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(54) Fluidized bed heat exchanger

(57) The invention relates to a so-called Fluidized
Bed Heat Exchanger (FBHE) of a Circulating Fluidized
Bed Apparatus (CFBA).Fluidized bed heat exchanger
with a chamber comprising at least one solid particles
inlet port (22), at least one solid particles outlet port (30),
arranged at a distance to the at least one inlet port (22),
means (46) for introducing a fluidizing gas from a bottom
area (24b) of said chamber (24) into said chamber (24),
wall-like heat transfer means (28) in its lower part, ex-
tending
in a main flow direction of the solid particles on their way
from the inlet port (22) to the outlet port (30), substantially
parallel to each other, with a space between adjacent
heat transfer means (28), at least one baffle (50,52) in
its upper part, extending substantially perpendicular to
the heat transfer means (28), downwardly from a cham-
ber ceiling (24c), with its lower end at a distance to the
heat transfer means (28) and comprising extensions, pro-
truding into the space between adjacent heat transfer
means (28), and
couplings to mechanically connect the said heat transfer
means (28) to said extensions.
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Description

[0001] The invention relates to a so-called Fluidized
Bed Heat Exchanger (FBHE) of a Circulating Fluidized
Bed Apparatus (CFBA). The generic design of a CFBA
comprises:

- a Circulating Fluidized Bed Reactor (CFBR) de-
signed as a combustor, incineration reactor, boiler,
gasifier, steam generator etc. as disclosed - i.a. - in
US 6,802,890 B2. In a typical CFBR gas (air) is
passed through a permeable grate-like bottom area
of the reactor, which grate (grid) supports a fluidized
bed of particulate material, the so-called incineration
charge, mostly including a fuel-like material such as
coal. This gives the fuel material and other compo-
nents within the fluidized bed the behaviour of a boil-
ing liquid.

[0002] The aerated particulate material/fuel mixture al-
lows to promote the incineration process and effectivity.
[0003] The incineration charge is fluidized by the
air/gas, often blown in via nozzles. The fluidized bed com-
prises a so-called denseboard area above said grate and
adjacent to the said permeable reactor bottom, while the
density of the particulate material within the fluidized bed
gets less within the upper part of the reactor space, also
called the freeboard area of the fluidized bed.
[0004] The reaction chamber is often limited by outer
water tube walls, made of tubes, through which water
runs, wherein said tubes are either welded directly to
each other to give a wall structure or with fins/ribs be-
tween parallel running tube sections.
[0005] As most of said fuel materials like coal, timber
etc. contain sulphur and/or harmful substances it is nec-
essary to clean the gases leaving the reaction chamber,
in a suitable way.
[0006] The CFBR typically has at least one outlet port
at its upper end, wherein said outlet port allows the mix-
ture of gas and solid particles exhausted from the reactor,
to flow into at least one associated separator.

- The separator, for example a cyclone separator,
serves to separate solid particles (the particulate ma-
terial, including ash) from said gas. A typical design
of such a separator is disclosed in US 4,615,715.
Again the outer walls of the separator can be de-
signed with hollow spaces to allow water flowing
through.

- Means for the transfer of said separated solid parti-
cles from the separator(s) into at least one Fluidized
Bed Heat Exchanger (FBHE) via at least one corre-
sponding inlet port of said FBHE. These means may
be ducts/pipes/channels or the like.

- A syphon along the way from the separator to the
CFBR and/or FBHE to allow decoupling of pressure

(fields) between separator and CFBR.

- At least one Fluidized Bed Heat Exchanger (FBHE)
allowing to use the heat, provided by the particulate
material, for generating power, for example to heat
up and increase the pressure of a steam transported
as a heat transfer medium through heat transfer
means (via tubes or the like), through said FBHE and
further to turbines or the like.

- The FBHE is equipped with at least one inlet port
and at least one outlet port, the latter adapted to re-
turn means for at least part of the solid particles on
their way out of the FBHE and back into the Circu-
lating Fluidized Bed Reactor CFBR.

[0007] Numerous designs of such apparatus and com-
ponents have been developed over the past decades.
[0008] Nevertheless there is a continuous demand for
improvements, especially with respect to energy efficien-
cy (typical capacity range: 50 to 600MW - electrical -),
effectiveness, simple construction, avoidance of me-
chanical and thermomechanical stresses, compactness
(typical data of a reactor chamber are: height: 30-60m,
width: 13-40m, depth: 15-40m).
[0009] The invention starts from an FBHE with a cham-
ber, comprising at least one solid particles inlet port, at
least one solid particles outlet port, arranged at a distance
to the at least one inlet port, means for introducing a
fluidizing gas from a bottom area of said chamber into
said chamber and at least one heat transfer means ar-
ranged within said chamber.
[0010] The invention encompasses three structural el-
ements, namely

a) the design and arrangement of the heat transfer
means within the fluidized bed heat exchanger (with-
in the chamber),

b) the design and arrangement of one or more baffles
within said chamber and above said heat transfer
means,

c) the structural connection of said heat transfer
means and said baffle(s).

ad a)
[0011] The heat transfer means extend in a vertically
lower part of the FBHE chamber and

- in a (the) main flow direction of the solid particles on
their way from the inlet port through the FBHE to its
outlet port,

- substantially parallel to each other,

- with a space between adjacent heat transfer means.

1 2 
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[0012] The extension of each heat transfer means in
the particles flow direction may best be realized by a wall
like structure (a substantially flat and compact design of
an individual heat transfer means).
[0013] In combination with their orientation this allows
to arrange a group (set) of multiple heat transfer means
at a distance to each other, thereby forming a space in
between adjacent wall/panel like heat transfer means. In
other words: channels like "cavities/gaps" are arranged
between adjacent heat transfer means, which channels
extending as well in the flow/transport direction of the
solid particles from the chamber entrance towards the
outlet area (outlet port) of the chamber. The overall de-
sign of this part of the FBHE is similar to a chamber,
divided by intermediate walls into compartments, all ex-
tending substantially linear between inlet and outlet ports
of the FBHE.
[0014] The term "wall like" does not only refer to a cubic
design with flat surfaces but the overall volume which the
respective heat transfer means take. A tube, meandering
(zig-zag) such that the central longitudinal axis of the
tube lies in one imaginary plane, represents one example
for a wall-like pattern. Tube sections may extend in dif-
ferent directions along two axis of the coordinate system
(within the same plane).
[0015] This design allows the solid particles within the
fluidized bed to flow through said spaces/channels be-
tween adjacent discrete heat transfer means, namely
within said spaces (channels) formed between adjacent
heat transfer means, although the material may pene-
trate the heat transfer means (for example in case of a
heat transfer means made of one or more meandering
tubes), but to much less extent than in the main flow
direction.
[0016] This is true especially if the discrete heat trans-
fer means are provided by bended tubes/pipes, for ex-
ample according to one of the following optional features:

- The wall like pattern comprises a net-like structure.
This allows the solid particles to flow in all directions
of the coordinate system but keeps the main trans-
port direction towards the outlet port.

- The heat transfer means is designed as a heat ex-
change tube for conveying a heat transfer medium
and arranged in a meandering fashion, thereby pro-
viding a vertically oriented wall-like pattern.

- Multiple heat transfer means are arranged at a dis-
tance to each other, forming a set/group of heat
transfer means. This gives a package/set of heat
transfer means, extending through of the chamber
volume.

- Heat transfer means extend about 50-90% of the
chamber height, starting from or close to the cham-
ber bottom.

- Heat transfer means extend about less than 80% of
the chamber height.

- Heat transfer means extend from shortly above the
bottom upwardly.

- Horizontally extending sections of the meandering
heat exchange tube(s) are at least 3 times longer
than vertically extending sections of the same heat
exchange tube. This underlies the main transport di-
rection of the solid particles.

- The heat transfer means may act as a reheater or
superheater to reheat or overheat (superheat) the
transport medium within said means (tubes).

- The fluid, flowing through said heat exchange tubes,
may be steam, for example a steam of 300 degrees
C to 650 degrees C and/or 80bar to 300bar.

- Several heat exchange tubes may be connected to
a central (common) feeding tube.

- Adjacent sections of the same heat exchange tube
or another heat exchange tube of the same heat
transfer wall extend at a distance to each other being
0,1 to 4 times (or 0,5 to 2 times) the outer heat ex-
change tube diameter.

- No entrance chamber and/or return chamber for the
solid particles being necessary/provided in the FB-
HE to allow a continuous flow pattern.

ad b)
[0017] The at least one baffle extends in an upper part
of the FBHE chamber, and

- substantially perpendicular to the heat transfer
means,

- thus substantially perpendicular to the main trans-
port direction of the solid material between inlet and
outlet ports.

- downwardly from a chamber ceiling,
- with its lower end at a distance to the heat transfer

means, and comprises extensions, protruding into
the space between adjacent heat transfer means.

[0018] In other words: The baffle(s) extend substan-
tially perpendicular to a straight line between inlet port
and outlet port and substantially vertical.
[0019] This at least one baffle does not influence the
flow of the solid particles within the part of the FBHE
equipped with the heat transfer means as it is arranged
above said heat transfer means and only serves to redi-
rect the incoming solid particle stream (downwardly) and
to equalize the pressure above the fluidized bed and
along the horizontal cross section of the chamber, in par-
ticular, if provided with opening(s).
[0020] The baffles have the function of separation walls
and avoid short circuits of the solid material flow (directly
from the inlet port to the outlet port). They urge the solid
particle stream to penetrate into the heat transfer zone
between the heat transfer means (the channels men-
tioned above).
[0021] It derives from this description that the inlet port
of a generic FBHE chamber is arranged at its upper end,
next to its ceiling, always regarded in a functional position
of the overall FBHE. This orientation is valid for all other
references made herein, except otherwise disclosed.

3 4 



EP 3 054 215 A1

4

5

10

15

20

25

30

35

40

45

50

55

[0022] The following embodiments are optionally in-
cluded:

- Each baffle can be made of one or more pipes
through which a fluid (like water) flows.

- At least one baffle extends between opposite walls
of the chamber to improve the describe effect.

- At least one baffle has at least one opening to allow
pressure adjusting/compensation within the cham-
ber. The size of the opening may be adjustable.

- At least one baffle is at least partially water-cooled.
- At least one baffle may be used as an evaporator or

a so-called economizer to heat the fluid.
- At least one baffle is made of pressure pipes to trans-

port a fluid-like water of 270 degrees C to 400 de-
grees C at 90bar to 320bar.

- These pressure pipes (or regular pipes) may be con-
nected to a central (larger) feeding line. This central
feeding line may be used to supply water to further
baffles.

- At least one baffle is designed as a curtain. The cur-
tain defines a baffle with numerous small discrete
openings or slits which allow pressure equalization
but avoids penetration of the solid particles to great
extent.

- Multiple baffles are arranged at a distance to each
other along said line between inlet port and outlet
port, i.e. at different distances to the inlet port.

ad c):
[0023] The invention further provides a structural con-
nection of said heat transfer means with said baffle(s),
i.e. some kind of a coupling to

- give the overall construction the desired mechanical
integrity,

- keep the described alignment of heat transfer means
and/or baffles over time,

- allow the particulate (solid) material to pass the FB-
HE chamber in the scheduled pattern and thus to
allow optimized heat transfer into the heat exchange
means.

[0024] These extensions may be bars, posts etc but
preferably fluid transport means like tubes/pipes, allow-
ing to increase the overall heat exchange surface at the
same time, if water/steam flows through these extension
pipes/tubes, which may be fluidly connected to any of
the tubes of the heat transfer tubes and/or the baffles
pipes. Insofar the extensions may be regarded as part
of the baffle installation and/or as part of the heat transfer
means, both in a thermotechnical sense. The extensions
may have a small cross section as they extend within the
space between adjacent heat transfer means and should
avoid any unfavorable slowdown of the solid material
flowing there through. Insofar the (horizontal) cross sec-
tion (corresponding to the flow through area of the fluid)
should be less than 50%, better <40%, <30%, <20% or

even <10% of the horizontal distance between corre-
sponding adjacent heat transfer means.
[0025] The connections/couplings may be realized by
any conventional clamping mechanism as known to the
skilled person from other applications. These clamping
means may by hooks, brackets, clips, clamps, braces or
the like.
[0026] Further optional features of the invention in-
clude:

- heat transfer means and baffles, including their ex-
tensions, form a three-dimensional grid-like struc-
ture, especially if arranged at about 90 degrees to
each other. This allows an optimized flow pattern of
the material through the chamber with optimized
heat transfer and avoids shortcuts or other unfavo-
rable transverse flows.

- The chamber walls can be as well at least partially
water-cooled. They can be made of pressure tubes,
optionally with fins between adjacent pressure tubes
and connected to the baffles pipes and/or any central
feeding line as mentioned before. Insofar the cham-
ber walls may as well be used to transport warm
water (270-400°C) of high pressure (90-320bar).

[0027] The invention is now described with reference
to the attached drawing, showing - all in a very schematic
way - in

Figure 1
A general concept of a fluidized bed apparatus

Figure 2
A cross sectional view of a fluidized bed heat ex-
changer

Figure 3
A top view on the FBHE 24 of Figure 2 along line 3-3

Figure 4
A three dimensional view of the arrangement of heat
transfer means and baffles in an FBHE

Figure 5
A three dimensional view of a coupling between a
baffle extension and adjacent heat transfer tubes of
heat transfer means

[0028] In the Figures identical and similar acting con-
struction parts are identified by same numerals.
[0029] Figure 1 discloses the general concept of a flu-
idized bed apparatus and its main components according
to the present invention.
[0030] It comprises:

- A circulating fluidized bed reactor (CFBR) 10. Its low-
er part comprises a grate-like structure 12 through
which air (arrow A1) is blown into a reactor chamber

5 6 
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14 via (not shown) nozzles, thus providing a fluidized
bed (denseboard - DB -) above said grate 12, where-
in said denseboard comprises a particulate material
like coal, wood etc. to be burnt.

- The CFBR has two outlet ports 16 at opposite sides
of its upper part, allowing a mixture of gas and solid
particles exhausted from the CFBR to flow into as-
sociated separators 18, namely cyclone separators.
The separators serve to separate solid particles from
the gas.

- Transfer means 20, designed as ducts, extend from
the lower end of each separator 18 downwardly and
into an inlet port 22 along the ceiling 24c of a fluidized
bed heat exchanger (FBHE) 24.

- A syphon-like tube construction 26 (U-shaped) ex-
tends from the lower end of each separator 18 into
reactor chamber 14 and enters into chamber 14
shortly above grate 12 of said CFBR.

- The FBHE is equipped with (plate-like) heat transfer
means 28 and an outlet port 30 merging into reactor
chamber 14 at the same vertical height as tube con-
struction 26.

[0031] This concept belongs to prior art. Insofar details
are not further illustrated as known to the skilled person.
[0032] The invention includes one or more of the fol-
lowing features:

According to Figure 2 the fluidized bed heat ex-
changer 24 displays an inlet port 22 at its upper end
(in Figure 2: top left) and an outlet port 30 at its upper
end (in Figure 2: top right), i. e. opposite to each
other. Said outlet port 30 provides return means for
solid particles which are further transported along a
transfer duct into chamber 14. A common wall 14w
of chamber 14 and FBHE 24 is also displayed.

[0033] Outlet port 30 comprises multiple flow through
openings, arranged in a horizontal row with a distance
to each other along a corresponding wall section of said
wall 14w.
[0034] Said wall 14w is water-cooled, namely con-
structed of vertically extending tubes with fins running
between adjacent tubes. The tubes are cooled by water
fed through said tubes.
[0035] The through holes having the function of dis-
crete outlet ports are shown in Figure 2 in a slightly in-
clined orientation, with a lower end towards the fluidized
bed heat exchanger 24 and a higher end towards the
fluidized bed reactor chamber 14.
[0036] This inclined orientation (sloped outlet port 30)
can be provided as part of a 3-dimensional profile (for
example as a convexity 14w’) of said wall 14w towards
the inner space/chamber of the fluidized bed heat ex-

changer 24 as shown in dotted lines in Figure 2 and char-
acterized by numeral 30’.
[0037] Figures 2 to 4 display the design and construc-
tion of a type of heat transfer means 28 within the fluidized
bed heat exchanger 24. In Figure 2 only one of said heat
transfer means is shown. Further heat transfer means of
equal design are placed at a distance to each other within
FBHE 24 (perpendicular to the plane of projection), as
schematically shown in Fig. 4.
[0038] Steam is fed into said means 28 via a central
feeding line 42, then flowing through the meandering tube
(as shown), representing said means 28, and escaping
via a common outlet line 44, allowing to take heat from
the particulate material (symbolized by dots P) moving
through FBHE 24 between inlet port 22 and outlet port 30.
[0039] It is important that each of said means 28 is
designed in a wall-like pattern and extending substan-
tially parallel to the main flow direction of the solid parti-
cles on their way to and through the outlet port 30, sym-
bolized in Figure 2 by arrow S.
[0040] All tubes 28 are connected to the same feeding
line 42 and outlet line 44.
[0041] The meandering tubes not only give the heat
transfer means 28 a wall-like pattern but as well a grate-
like structure to allow the particulate material to pass
through as well in another horizontal direction, although
to much less extent.
[0042] The horizontally extending sections of said
tubes are about ten times longer than the vertically ex-
tending sections (Figure 2 is not drawn to scale). Adjacent
horizontal sections extent to a distance to each other
being about the tube diameter.
[0043] As shown in Figures 2,4 the heat transfer means
28 extent about more than 60 % of the chamber height,
being the distance between a chamber bottom 24b and
a chamber sealing 24c. In the embodiment each of said
wall-like heat transfer means 28 extends from slightly
above bottom 24b (or more precisely: from slightly above
air nozzles 46, arranged in said bottom 24b, see Fig. 2)
to slightly below inlet port 22 and from slightly off wall
14w to slightly off opposite wall 24w.
[0044] In prior art devices a separate entrance cham-
ber with a discrete partition wall is constructed between
wall 24w and an adjacent part of heat transfer means 28
as well as a separate return chamber between wall 14w
and parts 28. These walls and chambers caused the
stream of solid particles to flow up and down which is
now avoided with the new design without any partition
walls, which make the construction simpler, cheaper and
more effective.
[0045] The particulate material may take a direct way
from the inlet port 22 to the outlet port 30 (see arrow S)
along the channels/gaps C formed between adjacent
tubes (heat transfer means), as may be seen in Figure 3.
[0046] Fluidization of the particulate material within
FBHE 24 is achieved by said air nozzles 46 in the bottom
area 24b. The particulate material is circulated by said
purging means within FBHE 24 in order to optimize heat
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transfer from the hot solid particles P into the steam flow-
ing within tube like heat transfer means 28 at a temper-
ature of typically 300-625°C and a pressure of between
80 and 300bar.
[0047] Back to Fig. 2: The embodiment displayed fur-
ther includes two baffles 50, 52, which extent from ceiling
24c downwardly, ending shortly above heat transfer
means 28. These baffles 50, 52 extend substantially per-
pendicular to a straight line between inlet port 22 and
outlet port 30 (dotted line L), i.e. perpendicular to the wall
like heat transfer means 28.
[0048] Both baffles 50, 52 extend between opposite
walls of FBHE 24 (only one, namely 24s is shown), being
the walls bridging said walls 14w, 24w. The baffles 50,
52 are arranged at a distance to each other.
[0049] Each of said baffles 50, 52 comprise one open-
ing O (see Fig. 4) to allow pressure adjustment (equali-
zation) within the inner space of FBHE 24.
[0050] The said baffle(s) 50, 52 are further designed
like a curtain, made of pipes, through which water of
270-374°C at 90-320bar is fed.
[0051] The baffles 50,52 urge the particulate material,
flowing into chamber 10 via inlet port 22, to move down-
wardly (see arrow S) at baffle 50 and then to flow through
said channels C (Figures 3,4) between adjacent heat
transfer means 28 on their way between inlet port 22 and
outlet port 30.
[0052] Fig. 4 shown the meandering wall like structure
of heat transfer means (tubes) 28, again only schemati-
cally for better illustration. In view of the size of an indus-
trial FBHE and the amount of solid material passing there
through the skilled person will design the exact number,
size and arrangement of heat transfer means 28, baffles
50,52, air nozzles 46 etc. in accordance with the specific
demand.
[0053] Fig.4,5 further display pipe-like extensions E,
extending from the respective baffle 50,52 downwardly
and into the spaces C between adjacent heat transfer
means 28. The extensions E are in fluid communication
with a central feeding line CFL to which pressure pipes
PP are connected, which define the corresponding baffle
50,52. Each baffle 50,52 is made of one or more of such
pressure pipes PP, arranged similarly as the heat ex-
change tubes ET of heat transfer means 28 to allow water
of 270-400°C and 90-320bar pressure passing there
through.
[0054] These extension pipes E are equipped with cou-
plings B, shaped as brackets, as may be seen from Fig.
5. Each bracket/coupling B has a beam-like design with
3 openings through which 2 corresponding tube sections
of a heat exchange tube ET and one section of a corre-
sponding pipe extension E extend. For fitting, the said
brackets B are made of steel half shelves, laid around
the corresponding pipe/tube and then closed by a screw,
bolt, clamp or the like.
[0055] It may be seen from Fig. 5 that the diameter of
each pipe extension E is about 20% of the distance (width
of channel C) between adjacent all like heat transfer

means 28.
[0056] At the same time these extensions E and brack-
ets B allow the mechanically integral and crosswise ar-
rangement of heat transfer means 28 and baffles 50,52
within chamber 24.

Claims

1. Fluidized bed heat exchanger with a chamber (24),
comprising

1.1 at least one solid particles inlet port (22)
1.2 at least one solid particles outlet port (30),
arranged at a distance to the at least one inlet
port (22),
1.3 means (46) for introducing a fluidizing gas
from a bottom area (24b) of said chamber (24)
into said chamber (24),
1.4 wall-like heat transfer means (28) in its lower
part, extending

1.4.1 in a main flow direction of the solid
particles on their way from the inlet port (22)
to the outlet port (30),
1.4.2 substantially parallel to each other,
1.4.3 with a space (C) between adjacent
heat transfer means (28),

1.5 at least one baffle (50,52) in its upper part,
extending

1.5.1 substantially perpendicular to the heat
transfer means (28),
1.5.2 downwardly from a chamber ceiling
(24c),
1.5.3 with its lower end at a distance to the
heat transfer means (28) and comprising
1.5.4 extensions (E), protruding into the
space (C) between adjacent heat transfer
means (28), and

1.6 couplings (B) to mechanically connect the
said heat transfer means (28) to said extensions
(E).

2. Fluidized bed heat exchanger according to claim 1,
wherein the at least one baffle (50, 52) has at least
one opening (O) to allow pressure adjusting.

3. Fluidized bed heat exchanger according to claim 1,
wherein the at least one baffle (50, 52) is designed
as a curtain with numerous small, discrete openings.

4. Fluidized bed heat exchanger according to claim 1,
wherein the at least one baffle (50, 52) extends be-
tween opposite walls (24s) of the chamber (24).

9 10 
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5. Fluidized bed heat exchanger according to claim 1,
wherein the at least one baffle (50, 52) is made of
pressure pipes (PP) to transport water of 270°C to
400°C at 90bar to 320bar.

6. Fluidized bed heat exchanger according to claim 1,
wherein the pressure pipes (PP) of each baffle (50,
52) are connected to a central feeding line (CFL).

7. Fluidized bed heat exchanger according to claim 1,
with multiple baffles (50, 52), arranged parallel to
each other at different distances to the inlet port (22).

8. Fluidized bed heat exchanger according to claim 1,
wherein the heat transfer means (28) are designed
as heat exchange tubes (ET) for conveying a heat
transfer medium and arranged in a meandering fash-
ion, thereby providing a vertically oriented wall-like
pattern.

9. Fluidized bed heat exchanger according to claim 1,
wherein the heat transfer means (28) are designed
as heat exchange tubes (ET) to transport steam of
300°C to 650°C at 80bar to 300bar.

10. Fluidized bed heat exchanger according to claim 1,
wherein the heat transfer means (28) are designed
as heat exchange tubes (ET) which are connected
to a central feeding tube (42, 44).

11. Fluidized bed heat exchanger according to claim 1,
wherein the heat transfer means (28) and the baffles
(50, 52), including their extensions (E), form a three-
dimensional grid-like structure.

12. Fluidized bed heat exchanger according to claim 1,
wherein the heat transfer means (28) and the baffles
(50, 52) are arranged at about 90 degrees to each
other.

13. Fluidized bed heat exchanger according to claim 1
with chamber walls (14w, 24w, 24s) being at least
partially water-cooled.

14. Fluidized bed heat exchanger according to claim 13
with said chamber walls (14w, 24w, 24s) are made
of pressure tubes, with fins between adjacent pres-
sure tubes.
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