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157} ABSTRACT

An apparatus especially suitable for filtering out a par-
ticulate material from a carrier fluid such as flue gases is
disclosed herein. This assembly utilizes a main vessel
defining an interior compartment and having an inlet
and separate outlet. A number of filter assemblies are
disposed within the vessel compartment and supported
therein in spaced relationship with one another and
with the vessel itself by means of a single tubular mem-
ber which also serves as a discharge pipe between the
filter assemblies and the vessel’s outlet.

24 Claims, 3 Drawing Sheets
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VERTICALLY TIERED PARTICLE FILTERING
APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

The present invention relates generally to filtering
apparatus and more particularly to a specifically de-
signed apparatus including a number of separate verti-
cally tiered filter assemblies especially suitable for filter-
ing out particulate material from carrier fluid such as
flue gases produced by combustion or other such pro-
cesses.

One method of separating particulate material from
flue gases produced by combustion and other such pro-
cesses utilizes porous filter elements which may com-
prise a multiplicity of filter tubes supported in parallel
relationship to one another by a common support plate
or tube sheet as it is often called. The flue gases are
generally quite hot, for example 150° C., and are typi-
cally at atmospheric pressure. Under these conditions,
the filter tubes are typically made of polyester, acrylic
or glass. For pressurized fluid bed combustion (PFBC)
the resultant gases can be as high as 900° C. at gas pres-
sures from 5 to 15 times atmospheric pressure, in which
case the filter tubes are constructed of porous ceramic
or rigid sintered porous stainless steel. The particles to
be captured by the different tubes vary in size from 0.2
microns to 20 microns and can weigh in total up to 10
parts per thousand of the weight of gas or more. When
the deposit of dust on a filter element increases to 2 or
3 mm, the pressure drop steadily rises and the elements
must be cleaned by shaking the tubes, by reversing gas
flow or by means of applying high pressure gas pulses
through the filter tubes. It is desirable to achieve an
overall particle collection efficiency of at least 999%
which is required to meet certain EPA performance
standards and for protecting gas-turbine blades from
erosion and deposition in combined cycle thermal sys-
tems when the filtering method is used to clean the
gases entering such systems.

A general difficulty in the design of any industrial
filter assembly comprising a multiplicity of small indi-
vidual filter tubes of the type recited above is to prop-
erly and conveniently assemble such elements in a sin-
gle vessel. Such a vessel may be required to contain
many hundreds of tubes and the particulate laden fluid
(which may be a gas or a liquid) must enter the vessel in
such a way as to be well distributed around the individ-
ual filter tubes. Moreover, each filter tube must be
cleaned in any one of the ways mentioned above or in
any other suitable way and the particulate material
cleaned from these tubes must be collected and eventu-
ally removed from the vessel. The filtered fluid must
then be ducted from the vessel at a convenient location.
All of these requirements impose many mechanical,
thermal and aerodynamic constraints in the design and
construction of the overall filtering apparatus.

Heretofore, a typical apparatus utilizing filtering
tubes included a main vessel containing a single plate or
tube sheet for supporting the filter tubes in a vertically
depending manner. This particular type of apparatus
has a number of drawbacks. In the first place, the only
way that its filter area can be enlarged is by extending
its tube sheet diameter in order to support more filter
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tubes. This quickly leads to a practical mechanical limit.
Because the tube sheet is generally supported only at its
circumferential edge, it tends to sag at its center as a
result of increasing weight, or it must be made suffi-
ciently thick to prevent sagging which eventually be-
comes economically prohibitive. Even advanced alloy
tube sheets do not overcome this problem at high tem-
peratures. To solve this problem by providing center
supports is also impractical because of problems associ-
ated with the differential expansion and contraction due
to the relatively high temperatures. Even if this prob-
lem could be solved, assuming it would be economically
justifiable to do so, there are other drawbacks associ-
ated with increasing the size of the tube sheet to accom-
modate a larger number of filter tubes. For example, as
the tube sheet increases in size, the overall apparatus
becomes squat in shape and eventually unsuitable for
barge, rail or road transportation. Also, as the tube sheet
increases In size, the containment vessel itself must be
enlarged not only in diameter but also in thickness in
order to contain and support the tube sheet and internal
pressure. Obviously, providing a sufficiently large ves-
sel can be quite expensive and, again, economically
prohibitive.

While it may be possible to increase filtering capacity
of an apparatus of the type just described by increasing
the lengths of its filtering tubes, this is, of course, self-
limiting also. Moreover, some rather attractive new
advanced ceramic filter tubes have become available
but cannot be made any longer than about 1.5 meters.
Thus, 1n order to expand the filtering capacity of the
apparatus of the type described above, utilizing these
particular filter tubes would require extending the tube
sheet diameter and therefore result in the problems just
discussed.

In view of the foregoing, it is one object of the pres-
ent invention to provide a particle filtering apparatus
capable of functioning in the manner discussed above,
but without the problems associated with the apparatus
just described.

Another object of the present invention 1s t0 over-
come the problem of the prior art in an uncomplicated,
economical and yet reliable manner.

As will be seen hereinafter, the particular apparatus
disclosed herein is especially suitable for filtering out
particulate material of a predetermined minimum size
from flue gases produced by combustion or other such
processes in a relatively hot and even pressurized envi-
ronment. This apparatus utilizes a main containment
vessel defining an interior compartment having inlet
means through which the particulate laden flue gases
(or other such carner fluid being filtered) can pass in
order to enter the compartment. The vessel also in-
cludes separate outlet means through which the carrier
fluid, once filtered, can pass in order to leave the com-
partment. A plurality of filter assemblies are disposed
within the vessel compartment and are supported in
spaced apart relationship with one another and with the
containment vessel itself by means of a single support
tube also disposed within the vessel compartment. This
tube which preferably extends in a vertical direction
serves as a sole means for supporting the filter assem-
blies, and, at the same time, cooperates with these as-
semblies and the vessel’s outlet means in order to serve
as a discharge pipe for directing the filtered fluid out of
the vessel through its outlet means.

In a preferred embodiment of the present invention,
the discharge tube just recited is supported within the
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containment vessel in a vertical direction and the vari-
ous filter assemblies are located in vertically spaced
relationship to one another along the length of the tube
sO as to present a tiered configuration. In this way, each
filter assembly can have its own relatively small tube
sheet while the overall filtering capacity of the appara-
tus can be increased merely by increasing the length of
the discharge tube and the number of filter assemblies
supported thereto. While this increases the height of the
containment vessel, the wall thickness of the vessel does
not have to increase because the hoop stress due to
internal pressure is a constant. Also, because the overall
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vessel does not increase horizontally as the apparatus

increases in filtering capacity, it maybe suitably de-
signed for barge, rail or road transportation. Further,
because the filtering capacity can be increased, by ex-
pansion vertically rather than horizontally, the rela-
tively short but advanced ceramic filter tubes discussed
previously can be used without compromising capacity.

The apparatus disclosed herein will be described in
more detail hereinafter in conjunction with the draw-
ings, wherein:

FIG. 1 is a sectional elevation illustrating one em-
bodiment of the filtering apparatus in accordance with
the present invention;

FIG. 2 is an alternative detail of an aspect of the
apparatus illustrated in FI1G. 1; and

FIG. 3 is a sectional elevation of a second embodi-
ment of the filtering apparatus in accordance with the
present invention.

Turning now to the drawings wherein like compo-
nents are designated by like reference numerals
throughout the various figures, an apparatus for filter-
ing out particulate material of a predetermined mini-
mum size from flue gases produced by combustion or
other such processes is illustrated and generally desig-
nated by the reference numeral 10. This apparatus is
comprised of a main containment vessel 12 defining an
interior compartment 14, three filter assemblies 16a, 16b
and 16¢c located within compartment 14 and a single
tube 18 for supporting the filter assemblies 16 in a tiered
fashion, that is, in vertically spaced relationship to one
another. As will be seen in more detail hereinafter, tube
18 serves as the sole or substantially the sole means for
supporting the filter assemblies and, at the same time,
serves as a discharge pipe for filtered flue gases.

As illustrated in FIG. 1, vessel 12 is supported in a
vertically extending position by suitable support means
generally indicated at 20 and includes an inlet 22
through which particulate laden flue gases generally
indicated at 24 pass in order to enter compartment 14. A
deflector plate 25 may be provided across the inlet, as
shown in order to prevent direct impingement of inlet
gases onto filter element surfaces. The vessel provides a
separate outlet 26 through which the gases generally
indicated at 28 pass in order to leave the compartment
once they have been cleaned of particulate matter (of a
predetermined minimum size) by means of filtering
assemblies 16. The inlet 22 is shown in the vertical side-

wall 30 forming part of vessel 12 near the top end of the 60

latter and the outlet 26 is shown at the very top end of
the vessel, actually at the peak of a dome 32 which 1s
removably attached to the top end of sidewall 30 in a
sealed manner by suitable seal means not shown. Inlet
22 and outlet 26 are the only openings into and out of
compartment 14, except for a lowermost outlet 36 form-
ing the bottom end of a dust hopper 34 which also
serves as the bottom end of the vessel. While not shown,
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outlet 36 is provided with means for opening and clos-
ing it in a sealed manner.

As stated previously, tube 18 serves both as a sole
means for supporting filter assemblies 16 and also as a
discharge pipe for filtered flue gases. To this end, the
tube extends vertically into compartment 14 through
outlet 26, stopping short of hopper 34 at its lowermost
end. As best illustrated in FIG. 2, the tube is fixedly
supported to dome 32 in this suspended fashion by
means of support arrangement 42. This support arrange-
ment is shown including a flange 44 welded or other-
wise suitably fixedly connected to and around the tube
immediately below outlet 26 and means generally ind:-
cated at 46 for bolting the flange directly to the dome.
In this way, the tube is able to support filter assemblies
16 within compartment 14. Other suitable means could
be provided to support the tube and assemblies 16.

In order for the tube to serve as a discharge pipe it 1s
provided with three vertically spaced sections 18a, 18b
and 18c, each of which has a series of openings $0
around its circumference. In a preferred embodiment,
these openings provide as much as 20% open area in
each section. At the same time, the lowermost end of
the tube is closed off by suitable means. In this way, as
will be seen hereinafter, flue gases filtered by means of
assemblies 16, pass into the tube through openings 30
and eventually out of vessel 12 at the top end of the
tube.

Turning now to filter assemblies 16, attention is first
directed specifically to filter assembly 16¢c. As illus-
trated in FIG. 1, this assembly includes a plurality of
readily providable filter tubes 52 which may be of simi-
lar lengths as shown or of varying lengths (see assem-
blies 182 and 18b). These filter tubes are supported in
horizontally spaced vertically depending positions by
means of an uppermost support plate (or tube sheet) 54.
Accordingly, the support plate includes its own
through-holes 56 and suitable means (not shown) for
supporting the uppermost open ends of the filter tubes
within these through-holes. At the same time, the sup-
port plate is welded or otherwise suitably fixedly
mounted in a vertically extending position to the lower-
most end of tube 18, thereby also serving as the means
for closing the bottom end of this tube.

The bottom ends of filter tubes 52 are closed and the
top ends open into a common chamber 58 defined by a
hood 60 in combination with support plate 54. More
specifically, hood 60 which forms part of filter assembly
16c has a bottom open end which is fixedly connected
to and closed by the support plate 54. At the same time,
the hood extends up from the support plate around
apertured section 18c of tube 18 and may be fixedly
connected thereto or it may merely rest on or be fixedly
connected to the support plate. In the embodiment
illustrated and in a preferred embodiment, hood 60
includes an outwardly and downwardly tapering top
surface 62 which better serves to shed dust accumulat-
ing thereon, especially dust from filter assembly 16b
directly above it, since this latter assembly, and in fact,
all of the assemblies are periodically cleaned in place, as
will be discussed hereinafter.

Having described filter assembly 16c, attention is
now directed to filter assemblies 16a and 16b. This latter
assembly may be identical to filter assembly 16c, with
two exceptions. First, the filter tubes 52 forming part of
assembly 16b may vary in length to accommodate the
underlying hood 60 and, secondly, its support plate 1s
provided with a central opening [62] 63 for accommo-



Re. 34,055

S

dating the tube 18. Otherwise, assembly 16b is welded
or otherwise fixedly connected to tube 18 at the lower
end of tube section 18b, and the overall assembly in-
cludes its own hood 60. Filter assembly 16a may be
identical to filter assembly 16b to the extent that it in-
cludes the same support plate and central opening and
identical filter tubes. However, assembly 16a does not
require its own hood 60 since it can use dome 32 to this
end. Thus, the dome and underlying support plate to-
gether define a chamber 58 surrounding tube section
18a. A combination dust seal and expansion joint [62]
65 is provided between the outer circumference of the
support plate forming part of assembly 16a and the
interior surface of vessel 12 thereby sealing the chamber
58 above it and also taking into account the horizontal
expansion and contraction of the support plate.

Having described overall apparatus 10 from a struc-
tural standpoint, attention is now directed to the way in
which it functions to filter out particulate material of a
predetermined minimum size from flue gases produced
by combustion of other such processes. As stated above,
particle laden gas enters the vessel from inlet 22. At the
same time, the dust hopper is maintained in a closed
position. The pressure of the incoming gas is sufficiently
high to cause it to pass through the various filters 52 in
order to escape compartment 14. In this regard, it
should be noted that both of the filter assemblies 16b
and 16c remain out of engagement with the contain-
ment vessel, except of course indirectly through tube
18. This is possible because the tube itself provides the
sole means of support for the assemblies. As a result, the
incoming flue gases may flow unobstructed to the filter
tubes forming all three assemblies 16. The particle laden
gas surrounding these tubes is drawn into the latter
because of the differential pressure between compart-
ment 14 and the interior of the tubes which are most
likely maintained at ambient pressure through support
tube 18. As the particle laden gas passes through the
various filter tubes it is filtered and thereafter passes
through the various hood chambers 58 and into tube 18
through openings 50 for ultimate passage out of vessel
12.

In addition to the components thus far descnbed,
overall filtering apparatus 10 may be provided with
suitable means for periodically cleaning the filier tubes
$2. One such means utilizes an air pump (not shown)
connected with suitable conduit generally indicated at
66 having end sections with cooperating blowback noz-
zles 68. These end sections are shown only partially in
the hood chamber 58 of filter assembly 16b. As seen
there, three typical nozzles are located directly over
three filter tubes 52. In actuality, sufficient conduit and
the necessary number of nozzles are provided so that
each tube has a nozzle directly over it. This is true for
all three of the assemblies. The air pump is sufficiently
strong to provide bursts of air through these nozzles for
passage through the filter tubes from the inside out,
thereby blowing out accumulated particulate material.
Much of this particulate material from the filter assem-
bly 16a lands on the top surface 62 of the hood forming
part of assembly 16b and much of the particulate mate-
rial from this latter assembly falls onto the hood of
assembly 16c. Ultimately, because of the tapered shapes
of these hoods and/or because each 1s or may be pro-
vided with suitable vibrating means generally indicated
at 70, all of this accumulated particulate material falls to
the bottom of hopper [38] 34 in the form of dust. At
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periodic intervals, outlet 36 is opened and the accumu-
lated dust is removed from the hopper.

From the foregoing, it should be readily apparent
that the filtering capacity of overall apparatus 10 can be
enlarged merely by extending the containment vessel 12
and tube 18 vertically and by hanging additional filter
assemblies from the tube. Regardless of the number of
filter assemblies provided, within reason of course, the
wall thickness of the vessel itself can remain substan-
tially constant and, of course, its cross-sectional diame-
ter can remain constant. At the same time, because the
filter assemblies remain out of direct contact with the
vessel, except possibly for the uppermost filter assem-
bly, incoming flue gas can readily circulate between all
of the filter assemblies. Obviously, even the uppermost
filter assembly 16a could be provided with its own hood
and thereby out of direct contact with the containment
vessel. However, even as shown, this uppermost filter
assembly places no structural load on the vessel other
than through tube 18. Finally, it should be quite appar-
ent that overall apparatus 10 could be utilized for filter-
ing particulate matter out of all types of gases and, 1n
fact, fluids in general. The specific particulate material
(which may be either solid or in the form of liquid drop-
lets) that can be readily filtered and the size of these
particles will depend upon the particular filter tubes
selected.

Having described overall filtering apparatus 10 and
the way it functions, attention is now directed to FIG.
3 which illustrates a similar apparatus 80 having a simi-
lar containment vessel 82, a similar discharge tube 84
and three similar filter assemblies 86a, 86b and 86c. The
primary difference between apparatus 80 and apparatus
10 is that the tube 84 is supported vertically upward
from the bottom of the containment vessel rather than
being suspended downward from its top end. As a re-
sult, vessel 82 includes an inlet 88 at its top end and an
outlet 90 at its bottom end.

Alternatively, the gas inlet could be at position along
the side of vessel 82, along with a corresponding deflec-
tor plate, exactly as previously described in apparatus
10. Also, the containment vessel does not include a dust
hopper similar- to hopper 38 but merely utilizes the
bottom end of the containment vessel to collect dust.
One or more closable chutes 92 extending down from
the bottom end of the containment vessel are provided

for removing this dust.
As illustrated in FIG 3, the overall vessel 82 1s sup-

ported in the same manner as vessel 12, that is, by suit-
able support means 20. The two filter assemblies 86b
and 86c may be identical to previously described assem-
bly 16b, or assembly 86c may be provided with filter
tubes of uniform lengths. The filter assembly 86a could
be identical to assembly 16c¢ to the extent that 1t utilizes
its support plate to close the top end of the tube 84.
However, its hood 94 is different than any of the other
hoods in that it does not have to accommodate tube 84.
Of course the other difference between apparatus 80
and apparatus 10 is that the tube 84 is placed in com-
pression at its support joint, whereas the tube 18 1s
placed in tension at its support joint. Otherwise, the
various features and modifications associated with ap-
paratus 10 are equally applicable to apparatus 80.

What is claimed is:

1. An apparatus especially suitable for filtering out
particulate material of a predetermined minimum size
from carrier fluid [such as flue gases produced by com-
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bustion or other such processes,] said apparatus com-
prising:

(2) a main vessel defining an interior compartment
and having inlet means through which a particulate
laden carrier fluid can pass in order to enter said
compartment and separate outlet means through
which said carrier fluid, once filtered, can pass in
order to leave said compartment;

(b) a single vertically extending outlet pipe disposed
within said compartment in a specific position out
of the way of said inlet means so as not to prevent
said particulate laden fluid from passing into said
compartment through the inlet means and cooper-
ating with said outlet means so that the entering
fluid, once filtered, must first pass into the pipe
before it can leave the vessel compartment through
said outlet means, said pipe including a plurality of
vertically spaced-apart inlet defining pipe sections
along its length having their own inlet means into
the pipe for the passage therein of fluid, once the
latter has been filtered;

(c) means for supporting said pipe in said specific
position within said compartment;

(d) a plurality of vertically spaced filter assemblies,
equal in number to said inlet defining pipe sections,
connected with and supported substantially solely
by said single outlet pipe at spaced-apart locations
along [the latter adjacent respective ones of} said
pipe [sections but otherwise unconnected with
one another], each of said assemblies cooperating
with its adjacent inlet defining pipe section for
allowing particulate laden fluid within said com-
partment to enter said pipe through the inlets in
said adjacent pipe section while filtering out partic-
ulate material of said predetermined minimum size,
whereby particulate laden fluid entering the vessels
leaves it in a filtered condition.

2. An apparatus according to claim 1 wherein said
vessel includes a top end, an opposite bottom end and a
circumferential side extending therebetween and
wherein said outlet pipe extends substantially vertically
within said compartment from one of said top and bot-
tom ends.

3. An apparatus according to claim 2 wherein said
vessel outlet means is located at the top end of the vessel
and wherein said means for supporting said pipe in-
cludes means for supporting it only at the top end of
said vessel around the outlet means of the latter.

4. An apparatus according to claim 2 wherein said
vessel outlet means is located at the bottom end of the
vessel and wherein said means for supporting said pipe
includes means for supporting it only at the bottom end
of said vessel around the outlet means of the latter.

§. An apparatus according to claim 2 wherein said
plurality of filtering assemblies includes at least three
such assemblies including an uppermost one and a low-
ermost one located nearest the top and bottom ends of
said outlet pipe, respectively.

6. An apparatus according to claim § wherein at least
those filtering assemblies located between said upper-
most and lowermost ones are entirely unconnected with
said vessel, either directly or indirectly, except by
means of said outlet pipe.

7. An apparatus according to claim 6 wherein said
vessel outlet means is located at the top end of the ves-
sel, wherein said means for supporting said outlet pipe
includes means for supporting it only at said top end
around said vessel outlet means, wherein said lower-
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most filtering assembly is entirely unconnected with
said vessel, either directly or indirectly, except by
means of said outlet pipe, wherein said uppermost filter-
ing assembly is entirely unconnected with the circum-
ferential side of said vessel, and wherein the inlet means
into said vessel is located in the circumferential side of
the vessel, whereby any particulate laden fluid entering
the vessel’s compartment through its inlet means is able
to reach all ofthe filtering assemblies therein.

8. An apparatus according to claim 6 wherein said
vessel outlet means is located at the bottom end of the
vessel, wherein said means for supporting said outlet
pipe includes means for supporting it only at its bottom
end around said vessel outlet means, wherein said up-
permost and lowermost filtering assemblies are uncon-
nected with said vessel, either directly of indirectly,
except by means of said outlet pipe, whereby any partic-
ulate laden fluid entering the vessel’s compartment
through its inlet means is able to reach all of the filtering
assemblies therein.

9. An apparatus according to claim 2 wherein each of
said filter assemblies includes means defining a chamber
around its adjacent inlet defining pipe section, plate
means forming part of said chamber defining means and
including through-holes serving as the only openings
into said chamber from said vessel compartment, and
means cooperating with all of said through-holes for
allowing particulate laden fluid within said compart-
ment to pass into said chamber through said through-
holes while filtering out said particulate material,
whereby the filtered fluid thereafter passes into said
outlet pipe and ultimately out of said vessel.

10. An apparatus according to claim 9 wherein the
filtering means of each of said filter assemblies includes
a plurality of filter tubes, equal in number to said
through-holes in the assembly’s plate means, each of
said filter tubes cooperating with an associated one of
the through-holes and being designed such that particu-
late laden fluid within said vessel compartment must
pass through the filter tube before reaching its associ-
ated through-hole.

11. An apparatus according to claim 10 wherein each
of said plate means extends horizontally and wherein
each of said filter tubes forming part of each of said
assemblies is connected to the underside of that assem-
bly’s plate means around its associated through-hole
and depends vertically downward therefrom.

[ 12. An apparatus especially suitable for filtering out
particulate material of a predetermined minimum size
from carrier fluid such as flue gases produced by com-
bustion or other such processes, said apparatus compris-
ing: |
~ (a) a main vessel defining an intenor compartment

and having inlet means through which a particulate
laden carrier fluid can pass in order to enter saxd
compartment and separate outlet means through
which said carrier fluid, once filtered, can pass in
order to leave said compartment;

(b) an outlet pipe disposed within said compartment
in a specific position out of the way of said inlet
means sO as not to prevent said particulate laden
fluid from passing into said compartment through
the inlet means and cooperating with said outlet
means so that the entering fluid, once filtered, must
fist pass into the pipe before it can leave the vessel
compartment through said outlet means, said pipe
including a plurality of spaced-apart sections along
its length having their own inlet means into the



Re. 34,055

9

pipe for the passage therein of fluid, once the latter
has been filtered;

(c) means for supporting said pipe in said specific
position within said compartment;

(d) a plurality of filter assemblies, equal in number to
said inlet defining pipe sections, connected with
and supported substantially solely by said pipe at
spaced-apart locations along the latter adjacent
respective ones of said pipe sections, each of said
assemblies cooperating with its adjacent inlet defin-
ing pipe section for allowing particulate laden fluid
within said compartment to enter said pipe through
the inlets in said adjacent pipe section while filter-
ing out particular material of said predetermined
minimum size, whereby particulate laden fluid en-
tering the vessels leaves it in a filtered condition,
said chamber defining means forming part of each
of said filter assemblies below the uppermost one
on said outlet pipe including its own hood separate
from said vessel disposed above its plate means.}

13. An apparatus according to claim [12] 24
wherein said plurality of filtering assemblies includes at
least two such assemblies including an uppermost one
and a lowermost one located nearest the top and bottom
ends of said outlet pipe.

14. An apparatus according to claim 13 wherein the
chamber defining means forming part of the uppermost
one of said assemblies also includes a hood identical to
the hoods forming parts of the other assemblies.

15. An apparatus according to claim 13 wherein the
chamber defining means forming part of the uppermost
one of said filter assemblies includes the top end of said
vessel, its plate means and means for connecting its top
and plate means together in sealing epgagement.

16. An apparatus according to claim 13 including
means for periodically cleaning the filter tubes of each
assembly, while in place within said vessel compart-
ment by loosening at least some particulate material
accumulated on the filters, thereby causing said loos-
ened material to fall to the bottom of said compartment.

17. An apparatus according to claim 16 wherein said
cleaning means includes means for directing periodic
streams of pressurized fluid through said filter tubes
from the chamber sides of their associated through-
holes whereby to loosen said accumulated particulate
material.

18. An apparatus according to claim 16 wherein each
of said hoods tapers downward from said outlet pipe
whereby to more readily shed particulate material accu-
mulating thereon.

19. An apparatus according to claim 18 wherein each
of said filter assemblies including a hood also includes
means for vibrating its hood to further facilitate shed-
ding of particulate material accumulated thereon.

20. An apparatus especially suitable for filtering out
particulate matenal of a predetermined minimum size
from a carrier fluid [such as fluid gases produced by
combustion or other such processes], said apparatus
comprising:

(a) a main vessel defining an interior compartment
having inlet means through which a particulate
laden carrier fluid can pass in order to enter said
compartment and separate outlet means through
which said carner fluid, once filtered, can pass in
order to leave said compartment;

(b) a plurality of separate filter assemblies disposed
within said vessel] compartment and designed to
filter out particulate material of said predetermined
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minimum size from particulate laden fluid entering
said compartment from the vessel’s inlet means;
and

(c) a single vertically extending tubular member for

supporting said filter assemblies within said com-
partment in vertically spaced apart relationship to
one another and in spaced apart relationship to the
vessel itself, said tubular member being the sole
means for supporting said assemblies within said
vessel compartment and also cooperating with said
assemblies and the vessel outlet means so as to
serve as a discharge pipe for directing any fluid
filtered by said assemblies out of said compartment
through said outlet means.

21. An apparatus according to claim 20 wherein said
plurality of filter assemblies include at least three such
assemblies and wherein none of these assemblies en-
gage, either directly or indirectly, said main vessel,
except by means of said tubular [means} member.

22. An apparatus according to claim 20 wherein said
vessel includes a top end, an opposite bottom end and a
circumferential side extending therebetween, and
wherein said tubular [means} member extends down
from the top end of said vessel and stops short of its
bottom end.

23. An apparatus according to claim 20 wherein said
tubular means extends up from the bottom end of saxd
vessel and stops short of its top end.

24. An apparatus especially suitable for filtering out

30 particulate material of a predetermined minimum size
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Jrom carrier fluid, said apparatus comprising:

(@) @ main vessel defining an interior compartment and
having inlet means through which a particular laden
carrier fluid can pass in order to enter said compart-
ment and separate outiet means through which said
carrier fluid, once filtered, can pass in order to leave
said compartment
(¢) said vessel including a top end, an opposite bottom

end and a circumferential side extending therebe-
tween and wherein said outlet pipe extends substan-
tially vertically within said compartment;

(b) an outlet pipe disposed within said compartment in a
specific position out of the way of said inlet means so
as not to prevent said particulate laden fluid from
passing into said compartment through the inlet
means and cooperating with said outlet means so that
the entering fluid, once filtered, must first pass into
the pipe before it can leave the vessel compartment
through said outlet means, said pipe including a plu-
rality of spaced-apart inlet defining pipe sections along
its length having their own inlet means into the pipe
Jor the passage therein of fluid, once the latter has
been filtered;

(¢) means for supporting said pipe in said specific posi-
tion within said compartment;

(d) a plurality of filter assemblies, equal in number to
said inlet defining pipe sections, connected with and
supported substantially solely by said pipe at spaced-
apart locations along said pipe, each of said assemblies
cooperating with its adjacent inlet defining pipe sec-
tion for allowing particulate laden fluid within said
compartment to enter said pipe through the inlets in
said adjacent pipe section while filtering out particu-
late material of said predetermined minimum size,
whereby particulate laden fluid entering the vessels
leaves it in a filtered condition;

() each of said filter assemblies including means
defining a chamber around its adjacent inlet defin-
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ing pipe section, plate means forming part of said
chamber defining means and including through-
holes serving as the only openings into said chamber
from said vessel compartment, and means cooperat-
ing with all of said through-holes for allowing par-
ticulate laden fluid within said compartmen! to
pass into said chamber through said through-holes
while filtering out said particulate material,
whereby the filtered fluid thereafier passes into said
outlet pipe and ultimately out of said vessel,

(if) each of said filtering means of each of said filter
assemblies including a plurality of filter tubes,
equal in number to said through-holes in the assem-
bly's plate means, each of said fiiter tubes cooperat-
ing with an associated one of the through-holes and
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being designed such that particulate laden fluid
within said vessel compartment must pass through
the filter tube before reaching its associated
through-hole;

(/i) each of said plate means extending horizontally
and wherein each of said filter tubes forming part of
each of said assemblies is connected to the under-
side of that assembly's plate means around its asso-
ciated through-hole and depends vertically down-
ward therefrom;

(iv) said chamber defining means forming part of each
of said filter assemblies below the uppermost one of
said outlet pipe includes its own hood separate from

said vessel disposed above its plate means.
* * =% X »
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