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1. B cyclone sepasrator comprising an inner cylinder; an

outer cylinder extending around said inner cylinder in a
coaxial relatlonship to define an annular chamber between
the “%wo e¢ylinders, said ouvter cylinder comprising a
plurality of +tubes extending wvertically (in wuse) in a
parallel xelationship for at least a portion of their
lengths, said plurality of tubes being arranged in a side-
by-gide relatlonship to form said outer cylinder, a portion
of sald tubes being bent from the plane of said outer
cyiinder to form an dinlet opening in a tangential
relationship to said outer cylinder for receiving gases
conrtaining solid particles and directing same through said
anrular chamber for separating the solid particles from
sald gases by centrifugal forces, +the separated gases
exiting +through said inner cylinder and the separated

so0lids falling to the bottom of sai¢ outer cylinder for
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disposal, said tubes being bent radislly inwardly towards
said inner cylinder such that they are adapted to support
said inner cylinder, means for passing waier-steam through
sajid tubes to cool said outer cylinder; and a plurality of
support - tubes connected to said outer cylinder for

supporting said separator from a building or structure.
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This invention relates to a cyclone separator andy/Pore
particularly, to such a separator for separating sclid fuel
particles from gases &ischarged from a combistion system or
the like.

Conventional cyclone separators are normally provided
with monlithic external refractory wall which is abrasion
resistant and insulative so that the outer casing runs
relatively cool. Typically, these walls are formed by an
insulative refractory material sandwiched between an inner
hard refractory material and an outer metal casing. In order
to achieve proper insulation, these layers must be
relatively thick which adds to the bulk, and cost cf the
separator. Also, the outside metal casing of these designs
cannot be further insulated from the outside since to do so
could raise its temperature as high as 1500°F which is far
in excess of the maximum temperature it can tolerate.

Further, most conventional cyclone separators require
relatively expeisive, high temperature, refractory-lined
ductwork and expansion joints between the reactor and the
cyclone, and between the cyclone and the heat recovery
section, which are fairly sophisticated and expensive. Still
fusther, conventional separators formed in the above manner
require a relatively ‘long time to heat up before going
online to eliminate prgmature cracking of the refractory
walls, which is inconvenient and adds to the cost of the
process. Also these type of conventional cyclofnie separators
require a separate roof tube circuit which further adds to

the cost of the system.
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The invention provides a cyclone separator comprising
an inner cylinder; an outer cylinder extending around said
inner cylinder in a coaxial relationship to define an
annular chamber between the +two cylinders, said outer
cylinder comprising a plurality of +tubes extending
vertically (in use) in a parallel relationship for at least
a portion of thr ix lengths, said plurality of tubes being
rrranged in a side-by-side relationship to form said outer
cylinder, a portion of said tubes being bent from the plane
of said outer cylinder to form an inlet opening in a
tangential relationship +to said outer cylinder for
receiving gases containing solid particles and directing
same through said annular chamber for separating the solid
particles from  said gases by centrifugal forces, the
gseparated gases exiting through said inner cylinder and the
separated solids falling to the bottom of said outer
cylinder for disposal, said +tubes being bent radially
inwardly towards said inner cylinder such that they are
adapted to support said inner cylinder, means for passing
water-steam through said tubes tec cool said outer cylinder;
and a plurality of support tubes connected to said outer
cylinder for supporting said separator from a building or
structure.

Brief Description of the Drawings

The above brief description as well as further
objects, features and advantages of the present invention
will be more fully appreciated by reference to the

jcspe.023/foster 91 9 23



- 3a-
following detailed description of presently preferred but
ncnetheless illustrative embodiments in accordance with the
present invention vwhen taken in conjunction with the
accompanying drawings wherein:
Fig. 1 is a perspective schematic view of the cyczlone
separa*or of the present invention showing only the tubes
forming the outer cylinder;

Fig. 2 is a cross-section view taken along the portion

jcspe.023/foster 91 9 23
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of the wall of the outgr, cylinder of Fig. 1 designated by
the line 2-2, and showing the insulative materials

surrounding the tubes;

Fig. 3 is a perspective schematic view of a cyclone

_separatbr'according_to a further embodiment of the

invention, éhoﬁing only the tubés.fofming the outer
cylinder;

.Fig. 4 is an enlarged Cross;sectional view taken aiong
the portion of the outer cylinder designated by the line 2'-
2' in Fig. 3 and Showing_the insulative ﬁaterials
surrounding the tubes;

Fig. 5 is a schematic view of.a cyclone separator
according to a still furthér embodiment of the present
invention and an adjacent heat recovery area of a boiler
system;

Fig. 6 is an enlérged perspective view of the tubes
forming the outer cylinder of the separator of Fig. 5, and

Fig. 7 is an enlarged, cross-sectional view taken along
the portion of the wall of the outer cylinder bf Fig. 2
designated by the line 3-3, and showing the insulﬂtiVe

materials surrohnding the tubes.

Description of the Preferred Embodiments
Referring to Fig. 1 of the drawings, the reference
numeral iO refers in general to the cyclone separator of the

present invention whick includes a front header 12 and a

rear header 14 forming the lower end portion'of:a side wall
16 of the separator. A front header 18 and a rear header 20

form the lower end portion of the other side wall 22 of the

separator. The headers 12, 14, 18 and 20 extend to either

880705,ltbspe.026,foster.$pe,
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side of a l},(’)gper 21 disposed at the lower portion of the
separator for reasons to be described.

A group of vertically extending spaced parallel tubes
24 are connected at their lower ends to the header 12 and
form the front portion of the wall 16, and another group of
vertically extending spaced parallel tubes 26 are connected
to the header 14 and form the rear portion of the wall 16.
In a similar manner, a group of vertically extending spacéd
parallel .tubes 28 are connected to the header 18 and form
the front portion of the wall 22, and another group of
vertically extending spaced parallel tubes 30 extend from
the header 20 and form the rear portion of the wall 22.

The gro'ups of tubes 24, 26, 28 and 30 extend vertically
upwardly for a relatively small length and then are bent
inwvardly and angularly so that they together form a closed
right cylinder shown in general by the reference numeral 32,
with the tubes 24 and 28 together forming the front half of
the cylinder 32 and the tubes 26 and 30 together forming the
rear half of the cylinder 32,

A portion of the tubes 24 and 28 are bent out of the
plane of the cylinder 32 as shown by the reference numeral
24a and 28a to form an inlet passage to the interior of the
cylinder for reasons that will be described.

At the upper end of the cylinder 32, the tubes 24, 26,
28, and 30 are bent radially inwardly, as shown by the
reféerence numeral 36, and then upwardly, as shown by the
reference numeral 38, to define a circular opening which, of
course, is of a diameter less than that of the diameter of

the cylinder 32. The tubes 24, 26, 28 and 30 are then bent

880705,!tbspe.026,foster.spe,
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.1 radially oﬁtwardly as shown by the reference numeral 44 and
2. then vertically upwardly as shown by the reference numeral
3 46. The upper end portions of the tube group 26 thus form a
4 sidewall which is connected to an upper header 48 and the
5 upper end portions of the tube group 30 form a sidewall
6 which is ccnnected to an upper header 50. The upper end
7 portions of the tubes 24 and 28 are bent horizontally to
8 extend across the upper end portion of ghe cylinder 32 to
9 form a roof 52 and are connected at their free ends to upper
10 headers 54 and 56, respectively. A portion of the upper
11 portions of the tubes 24 and 26 have been deleted for the
12 convenience of presentation.

13 It is understood that a portion of the tubes 24, 26, 28
14 and 30 do not bend in the manner discussed above but rather
15 extend vertically for the entire length of the cylinder 32
16 for the purpose of enabling the separator to be supported
17 from the roof of a building or structure in which the
18 separator 10 is located. These latter tubes are shown by the
19 reference numeral 60 and extend from the header 18 in the
20 manner discussed above, t?en straight up for the length of
21 the cylinder 32 before bending horizontally to form a
22 portion of the roof 52, Although not shown in the drawings,
23 it is understood that a plurality of lugs, or the like, are
24 connected to the tubes 60 and are adapted to be connected to
25 hangers, or the like (not shown), which extend from the roof
26 of the building to support the separator 10 without the need
27 for steel supports at the bottom of the cylinders. It is
28 also understood that the tubes 60 can be spaced out over the

29 ‘entire diameter of the cylinder 32 as needed.

880705, Itbspe.026,foster.spe,
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An inner pipe, or barrel 61 is disposed within the
cylinder 32 and is iformed from a solid, metallic material
such as stainless steel, and has an upper end portion
extending approximately flush with the opening formed by the
vertical bent tube portions 28. The pipe 61 extends from the
lattcr opening to an area coincidental with the inlet formed
by the bent tube groups 24a and 28a. Thus an annular passage
is formed between the outer éurface of the pipe 61 and the
inner surface of the cylinder 32, for reasons that will be
described.

The tubes 24, 26, 28 and 30 are disposed between an
insulative material and an erosion preventing structure
which are omitted from Fig. 1 for the convenience of
presentation but which ‘are shown in Fig. 2. More
particularly, the details of a wall portion of the cylinder
32 formed by the group of tubes 24 are shown in Fig. 2. More
particularly, each tube 24 has a pair of fins 62 and 64
extending from diametrically opposed portions of its wall,
with a slight spacing being provided between the fin 62 of
one tube and the fin 64 of an adjacent tube. A seal plate 66
is provided in a slightly spaced relationship to the plane
of the tubes 2% and a heat insulative refractory material 68
is disposed between the outer surface of the tubes and the
inner wall vf the seal plate. A plurality of tiles 70 extend
adjacent the inner wall of the tubes 24 and are interlocked
to protect the tubes from erosion.

In operation, and assuming the separator 10 of the
present invention is part of a boiler system including a

fluidized bed reactor, or the like, disposed adjacent the

880705, !tbspe.026,foster.spe,
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1 separator, the inlet formed by the bent tubes 24a and 28a
2 receives hot gases from the reactor which gases contain
3 "entrained fine solid particulate fuel material from the
4  fluidized bed. The gases contained the particu}até material
S thus swirl around the annular chamber defined between the
6 cylinder 32 and the inner pipe 61 and the s0lid particles
7 are propelled by centrifugal forces against the inner wall
8 of the cylindér 32 where they collect and fall downwardly by
9 gravity into the hopper in a con&entional manner.

10 The relatively clean gases in the annular chamber are
11 prevented from flowing upwardly by the roof 52 and thus pass
12, into and through the inner pipe 61 before exiting in a
13- direction shown by the arrows in Fig. 1 through an outlet
14 defined by the sidewalls connected to the headers 48 and 50.
15 It is understood that a plurality of screen tubes (not
16 shown) can be provided in the path of the gases exiting in
17 this manner and the gases can then pass to a heat recovery
18 area disposed adjacent the separator 10.

19 Water from an external source is passed into the
20 headers 12, 14, 18 and 20 and thus passes upwardly throuvgh
21 the groups of tubes 24, 26, 28 and 30 before exiting, via
22 the headers 48, 50, 54 and 56, to external circuitry which
23 may form a portion of the boiler system including the
24  separator 10,

25 Description of the Preferred Embodimesnt

26 Referring to Fig. 3 of the drawings, the reference
27 numeral 10a refers in general to the cyclone separator of
28 the present invention which includes a lower ring lheader 12a

29 and an upper ring header l4a. The header 12a extends

880705, !tbspe.026,Ffoster.spe,
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immediately above, and is connected to, a hopper Y%é
disposed at the lower portion of the separator 10a. i

A group of vertically-extending, spaced, parallel tubes
20a are connected at their lower end to the header 12a and
extend vertically for the greater parts of their lengths to
form a right circular cylinder 22a.

A portion of the tubes 20a are bent out of the plane of
the cylinder 22a, as shown by the reference numerals 20a, to
form an inlet passage 24a to the interior of the cylinder
for reasons that will be described.

At the the upper end of the cylinder 22a the tubes 20a
are bent radially insardly as shown by the reference numeral
20ba, and then upwardly as shown by the reference numeral
20ca to define a circular opening which, of course, is of a
diameter less than that of the diameter of the cylinder 22a.
The tubes 20a are then bent radially outwardly as shown by
the reference numeral 20da, with their respective ends being
connected to the upper header l4a. The tube portions 20ba
thus form a roof for the cyclone.

A plurality of vertical pipes 28a extend upwardly from
the upper header l4a, it being understood that the lower
header 12a can be connected to a source of cooling fluid,
such as water, or steam, which passes from the header 12a,
through the tubes 20a, and into the upper header l4a before
being discharged, via the pipes 28a, to external equipment.
The direction of £low for the cooling fluid could also be
reversed.

An inner pipe, or barrel, 30a is disposed within the

cylinder 22a, is formed from a solid, metallic material,

880705, !tbspe.026, foster.spe,
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such as stainless steel, and has aﬁ upper end portion
extending slightly above the plane formed by the header léa
and the upper tube portions 20da. The pipe 30a extends
immediately adjacent the tube portions 20ca, and its length
approximately coincides with the inlet passage formed by the
bent tube nortions 20a. Thus, an annular passage is formed
between the outer surface of the pipe 30a and the inner
surface of the cylinder 22a, for reasons that will be
described, and the tube portions 22ba form a roof for the
chamber.

The tubes 20a are disposed between an insulative
material and an erosion preventing structure which are
omitted from Fig. 1 for the convenience of presentation but
which are shown in Fig. 2. More particularly, a fin 32a is
welded to, and extends from, the ad jacent walls of each pair
of adjacent tubes 20a. A lagging, or panel 34a of a
lightweight material, such as aluminum, 1s provided in a
slightly spaced relationship to the plane of the tubes 20a,
and a heat insulative material 36a is. disposed between the
outer surface of the tubes 20a and the inner wall of the
lagging 34a. A plurality of tiles 38a extend adjacent the
inner wall of the cylinder 22a and are connected by anchors
40a extending from the fins 32a. A layer of refractory 42a
is designed tetween the tiles 38a and the tubes 20a.

It is understood that an upper hood, or the like (not
shown), preferably rectangular in cross section, can be
provided above the plane formed by thez upper header lé4a and
the tube portions 20da and can be counnected to the pipe 30a

by a plurality of conical plates or the like (not shown).

880705, tbspe.026,foster.spe,



A, A A AR A e b i 5

- 11 -

/

\

1 The hood can be top supporgéd from the ror =7 he structure
2  in which the separator 10a is placed and the remaining
3. portion of the separator can hte supported from hangers
4 connected to header l4a, or pipes 28a.

5 In operation, and assuming the separator 10a of the

o

present invention is part of a boiler system including a

7 fluidized bed reaction, or the like, disposed adjacent the

8 separator, the inlet passage 24a formed by the bent tube
9 ‘portions 20a receives hot gases from the reactor which gases
! 10 centain entrained finc solid particulate fuel material from

‘ 11 the fluidized bed. The gases containing the particulate
eted! 12 material thus enter and swirl around in the annular chamber
o 4 13 defined between the cylinder 22a and the inner pipe 30a, and

14 the entrained solid particles are propelled bhy centrifugal

¢ og

®o0s’ 15 forces against the inner wall of the cylinder 22a where they
ENTY 16 collect and fall downwardly by gravity into the hopper 1l6a.

s 17 The relatively clecan gases remaining in the annular chamber
18 are prevented from flowing upwardly by the roof formed by
oo 19 the tube portions 20ba and their corresponding fins 32a, #13
20 thus enter the pipe 30a through its lower end. The gases
21 thus pass through the length of the rcipe before exiting from
22 the upper end of the pipe to the aforementioned hood, or the
23 1like, for directing the hot gases to external equipment for
24 further use.
25 Water, or steam from an external source is passed into
26 the lower header 12a and passes upwardly through the tubes
27 20a before exiting, via the upper header l4a and the pipes
28 28a, to external circuitry which may form a portiou uf the

29 boiler system including the separator LCa. The walaxr thus

880705, !tbspe.026,fnater.sye,
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maintains/éhe wall of c{lindcr 22a at a relatively 1low
tempaerature.

Referring to Figs. 5 and 6 of the drawings, the
reference numeral 10b refers in general to the cyclone
separator of the present inve.ction which includes a lower
ring header 12b and an upper header 14b. The header 12b
extends immediately above, and is connected to, a hopper 16b
disposed at the lower portion of the separator 10b. '

A group of vertically-extending, cpaced, parallel tubes
20b are connected at their lower ends to the header 12b and
extend vertically for the greater parts of their lengths to
form a right circular cylinder 22b, '

A porﬁien of the tubes 20b are bent out of the plane of
the cylinder 22b, as shown by the reference numerals 20ab,
and, as shown in Fig. 2, approximately half of thess bent
tube fortions are bent away from the other half to form an
inlet passage 24b 1o the interior of the cylinder for
reasons that will be described.

At the upper end of t'.~ cylinder 22b and tubes 20b are
bent radially inwardly, as shown by the feference numeral
20bb, and then upwardly as shown by the reference numeral
20cb, to define a circular opening which, of course, is of a
diameter less than that of the diameter of the cylinder 221b,
The tubes 20b are then bent radially outwardly as shown by
the reference numeral 204b, and a portion of these bent tube
portions 20db are bent upwardly as shown by the reference
numeral 20eb. As better shown in Fig. 2 the best tube
portions 20eb form approximately one-half of a right

civcular cylinder 26b. The remaining portions of the bent

8380705, ! tbspe.026,foster.spe,
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;tube portions 20db extend horizohtally are bent at right

"angles in a horizontal plane, and then verticaliy, as shown

by the reference numeral 20fb, to form two vertically
extending, spaced walls one of which is shown by the
reference numeral 28b. The tube portions 20eb and the
vertically extending hLube portions 20fb ar * bent to form
horizontai tube portivns 20gb which form a rocf 30b for an
enclosure 32b defined bty the tube portions Zbdb the partial
cylinder 2€6b and the walls 28b.

The enclosure 32b has an outlet opening 32ab which

discharges to a heat reco-ery area, shown in general by the

reference numeral 36b. '

The lower header 12b can be connected to a source of
cooling fluid, such as wat¢r=which-pa53és from the header
12b, through the tubés QOb, and into ‘the uppef Header 14b
which is converted_to a header 37b forming a portion of the

water flow circuitry of the heat recovery area 36b.

An inner pipe, or barrel, 38b is disposed within the

¢ylinder 22b, is formed from a solid, metallic material,

such as stainless steei; and has an upper end portion

extending slightly.above the plane of the tube portions

20db. THe pipe 38b extends immediately adjacent the tube
portions 20¢b, and its izngth substantially coincides with
the inlet passaée formed by the bent tube portions 20ab.
Thus, an annular Chamber 34b is formed between the outer
surface of the pipe 38b and the innef surface of the
cylinder 22b, and the tube portions 20bb form a roof for
said chamber.

The tubes 20b are disposed between an insulative

i
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material and ar erosion preventing structure which are
omitted from Fig. 2 for the convenience of presentation but
which are shown in Fig. 3. More particularly, a fin 40b is
welded to, and extends from, the corresponding walls of each
pair of adjacent tnbes 20b. A lag,  'ng, or panel 42b of a
lightweight material, such as aluminun. is provided in a
slightly spaced relationship to the plane of tubes 20b, and
a heat insulative material A4b is disposed between the outer
surface of the tubhes 20b sund the inner wall of the lagging
34b. A plurality of tiles 46b extend adjacent the inner wall
of the cyvlinder 22b and are connected by anchors 48b
extending from the inner walls of tubes 20b. A layer of
rafractory material 50b is disposed between the tiles 46b
and the tubes 20b.

In operation, and assuming the separator 10L of the
present invention is part of a bYoiler system including a
fluidized bed reactor, or the like, disposed adjacent to the
separator, the inlet pzssage 24b formed by the bent tube
portions 20au receives hot gases from the reactor which
gases contain entrained fine solid particulate fuel, ash,
limestone, etc. from the fluidized ved. The gases containing
the particulate wmaterial thus enter and swirl around in the
annular chamber 34bh defined between the cylinder 22b and the
inner pipe 38b, and the entrained solid particles are
propelled by centrifugal forces against the inner wall of
the ¢ylinder 22b where they collect and fall downwardly by
gravity into the hopper 16b. The relatively clean gases
remaining in the annular chamber 34b ar¢ prevented from

flowing upwardly by the roof formed by the tube portions

880705, !tbspe.026,foster.spe,
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20bkb and their corresponding fins 40b, and thus enter the
pipe 38b through its lower and. The gases thus pass through
the length of the pipe 38b before exiting from the upper end
of the pipe to the enclosure 32b which directs the hot gases
radially outwardly to the heat recovery area 36b.

Water or steam from an external source is passed into
the lower header 12b and passes upwardly through the tubes
20b before exiting, via the upper header 14b to the header
37b of the heat recovery area 36b. The water thus maintains
the cylinder 22b and the enclosure 32b at a relatively low
temperature.

' Several advantages result from the foregoing
arrangement. For example, the cyclone separator of ‘the
present invention reduces heat losses and minimizes the
requirement for internal refractory insulation. Also, the
bulk, weight, and cost of the separator of the present
inivention is much less than that of conventional separators.
The separator of the present invention also eliminates the
need for expensive high temperature refractory-lined
ductwork and expansion joints between the reactor and
cyclone separator, and between the latter and the heat
recovery section.

Further, the cyclone separator can be put into use
relatively quickly without any warm-up period, and the
temperature of the outer walls of the separator can be
maintained the same as the temperature of the walls of the
adjoining reactor.

Still further, by utilizing the upper end portions «f

the tube groups to form a xoof, the requirement for

880705, !tbspe.026,foster.spe,
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1 additional roof circuitry is eliminated. /’!

}
It is understood that several variations may be made in

DY

3 the foregoing without departing from the scope of the
invention. For example, the fins 62 and 64 extending from

each tube can be welded together to form a gas tight

(o) N O S

structure or, alternatively, can be eliminated and the tubes
7 welded directly together.

8 . The entire contents of the provisional +pecifications
9 lodged with Australian Patent Applicationg ¢f which this is
10 the complete specification are hereby imported into this
11 gpecification and form part: of the disclosure of this
12 specification. The claims form part of the disclosure of

12 this specification.

880705, !tbspe.026,foster.spe,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

.1l.- A cyclone separator comprising an inner cylinder; an

oufer cylihder extending around said inner cylinder in a
coaxial relationship to define an annular chamber between
the two cylinders, said outer cylinder comprising a
plurality of tubes extending vertically (in use) in a
parallel relationship for at least a portion of their
lengths, said plurality of tubes being arranged in a side-
by-side relationship to form said outer cylinder, a portion
of said tubes being bent from the plane of said outer
cylinder to form an inlet opening in a ‘tangential
relationship to said outer cylinder for receiving gases
containing solid particles and directing same through said
annular chamber for separating the solid particles from

said ¢ases by centrifugal forces, the separafed gases

~ exiting through said inner cylinder and the separated

solids falling to the bpttom.of-said bufer cylinder for
disposal,-said tubés being:bent radially inﬁardly towards
said inner cylipder~such that they are adapted to support
said inner cylinder, means for péssing water-steam through.
said tubes to cool said oufer cylinderf and a plurality of

support +tubes connected to said outer cylinder for

supporting said separator from a building or structure.

2. A cyclone separator according to claim 1, wherein
upper portions of séid plurality of tubes are bent across
the upper end of said outer cylinder to form a roof.

3. A cyclone separator according to claim 1 or claim 2,

jcspe.023/foster 91 9 23
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wherein upper and lower end portions of said plurality of
tubes are configured to form two opposite side walls of an
enclosure and the intermediate portion of said tubes are
bent into said cylindrical configuration.
4. A cyclone separator according to any precedirig claim,
wherein the tubes of said plurality of tubes are :lisposed
in a spaced relationship.
5. A cyclone separator according to any preceding claim,
wherein each tube has' a continuous fin extending from
diametrically opposite portions thereof for the length of
said tube.
6. A cyclone separator according to any preceding claim,
further comprising refractory means extending around the
inner and outer surfaces of said outer cylinder.
7. A cyclone separator according to any preceding claim,
wherein said support tubes are adapted to support said
separator from a roof of said building or structure.
DATED this 23 September 1991
CARTER SMITH & BEADLE
Fellows Institute of Patent Attorneys of Australia
Patent Attorneys for the Applicant:

FOSTER WHEELER ENERGY CORPORATION
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