the reactor chamber inlet
wall 40, which means that the distance L3 is equal to 0.
[0059] Since the environment in the reactor chamber 2 can be described as quite chaotic the distance L3 may be
varied to some extent. Hence, the distance L3 should preferably be in the range: 

[0060] The length L4 of the second target zone 46 is, in accordance with one embodiment, calculated according to
the following equation, which is based on an estimated drop-out trajectory path ST3 based on the lower end 42 of the
inlet duct 28: 

[0061] Since the environment in the reactor chamber 2 can be described as quite chaotic the length L4 may be varied
to some extent. Hence, the length L4 should preferably be in the range:

[0062] In Fig. 2a a trajectory path TP2 illustrates how a relatively heavy piece of tramp material, for example a piece
of rock, is introduced in the reactor chamber 2 by the inlet duct 28, drops down towards the second target zone 46,
enters an inlet opening 52 of second particle extraction device 32 and is captured, and thereafter disposed of, as described
hereinbefore with reference to Fig. 1.
[0063] Also, in some situations bed material may inadvertently accumulate inside the material inlet duct 28, adjacent
to the outlet 38, to form a pile of material. In such a situation the flow of fuel through the material inlet duct 28 may be
at least temporarily hindered by such pile of material, which may result in non-combustible objects following trajectory
path TP2 rather than trajectory path TP1 in such a situation.
[0064] Returning to Fig. 2a, a second barrier row 54 of fluidizing gas nozzles 14 are arranged downstream, as seen
in the direction of the horizontal component of the trajectory path TP2, of the second particle extraction device 32 to
direct bouncing pieces of tramp material into the inlet opening 52 of second particle extraction device 32. The flow of
fluidizing gas is reduced above the second particle extraction device 32, compared to the rest of the grate 10, since
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there are no fluidizing gas nozzles vertically above the extraction device 32. Additionally, or alternatively, the gas nozzles
14 located adjacent to the extraction device 32 could be provided with a reduced gas flow, compared to the other gas
nozzles of the grate 10, to further reduce the lifting force in the vicinity of the extraction device 32. Similar to what has
been described hereinbefore with regard to the first extraction device 30, the reduced flow of fluidizing gas above the
extraction device 32 increases the chance of capturing pieces of tramp material.
[0065] According to one embodiment a horizontal distance between the first target zone 44 and the second target
zone 46, i.e., the distance between SP1 and EP2, is at least 300 mm.
[0066] Fig. 2b illustrates the grate 10 and the material inlet duct 28 as seen from above. As illustrated in Fig. 2b the
inlet opening 48 of the first particle extraction device 30 is arranged within the first target zone 44 and has a width EW1
and a horizontal length EL1. The width EW1 is typically larger than the length EL1, meaning that the inlet opening 48
has a rectangular shape and extends perpendicular to the longitudinal direction of the inlet duct 28. The width EW1 may
be related to the diameter DI of the inlet duct 28. The inlet opening 52 of the second particle extraction device 32 is
arranged within the second target zone 46 and has a width EW2 and a horizontal length EL2. The width EW2 is typically
larger than the length EL2, meaning that the inlet opening 52 has a rectangular shape and extends perpendicular to the
longitudinal direction of the inlet duct 28. The inlet openings 48, 52 will have a function resembling that of a moat or
fence arranged in the intended path of non-combustible objects and preventing them from accumulating on the grate 10.
[0067] The respective lengths EL1 and EL2 may be arranged to allow capture of relatively large non-combustible
objects. On the other hand, the larger the length the more is the fluidization on the grate 10 reduced. Preferably, each
of the lengths EL1, EL2 fulfils the following criterion: 

[0068] More preferably, each of the lengths EL1, EL2 fulfils the following criterion: 

[0069] The respective widths EW1 and EW2 may be designed based on the diameter of the inlet duct 28, based on
principles described hereinafter with reference to Fig. 2c.
[0070] Fig. 2c illustrates the inlet duct 28 as seen in cross-section. The maximum solid flow width MAW corresponds
to the situation when the entire inner diameter DI of the inlet duct 28 is full with material. A minimum solid flow width
MIW corresponds to the situation when the amount of material does not extend up to more than 1/6 of DI, i.e., DI/6,
thereby defining for the sector filled with material in such a situation an angle α.
[0071] The material supplied to the reactor chamber 2 via the inlet duct 28 can be expected to spread in the horizontal
direction somewhat beyond the width of the inlet duct 28, such width being for a circular inlet duct 28 equal to the diameter
DI. In a situation where the flow of material is at the maximum solid flow width MAW and based on the finding that the
respective widths EW1 and EW2 need not be larger than about two times the inner diameter DI of the inlet duct 28, the
following preferred condition for the widths EW1 and EW2 can be established: 

[0072] Furthermore, considering the situation where the flow of material is at a minimum solid flow width MIW, and a
situation where it is considered sufficient that the respective width EW1 and EW2 is substantially equal to the width of
the material flow MIW, the following preferred condition for the widths EW1 and EW2 can be established: 

[0073] Hence, based on the above equations a preferable upper and lower range of the width EW1 of the opening 48
of the first particle extraction device 30 and a preferable upper and lower range of the width EW2 of the opening 52 of
the second particle extraction device 32 can be calculated.
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[0074] For an inlet duct having another shape than circular a similar calculation of suitable width EW1, EW2 could be
performed. For example, with an inlet duct having a rectangular cross section with a vertical height HS and a horizontal
width WS, the material flow would always have the width WS, regardless of the load, and a suitable range for the widths
EW1, EW2 could be calculated as: 

Hence, the width EW1, EW2 of the particle extraction device 30, 32 is preferably 1 to 2 times the width of the material
flow entering the reactor chamber 2.
[0075] In the generalized case the minimum width of the material flow could be called WMIN, corresponding to MIW
in the circular case and WS in the rectangular case, and the maximum width of the material flow could be called WMAX,
corresponding to MAW in the circular case and WS in the rectangular case, wherein the preferable width EW1, EW2 of
the respective particle extraction device 30, 32 can be calculated as: 

[0076] Fig. 3 illustrates a grate 110 according to an alternative embodiment. This grate 110 has a first target zone
144, the position of which may be established based on shooting trajectory path ST1 and ST2 in accordance with
principles similar to those described hereinbefore with regard to the first target zone 44 with reference to Fig. 2a. The
target zone 144 has a horizontal length L2 which is substantially larger than the preferable length of an opening of a
particle extraction device. Hence, within the first target zone 144 is arranged a rear first particle extraction device 130
and a front first particle extraction device 131, each of which is provided with a lock 134 and is arranged for removal of
non-combustible objects, such as tramp material, from the grate 110 in accordance with principles similar to those
described hereinbefore with reference to Fig. 1. The rear first particle extraction device 130 is arranged in the rear part
of the first target zone 144, as seen with respect to the position of the inclined material inlet duct 128, not shown in Fig.
3, and the front first particle extraction device 131 is arranged in the front part of the first target zone 144. Each of the
extraction devices 130, 131 has a respective inlet opening 148, 149 with a length EL11, EL12 which preferably fulfils
the requirements of eq. 3.1 or 3.2 given hereinbefore for the lengths EL1 and EL2 of the extraction devices 30, 32. The
lengths EL11 and EL12 may be the same or different.
[0077] A first barrier row 150 of fluidizing gas nozzles 114 are arranged downstream, as seen in the direction of the
horizontal component of the trajectory path, of the rear first particle extraction device 130. The barrier row 150 of nozzles
114 acts as a barrier to pieces of tramp material, and directs bouncing pieces of tramp material into the inlet opening
148 of the rear first particle extraction device 130. At least one intermediate row 151 of fluidizing gas nozzles 114 is
arranged between the rear and front first particle extraction devices 130, 131. This intermediate row 151 of fluidizing
gas nozzles 114 has two purposes. Firstly, the intermediate row 151 of nozzles 114 provides for fluidisation within the
first target zone 144. This makes combustion more efficient, and reduces the risk that fuel and/or bed material is collected
on the grate 110, within the first target zone 144, due to poor fluidization. Secondly, the intermediate row 151 of nozzles
114 provides the function of acting as a barrier to pieces of tramp material, and directs bouncing pieces of tramp material
into the inlet opening 149 of the front first particle extraction device 131.
[0078] With reference to Fig. 3 it has been described how to two first particle extraction devices 130, 131 could be
arranged in series within the target zone 144, with at least one intermediate row 151 of fluidizing gas nozzles 114
arranged there between. It will be appreciated that other embodiments are also possible. For example, the first target
zone 144 could be provided with 3, 4, 5 or even more particle extraction devices arranged in series, and with intermediate
rows of fluidizing gas nozzles arranged there between. Furthermore, the intermediate row of fluidizing gas nozzles need
not be a single row of nozzles, but could be several rows of nozzles and/or nozzles arranged in another pattern.
[0079] Still further, it will be appreciated that the second target zone 46 illustrated in Figs. 2a and 2b could also be
provided with 2, 3 or even more particle extraction devices arranged in series within the second target zone, and with
one or more intermediate rows of fluidizing gas nozzles arranged there between, in accordance with the principles
described with reference to Fig. 3 with respect to the first target zone 144.
[0080] It will be appreciated that numerous variants of the embodiments described above are possible within the scope
of the appended claims.
[0081] Hereinbefore, it has been described that the reactor chamber 2 is provided with one material inlet duct 28. It
will be appreciated that it is also possible to provide the reactor chamber 2 with two or more parallel material inlet ducts
that may either be arranged adjacent to each other or at a distance from each other. In the latter case, specific first and
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second target zones are preferably arranged for each one of such parallel material inlet ducts.
[0082] Hereinbefore, it has been described that a barrier row 50, 54 of fluidizing gas nozzles 14 may be arranged
downstream of the respective first and second particle extraction device 30, 32. It will be appreciated that barrier rows
of fluidizing gas nozzles may also be arranged at the sides of the respective first and second particle extraction device
30, 32, and/or upstream of the respective first and second particle extraction device 30, 32 to hinder non-combustible
objects from bouncing away from the respective inlet opening 48, 52 of the extraction devices 30, 32. Hence, one or
more barrier rows may be utilized as a shielding of the extraction device to further improve the capture of non-combustible
objects.
[0083] To summarize, a circulating fluidized bed boiler reactor chamber (2) comprises a circulating fluidized bed grate
(10) for combustion of a fuel in the reactor chamber (2) under fluidized conditions, and a material inlet duct (28) for
transporting fuel into the reactor chamber (2) and further to the grate (10). The grate (10) is provided with at least a first
particle extraction device (30) for discharge of non-combustible objects from the grate (10). The at least a first particle
extraction device (30) is arranged within a first target zone (44) located on the grate (10). The position of the first target
zone (44) is based on at least one trajectory path (ST1, ST2) of a non-combustible object entering the reactor chamber
(2) via the material inlet duct (28).
[0084] While the invention has been described with reference to a number of preferred embodiments, it will be under-
stood by those skilled in the art that various changes may be made and equivalents may be substituted for elements
thereof without departing from the scope of the invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from the essential scope thereof.
Therefore, it is intended that the invention not be limited to the particular embodiments disclosed as the best mode
contemplated for carrying out this invention, but that the invention will include all embodiments falling within the scope
of the appended claims. Moreover, the use of the terms first, second, etc. do not denote any order or importance, but
rather the terms first, second, etc. are used to distinguish one element from another.

Claims

1. A circulating fluidized bed boiler reactor chamber (2) comprising a circulating fluidized bed grate (10) for combustion
of a fuel in the reactor chamber (2) under fluidized conditions, and a material inlet duct (28) for transporting fuel into
the reactor chamber (2) and further to the grate (10) for being combusted, characterised in the grate (10) being
provided with at least a first particle extraction device (30) for discharge of non-combustible objects from the grate
(10), wherein the at least a first particle extraction device (30) is arranged within a first target zone (44) located on
the grate (10), the position of the first target zone (44) being based on at least one trajectory path (ST1, ST2) of a
non-combustible object entering the reactor chamber (2) via the material inlet duct (28).

2. A reactor chamber according to claim 1, wherein the material inlet duct (28) is inclined an angle β to the horizontal
plane, and a lower end (42) of the material inlet duct (28) enters, via an opening (38) in a reactor chamber inlet wall
(40), the reactor chamber (2) at a height HL above the grate (10), wherein the first target zone (44) starts in a start
position SP1 which is located a horizontal distance L1 from the opening (38) in the reactor chamber inlet wall (40),
the horizontal distance L1 being in the range of: 

3. A reactor chamber according to any one of the preceding claims, wherein the material inlet duct (28) is inclined an
angle β to the horizontal plane, and the material inlet duct (28) has a height of DI, wherein the first target zone (44)
has a horizontal length L2 being in the range of:

4. A reactor chamber according to any one of the preceding claims, wherein the material inlet duct (28) is inclined an
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angle β to the horizontal plane, has a height of DI, and a lower end (42) of the inlet duct (28) enters, via an opening
(38) in a reactor chamber inlet wall (40), the reactor chamber (2) at a height HL above the grate (10), wherein the
first target zone (44) ends in an end position EP1 which is located a horizontal distance L1+L2 from the opening
(38) in the reactor chamber inlet wall (40), the horizontal distance L1+L2 being in the range of: 

5. A reactor chamber according to any one of the preceding claims, wherein an inlet opening (48) of the first particle
extraction device (30) has a horizontal length EL1 in the range of: 

6. A reactor chamber according to any one of the preceding claims, wherein two or more particle extraction devices
(130, 131) are arranged within the first target zone (144) at different horizontal distances from the opening in the
reactor chamber inlet wall.

7. A reactor chamber according to claim 6, wherein the grate (110) comprises at least one intermediate row (151) of
fluidizing gas nozzles (114) arranged between two separate particle extraction devices (130, 131).

8. A reactor chamber according to any one of the preceding claims, wherein an inlet opening (48) of the first particle
extraction device (30) has a width EW1 which is based on the minimum width of the material flow WMIN of the
material inlet duct (28) and the maximum width of the material flow WMAX of the material inlet duct (28) and which
is in the range of: 

9. A reactor chamber according to any one of the preceding claims, wherein the grate (10) is provided with at least a
second particle extraction device (32) for discharge of non-combustible objects from the grate (10), wherein the at
least a second particle extraction device (32) is arranged within a second target zone (46) located on the grate (10)
in a position which is separate from the position of the first target zone (44), the position of the second target zone
(46) being based on a different trajectory path (ST3) of a non-combustible object entering the reactor chamber (2)
via the material inlet duct (28) than the trajectory path (ST1, ST2) on which the position of the first target zone (44)
is based.

10. A reactor chamber according to claim 9, wherein the material inlet duct (28) is inclined an angle β to the horizontal
plane, and a lower end (42) of the inlet duct (28) enters, via an opening (38) in a reactor chamber inlet wall (40),
the reactor chamber (2) at a height HL above the grate (10), wherein the second target zone (46) starts in a start
position SP2 which is located a horizontal distance L3 from the opening (38) in the reactor chamber inlet wall (40),
the horizontal distance L3 being in the range of: 
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11. A reactor chamber according to any one of claims 9-10, wherein the material inlet duct (28) is inclined an angle β
to the horizontal plane, and a lower end (42) of the inlet duct (28) enters, via an opening (38) in a reactor chamber
inlet wall (40), the reactor chamber (2) at a height HL above the grate (10), wherein the second target zone (46)
has a horizontal length L4 being in the range of: 

12. A reactor chamber according to any one of claims 9-11, wherein the material inlet duct (28) is inclined an angle β
to the horizontal plane, and a lower end (42) of the inlet duct (28) enters, via an opening (38) in a reactor chamber
inlet wall (40), the reactor chamber (2) at a height HL above the grate (10), wherein the second target zone (46)
ends in an end position EP2 which is located a horizontal distance L3+L4 from the opening (38) in the reactor
chamber inlet wall (40), the horizontal distance L3+L4 being in the range of: 

13. A reactor chamber according to any one of the preceding claims, wherein the grate (10) comprises a barrier row
(50) of fluidizing gas nozzles (14) arranged downstream, as seen in the flow direction of the fuel supplied from the
material inlet duct (28), of the first particle extraction device (30) to act as a barrier to non-combustible objects and
to direct bouncing objects into the first particle extraction device (30).

14. A method of removing non-combustible objects from a circulating fluidized bed boiler reactor chamber (2) comprising
a circulating fluidized bed grate (10) for combustion of a fuel in the reactor chamber (2) under fluidized conditions,
and a material inlet duct (28) for transporting fuel into the reactor chamber (2) and further to the grate (10) for being
combusted, the method comprising arranging at least a first particle extraction device (30) for discharge of non-
combustible objects from the grate (10) within a first target zone (44) located on the grate (10), the position of the
first target zone (44) being based on at least one trajectory path (ST1, ST2) of a non-combustible object entering
the reactor chamber (2) via the material inlet duct (28), and capturing non-combustible objects by means of the first
particle extraction device (30).

15. A method according to claim 14, further comprising combusting biofuel in the reactor chamber (2).

16. A circulating fluidized bed (CFB) boiler, characterised in comprising a reactor chamber (2) according to any one
of claims 1-13.
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