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Abstract of the Disclosure

In summary a device for removing airborne particulate of the present invention
includes at least one chamber having an airstream inlet at an upstream end and an airstream
outlet at a downstream end, an air mover cooperating with the at least one chamber so as to
urge an airborne particulate laden airstream into the at least one chamber through the inlet,
along a tlow path through the at least one chamber, and out of the at least one chamber through
the outlet, at least one water sprayer mounted to the at least one chamber for mixing a spray of
water with the airstream 1n the flow path, at least one slurry collecting element mounted
entirely across and in the flow path so as to seal across the chamber to prevent bypass of the
airstream around the collecting element, the collecting element downstream of the water
sprayer, the at least one slurry collecting element including at least one array of slurry
collecting members mounted so as to pass at least a portion of the airstream through the array,
the at least one chamber having a slurry remover therein for removing from the at least one

chamber slurry collected by the at least one slurry collecting element.
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AIRBORNE PARTICULATE REMOVAL APPARATUS

Field of the Invention

This invention relates to an apparatus for removing airborne particulate,

including dust, from an airstream.

Background of the Invention

This invention has particular application in cleaning the contaminated air being
drawn from gritblasting operations in preparation of thermal coating in a coal fired boiler. The
Invention may also be applied to provide air cleaning for grit blasting operations in preparation
for spray painting and to remove paint particulate from the contaminated airstream. The
invention may also be used for cleaning the air from such operations in vessels and structural

steel as defined below.

The term boiler 1s used herein to include, without limiting, boilers fired with
diesel or wood waste and chemical recovery boilers. The term vessel is used herein, without
limiting, to include storage tanks, continuous or batch digesters, refining columns and the hulls
or interiors of ships. The term structural steel is used herein to include, without limiting,

supporting steel for boilers, supporting steel for vessels, bridges, and control gates for dams.

In the past, cleaning of contaminated air in such applications has been achieved
by large electric driven or engine driven fans drawing the air through cyclones, a series of
filters, or a combination of both. These "dust collectors" as they are referred to in the industry
are large and heavy and usually mounted on large trucks or flatbed trailers and quite often
cannot be located adjacent to the worksite, thus requiring the use of long lengths of pipe or

flexible ducting to transport the contaminated air. They may have self-cleaning filters or bags.

Over time the filters or bags have to be replaced.
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Summary of the Invention

Accordingly, 1t 1s an object of the present invention to at least partially
overcome the disadvantages of the prior art by providing apparatus for particulate removal
adjacent to one or more selected work sites and to provide for sizing the apparatus to

correspond to the scope of work being performed.

To this end, in one of its aspects, the invention provides the ability to locate the
apparatus adjacent to a selected worksite. This is facilitated by the apparatus being relatively
lightweight, portable, modular and consequently, its ability to be relative quickly assembled at
the worksite. The components may be adapted for transport in a freight or personnel elevator
such as commonly employed 1n industrial plants. The apparatus can also be sized to

accommodate a small worksite or plurality of worksites.

The apparatus includes in one embodiment, elements constructed of panels of
plastic grid and mesh held together in a "C" channel around the perimeter of the panels. Water
manifolds having substantially the same outer dimensions as the elements are provided for
mounting upstream of each element. The manifolds have orifices pointing generally inwards
in the plane of the manifold frame. The water manifold is hollow so as to form a manifold

supplying water to the orifices. The orifices are sized to create a mist or spray.

A plurality of elements and manifolds are mounted 1n at least one chamber, so
as to extend laterally from each side and from top to bottom of the chamber thus preventing
airflow bypassing around the elements. The contaminated airstream 1is thereby forced or
drawn through the chamber through the elements and manifolds. The chamber or a plurality of
interconnected chambers may be mounted on, so as to be supported by, a system scaffold, such

as the Layher-type scaffold. In each chamber, as the particulate laden airstream passes through

the manifold, water droplets in the mist or spray from the manifold may adhere to the airborne
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particulate and then either fall into a collection hopper, or otherwise be mixed into, so as to
mingle with and be carried by the airstream. As the mist in the airstream passes through the
corresponding element some or many of the particulate laden water droplets contact and
adhere to the surfaces of the array of grids or mesh in the elements. The water droplets
coalesce on the surfaces of the grids or mesh until blown or drawn by gravity from the grids or

mesh so as to fall into the hopper. In this manner particulate are removed from the airstream.

Solid panels form sides, ends and top of each chamber. The floor of each
chamber may be formed as a collection hopper or funnel or catch-trough or the like for
collecting the slurry of water and particulate. In one embodiment, the hopper directs the slurry
to a drain. A drain line may take the slurry from the drain to a settling tank. The tank may
have a plurality of weirs to promote settling out of the sediment. A submersible pump may be
located in the downstream-most settling compartment to pump the water back into the
manifolds so as to recirculate and reuse the water. This is useful, as the system is intended to
be temporary and as it lends to the portability of the system so as to operate more unintrusively

in a plant and eliminates the need to dump large quantities of water or slurry.

The power source may be a pneumatic, 1.e. air powered, air mover such as an
air reaction fan, or other in-line air moving or other air motivating means, which is relatively
compact, lightweight and capable of moving relatively large volumes of air. Air reaction fans
are well adapted because they may be shock-proof in wet conditions and safe in volatile

atmospheres when properly grounded.

The contaminated air is drawn into the chambers through an inlet on the
upstream end of the first, 1.e. upstream, chamber. The airstream then passes through a plurality
of elements in each chamber, although a plurality of chambers may not be required depending
on the demands of the specific application. Each element 1s mounted in the chamber so as to
seal across the chamber to prevent airflow bypassing the element. Otherwise it has been found

that an airflow bypass reduces the efficiency of slurry extraction. Each element has a
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corresponding water sprayer such as a perforated manifold mounted adjacent or to the
upstream side of the element. A space is provided between elements for example when the
elements are mounted at either end of a chamber at the edges of the hopper. Adjacent
chambers are connected by, for exampie, a short duct. The second or additional chambers may
have the same dimensions as the first chamber and contain the same plurality and arrangement
of elements and corresponding water sprayers or manifolds. The air mover as described above
may be mounted at the downstream end ot the second or downstream-most chamber. The air
mover may be mounted on the end panel or on the roof of the downstream chamber to suit the
particular application. A smooth duct mounted to the air mover carries the moisture laden air

to a remote exhaust location where 1t will not affect other worksites.

In the upstream chamber, the upstream element or element and manifold pair
may be inclined downstream so as to leave the foot or base of the element against the edge of
the hopper, thereby providing an airspace or gap between the inlet and that element. This
allows the airstream to better mix and more uniformly spread out into the chamber before
impinging the first or Lipstrearn grids or mesh in the upstream element. This spreading
introduces a more uniform flow rate across the face of the element and a more uniform flow
rate through the entire area of the element to optimize the etficiency of coalescing ot the slurry
on the grid or mesh members. Inclining the element also increases the apparent surface area of
the grids or mesh as the airflow impinges the grids or mesh at an angle. The downstream-most
element may be inclined upstream from a base edge in contact with the downstream edge of

the corresponding hopper.

In summary a device for removing airborne particulate of the present invention
includes at least one chamber having an airstream inlet at an upstream end and an airstream
outlet at a downstream end, an air mover cooperating with the at least one chamber so as to
urge an airborne particulate laden airstream into the at least one chamber through the inlet,
along a flow path through the at least one chamber, and out of the at least one chamber through

the outlet, at least one water sprayer mounted to the at least one chamber for mixing a spray of
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water with the airstream in the flow path, at least one slurry collecting element mounted
entirely across and in the flow path so as to seal across the chamber to prevent bypass of the
airstream around the collecting element, the collecting element downstream of the water
sprayer, the at least one slurry collecting element including at least one array of slurry
collecting members mounted so as to pass at least a portion of the airstream through the array,
the at least one chamber having a slurry remover therein for removing from the at least one

chamber slurry collected by the at least one slurry collecting element.
The, at least one, array may be a lattice including at least one grid.

The, at least one, rigid grid may be at least two parallel adjacent rigid grids. An

upstream-most collecting element may be inclined relative to the airstream.

The, at least two, parallel adjacent rigid grids may be offset relative to one
another so as to reduce in size an effective grid spacing in the flow path. The offset may be

substantially one-half of a grid spacing of one of the at least two parallel adjacent rigid grids.

The water may be recirculated from the slurry remover to the at least one water

sprayer.

The lattice may further include a mesh mounted parallel to the at least one rigid

grid.

The water sprayer may include a water manifold extending at least partially
around the at least one chamber. The water manifold may be a water conduit mounted
around an interior perimeter, substantially lateral cross-section of the at least one chamber, the
conduit having orifices in spaced array therearound directed into the flow path. The manitold
may be mounted within the at least one chamber. The manifold may be mounted adjacent and

parallel to the at least one lattice of slurry collecting members.
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The inlet may be an airstream diffuser so as to slow the airstream upstream of
the at least one water sprayer. The, at least one, water sprayer may be spaced apart from the

inlet so as to allow the airstream to slow in the at least one chamber upstream of the at least

one water sprayer.

Brief Description of the Drawings

Figure 1 is an 1sometric view of two interconnected chambers according to the

present invention.
Figure 1a is a sectional view along lines 1a-1a in Figure 1.
Figure 2 is a front elevation of a water manifold.
Figure 3 is a partially cut-away front elevation of one element.

Figure 4 is a side elevation of the end wall of a downstream chamber and the

air reaction fan mounted to it.

Figure 5 i1s a side elevation of a settling tank according to the present

invention.

Figure 6 is a perspective view of one embodiment of the chambers of Figure 1,

with their top panels and water supply hoses removed from clarity, and the settling tank of

Figure 3.
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Detailed Description of Preferred Embodiments

igure 1 1llustrates a chamber 10 having an inlet 12 mounted on a front wall 14
of the chamber. In one embodiment, and without intending to be limiting. the area of the front
wall is not substantially less than approximately five times the area ol the initial inlet area 12a
of inlet 12 and not substantially less than approximately twice the arca of the outlet area of the
inlet. Front wall 14 may be square and may have dimensions of 4 feet on each side. The
outlet of inlet 12 may also be square and mayv have dimensions of 3 feet on each side. The

diameter of inlet area 12a may be 2 feet.

As also seen In I'igure 6. inlet 12 1s formed as a diffuser, so that the combined
effect of the inlet and the first space 16 between front wall 14 and first water manifold 18 is to
allow a rapid deceleration and expansion of a particulate laden airstream entering inlet 12 in
direction A. The diffuser may. as seen in I'igure la. have internal vanes 13 for turning the
airflow to thereby help to uniformly distribute the airflow across the lateral cross section of the
chamber. Water manifold 18 has orifices 20 as better seen in I'igure 2 which may be equally
spaced along the inside perimeter 18a of water mantfold 18, Manifold 18 may be made of
non-corroding material or have a non-corroding surface coating. The orifices may be formed

for example as 1/16 inch holes.

The manifold 1s mounted on the upstream side of each element. The manifold
and slurry collecting element 22 are sized so as to extend completely laterally and vertically
across the interior of the chamber. They may be mounted to the sidewalls 24 of the chamber
and to the roof of the chamber. They may scal the chamber by extending to the floor or edges

of the hopper.

As seen 1n Figure 3. element 22 is encased around 1ts perimeter in a channel 26.
Channel 26 has substantially a "C" shape 1n cross-section. The lowermost surface of channel

26 1s open or perforating or otherwise adapted to allow moisture accumulating on the grids or
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mesh mounted therein as better described below. to flow out of the channel. Channel 26
encases three adjacent parallel layers sandwiched within the channel. Again, the layers may be
of a non-corroding material or having non-corroding coating. The first laver may be a mesh
28. The mesh 1s the upstream layer and may have 3/16 inch mesh openings. or for example
openings generally in the range ot 4 - 74 inch. Mesh 28 may be expanded or flat rolled metal

mesh. Mesh 28 may provide an approximate 30) - 40 percent obstruction in the flow.

T'he second and third layers may be overlaved grids 30 and 32. Grids 30 and 32
may each have the same grid size, that i1s. the openings between the erid members are uniform
across each grid and the same for each grid. For example. grids 30 and 32 may each have 3/4
inch square grid openings. However, grids 30 and 32 are offsct both vertically and laterally in
their parallel plancs by an amount equal to 1/2 of one grid opening. that is. offset relative to
one another by a distance equal to 1/2 of the distance between individual erid members
(equating to 3/8 inch in the example given) so that the apparent grid aperture size to the
particulate moisture laden airstream passing through mesh 28 and erids 30 and 32 1s 1/4 that of
the size of the grid opening for each individual grid (equating to 3/16 inch square in the
example). This increases the probability of water droplets containing particulate impinging a
grid member so as to adhere thereto. Once water droplets start accumulating on the grid
members, and for that matter on mesh 28, the droplets may then coalesce so as to form a
stream or otherwise a constant or intermittent [low of particulate laden water, also referred to
herein as a slurry. flowing downwardly under the force of gravity mto a catch basin or hopper

34.

The particulate laden airstream continues n direction A longitudinally
downstream along chamber 10 so as to pass through a plurality of alternating water manifolds
8 and elements 22. The manifold and element pairs may, tor example. be mounted at either
end of each chamber. and the upstream-most pair inclined from vertical. for example between
vertical and 45 degrees. Depending on the quantity of arrborne particulate i the airstream,

and the volumetric flow rate of the airstream. in other words depending on the particular
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application, the number of manifolds 18 and elements 22 in the plurality of such pairs spaced
apart within the chamber, will vary. Although illustrated as two pairs of manitolds and
elements per chamber, this 1s not intended to be limiting. Nor 1s the present invention intended
to be limited to one or a plurality of chambers. The particular application, including such
factors as airborne particulate density. avatlable installation space. and the like will dictate the
number of filters and chambers. Increasing the number of water manitfold and c¢lement pairs
increases the capactty for removing particulate from the atrstrcam. but also correspondingly
increases the tlow rate ot water draining from hopper 34 through drain 36 to be recirculated to

the water manifolds from the scttling tank.

As tllustrated in Figure 4, the downstream end wall 38 of the downstream-most
chamber 10 may have an air mover such as an air rcaction tan 40 mounted thereto so as to
drawn air through a corresponding aperture in the end wall. A compressed air line 42 may
supply compressed air to air reaction fan 40. Air reaction fan 40 draws the airstream
commencing in direction A through inlet 12 downstrecam along the longitudinal length of
however many chambers 10 are linked end to end. such linkage tor example by a duct 44.
Moisture laden air drawn from the downstream-most end of the downstream-most chamber 10

by air reaction fan 40 1s exhausted through a smooth bored duct 40.

What 1s not illustrated 1s the various supporting frames ecmployed to support
chambers 10 and the various ducts, and the air recaction fan. The use of a Layher-type of
scaffold may dictate that duct 44 have a slightly smaller. that 1s a few inches or so., diameter in
lateral cross-section. llements may be mounted on the immediate upstream and downstream

sides of the duct.
As seen 1n Figures 5 and 0, slurry draining through drain 36 tlows through drain

line 48 into settling tank 50. Stepped weirs 32 separate adjacent settling compartments within

settling tank 50. The downstream-most settling tank may have a submersible pump 54

.
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mounted therein for pumping water along return line 56, through feed lines 56', back into the

water manifolds 18 so as to recirculate the water.

As will be apparent to those skilled in the art in the light of the foregoing
disclosure, many alterations and modifications are possible in the practice of this invention
without departing from the spirit or scope thereof. Accordingly, the scope of the invention is

to be construed in accordance with the substance defined by the following claims.

10
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WHAT IS CLAIMED I5:

1.

A device for removing airborne particulate comprising:

at least one chamber having an airstream inlet at an upstream end and an airstream

outlet at a downstream end,

an air mover cooperating with said at least one chamber so as o urge an airborne
particulate laden airstream into said at least one chamber through said inlet, in a tflow
direction along a flow path through said at least one chamber, and out of said at least

one chamber through said outlet,

at least one water sprayer mounted to said at least one chamber for mixing a spray of

water with said airstream in said flow path,

at least one slurry collecting element mounted entirely across and in said flow path so
és to seal across said chamber to prevent bypass of said airstream around said
collecting element, said collecting element downstream of said water sprayer, said at
least one slurry collecting element including at least two separate parallel and adjacent
rigid grids, offset relative to one another to overlap grid spacings of said grids so as to
reduce in size but not close off an effective grid opening spacing normal to said flow

direction in said flow path,

said at least one chamber having a slurry remover therein for removing from said at

least one chamber slurry collected by said at least one slurry collecting element.

The device of claim 1 wherein an upstream-most collecting element is inclined relative

to said airstream.
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The device of claim 1 wherein said offset is substantially one-half of a grid spacing of
one of said at least two separate parallel and adjacent rigid grids.

The device of claim 1 wherein said water is recirculated from said slurry remover to

said at least one water sprayer.

The device of claim 1 wherein said at least one slurry collecting element includes a
lattice and further includes a mesh mounted parallel to said at least two separate,

parallel and adjacent rigid grids.

The device of claim 1 wherein said water sprayer includes a water manifold extending

at least partially around said at least one chamber.

The device of claim 6 wherein said water manifold is a water conduit mounted around
an interior perimeter, substantially lateral cross-section of said at least one chamber,

said conduit having orifices in spaced array therearound directed into said flow path.

The device of claim 7 wherein said manifold is mounted within said at least one

chamber.

The device of claim 8 wherein said manifold is mounted adjacent and parallel to said at

least one slhurry collecting element.

The device of claim 9 wherein said at least one slurry collecting element includes a

lattice.

The device of claim 10 wherein said at least one rigid grid is at least two paraliel

adjacent rigid grids.
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The device of claim 11 wherein said at least two parallel adjacent rigid grids are offset

relative to one another so as to reduce in size an effective grid spacing in said flow
path.

The device of claim 12 wherein said offset is substantially one-half of a grid spacing of

one of said at least two separate parallel and adjacent rigid gnids.

The device of claim 9 wherein said at least one slurry collecting element includes a

mesh.

The device of claim 10 wherein said lattice further includes a mesh mounted parallel to

said at least two separate parallel and adjacent rigid grids.

The device of claim 1 wherein said inlet is an airstream diffuser so as to slow said

airstream upstream of said at least one water sprayer.

The device of claim 1 wherein said at least one water sprayer is spaced apart from said
inlet so as to allow said airstream to slow in said at least one chamber upstream of said

at least one water sprayer.

The device of claim 1 wherein said slurry remover is a drain in a floor of said at least

one chamber.

The device of claim 18 further comprising a settling tank in cooperation via a slurry

conduit with said drain for settling particulate out of said slurry.

The device of claim 1 wherein said air mover is mounted inline with said flow path.

13
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" The device of claim 20 wherein said air mover is mounted adjacent said outlet.

The device of claim 21 wherein said air mover is an air reaction fan.

The device of claim 3 wherein said at least one slurry collecting element includes a

mesh mounted parallel and adjacent to said at least two separate parallel and adjacent

rigid grids.
The device of claim 23 wherein said mesh 1s upstream of said grids.

The device of claim 24 wherein said mesh has substantially uniformly sized apertures

smaller than said effective grid spacing.

The device of claim 25 wherein said at least two separate parallel and adjacent rigid
grids are first and second grids, and wherein said mesh and said first and second grids

are mounted within a supporting frame around perimeters thereof.

The device of claim 26 wherein said supporting frame extends from opposite sides of

said at least one chamber.

The device of claim 27 wherein said at least one chamber is at least two chambers
mounted so as to have airflow communication therebetween so that said flow path
flows from an upstream chamber into downstream chambers from said inlet to said

outlet.

The device of claim 28 wherein said at least ftwo chambers are in-line and connected by

a duct.
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The device of claim 28 wherein each chamber of said at least one chamber contains a
parallel spaced apart array of alternating said supporting frames and said at least one

water sprayers.

The device of claim 30 wherein said alternating said supporting frames and said at least
one water sprayers are arranged in closely adjacent pairs, one said supporting frame

and one said at least one water sprayer per pair.

The device of claim 15 wherein said mesh is upstream of said grids.

The device of claim 32 wherein said mesh has substantially uniformly sized apertures

smaller than said effective grid spacing.

The device of claim 33 wherein said at least two separate parallel and adjacent rigid

grids are first and second grids, and wherein said mesh and said first and second grids

are mounted within a supporting frame around perimeters thereof.

The device of claim 34 wherein said supporting frame extends from opposite sides of

said at least one chamber.

The device of claim 35 wherein said at least one chamber is at least two chambers
mounted so as to have airflow communication therebetween so that said flow path
flows from an upstream chamber into downstream chambers from said inlet to said

outlet.

The device of claim 36 wherein said at least two chambers are in-line and connected by

a duct.

15



38.

39.

CA 02325166 2005-04-01

The device of claim 35 wherein each chamber of said at least one chamber contains a

parallel spaced apart array of alternating said supporting frames and said water

manifolds.

The device of claim 38 wherein said alternating said supporting frames and said

manifolds are arranged in closely adjacent pairs, one said supporting frame and one

said manifold per pair.
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