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The present invention relates to paint spray
booths. More particularty, the present invention re-
lates to a paint spray booth including a wet scrub-
bing apparatus for removing paint overspray from
the paint spray booth.

In paint spray booth operations, excess paint is
created which does not adhere to the object being

reduce noise and minimize paint buildup. Specifi-
cally, the paint spray booth comprises a floor cov-
ered with a flowing liquid, the floor comprising
means for defining an elongated passageway
therein. The passageway has an upper entrance
opening and a lower exit opening through which
the liquid flows downwardly as a scrubbing liquid
stream. The booth further comprises means for

painted. Such excess paint or paint overspray must 1¢ exhausting air from the booth and pulling a paint-
be removed from the paint booth to maintain a laden air stream downwardly through the openings.
proper working environment and to prepare the The entrance opening is positioned to receive the
booth for subsequent articles to be painted. air stream and the scrubbing liquid stream for
Wet scrubbers have proven particularly useful mixing in the passageway to form a mixed stream.
for the elimination of paint overspray. Wet scrub- 15 The passageway means comgprises a pair of lat-
bers use a scrubbing liquid - usually water - to erally spaced apart, longitudinally and downwardly
scrub paint particles from a stream of paint-laden extending passageway walls.
air exiting the spray-painting area of a spray booth. The booth further comprises a first and a sec-
Typically, an air stream is passed through the ond longitudinally extending concave plane. The
spray-painting area and is drawn through a floor 20  first longitudinally extending concave plate is posi-
grating. A water stream flows beneath the floor tioned under the exit opening and includes a first
grating and impacts the paint-laden air stream in a reflecting surface facing generally upwardly and
scrubbing apparatus. positioned to receive the mixed stream exiting the
The scrubbing apparatus should be speciaily exit opening.
configured to maximize contact between the water 25 The second longitudinally extending concave
stream and the air stream so as to provide highly plate is laterally spaced apart from the first con-
effective scrubbing. Generally, the scrubbing ap- cave plate and includes a second reflecting surface
paratus is designed to atomize the water stream so facing generally downwardly and positioned to op-
that maximum surface area is provided for contact pose the first reflecting surface. The first and sec-
with paint particles in the air stream. The paint 30 ond concave plates cooperate to define a longitudi-
particles impact on the water droplets and form nally extending flow chamber and a longitudinalily
aggiomerates which will not readily return to the air extending discharge opening positioned to dis-
stream. charge the mixed stream from the flow chamber.
While the wet scrubber should be designed for Advantageously, at least lower portions of the
effective atomization of the water stream, other 35 passageway walls extend into the flow chamber.
design considerations must aiso be met. The atom- Thus, noise generated by the mixed stream at the
ization of the water stream and its impact with the discharge opening and reflecting from the second
paint-laden air stream create high noise levels. The reflecting surface is directed toward the lower por-
problem is exacerbated by the high water flow rate tions. this reduces the amount of noise returning to
(e.g., 20,000 cfm for booths of a typical length) and 40 the passageway means by way of the first reflect-
the high air speed (e.g., 60 mph). The scrubbing ing surface.
apparatus should thus provide means for contain- The present invention aiso relates to a method
ing or muffling noice to reduce the amount of noiss for removing paint overspray from a spray booth.
which can rsturn to the spray painting area of the The method comprises the steps of forcing a
spray booth. 45  stream of paint-laden air downwardly through an
In addition, the turbulent flow conditions con- entrance opening into a passageway and flowing a
ducive to atomization of the water can cause the stream of scrubbing liquid into the passageway to
water stream to splash against the surfaces of the mix with the stream of paint-laden air to form a
scrubbing apparatus. Some, portions of the sur- mixed stream. The method further comprises the
faces are contacted or "washed" by the splashing 5¢ steps of flowing the mixed stream along a first
water, while other portions are likely to be left concave plate, flowing the mixed stream afong a
unwashed. Paint particles scrubbed out of the air second concave plate, and atomizng the mixed
stream tend to accumulate on the unwashed por- stream at a discharge opening to scrub paint par-
tions of the surfaces, forming an undesirabie buil- ticles from the air stream.
dup of paint. 55 Additional objects, features, and advantages of

According to the prasent invention, a paint
spray booth is provided with a first longitudinally
extending concave plate and a second longitudi-

the invention will become apparent to those skilled
in the art upon consideration of the following de-
tailed description of preferred embodiments exem-
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Fig. 3 is an enlarged end view of a paint elimi-
nation section of Fig. 1 showing a first and a
second concave plate which cooperate to define
a flow chamber for a water stream and a paint-
laden air stream.

Detailed Description of the Drawings

In a typical down draft water wash spray booth, 20 lows air flow between application section 14 and
an enclosed spray paint chamber is provided with elimination section 16. Electrostatic paint spray
a grille floor or floor grating. Air or cther gas is guns (not shown) having standard nozzle sizes and
blown into the spray chamber from above, captur- operating at standard pressures are provided in
ing excess particulates solids such as paint over- application section 14. As shown, paint overspray
spray and directing such particles through the floor 25  particles 32 generated through use of the paint
grating. Once beneath the floor grating, the paint- spray guns are captured by air stream 100 and
laden air stream is forced through a paint elimina- directed toward air flow opening 30 to reach elimi-
tion section where it mixes with a flowing water nator section 16.
stream. The water stream scrubs the paint particles Eliminator section 16 is defined at its upper
from the air stream. The air stream can then be 30  region by a ficor 34 having an upwardly facing
exhausted from the paint spray booth in an surface 36 and a downwardly facing surface 38.
environmentally-sound manner and the paint-laden Section 16 is defined at its lower end by a founda-
water can be recycled for reuse in the scrubbing tion floor 40.
operation. A flowing water stream 200 covers surface 36

Paint booths are typically elongated with an 35 of fioor 34. An overflowing water trough 42 is
entrance door or opening at one end and an exit provided at either side of floor 34 to provide water
door or opening at the other end. Products to be stream 200. A first or entrance opening 44 to a
spray painted are typically moved on conveyor passageway 46 is formed along a longitudinal cen-
means through the entrance door, longitudinally terline of floor 34. Air stream 100 and water stream
through the booth, and out the exit door. For pur- 40 200 enter first opening 44 to mix together to form a
poses of describing this invention, the term mixed stream 300.

"longitudinal” is intended to define a direction Stream 300 passes through an elimination ap-
through the booth and the terms "lateral" or paratus 50, shown in more detail in Fig. 3 and
"laterally spaced” ars intended to refer to direc- further described below. In elimination apparatus
tions away from the longitudinal direction or toward 45 50, the water component of mixed stream 300
the sidewalls of the booth. That is, for purposes of scrubs paint particles from the air component
Figs. 1 and 3, the term "longitudinal” refers to that thereof.

which lies in a plane perpendicular to the plane of After it exits elimination apparatus 50 by way of
the paper. For purposes of Fig. 2, the longitudinal a second or discharge opening 51, the water com-
diraction is the direction indicated by arrow 25. 50  ponent of mixed stream 300 (now laden with paint)

A paint spray booth 10 in accordance with the eventually flows across foundation floor 40 10 a
present invention is illustrated in Figs. 1 and 2. longitudinally extending return trench 52 formed
Paint spray booth 10 comprises an air supply sec- therein. The water component flows in trench 52 to
tion or plenum 12, a spray paint application section a location (not shown} where the "dead paint" is
or spray point chamber 14, and a paint elimination 55 removed from the water by settling or other pro-
section 16. cesses and from which the water can be redirected

Air supply section 12 is defined at its upper across surface 36 for reuse in the scrubbing or
end by ceiling 18 and at its lower end by a frame elimination step.
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diffusion panels 24, and then through filter 26,
whereupon stream 100 reaches spray paint ap-
plication section 14.

Section 14 is defined at its upper end by frame
20 and at its lower end by a floor grating 28. Floor
grating 28 is split along a longitudinal centerline
thereof to provide a space through which an air
flow opening 30 extends. Air flow opening 30 ai-
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vertically arrang@é moisture eliminators 54, which
separate any remaining water droplets from the air
component. An exhaust duct 55 is provided adja-
cent moisture eliminators 54 for exhausting the
scrubbed air component from slimination section
16.

Elimination apparatus 50 and its surrounding
structure are shown in greater detail in Fig. 3. As
described below, elimination apparatus 50 is de-
signed to maintain a particular flow characteristic
between first opening 44 and second opening 51
which provides substantial turbulence to maximize
the surface area of scrubbing liquid available for
scrubbing while minimizing noise and paint buildup
in elimination apparatus 50.

As noted, water stream 200 flows over surface
36 toward first opening 44. Typically, the water (or
other scrubbing liquid) in water stream 200 stands
about four (4) inches deep on surface 36. First
opening 44 is defined by a pair of angle irons
providing longitudinally extending weirs 56. Weirs
56 function to retain nearly all of the water on
surface 36, allowing only a very thin sheet of water
(e.g., about 5/8 inch deep) to flow into first opening
44,

As shown in Fig. 3, a pair of longitudinally
extending, opposed, arcuate walls 58 border first
opening 44. The selection of the smooth conver-
gent walls 58 and the use of weirs 56 both are
motivated .in part by the desire to avoid paint
buildup in elimination apparatus 50. Advantageous-
ly, weirs 56 allow only a thin sheet of water to flow
along opposed, arcuate walls 58. Wers weirs 58
omitted, splashing might occur as water cascaded
down arcuate walls 58. It is anticipated that such
splashing would cause the water to jump over
certain portions of walls 58 so as to leave them
"unwashed."” Paint particles from air stream 100
would tend to adhere to and accumulate on the
unwashed portions, resulting in undesirable paint
buildup and concomitant loss of performance.

Splashing is also advantageously minimized by
the use of smoothly curved surfaces for wails 58. If
joined, angled plates were used, such that the
water stream was forced to cross a sharply-angled
surface, the water stream might tend to short cir-
cuit the sharply-angled surface, leaving an un-
washed area for paint buildup.

Arcuate walls 58 terminate in longitudinally and
downwardly or vertically extending wall portions 60
as shown in Fig. 3. An exit opening 62 is defined at
the lower end of vertical wall portions 60.

Wall portions 60 provide means for defining
elongated passageway 46. Passageway 46 may
also be viewed as an impaction zone in which
water from water stream 200 mixes with paint-laden
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tween walls 60, entrance opening 44, and exit
opening 62. Passageway 46 may illustratively be
about one (1) foot wide and about one and two-
thirds (1 2/3) feet long (the latter dimension being
measured along the path of air stream 100). Paint-
laden air stream 100 first impacts with water 100 in
impaction zone 48. However, most of the atomiza-
tion of the water stream 200 (and hence most of
the scrubbing action) occurs at second opening 51,
as will be subsequently described.

A pair of longitudinally and inwardly extending,
horizontally arranged plates 64 extend into first
opening 44. Advantageously, plates 84 (sometimes
referred to as “kickers") serve to reduce noise
traveling from elimination section 16 to spray paint
application section 14. In addition, kickers 64 aiso
can enhance the ability of water stream 200 to
eliminate paint particles from air stream 100 by
forcing water stream 200 to mix with air stream
100.

Specifically, water stream 200 passes through
first opening 44 and is directed into impaction zone
48, thereby forming a sheet of water 210 Shest of
water 210 forms a barrier or acoustical block to
noise generated further downstream in impaction
zone 46 or elsewhere in elimination apparatus, par-
ticularly at discharge opening 51. Sheet 210 is also
positioned directly int he path of air stream 100.
Thus, air stream 100 is forced to impact water
stream 200 to form mixed stream 300.

The means for defining passageway 46 also
includes a pair of curved plates 66. As shown,
curved plates 66 extend from floor 34 to passage-
way wall portions 60 to provide support for pas-
sageway wall portions 60. Plates 66 have larger
radii of curvature than do arcuate wails 58. How-
ever, this need not be the case. Any plate configu-
ration providing adequate support to passageway
wall portions 60 can be used and are within the
scope of the present invention. It is anticipated that
plates 66 can be eliminated in some circum-
stances. .

The means for defining passageway 46 further
includes a pair of longitudinally extending, vertically
arranged attachment plates 68 and 70. Plate 68 is
similar in length to passageway wall portions 60,
while plate 70 is of a length such that it terminates
in the same horizontal plane in which kickers 64 lie.

Advantageously, elimination apparatus 50 in-
cludes a first longitudinally extending concave plate
72 and a second longitudinally extending concave
plate 74. First concave plate 72 cooperates with
second concave plate 74 to provide a flow cham-
ber 76 for receiving mixed stream 300. Concave
plates 72, 74 are arranged to provide a flow char-
acteristic for mixed stream 300 which minimizes
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edge 78 appended to vertical plate 68 and a free
edge 80. First concave plate 72 also includes a first
reflecting surface 82 facing generally upwardly and
positioned to receive mixed stream 300 as that
stream exits exit opening 62.

First concave plate 72 has an arc angle of
somewhat less than 180° (and greater than about
150°) such that free edge 80 lies in a different
horizontal plane than does longitudinal edge 78,
giving first concave plate 72 a slightly canted ap-
pearance. In preferred embodiments, first concave
plate 72 has a radius of curvature equal to the
radius of curvature of second concave plate 74.
First concave plate 72 is illustratively positioned so
that its lowermost point is aligned along a vertical
line with one of passageway walls 60.

Second concave plate 74 has a longitudinal
edge 84 appended to vertical plate 70 and a free
edge 86. Second opening 51 is defined between
free edge 86. Second opening 51 is defined be-
tween free edge 86 and free edge 80. As shown,
free edges 80 and 86 are positioned in horizontal
alignment, to provide a longitudinally extending,
downwardly directed opening 51.

Second concave piate 74 is spaced apart lat-
erally (i.e., sideways in Fig. 3) from first concave
plate 72 and includes a second reflecting surface
88 facing general downwardly in opposition to first
reflecting surface 82. Second concave plate 74 has
an arc angle of about 80° - that is, about half of
the arc angle of first concave plate 72.

While concave plates 72 and 74 have the same
radii of curvature, the center of curvature of plate
74 is spaced apart both laterally and vertically from
the center of curvature of plate 72. Second con-
cave plate 74 has its maximum height at longitudi-
nal edge 84,

As shown in Fig. 3, plate 74 is positioned so
that second reflecting surface 88 receives the flow
of mixed stream 300 after that stream has swept
along first reflecting surface 82 of plate 72. Plate
74 is designed to redirect mixed stream 300 toward
second opening 51. Advantageously, concave
plates 72 and 74 cooperate to force mixed stream
300 along a tortuous path, making it more difficult
for noise to travel back upstream to spray paint
application section 14.

In addition, plate 74 is advantageously ar-
ranged so that second reflecting surface 88 re-
ceives noise from first reflecting surface 82 and
reflects noise toward passageway walls 60. A sub-
stantial amount of noise is thus trapped in a region
80, reducing the amount of noise which returns to
first reflecting surface 82. Passageway wall 60 thus
provides a sound baffle in flow chamber 76. Such
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Optionally, a longitudinally extending, horizon-
tally arranged plate 92 is appended to one of
passageway walls 60 at the lower end thereof. It is
thought that optional plate 92 may further contain
noise in region 90.

As noted, second opening 51 is defined by free
edges 80, 86 and is offset from. first opening 44 so
that no direct line of sight exists between the two
openings. As second opening 51 is substantially
smaller than first opening 44 (less than half the
width of first opening 44 in preferred embodi-
ments), the majority of the atomization of the water
stream occurs at second opening 51.

The basic principles underlying the scrubbing
operation which occurs at discharge opening 51
can readily be summarized by reference o three
distinct phenomena: inertial deposition, deposition
by interception, and deposition by Brownian mo-
tion. All of the phenomena involve interactions be-
tween droplets of the scrubbing liquid (e.g., water
droplets from stream 200) and individual sofid par-
ticles (usually paint particles).

Inertial deposition arises from direct coilisions
between water droplets and paint particles of simi-
lar sizes. It is known that paint particles will collide
with similarly sized water droplets and will be cap-
tured by such droplets, thus becoming removed
from or scrubbed out of the air stream. Thus,
where a water stream can be appropriately atom-
ized, larger paint particles can be captured by
inertial deposition to form paint agglomerates.

Paint particles which are small relative to the
atomized water droplets typically cannot be cap-
tured by inertial deposition. Rather, such particles
tend to "break" around the water droplet. As the
water droplet picks up speed, the paint particle
may ride alongside the water droplet. As the par-
ticle and the water dropiet move together alongside
one another at the same speed, the particle may
eventually become ‘intercepted” by the water
droplet.

For particles which are extremely small relative
to the water droplets (i.e., in the range of about one
(1) micron in size) depasition will occur, if at all, by
Brownian motion. That term as used herein refers
to the tendency of extremely smail particles to
move randomly, not identifying with either air
stream 100 or water stream 200. In fact, some such
extremely small particles might move transverse to
the flow of air and water. Deposition will occur only
when a particle happens to strike a water droplet in
such a manner as to allow the particle to diffuse
into the water droplet.

Once mixed stream 300 passes through sec-
ond opening 51, stream 300 flows along a nearly
vertical flow plate 94 illustratively appended to free
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" Angled plat is Hlustratively appended to detail’ with reference to certain preferred embodi-

first concave plate 72 at or near the iowermost
portion thereof by way of a bracket 98. Angled
plated 96 includes an upturned end 99 at the
downstream end thereof. Upturned end 99 serves
dual functions. First, it directs mixed stream 300
{and particularly the paint-laden water stream com-
ponent thereof} toward downwardly facing surface
38 to wash surface 38 on impact therewith.
Second, upturned end 99 helps separate the
water and air components of mixed stream 300 by
gravity separation. The paint-laden water compo-
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ments, variations and madifications exist within the
scope and spirit of the invention as described and
defined in the following claims.

Claims

1. A paint spray booth comprising a floor covered
with flowing liquid, said floor comprising means
for defining an elongated passageway therein
having an upper entrance opening and a lower
exit opening through which the liquid flows

nent impacts surface 38 and flows down a sidewall 15 downwardly as a stream, means for exhausting
101, eventually reaching return trench 52. Return air from said booth and pulling a stream of
trench 52 may optionaily be provided with a baffle paint particle laden air downwardly through
(not shown) to help prevent foam from traveling said openings, said entrance opening being
from return trench 52 to moisture eliminators 54. positioned to receive the air stream and the
The air component is directed toward moisture 20 scrubbing liquid stream for mixing in the pas-
eliminators 54 and thence to exhaust duct 55 as sageway to form a mixed stream, the passage-
previously described. way means comprising a pair of lateraily

To summarize the operation of elimination ap- spaced apart, longitudinally and downwardly
paratus 50, a paint-laden air stream 100 enters first extending passageway walls,
opening 44. A water stream 200 enters first open- 25 a first longitudinally extending concave
ing 4 and impacts kickers 64 to form a substantially plate under said exit opening and including a
horizontal sheet of water 210. Air stream 100 first reflecting surface facing generally upwar-
passes through sheet of water 210 and impacts dly and positioned to receive the mixed stream
with the water in passageway 46 o form a mixed exiting the exit opening, and
stream 300. 30 a second longitudinally extending concave

Mixed stream 300 flows along first concave plate laterally spaced from the first concave
plate 72 and is directed toward second reflecting plate and including a second reflecting surface
surface 88 of second concave plats 84. Mixed facing generally downwardly and positioned to
stream 300 is then directed toward second opening oppose the first reflecting surface, the first and
51, where the water component of the mixed 35 second concave plates cooperating to define a
stream 300 is substantiaily atomized so as to scrub longitudinally extending flow chamber and a
paint particles from the air component thereof. longitudinally extending discharge opening po-
Noise generated at second opening 51 in the sitioned to discharge the mixed stream from
scrubbing process can travel back to second re- the flow chamber, at least lower portions of the
flecting surface 88. Some noise wiil be reflected 40 passageway walls extending into the flow
back to first reflecting surface 82, but a substantial chamber so that noise generated by the mixed
amount will be directed against passageway wall stream at the discharge opening and reflecting
60 to be trapped in region 90. Mixed stream 300 from the second reflecting surface is directed
then exits second opening 51 and is thereafter toward the lower portions to reduce the amount
separated into a paint-laden water component and 45 of noise returning to the passageway means
a scrubbed air component, by way of the first reflecting surface.

The method in accordance with the present
invention proceeds essentially as summarized 2. The apparatus of claim 1, wherein the first
above. The method comprises the steps of pulling concave plate includes a longitudinal edge ap-
paint-laden air stream 100 downwardly through first  so pended to the passageway means and a free
opening 44 and mixing air stream 100 with water edge, the second concave plate includes a
stream 200 in passageway 46 to form mixed longitudinal edge appended to the passageway
stream 300. The method further comprises the means and a free edge, and the discharge
steps of flowing mixed stream 300 along first con- opening is defined between the respective free
cave plate 72 and flowing mixed stream 300 along 55 edges.

second concave plate 74. The method still further
comprises the step of atomizing the water compo-
nent of mixed stream 300 at second opening 51 to

3. The apparatus of claim 2, wherein the free
edges are positioned in horizontal alignment.
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96 is provided for receaiving flow from flow plate 94,

Angled plate 86 is illustratively appenced to
first concave plate 72 at or near the lowermost
portion therecf by way of a bracket 98. Angled
plated 86 includes an upturned end 99 at the
ccwnstream end thereof. Upturned end 99 serves
dual functions. First, it directs mixed stream 300
(and particularly the paint-laden water stream com-
ponent thereof) toward downwardly facing surface
38 to wash surface 38 on impact therewith,

Second, upturred end 99 helps separate the
water and air comgenents of mixed stream 300 by
gravity separation. The paint-laden water compo-
nent impacts surface 38 and flows down a sidewall
101, eventually reaching return trench 52. Return
tranch 52 may optionally be provided with a baffle
{not shown) to heio prevent foam from traveling
from return trench 52 to moisture eliminators 54.
The air component is directed toward moisture
eliminators 54 and thence to exhaust duct 55 as
previously described.

To summarize the operation of elimination ap-
paratus 50, a paint-laden air stream 100 anters first
opening 44. A water stream 200 enters first open-
ing 4 and impacts kickers 64 to form a substantially
horizontal sheet of water 210. Air stream 100
passes through sheet of water 210 and impacts
with the water in passageway 46 to form a mixed
stream 300.

Mixed stream 300 flows along first concave
plate 72 and is dirscted toward second reflecting
surface 88 of second concave plate 84. Mixed
stream 300 is then directed toward second opening
51, where the water component of the mixed
stream 300 is substantially atomized so as (o scrub
paint particles from the air component thereof.
Noise generated at second opening 51 in the
scrubbing procass can travel back to second re-
flecting surface 88. Some noise will be reflected
back to first reflecting surface 82, but a substantiai
amount will be directed against passageway wall
80 to be trapped in region 90. Mixed stream 300
then exits second opening 51 and is thereafter
separated into a paint-laden water component and
a scrubbed air component.

The methed in accordance with the present
invention proceeds essentially as summarized
above. The method comprises the steps of pulling
paint-laden air stream 100 downwardly through first
opening 44 and mixing air stream 100 with water
stream 200 in passageway 46 to form mixed
stream 300. The method further comprises the
steps of flowing mixed stream 300 along first con-
cave plate 72 and flowing mixed stream 300 along
second concave plate 74. The method still further
ccmprises the step of atomizing the water compo-
nent of mixed stream 300 at second opening 51 to
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2. The apcaratus of ciaim 1,

Aithcugh the inverucn has been Jescribed in
detail with reference tc cartain preferrsd embodi-
ments, var:ations anc mzcifications axist within the
sccpe anc spirit of the nvention as described and
defined in the following ziaims.
Claims

1. A paint spray booth comprising a floor covered
with flowing liquid, said floor comgrising means
for cefining an elcrgated passageway thersin
having an upper entrance opening ard a lower
exit ccening throuch which the liquid flows
downwardly as a stream, means for exhausting
air frcm said booth and pulling a stream of
paint particle laden air downwarcly through
said openings, saic entrance opening being
positicned to receive the air stream and the
scrubbing liquid straam for mixing in the pas-
sageway to form a mixed stream, the passage-
way means comcrising a pair of laterally
spaced apart, longitudinally and downwardly
extencing passageway walls,

a first longitucinally extending concave
plate under said exit cpening and including a
first reflecting surface facing generaily upwar-
dly and positioned !¢ receive the mixed stream
exiting the exit opering, and

a second longitucinally extending concave
plate laterally spaced from the first concave
plate and including a second reflecting surface
facing generally dcwnwardly and positioned to
oppose the first reflecting surface, the first and
secong concave piates cooperating to define a
longitudinally extencing flow chambier and a
‘longitudinally extencing discharge opening po-
sitioned to discharge the mixed stream from
the flow chamber, at least lower portions of the
passageway walls extending into the flow
chamber so that ncise generated by the mixed
stream at the discharge opening and reflecting
from the second reflecting surface is directed
toward the lower perticns to reduce the amount
of noise returning t¢ the passageway means
by way of the first reflecting surface.

wherein the first
concave plate incluces a longitudinal edge ap-
pended to the passageway means and a free
edge, the second concave plate includes a
longitucinal edge apcended to the passageway
means and a frge sdge, and the discharge
ogening :s defined terween the respective free
edges.

3. The acparatus of ciaim 2, wherein the free
edges are positionec in horizontal alignment.

is situated bel ow a

to
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ARhisheRt Ty present invention there is provided a paint spray booth
co l J ﬂor covgered with flow §ga7 bbgFi, d, said floor,conprising
me ng an elongated |ongitudinally extended passageway therein

havi ng an upper entrance opening and a | ower exit opening through -which
t he |iqui drid aspsradownwaimdhy waseid 1sChiddbbi Ng St r@aRby MIBRNS ibed a@¥d3adast paingot
ai r from s&inthvé @atehnaandrapiud bi aigvature add eam of paduak wpBRdwacl s@id liraghetionabre,

downwar dl ytht kecook) bonsae diateORe i eyl ragad d ent r ancea gient nggheinaly estihg elRed
t 0 recei veof curvature.
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appended to the respective arcuate walls and
extending horizontally into the first opening

§. The apparatus of claim 4, wherein the first upstream of the impaction zone to direct
concave plate has a center of curvature which scrubbing liquid from the arcuate walls across
is spaced apart laterally and downwardly from the first opening into the impaction zone to
a center of curvature of the second concave impact with the air stream to form a mixed
plate. 10 stream, and

longitudinally extending chamber means

6. The apparatus of claim 1, wherein the first for receiving the mixed stream from the impac-
concave piate includes a lowermost portion tion zone, the chamber means being formed to
positioned in vertical alignment with a first of include a second longitudinally extending
the pair of passageway walls. 15 opening in spaced-apart, generally parallel re-

lationship with the first opening so that no

7. The apparatus of ciaim 1, wherein the first direct line of sight exists between the first and
concave plate has an arc angle of between second openings, the chamber means further
150° and 180° and the second concave plate comprising a first longitudinally extending con-
has an arc angle of substantially half of that of 20 cave plate positioned to receive the mixed
the first concave plate. stream from the impaction zone and a second

longitudinally extending concave plate posi-

8. The apparatus of claim 1 wherein the second tioned to receive the mixed stream from the
concave plate is positioned above the dis- first concave plate and to direct the mixed
charge opening. 25 stream toward the second opening.

9. The apparatus of claim 1, wherein the dis- 13. The apparatus of claim 12, wherein the arcuate
charge opening is sized to atomize substan- walls terminate in vertical wall portions and the
tially all of the scrubbing liquid in the mixed horizontal plates are appended to the vertical
stream. 30 wall portions.

10. The apparatus of claim 1, further comprising a 14. The apparatus of claim 13, wherein the vertical
longitudinally extending, horizontally arranged wall portions extend into the chamber means a
plate appended to a lower end of a first of the sufficient distance so that noise generated at
pair of passageway walls to assist in prevent- 35 the second opening and reflected from the
ing sound reflected from the second reflecting second concave plate is directed against the
surface from returning to the first reflecting vertical wall portion.
surface.

15. The apparatus of claim 13, further comprising

11. The apparatus of claim 1, further comprising 40 a longitudinally extending, horizontally ar-
means for using the scrubbing liquid to form ranged plate appended to a lower end of a first
an acoustical block in the passageway, the of the vertical wall portions to assist in prevent
using means including a pair of plates extend- noise generated at the second opening and
ing horizontally into the passageway on oppos- reflected from the second concave plate from
ing sides thereof to direct the scrubbing liquid 45 reaching the first concave plate.
across the entrance opening to form a sheet of
liquid to reduce the escape of noise from the 16. The apparatus of claim 12, wherein the second
passageway means. concave plate is laterally displaced from the

first concave pilate.

12. A paint spray booth comprising a floor, means 50
for covering said floor with a liquid, said floor 17. The dpparatus of claim 12, wherein the first
comprising means for providing a longitudinally concave plate includes a longitudinally ex-
extending, laterally narrow first opening, means tended edge appended to the providing means
for exhausting air from said booth downwardly and a free longitudinally extending edge, the
through said first opening to form an air 55 second concave plate inciudes a longitudinally
stream, said providing means including a pair extending edge appended to the providing
of opposed, convergent, arcuate walls, the means and a free longitudinally extending
walls defining an impaction zone therebetween, edge, and the second opening is defined be-

7
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The apparatus of claim 12, wherein the first
concave plate has a radius of curvature and
the second concave plate has an equal radius
of gurvature.

The apparatus of claim 19, wherein the first
concave plate has a center of curvature which
is spaced apart lateraily and downwardly from
a center of curvature of the second concave
plate.

The apparatus of claim 12, wherein the arcuate
walls terminate in vertical wall portions and the
first concave plate includes a lowermost por-
tion positioned in vertical alignment with a first
of the vertical wall portions.

The apparatus of claim 12, where in the first
concave plate has an arc angle of between
150° and 180° and the second concave piate
has an arc angle of substantially haif of that of
the first concave plate.

The apparatus of claim 12, wherein the second
concave plate is positioned above the second
opening.

The apparatus of claim 12, wherein the second
opening is sized to atomize substantially all of
the scrubbing liquid in the mixed stream.

The apparatus of claim 12, wherein the appara-
tus is located in a housing having a ceiling, the
apparatus further comprising means for sepa-
rating the mixed stream discharged from the
second opening into a particulate-laden scrub-
bing liquid stream and a scrubbed air stream,
the separating means including a downwardly
angled plate having an upturned plate at its
downstream end so that the particulate-laden
scrubbing liquid stream and the scrubbed air
stream are directed toward the ceiling of the
housing to wash the ceiling and to separate
from the scrubbed air stream by gravity.

A method for removing paint overspray from a
paint spray booth, the paint spray booth com-
prising a floor covered with flowing liquid. said
floor comprising means for defining an elon-
gated passageway therein having an upper en-
trance opening and a lower exit opening and
including a pair of laterally spaced apart, lon-
gitudinally and downwardly extending passage-
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and downwardly extendi ng passageway

27.

28.

mxing in the X
conpri$4 ng a pair- of

pl at e under said
paing Spriy, ROt fudien

irst concave plate e irst an secon con
cave plates cooperating to define a longitudi-
nally extending flow chamber and longitudi-
nally extending discharge opening, the method
comprising the steps of: forcing a stream of
paint-laden air downwardly through the en-
trance opening into the passageway,

flowing a stream of scrubbing liquid into
the passageway to mix with the stream of
paint-laden air to form a mixed stream,

flowing the mixed stream along the first
concave plate,

flowing the mixed stream along the second
concave plate, and

atomizing the mixed stream at the dis-
charge opening to scrub paint particles from
the air stream.

The method of claim 27, further comprising of
the step of separating the mixed stream exiting
the discharge opening into a paint-laden scrub-
bing liquid stream and a scrubbed air stream.

The method of claim 27, further comprising the
steps of flowing the scrubbing liquid stream
against a pair of horizontally arranged plates to
form a substantially horizontal sheet of scrub-
bing liquid and passing the air stream through
the sheet of scrubbing liquid to form the mixed
stream.
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and second concave pl ates cooperating to _define a |ongitudinally extending
f1 ow chanber between their reflectﬁﬁdlﬁﬁﬁpﬁéé and to define a

| ongi tudi nally extendi ng discharge opening positioned to discharge the
twice deflected mxed streamfromthe flow chanber, characterized ~in that
at | east |l ower portions of the passageway walls extend into the flow
chanber so that noise generated by the m xed stream at the di scharge
opening and reflecting from the second reflecting surface is directed
toward the | ower
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portlons to reduce the anount of noise returning to the passageway by way
of the first reflecting surface. EP 0 527 002 A1 The present invention

also relates to a nethod for renoving paint overspray fromthe above
descri bed spray -
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booth. The method conprises the steps of forcing a stream of paint-laden.
air downwardly through an entrance opening into a yassageway and fl owing:.a=
stream of scrubbing liquid into the passageway to i x with the streamof: 2
palnt-laden air to form.a: mxed stream The nethod/further conpri ges the %
stzps of -flowing the m xed atreamalong a first confave plate, flewing the-

ed stream al ongsa secondgconcave plate, and atom zing the m xed stream

at a dlscharge -opeﬁlng to gprub pai nt pairlcles fromthe air streaﬁ%q%
Y - R ' PAINT SPRAY BOOTH

Background and Summary of the Invention

The present invention relates to paint spray
booths. More particularly, the present invention relates
to a paint spray booth including a wet scrubbing
apparatus for removing paint overspray from the paint
spray booth.

In paint spray booth operations, excess paint
is created which does not adhere to the object being
painted. Such excess paint or paint overspray must be
removed from the paint booth to maintain a proper working
environment and to prepare the booth for subsequent
articles to be painted.

Wet scrubbers have proven particularly useful
for the elimination of paint overspray. Wet scrubbers
use a scrubbing liquid - usually water - to scrub paint

. particles from a stream of paint-laden air exiting the
spray-painting area of a spray booth. Typically, an air
stream is passed through the spray-painting area and is
drawn through a floor grating. A water stream flows
beneath the floor grating and impacts the paint-laden air
stream in a scrubbing apparatus.

The scrubbing apparatus should be specially .
configured to maximize contact between the water stream
and the air stream so as to provide highly effective
scrubbing. Generally, the scrubbing apparatus is
designed to atomize the water stream“so that maximum
surfate .area is provided £6r contact with paint particles
in the air stream. The paint particles impact on the
water droplets and form:agglomerates which will not
readily return to the air stream. , .

While the wet scrubber should be de51gned for
effective atomization of the water stream, other design
considerations must also be met. The atomization of the

I
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Addi tional objects, features, and advantages of the invention wll becone
apparent to those skilled in - 6- t he
art upon consideration of the follow ng detail ed description of preferred
enbodi nents exenplifying the

-2 -

water stream and its impact with the paint-laden air
stream create high noise levels. The problem is
exacerbated by the high water flow rate (e.g., 20,000 cfm
for booths of a typical length) and the high air speed
(e.g., 60 mph). The scrubbing apparatus should thus
provide means for containing or muffling noice to reduce
the amount of nocise which can return to the spray
painting area of the spray booth.

In addition, the turbulent flow conditions
conducive to atomization of the water can cause the water
stream to splash against the surfaces of the scrubbing
apparatus. Some, portions of the surfaces are contacted
or "washed" by the splashing water, while other portions
are likely to be left unwashed. Paint particles scrubbed
out of the air stream tend to accumulate on the unwashed
portions of the surfaces, forming an undesirable buildup
of paint.

According to the present invention, a paint
spray booth is provided with a first longitudinally
extending concave plate and a second longitudinally
extendihg concave plate arranged so as to reduce noise
and minimize paint buildup. Specifically, the paint
spray booth comprises a floor covered with a flowing
liquid, the floor comprising means for defining an
elongated passageway therein. The passageway has an
upper entrance opening and a lower exit opening through
which the liquid flows downwérdly as a scrubbing liquid
stream. The booth further comprises means for exhausting
air from the booth and pulling a paint-laden air stream
downwardly through the openings. The entrance opening is
positioned to receive the air stream and the scrubbing
liquid stream for mixing in’the péssagéwayifb form a
mixed stream. The paSsagewd& means coﬁprises a pair of
laterally spaced apart, longitudinally and downwardly
extending passageway walls.
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best node of carrying out the invention as pfesent: jﬁggéﬁﬁy%p by the

inventor. Brief Description of the Drawi ngs, =~ ™ Figi 1 is an end

view of a paint spray booth in accordance with the;gregest \nkention with
¥

portions broken away to show the interior theﬂedf, ig. 2is a
top sectional view taken along |lines 2-2 of iFilg—4-show g an}el i m nat or
section of the paint spray booth of Fig. 1; :and kgl 3 is an

enl arged end view of a paint elimnation3sectiom6f Fig. 1 showing a first
and a second concave plate which cooperate to, define_a flow ¢hanber for a
water stream and a paiTite IBRREP A4rEheemomPr 1825 ? B FRECRIPt Ron of the
Dr awi ngs second londa tuduiesl lyloawteidfng vabecavwasplapeay Phet iirst

longitudinally extending concave plate is positioned
under the exit opening and includes a first reflecting
surface facing generally upwardly and positioned to
receive the mixed stream exiting the exit opening.

The second longitudinally extending concave
plate is laterally spaced apart from the first concave
plate and includes a second reflecting surface facing
generally downwardly and positioned to oppose the first
reflecting surface. The first and second concave plates
cooperate to define a longitudinally extending flow
chamber and a longitudinally extending discharge opening
positioned to discharge the mixed stream from the flow
chamber. _

Advantageously, at least lower portions of the
passageway walls extend into the flow chamber. Thus,
noise generated by the mixed stream at the discharge
opening and reflecting from the second reflecting surface
is directed toward the lower portions. this reduces the
amount of noise returning to the passageway means by way
of the first reflecting surface.

The present invention also relates to a method
for removing paint overspray from a spray booth. The
method comprises the steps of forcing a stream of paint-
laden air downwardly througﬁ an entrance opening into a
passageway and flowing a stream of scrubbing liguid into
the passageway to mix with the stream of paint-laden air
to form a mixed stream. The method further comprises the
steps of flowing the mixed stream along a first concave
plate, flowing the mixed stream along a second concave
plate, and atomizng the mixed stream at a discharge
opening to scrub paint particles from the air stream.

Additional objects, features,’and advantages of
the invention will become apparent to those skilled in
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an enclosed spra (ba{nb'hha er is provided with a grille floor or floor
grating. Alr -or-other~§as]i$ bl own into the spray chanber from above,
capturlngsexcess partv%uI$ solids such as paint overspray and directing
such partwcles t‘hrough "t h | oor grating. Once beneath the floor grating,
t he palnt-laden,aLL"stea Hs forced through a paint elimnation section
where it nixes with a flomﬁdg wat er stream The water stream scrubs the
pai nt parti-cles-fromthe& dir stream The4air stream can then be exhausted
fromthe paint spray booth in an environnentally-sound manner, _and the

pai nt - | aden WReerTEaHPRE FepFiregatéerry ofs&hen fioRd oxdngolietd ideer ati on.

Pai nt boot hsaaserippieal bY prefesred wWmbdddheRtls' @Xempd ATy idlg (tmnl ng at
one end and
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perceived by the inventor.

Brief Description of the Drawings

Fig. 1 is an end view of a paint spray booth in
accordance with the present invention with portions
broken away to show the interior thereof,

Fig. 2 is a top sectional view taken along
lines 2-2 of Fig. 1 showing an eliminator section of the
paint spray booth of Fig. 1; and

Fig. 3 is an enlarged end view of a paint
elimination section of Fig. 1 showing a first and a
second concave plate which cooperate to define a flow
chamber for a water stream and a paint-laden air stream.

Detalled Descrlptlon of the Draw1ngs

"~ In a typlcal down draft water wash spray booth
an enclosed spray paint chamber is provided with a grille
floor or floor grating. Air or other gas is blown into
the spray chamber from above, capturing excess
particulate solids such as paint overspray énd directing
such particles through the floor grating. Once beneath
the floor grating, the paint-laden air stream is forced
through a paint elimination section where it mixes with a
flowing water stream. The water stream scrubs the paint
particles from the air stream. The air stream can then
be exhausted from the paint spray booth in an
environmentally-sound manner and the paint-laden water
can be recycled for reuse in the scrubbing operation.

Paint booths are typically elongated with an

entrance door or opening at one end and an exit door or
opening at the other end. Products to be spray painted
are typically moved on conveyor means through the
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- 7 - entrance door, longitudinally through the- booth+“aqg put the exit
door. For purposes of descrlblng this invention;-the: T3¥bng|tud|nal S
intended to define a direction through the booth and the termns Ylateral " or
"laterally spaced" are intended to refer to dlrectlons - AVEN: fﬁo‘ t he

| ongi tudi nal direction or toward the sidewalls of tfe booth. That is, for
purposes of Figs. 1 and 3, the term’ Iongltudwnal —r-efers-tot hat mhlch

lies in a plane perpendicular to the pl%ne of the paper . EQEW--g

L..»....-...

entrance door, longitudinally through the booth, and out
the exit door. For purposes of describing this
invention, the term "longitudinal" is intended to define
a direction through the booth and the terms "lateral" or
"laterally spaced" are intended to refer to directions
away from the longitudinal direction or toward the
sidewalls of the booth. That is, for purposes of Figs. 1
and 3, the term "longitudinal" refers to that which lies
in a plane perpendicular to the plane of the paper. For
purposes of Fig. 2, the longitudinal direction is the
direction indicated by arrow 25.

A paint spray booth 10 in accordance with the
present invention is illustrated in Figs. 1 and 2. Paint
spray booth 10 comprises an air supply section or plenum
12, a spray paint application section or spray point
chamber 14, and a paint elimination section 16.

Air supply section 12 is defined at its upper
end by ceiling 18 and at its lower end by a frame 20.

' _An air supply duct 22 (shown in fragment in
Fig. 1) extends through ceiling 18. A plurality of
longitudinally-extending, horizontally-arranged air
diffusion panels 24 lie between ceiling 18 and frame 20.
A final air supply filter 26 is suspended by frame 20
below air diffusion panels 24. Filter 26 is preferably a
V-shaped filter extending along a longitudinal centerline
of paint spray booth 10.

Thus, as shown, an air stream 100 which is
forced through supply duct 22 passes next through
diffusion panels 24, and then through filter 26,
whereupon stream 100 reaches spray paint application
section 14.

Section 14 is defined at its upper end by frame
20 and at its lower end by a floor grating 28. Floor
grating 28 is split.along a longitudinal centerline
thereof to provide a space through which an air flow

Sheet Has Been Replaced

I



by arrow 25. A paint spray booth 10: AL accordanb WELh the
present invention is illustrated in Figs. 1 and 2. Pai nt—spr ooth 10
conprises an air supply section or plenum 12, 'a ispray palnL plli cati on
section or spray point chanber 14, and a paint! elininationse lon 16.

Air supply section 12 is defined at its upper end by ceiling- 8 and at its
| ower end by a frane 20. An air %gmny duct 22 (shomm |n f ragnent
in Fig. 1) extends through ceiling 18. A plurality.of.. - - =

| ongi tudi nal | y ﬁiﬁadhagexleeaaéont L:yfaw%%@u%r 3¢ Bhuan Pangiws lie
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bet ween ce|I|n8g18 and frane : §'fllna ai r “suppl y filter 26 I's suspended
by frane 20 bEPEWFSPraHPFﬂGétéﬁnp§ﬁ€F§°?414FPPFeF 2@%@§ﬁiQQ(§%ﬁﬂﬁPQ1
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are provided 1n appllcatlon section 14. As shown, paint
overspray particles 32 generated through use of the paint
spray guns are captured by air stream 100 and directed

toward air flow opening 30 to reach eliminator section
i1s6.

purposes of Fig. 2, the longitudinal direction is the. dlreG%+ﬁﬂt|nd|cated

Eliminator section 16 is defined at its upper
region by a floor 34 having an upwardly facing surface 36
and a downwardly facing surface 38. Section 16 is
defined at its lower end by a foundation floor 40.

A flowing water stream 200 covers surface 36 of
floor 34. An overflowing water trough 42 is provided at
either side of floor 34 to provide water stream 200. A
first or entrance opening 44 to a passageway 46 is formed
along a longitﬁdinal centerline of floor 34. Air stream
100 and water stream 200 enter first opening 44 to mix
together to form a mixed stream 300. ’

Stream 300 passes through an elimination
apparatus 50, shown in more detail in Fig. 3 and further
described below. In elimination apparatus 50, the water
component of mixed stream 300 scrubs paint particles from
the air component thereof.

After it exits elimination aéparatus 50 by way
of a second or discharge openiﬁg 51, the water component
of mixed stream 300 (now laden with paint) eventually
flows across foundation floor 40 to a longitudinally
extending return trench 52 formed therein. The water
component flows in trench 52 to a location (not- shown)
where the "dead paint" is removed from the water by
settling or other processes and from which the water can
bé redirected across surface 36 for reuse in the
scrubbing or elimination step.
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di ffusion panels 24, and then through fiIteW" b ‘rﬁup s rean1100
reaches spray paint application section 14 ( **ﬂ* Sedtiioh! 14 i s defined
at its upper end by frame 20 and at its ower {end by a roo} pratlng 28.

Floor grating 28 is splitalong a Iongltud|n§ icéhf&fwlﬂe thbrpof to provide
a space through which an air flow i ; i - 8-

;
-7 :
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The air component of mixed stream 300 (now
scrubbed of paint) is directed toward a plurality of
vertically arranged moisture eliminators 54, which
separate any remaining water droplets from the air
component. An exhaust duct 55 is provided adjacent
moisture eliminators 54 for exhausting the scrubbed air
component from elimination section 16.

Elimination apparatus 50 and its surrounding
structure are shown in greater detail in Fig. 3. As
described below, elimination apparatus 50 is designed to
maintain a particular flow characteristic between first
opening 44 and second opening 51 which provides
substantial turbulence to maximize the surface area of
scrubbing liquid available for scrubbing while minimizing
noise and paint buildup in elimination apparatus 50.

As noted, water stream 200 flows over surface
36 toward first opening 44. Typically, the water (or
other scrubbing liguid) in water stream 200 stands about
four (4) inches deep on surface 36. First opening 44 is
defined by a pair of angle irons providing longitudinally
extending weirs 56. Weirs 56 function to retain nearly
all of the water on surface 36, allowing only a very thin
sheet of water (e.g., about 5/8 inch deep) to flow into
first opening 44.

| As shown in Fig. 3, a pair of longitudinally
extending, opposed, arcuate walls 58 border first opening
44. The selection of the smooth convergent walls 58 and
the use of weirs 56 both are motivated in part by the
desire to avoid paint buildup in elimination apparatus
50. Advantageously, weirs 56 allow only a thin sheet of
water to flow along opposed, arcuate walls 58. Were
weirs 56 omitted, splashing might occur as water cascaded
down arcuate walls 58. It is anticipated that such
splashing would cause the water to jump over certain
portions of walls 58 so as to leave them "unwashed."
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opening 30 extends. Air flow opening 30 aII! ; 1O QQQween
application section 14 and elim nation secti n;16 Electfﬁstatvc pai nt
spray guns (not shown) having standard nozzl é sizes.and. qper?ting at
standard pressures are provided in appllcatlén section 49 As shown, pai nt
overspray particles 32 generated through usej f the.paint _spray guns are
captured by air stream 100 and directed tomaJd air fIOM/openlng 30 to reach
el i mnator section 16. El i m nate¢ Secti-on-16-i-s.-def.ined at its
upper region by a floor 34 having an upwardly facing surface 36 and a
downwar dl y f Raiimg parfrded €38 £rlavtdion siteréam d¢ feetd tend| toerdkexe by a

foundation flg Orﬁﬁpaccumulate‘%ﬁ|ﬁﬁﬁr“hWKEKid%éé@@ﬂ&@QO FONEIEiRyriqce 36
of floor 34. An overflow ng water, trough 42 is provided at either” side of

floor 34 to Hﬁ&ﬁﬁ*§§E%ﬁﬂP%&W%éﬁ} 1P 23] (NPT ERRY RSB pRhi ng 44 to a
passageway 4@dr¥drafamese.

Splashing is also advantageously minimized by
the use of smoothly curved surfaces for walls S58. If
joined, angled plates were used, such that the water
stream was forced to cross a sharply-angled surface, the
water stream might tend to short circuit the sharply-
angled surface, leaving an unwashed area for paint
buildup.

Arcuate walls 58 terminate in longitudinally
and downwardly or vertically extending wall portions 60
as shown in Fig. 3. An exit opening 62 is defined at the
lower end of vertical wall portions 60.

Wall portions 60 provide means for defining
elongated passageway 46. Passageway 46 may also be
viewed as an impaction zone in which water from water
stream 200 mixes with paint-laden air from air stream 100
to form mixed stream 300. Passageway or impaction zone
46 is defined between walls'so, entrance opening 44, and
exit opening 62. Passageway 46 may illustratively be
about one (1) foot ﬁide and about one and two-thirds (1
2/3) feet long (the latter dimension being measured along
the path of air stream 100). Paint-laden air stream 100’
first impacts with water 100 in impaction zone 46.
However, most of the atomization of the water stream 200
(and hence most of the scrubbing action) occurs at second
opening 51, as will be subsequently described.

2 pair of longitudinally and inwardly
extending, horizontally arranged plates 64 extend into
first opening 44. Advantageously, plates 64 (sometimes
referred to as "kickers") serve to reduce noise traveling
from elimination section 16 to spray paint application
section 14. 1In addition, kickers 64 also can enhance the
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al ong a longitudinal centerline of floor 34. Af_‘:f
stream 200 enter first opening 44 to m x together—t

caldswat er
; -.‘@ﬁ

~o-Forh a e stream
300. Stream 300 passes through an eljnlngtlon appar%tds 50, shown
in nore detail in Fig. 3 and further descrlbed,beI@w i “eli m;ndti on
apparatus 50, the water conponent of m xed strean1300 scrubs palnt
particles fromthe air conponent thereof. f After it exits

elimnation apparatus 50 by way of a secdid or- -di-schar ge opening 51, the
wat er conponen m xed stream 300 pa nt% eventu$lly fl ows

across foun I%ﬁFXI rYabeY oS r?%ﬂgéﬁudlﬁa?$§méx?gﬁdFﬁ§n ePAFF1Er-8Rch 52

f ormed t her éirom Thixr vetteeanohponent £6rohsgi wateenshrsamt 308 ktocatdixon (not

shown) wher g, {he 2 "J%eagtp@é t104S renoved fromthe water by settling or
ot her processes and fromwhich the water can be redirected across surface

36 for reuse in-the scPRBBLRICREILE) | WRESE| ShreaBp200 passes through

first opening 44 and is directed into impaction zone 4s,
thereby forming a sheet of water 210. Sheet of water 210
forms a barrier or acoustical block to noise generated
further downstream in impaction zone 46 or elsewhere in
elimination apparatus, particularly at discharge opening
51. Sheet 210 is also positioned directly int he path of
air stream 100. Thus, air stream 100 is forced to impact
water stream 200 to form mixed stream 300.

The means for defining passageway 46 also
includes a pair of curved plates 66. As shown, curved
plates 66 extend from floor 34 to passageway wall
portions 60 to provide support for passageway wall
portions 60. Plates 66 have larger radii of curvature
than do arcuate walls 58. However, this need not be the
case. Any plate configuration providing adequate "support
to passageway wall portions 60 can be used and are within
the scope of the present invention. It is anticipated
that plates 66 can be eliminated in some circumstances.

The means for defining passageway 46 further
includes a pair of longitudinally extending, vertically
arranged attachment plates 68 and 70. Plate 68 is
similar in length to passageway wall portions 60, while
plate 70 is of a length such that it terminates in the
same horizontal plane in which kickers 64 lie.

Advantageously, elimination apparatus 50
includes a first longitudinally extending concave plate
72 and a second longitudinally extending concave plate
74. First concave plate 72 cooperates with second
concave plate 74 to provide a flow chamber 76 for
receiving mixed stream 300. Concave plates 72, 74 are ‘
arranged to provide a flow characteristic for mixed
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-9- The air conponent of m xed strean130@;§ T @gmbb d of
paint) is directed toward a plurality of vertlcal1y aﬁ A ﬁ” I'sture

elimnators 54, which separate any renmaining maﬂen droplets froﬁ1ﬁhe air
conponent. An exhaust duct 55 is provided adjacent nnhsWureféilﬁlmators 54
for exhausting the scrubbed air conponent fron1elln1nat|on sectﬁoh 16.

‘
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stream 300 which minimizes the formation of unwashed
surface portions on which paint particles tend to
accunmulate.

First concave plate 72 includes a longitudinal
edge 78 appended to vertical plate 68 and a free edge 80.
First concave plate 72 also includes a first reflecting
surface 82 facing generally upwardly and positioned to
receive mixed stream 300 as that stream exits exit
opening 62.

First concave plate 72 has an arc angle of
somewhat less than 180° (and greater than about 150°)
such that free edge 80 lies in a different horizontal
plane than does longitudinal edge 78, giving first
concave plate 72 a slightly canted appearance. In
preferred embodiments, first concave plate 72 has a
radius of curvature equal to the radius of curvature of
second concave plate 74. First concave plate 72 is
jllustratively positioned so that its lowermost point is
aligned along a vertical line with one of paséageway
walls 60.

Second concave plate 74 has a longitudinal edge
84 appended to vertical plate 70 and a free edge 86.
Second opening 51 is defined between free edge §6.
Second opening_Sl is defined between free edge 86 and
free edge 80. As shown, free edges 80 and 86 are
positioned in horizontal alignment, to provide a
longitudinally extending, downwardly directed opening 51.

Second concave plate 74 is spaced apart
laterally (i.e., sideways in Fig. 3) from first concave
plate 72 and includes a second reflecting surface 88
facing general downwardly in opposition to first
reflecting surface 82. Second concave plate 74 has an

arc angle of about 90° - that is, about half of the arc
angle of first concave plate 72.
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El i m nation apparatus 50 and its surrounding structurenare shown in greater
detail in Fig. 3. As described bel ow, ellnlnathwq appah & \uf 1h desi gned
to mai nt ai MhiasHaHai Bdth aépldcbOW characteri stic betmeén fosL“Q %ﬂ1 g 44 and

second openi ovi des substanti al turbulence to HBX|n€ze t he
surface ar eﬁTﬂﬂ Emﬂm MLI I quid avail able for sorubbn wig' Wi el mil ni mi zi ng
noi se and p el i m nati on apparat us 50 'A$ not ed,

wat er stream 200 fl ows over surface 36 tbward flrst ‘opéni ng~44. Typlcally,
the water (or other scrubbing liquid) in water - 'stream 200 stands about 100

mm (four (4) inches) déplencanFrvecpdatesiy3tapgerfinhaye thedsfmaed by a
pair of angl¥adidnst pE@wvatage| opget dheat! &fe&heﬂatagemrr§1éée Ygirs 56

only a
very thin sHEst Bt ta arirE. Both A8ReraTh A0e) Her iR Lik BroRothow i it o
first openi rgenizer of curvatwgeshﬁwplaheFVg 3seaopdi contavenplatdi nal |y
extending, opposps MEELALR MOty S8ePobAg  thiiRh10R8RE g, .

As shown in Fig. 3, plate 74 is positioned so
that second reflecting surface 88 receives the flow of
mixed stream 300 after that stream has swept along first
reflecting surface 82 of plate 72. Plate 74 is designed
to redirect mixed stream 300 toward second opening 51.
Advantageously, concave plates 72 and 74 cooperate to
force mixed stream 300 along a tortuous path, making it
more difficult for noise to travel back upstream to spray
paint application section 14.

In addition, plate 74 is advantageously
arranged so that second reflecting surface 88 receives
noise from first reflecting surface 82 and reflects noise
toward passageway walls 60. A substantial amount of
noise is thus trapped in a region 90, reducing the amount
of noise which returns to first reflecting surface 82.
Passageway wall 60 thus provides a sound baffle in flow
chamber 76. Such an arrangement may reduce noise levels
in the paint spray booth from about 85dB to about 82dB.

Optionally, a longitudinally extending,
horizontally arranged plate 92 is appended to one of
passageway walis 60 at the lower end thereof. It is
thought that optional plate 92 may further contain noise
in region 90.

As noted, second opening 51 is defined by free
edges 80, 86 and is offset from first opening 44 so that
no direct line of sight exists between the two openings.
As second opening 51 is'substantially smaller than first
opening 44 (less than half the width of first opening 44
in preferred embodiments)ﬂ the majority of the



44. The selection of the smooth convergent wall g, 28] andtt,eﬁﬁ Bopf weirs 56
u

both are notivated in part by the desire to avold pai-nt’ i m“bg n
elimnation apparatus 50. Advantageously, weirs 56 allom/only i hi n sheet
of water to flow al ong opposed, arcuate walls 58. \Wre weins 5 anitted,
spl ashi ng m ght occur as water cascaded down afcuate walls 58.i1t is

antici pated that such splashing woul d cause thé water" TO“TUﬂD”bVEF certain
portions of walls 58 so as to | eave thenlzunmashqq,"_ﬂ _ .
“C10 - ! L S

atomization of the water stream occurs at second opening
51.

The basic principles underlying the scrubbing
operation which occurs at discharge opening 51 can
readily be summarized by reference to three distinct
phenomena: inertial deposition, deposition by
interception, and deposition by Brownian motion. All of
the phenomena involve interactions between droplets of
the scrubbing liquid (e.g., water droplets from stream
200) and individual solid particles (usually paint
particles).

Inertial deposition arises from direct
collisions between water droplets and paint particles of
'similar sizes. It is known that paint particles will
collide with similarly sized water droplets and will be
captured by such droplets, thus becoming removed from or
scrubbed out of the air stream. Thus, where a watér
stream can be appropriately atomized, larger paint
particles can be captured by inertial deposition to form
paint agglomerates. :

Paint particles which are small relative to the
atomized water droplets typically cannot be captured by
inertial deposition. Rathef, such particles tend to
"pbreak" around the water droplet. As the water droplet
picks up speed, the paint particle may ride alongside thé'
water droplet. As the particle and the water droplet
move together alongside one another at the same speed,
the particle may eventually become "intercepted" by the
water droplet.

For particles which are extremely small
relative to the water droplets (i.e., in the range of
about one (1) micron in size) deposition will occur, if
at all, by Brownian motion. That term as used herein
refers to the tendency of extremely small particles to

move randomly, not identifying with either air stream 100
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Paint particles fromair stream 100 woul d tend>t¢ adﬁ“

on the unwashed portions, resulting in undeS|rabIe pafnrlburfdmp

fi

angl ed pl ates were used, such that the water stjr éan%ma&mLaLceth

concom tant | oss of performance. Splashln ~|swaL
m ni m zed by the use of snmoothly curved surfacgs ifor” War 1 4

88,

agyv

shar pl y-angl ed surface, the water stream m ght itend to short cir
sharply- angl ed surface, |eaving an unwashed area-for -paint buir-tdup.
Arcuate walls 58 termnate in longitudinally and dowmwardly or vertically

ext endi ng wa%} ? éfogérég agoghovani BaEkg. sémeA§u§h|ExQB@ﬂbﬂ9 éaaui
defined at ower

vertical wall

and

nt ageousl y
j oi ned,
Cross a

guit t he

Ml |
portions 60 E@E@%EéeﬁeﬂhghFoP°H§fFﬁ?ﬁ@VGFﬁﬁgEPe&R6a§88§eﬁ§ya&6 aﬁgssageway
46 may al SO P&ter. Deposition will occur only when a particle

happens to strike a water droplet in such a manner as to
allow the particle to diffuse into the water droplet.

Once mixed stream 300 passes through second
opening 51, stream 300 flows along a nearly vertical flow
plate 94 illustratively appended to free edge 80 of first
concave plate 72. An angled plate 96 is provided for

receiving flow from flow plate 94.

Angled plate 96 is illustratively appended to
first concave plate 72 at or near the lowermost portion
thereof by way of a bracket 98. Angled plated 96

includes an upturned end 99 at the downstream end

thereof. Upturned end 99 serves dual functions.

it directs mixed stream 300 (and particularly the
- paint~laden water stream component thereof) toward

downwardly facing surface 38 to wash surface 38 on impact

therewithf

First,

Second, upturned end 99 helps separate the
water and air components of mixed stream 300 by gravity

separation. The paint-laden water component impacts

surface 38 and flows down a sidewall 101, eventually

reaching return trench 52. Return trench 52 may
optionally be provided'with a baffle (not shown) to help
prevent foam from traveling from return trench 52 to
moisture eliminators 54. The air component is directed

toward moisture eliminators 54 and thence to exhaust duct

55 as previously described.

- To summarize the operation of elimination
apparatus 50, a paint-laden air stream 100 enters first
opening 44. A water stream 200 enters first opening 4
and impacts kickers 64 to form a substantially horizontal

sheet of water 210. Air stream 100 passes through sheet
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viewed as an inpaction zone in which water fromwater stream 200 mxes with
paint-laden air fromair stream 100 to form m xed: gtraan732&~gﬁ JSagemay or

i npaction zone 46 is defined between walls 60, entrance.- g

exit opening 62. Passageway 46 may |IIustrat|vely*be about 300 (one (1)
foot) w de and about 500 mm (one and two thirds! (1 2/3)’?6@23 liong (the

| atter di mensi on being measured al ong the path of: air streanlldO)

Pai nt -1 aden air stream 100 first inpacts with water 100 i'n TApaction zone
46. However, nost of the atom zation of tig-water stream 200. (and hence

nost of the scrubbing action) occurs at second opening 51, as wll be
subsequent |y glesedtdx¥eR10 and impadtpawithf thengatuedi dal byssadeivayarndl y

extendi ng, haorizontally arranged pla 64 extend into first opening 44.
Advant ageous| P % TR & BY* ?‘go%gf?%%sggéf erred to as "kickers") serve to

reduce noi se travellng Mivedestreant B0 fdowsonlodgt §irptagopsiane

application seLl{@midandniddditbOReakbli8ta B4cBha0releRRIAGCSuktace
88 of second concave plate 84. Mixed stream 300 is then
directed toward second opening 51, where the water
component of the mixed stream 300 is substantially
atomized so as to scrub paint particles from the air
component thereof. Noise generated at second opening 51
in the scrubbing process can travel back to second
reflecting surface 88. Some noise will be reflected back
to first reflecting surface 82, but a substantial amount
will be directed against passageway wall 60 to be trapped
in region 90. Mixed stream 300 then exits second opening
51 and is thereafter separated into a paint-laden water
component and a scrubbed air component.

The method in accordance with the present
invention proceeds essentially as summarized above. The
method comprises the steps of pulling paint-laden air
stream 100 downwardly through first opening 44 and mixing
air stream 100 with water stream 200 in passageway 46 to
form mixed stream 300. The method further comprises the
steps of flowing mixed stream 300 along first  concave
plate 72 and flowing mixed stream 300 along second
concave plate 74. The method still further comprises the
step of atomizing the water component of mixed stream 300
at second opening 51 to scrub paint particles from the
air component.

Although the invention has been described in
detail with reference to certain preferred embodiments,
variations and modifications exist within the scope and
spirit of the invention as described and defined in the
following claims.
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- 11 - ability of water stream 200 to elimnate paint particles fromair
stream 100 by forcing water stream 200 to mx with air stream 100.

SpeC|f|caII an1200 passes through first opening 44 and is
di rect @\ “ i zone 46, thereby formng a she ,af LAt g ri 210
Sheet orhs a barrier or acoustical bloc ﬂt@ ndLé ﬁéﬂated
[ |
% TRV N0A %
-15-. ! ‘—-\)‘i\\.}‘f [ A %

CLAIMS:

LTI U R L

1. A paint spray booth comprising a floor
covered with flowing liquid, said floor comprising means
for defining an elongated passageway therein having an
uppér entrance opening and a lower exit opening through
which the liquid flows downwardly as a stream, means for
exhausting air from said booth and pulling a stream of
paint particle laden air downwardly through said
openings, said entrance opening being positioned to
receive the air stream and the scrubbing ligquid stream
for mixing in the passageway to form a mixed stream, the
passageway means comprising a pair of laterally spaced
apart, longitudinally and downwardly extending passageway
walls,

a first longitudinally extending concave plate
under said exit opening and including a first reflecting
surface facing generally upwardly and positioned to
receive the mixed stream exiting the exit opening, and

a second longitudinally extending concave plate
laterally spaced from the first concave plate and
including a second reflecting surface facing generally
downwardly and positioned to oppose the first reflecting
surface, the first and second concave plates cooperating
to define a longitudinally extending flow chamber and a
longitudinally extending discharge opening positioned to
discharge the mixed stream froﬁ the flow chamber, at
least lower portions of the passageway walls extending
into the flow chamber so that noise generated by the
mixed stream at the discharge opening and reflecting from
the second reflecting surface is directed toward the
lower portions to reduce the amount of noise returning to

the passageway means by way of the first reflecting
surface.
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further downstreamin |npact|on zone 46 or el sewherey A&k at -
apparatus partlcularly at di scharge opening 51. Shee Qib 1$faI§B*

posi ti ' he path of air stream 100. This, ait §Treaﬁ)1bo S

for cedm ‘w 'H"'st ream 200 to form m xed str eat‘n 30045y may | The
er defu nisngspassageway 46 al so includes a pair i of curved plates 66.

As shown, curved plates 66 extend fromfloor 34 to paSSagemay wal |.-portions

60 to prOV|de support for passageway wal] portions 60. Plates 66 have
| arger radii of curvature than do arcuat®®wal | s 58. However, this need not

be the case. Any pl at92cog%‘gu%&%érogt@%o&défglﬂdfquaﬁgf%ygpgﬁg Eg,f,th

passageway wal | porti ons and are wfh € scope ©
present i nvemrigave [Rlate gin¢kuges cal 1ongiprdinal 6€d§anaBEeéqi¢ﬁ1 Rated in

Sorme C'rcunﬁﬁﬁﬁ sa geway meaﬂ@eaHEaﬂsfoé Q@één|ﬂﬁepéééaﬁéméanéﬁvéurther
i ncl udes a %@- éﬁtudlnfll%+ él ing veétlga é g &gﬁged attachnent
pl ates 68 a %& ®B #5907 pal| Edgeneppende wal | portions
60, while passageway means and a free edge, and the discharge
opening is defined between the respective free edges.
3. The apparatus of claim 2, wherein the free
edges are positioned in horizontal alignment.
4. The apparatus of claim 1, wherein the first
concave plate has a radius of curvature and the second
concave plate has an equal radius of curvature.
5. The apparatus of claim 4, wherein the
first concave plate has a center of curvature which is
spaced apart laterally and downwardly from a center of
curvature of the second concave plate.

6. The apparatus of claim 1, wherein the
first concave plate includes a lowermost portion
positioned in vertical alignment with a first of the pair
of passageway walls.

7. The apparatus of claim 1, wherein the
first concave plate has an arc angle of between 150° and
180° and the second concave plate has an arc angle of
substantially half of that of the first concave plate.

8. The apparatus of claim 1 wherein the
second concave plate is positioned above the discharge
opening. .

9. The apparatus of claim 1, wherein the
discharge opening is sized to atomize substantially all
of the scrubbing liquid in the mixed stream.

10. The apparatus of claim 1, further
comprising a longitudinally extending, horizontally
arranged plate appended to a lower end of a first of the
pair of passageway walls to assist in preventing sound
reflected from the second reflecting surface from
returning to the first reflecting surface.
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plate 70 is of a length such that é”@ameih” 3
pl ane iin which kickers 64 lie. y;LeL+ﬂ1_av|on

apparatu udes a first longitudinally exiehdlng concave pliate 72 and
a second " ﬁﬂ JMu&xtendlng concave plate\74 FikstY Bohcaye plate 72
cooper ate ncave plate 74 to prOV|d§.a f1 ow_chanber: 76 for

recei ving m xed strean1300 Concave plates 72, 74 "are arranged to .provi de a
fl ow characteristic for m xed 17 1WW UNUURRNIEEE S -12-

11. The apparatus of claim 1, further
comprising means for using the scrubbing liquid to form
an acoustical block in the passageway, the using means
including a pair of plates extending horizontally into
the passageway on opposing sides thereof to direct the
scrubbing liquid across the entrance opening to form a
sheet of liguid to reduce the escape of noise from the
passageway means.

12. A paint spray booth comprising a floor,
means for covering said floor with a liquid, said floor
conprising means for providing a longitudinally
extending, laterally narrow first opening, means for
exhausting air from said booth downwardly through said
first opening to form an air stream, said providing means
including a pair of opposed, convergent, arcuate walls,
the walls defining an impaction zone therebetween,
whereby the liquid flows across said pair of arcuate
walls toward said impaction zone,

a pair of longitudinally extending plates appended
to the respective arcuate walls and ‘extending
horizontally into the first opening upstream of the
impaction zone to direct scrubbing liquid from the
arcuate walls across the first opening into the impaction
zone to impact with the air stream to form a mixed '
stream, and

longitudinally extending chambér means for receiving
the mixed stream from the impaction zone, the chamber
means being formed to include a second longitudinally
extending opening in spaced-apart, generally parallel
relationship with the first opening so that no direct
line of sight exists between the first and second
openings, the chamber means further comprising a first
longitudinally extending concave plate positioned to
receive the mixed stream from the impaction zone and a
second longitudinally extending concave plate positioned

This Sheet Has Been Replaced

LT




stream 300 which minimzes the formation of unwashed-surf-ace—port+ons on
whi ch paint particles tend to accunul ate. ‘ﬁhFiAShﬁﬁaﬁcaﬁgﬂp!ate 72

i ncl ud ' ' edge 78 appended to verti¢aW“pTar€"68“éﬁd§a;free
edge 8$mmmﬂu‘muwtwmlpl ate 72 al so includes a fi-;ré,t ,-/rgg\grﬁp;;j@@g suf face 82
faci ng genérakl y* upwardly and positioned to receiye:nmxéd stream 80D as

that streamexits exit opening 62. Firs{ conoavewp%ate~72§has an
arc angle of somewhat |ess than 180[err] (and greater than about 150[err])
such that free edge 80 lies in a differ&dt horizontat-plane than does

| ongi tudi nal edge 78, givin fi.rst concave plate 72 a in%htIy cant ed
appear ance. tPnr pFeteer EheeRb8AnEREE2M: FFOR EBRcAVESH §PBCRYehRI%E

and to direct the mixed stream toward the second opening.

13. The apparatus of claim 12, wherein the
arcuate walls terminate in vertical wall portions and the
horizontal plates are appended to the vertical wall
portions.

14. The apparatus of claim 13, wherein the
vertical wall portions extend into the chamber means a
sufficient distance so that noise generated at the second
opening and reflected from the second concave plate is
directed against the vertical wall portion.

15. The apparatus of claim 13, further
comprising a longitudinally extending, horizontally
arranged plate appended to a lower end of a first of the
vertical wall portions to assist in prevent noise
generated at the second opening and reflected from the
second concave plate from reaching the first concave
plate. ,

16. The apparatus of claim 12, wherein the
second concave plate is laterally displaced from the
first concave plate.

17. The apparatus of claim 12, wherein the
first concave plate includes a longitudinally exteénded
edge appended to the providing means and a free
longitudinally extending edge, the second concave plate
includes a longitudinally extending edge appended to the
providing means and a free 1on§itudinally extending edge,
and the second opening is defined between the free edges.

18. The apparatus of claim 17, wherein the
free edges are positioned in horizontal alignment.

19. The apparatus of claim 12, wherein the
first concave plate has a radius of curvature and the
second concave plate has an equal radius of curvature.

20. The apparatus of claim 19, wherein the
first concave plate has a center of curvature which is
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radi us of curvature equal to the radius of curvature of second concave
plate 74. First concave plate 72 is illustratively positioned so that its

| ower ed along a vertical line with one of passageway
vval I S’Taﬂl m(ml I I“T‘Ilj&mgnd concave plate 74 has a | ongitudi nal edge 84

a ver ncat plate 70 and a free edge 86. Second opening 51 is
deflned bet ween free edge 86. Second opening 51 is defined between free
edge 86 and free edge 80. As shown, freagsedges 80 and 86 are positioned in
hori zontal alignment, to provide a |ongitudinally extending, downwardly

directed opéﬁﬁﬁgdSEPart laterallgeaadd doomyardlyl firenr4 icertpaced apart

laterally (bu@vatﬁrelewy&hlenslélcq;nd3)cofnrdamef iisleeconcave  plate 72 and

i ncludes a second reflecting surface 88 facin general downwardly in
opposition to first Féfled en§p§ﬁf?§@§ & céégﬂh YORFE I 4 74 has an

arc angl e oarehate @AQawlsr kerntimatte dn ateadti dadl fwadfl tph:&'tarcms arg ey first
concave plak?rgg'concave plate includes a lowermost portion

posifioned in vertical alignment with a first of the

vertical wall portions.

22. The apparatus of claim 12, where in the
first concave plate has an arc angle of between 150° and
180° and the second concave plate has an arc angle of
substantially half of that of the first concave plate.

23. The apparatus of claim 12, wherein the
second concave plate is positioned above the second
opening. |

24. The apparatus of claim 12, wherein the
second opening is sized to atomize substantially 211 of
the scrubbing liguid in the mixed stream.

25. The apparatus of claim'lz, wherein the
apparatus is located in a housing having a ceiling, the
‘apparatus further comprising means for separating the
mixed stream discharged from the second opening into a
particulate-laden scrubbing liquid stream and a scrubbed
air stream, the separating means including a downwardly
angled plate having an upturned plate at i:s downstream
end so that the particulate-laden scrubbing liquid stream
‘and the scrubbed air stream are directed ‘toward the
ceiling of the housing to wash the ceiling and to
separate from the scrubbed air stream bv gravity.

26. A method for removing paint overspray from
a paint spray booth, the paint spray booth comprising a
floor covered with flowing liquid, said floor comprising
neans for defining an elongated passageway therein having
an upper entrance opening and a lower exit opening and
including aapair of laterally spaced apart,

long}pgg;Q§}}yugpd downwardly extending passageway walls,

I
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- 13- Wil e concave plates 72 and 74 have the sane radii of
curvature, the center of curvature of plate 74 is spaced apart both

| at eral | 1T I romthe center of curvature of plate 72. Second
concave all “ml ["t"i" xi mum hei ght at |ongitudi nal edge 84.
* C L M S *

-20~-

the paint spray booth further comprising a first
longitudinally extending concave plate and a second
longitudinally extending concave plate laterally spaced
apart from the first concave plate, the first and second
concave plates cooperating to define a longitudinally
extending flow chamber and longitudinally extending
discharge opening, the method comprising the steps of:
forcing a stream of paint-laden air downwardly through
the entrance opening into the passageway,

flowing a stream of scrubbing liquid into the
passageway to mix with the stream of paint-laden air to
form a mixed stream,

flowing the mixed stream along the first
concave plate,

flowing the mixed stream along the second
concave plate, and

atomizing the mixed stream at the discharge
opening to scrub paint particles from the air stream.

27. The method of claim 27, further comprising
of the step of separating the mixed stream exiting the
discharge opening into a paint-laden scrubbing liquid
stream and a scrubbed air stream.

28. . The method of claim 27, further comprising
the steps of flowing the scrubbing liquid stream against
a pair of horizontally arranged plétes to form a
substantially horizontal sheet of scrubbing liquid and
passing the air stream through the sheet of scrubbing
liquid to form the mixed stream.
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As shown in Fig. 3, plate 74 is positioned so that second reflecting
surface 88 receives the flow of m xed stream 300 after that stream has
swept along first reflecting surface 82 of plate 72. Plate 74 is designed
to redirect m xed stream 300 toward second openi ng 51. Advant ageously,
concave plates 72 and 74 cooperate to force m xed stream 300 al ong a
tortuous path, making it nore difficult for noise to travel back upstream
to spray paint application section 14. =21- In addition, plate 74 is

advant ageously arranged so that second reflecting surface 88 receives noise
fromfirst reflecting surface BZEQHQEFéﬂﬂggﬁéﬂﬁgﬁ%e toward passageway wal | s
60. A substantial ampunt of noise is thus trapped in a region 90, reducing
Passagenny wal I 60 thus. provHEaRAes B T B e o P76, Such an
arrangenment may reduce noise levels in the paint spray booth from about
85dB to about 82dB. A paint Spia9"¥dath &d PRrOVIEENIN ML ks

a floor covered with flowing liquid,. the floor including

an elongated passageway formed therein defined by a pair

of passageway walls and having an entrance opening and an

exit opening. The paint spray booth further comprises a

mechanism for exhausting air from the booth and pulling a

stream of paint particle laden air downwardly through the

openings. The booth further comprises a first

longitudinally extending concave plate positioned to

receive the mixed stream of water and air exiting from

the exit opening, and a second longitudinally extending

‘concave plate laterally spaced from the first concave

plate. The first and second concave plates cooperate to

define a flow chamber therebetween and a discharge

opening. The first and second plates are designed to

minimize paint buildup in the flow chamber and to trap

the noise generated at the discharge opening to reduce

the amount of noise returning through the passageway.

FIGURE 1.
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horizontal ly arranged plate 92 is appended to one of passageway walls 60 at
the lower end thereof. It is thought that optional plate 92 may further
contain noise in region 90. As noted, second opening 51 is
defined by free edges 80, 86 and is offset fromfirst opening 44 so that no
direct line of sight exists between the two openings. As second opening 51
I's substantially snmaller than first opening 44 (less than half the w dth of
first opening 44 in preferred enbodi nents}, the majority of the
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- 14 - atom zation of the water stream occurs at second openi ng 51.

The basic principles underlying the scrubbing operation which occurs at

di scharge opening 51 can readily be summari zed by reference to three

di stinct phenonena: inertial deposition, deposition by interception, and
deposition by Brownian notion. Al of the phenonena involve interactions
bet ween droplets of the scrubbing liquid (e g., water droplets from stream

200) andhjsiShket/llad Baén Rephaded particles (usudly palnt particles).
Inertlal ses fromdirect collisions between water droplets
and pai nt simlar sizes. It is known that paint particles wll
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collide with simlarly sized water droplets and wll be captured by such
droplets, thus becom ng renoved fromor scrubbed out of the air stream
Thus, where a water stream can be appropriately atom zed, |arger paint
particles can be captured by inertial deposition to form paint

aggl oner at es. Pai nt particles which are small relative to the
atom zed W Siee @ Opl.CLS typically canna? be captured by inertial

deposi tion, ) C?S‘Qrticles tend to "break"” around the water

dropl et . %/‘Mﬂ ‘)pl et picks up speed, the paint particle may ride
al ongsi de et. As the particle and the water droplet nove

t oget her al ongsi de one anot her at the sanme speed, the particle may

eventual |y beconme "intercepted" by the water droplet. For
particles which are extrenely small relative to the water droplets (i.e.,
in the range of about one (1) mcron in size) deposition wll occur, if at
all, by Brownian notion. That term as used herein
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refers to the tendency of extrenely small particles to nove randomy, not
identifying with either air stream 100

15 or pwat ef' stgaim 200. In fact, some such extrenely small particles
m ght nove-tramsverse to the flow of air and water. Beposition will occur-
onl'y whan ia parkiglg; | | / -
b i -
i |- - ! -] v o
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e e e PAINT SPRAY BOOTH JeinT

Background and Summary of the Invention

The present invention relates to paint spray
booths. More particularly, the present invention relates
to a paint spray booth including a wet scrubbing
apparatus for removing paint overspray from the paint
spray boocth.

In paint épray booth operations, excess paint
is created which does not adhere to the object being
painted. Such excess paint or paint overspray must be
removed from the paint booth to maintain a proper working
environment and to prepare the booth for subsequent
articles to be painted.

Wet scrubbers have proven particularly useful
for the elimination of paint overspray. Wet scrubbers
use a scrubbing liquid - usually water - to scrub paint
particles from a stream of paint-laden air exiting the
spray-painting area of a spray booth. Typically, an air
stream is passed through the spray-painting area and is
drawn through a floor grating. A water stréam flows
beneath the floor grating and impacts the paint-laden air
stream in a scrubbing apparatus.

The scrubbing apparatus should be specially
configured to maximize contact between the water stream
and the air stream so as to provide highly effective
scrubbing. Generally, the scrubbing apparatus is
designed to atomize the water stream so that maximum
surface area is provided for contact with paint particles
in the air stream. The paint particles impact on the
water droplets and form agglomerates which will not
readily return to the air stream.

While the wet scrubber should be designed for
effective atomization of the water stream, other design
considerations must also be met. The atomization of the



happens to strike a water droplet in such a manner as to allow the particle
to diffuse into the water droplet. Once m xed stream 300 passes

t hrough second opening 51, stream 300 flows along a nearly vertical flow
plate 94 illustratively appended to free edge 80 of first concave plate 72.
An angled plate 96 is provided for receiving flowfromflow plate 94.
Angled plate 96 is illustratively appendgg_to first concave plate 72 at or
near the | owernost portion thereof by way of a bracket 98. Angled plated 96

| ncl udes an @ik et 2R0hdR, Bhs ! DpOUNZL SRS LREL gglep gLy ned ond 09

serves dual functions. First, it directs m xed stream particularly
the paint - | sghesamedLéa b I 8 dGh CREDONENdvd el eoffe t oMah Hedoygwar dl y faci ng

surface 38 to wash surface 38 on inpact therewth. Second,
upt ur ned enek@&9ertisd psd Skepatia¢ chidie water fBhok afateom@oments. #39 nuxegsstream
300 by gravity separation. The paint-|laden water conponent inpacts

(20,000 cfm) for booths of a typical length) and the high

air speed (e.g., 26.82 m/s (60 mph)). The scrubbing

apparatus should thus provide means for containing or

muffling noise to reduce the amount of noise which can

return to the spray painting area of the spray booth.

In addition, the turbulent flow conditions
conducive to atomization of the water can cause the water
stream to splash against the surfaces of the scrubbing
apparatus. Some, portions of the surfaces aré contacted
or “washed” by the splashing water, while other portions
are likely to be left unwashed. Paint particles scrubbed
out of the air stream tend to accumulate on the unwashed

portions of the surfaces, forming an undesirable buildup

of paint.'
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surface 38 and flows down a sidewall 101, eventually reaching return trench
52. Return trench 52 may optionally be provided wth a baffle (not shown)
to help prevent foamfromtraveling fromreturn trench 52 to noisture
elimnators 54. The air conponent is directed toward noi sture elimnators
54 and thence to exhaust duct 55 as Qr%vLoust descri bed. To
sumarize the operation of elimnation apparatus 50, a paint-laden air
stream 100 enters first opening 44. A water stream 200 enters first opening
4 and inpacts Ki forma,substantia rizontal sheet qf water

h
210. Air streanl%@%%%ﬁgggggﬁhrghﬁﬁlgﬁﬁﬁt a Imlakx'sgage air scrubbing

apparatus for removing paint spray from contaminated air,
which is situated below a perforate floor of a paint spray
booth. Scrubbing fluid is sprayed to mix with the
contaminated air and is diverted by two concave baffles in
order to remove the paint spray from the air.

According to the present invention there is provided
a paint spray booth comprising a floor covered with flowing
liquid, said floor comprising means for defining an
elongated longitudinally extended passageway therein having
an upper entrance opening and a lower exit opening through
which the liquid flows downwardly as a scrubbing stream,
means for exhausting air from said booth and pulling a
stream of paint particle laden air downwardly through said
openings, said entrance opening being positioned to receive
the air stream and the scrubbing liquid stream for mixing
in the passageway to form a mixed stream, the passageway
comprising a pair of'laterally spaced apart, longitudinally
.and downwardly extending passageway walls,

a first longitudinally extending concave plate under
said exit opening and including a first concave reflecting
surface facing generally upwardly and positioned to receive
and deflect the mixed stream exiting the exit opening, -and

a second longitudinally extending concave plate
laterally spaced from the first concave plate and including

a second concave reflecting surface facing generally




-16- of water 210 and inpacts with the water in passageway 46 to forma
m xed stream 300. M xed stream 300 flows along first concave
plate 72 and is directed toward second reflecting surface 88 of second
concave plate 84. Mxed stream 300 is then directed toward second opening
51, where the water conponent of the m xed stream 300 is substantially

atom zed so as to scrub paint particles4romthe air conponent thereof.

Noi se generated at second opening 51 in the scrubbing process can travel

back t0_secqndi,bleact i)k SUSLACERE: S0TBoBALSC dd | e hest LbesLediRgek 1o

first reflecting Surfac Substan
surface and to receive and further deflect the deflected

mixed stream from the first reflecting surface, the first
and second concave plates cooperating to define a
longitudinally extending flow chamber between their
reflecting surface and to define a longitudinally extending
discharge opening positioned to discharge the twice
deflected mixed stream from the flow chamber, characterized
in that at least lower portions of the passageway walls
extend into the flow chamber so that noise generated by the
mixed stream at the discharge opening and reflecting from
the second reflecting surface is directed toward the lower
portions to reduce the amount of noise returning to the

passageway by way of the first reflecting surface.




wi |l be directed agai nst passageway wall 60 to be trapped in region 90.

M xed stream 300 then exits second opening 51 and is thereafter separated
into a paint-laden water conponent and a scrubbed air conponent.

The nethod in accordance with the present invention proceeds essentially as
summari zed above. The nethod conprises the steps of pulling paint-laden air
stream 100 downwardly through first openitng 44 and mxing air stream 100
with water stream 200 in passageway 46 to form m xed stream 300. The net hod

further conpriS@ﬁetggeggg singA@%%gga Lxed gtieam 890, al Jarééfconcave

plate 72 and flow ng m xed stream al ong second concave plate The

met hod sti}inbys hEChHhaGHE! bP&ESshey SESBmOferd O8bEVBY ddiridiedl owppnent of
m xed stream 300 at second opening 51 to scrub paint particles fromthe air

conponent .booth. The AdtHud ednisr idveEHO s HdaSs bEENE SESLid bedstFediet ai |

with reference to certain preferred enbodi nents, variations and

nodi fi cat i efispainstladeh airhédosmepeddlyd through an entrance opening
into a passageway and flowing a stream of scrubbing liquid
into the passageway to mix with the stream of paint-laden
air to form a mixed stream. The method further comprises
the steps of flowing the mixed stream along a first concave
plate, flowing the mixed stream along a second concave
plate, and atomizing the mixed stream at a discharge
opening to scrub paint particles from the air stream.

Additional objects, features, and advantages of the

invention will become apparent to those skilled in
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spirit of the invention as described and defined=ITi-t
CLAI VB: 1. A paint spray boot h*tbapri
covered with flowing liquid (200), said if loor

-17

the art upon consideration of the following detailed
description of preferred embodiments exemplifying the
best mode of carrying out the invention as presently
perceived by the inventor.

Brief Description of the Drawings

Fig. 1 is an end view of a paint spray booth in
accordance with the present 'invention with portions
broken away to show the interior thereof,

Fig. 2 is a top sectional view taken along
lines 2-2 of Fig. 1 showing an eliminator section of the
paint spray booth of Fig. 1; and

Fig. 3 is an enlarged end view of a paint
elimination section of Fig. 1 showing a first and a
second concave plate which cooperate to define a flow
chamber for a water stream and a paint-laden air stream.

Detalled Descrlptlon of the Draw;ngs

) " In a typlcal down draft water wash spray booth,'
an enclosed spray paint chamber is provided with a grille
floor or floor grating. Air or other gas is blown into
the spray chamber from above, capturing excess
particulate solids such as paint overspray and directing
such particles through the floor grating. Once beneath

"the floor grating, the paint-laden air stream is forced

through a paint elimination section where it mixes with a
flowing water stream. The water stream scrubs the paint
particles from the air stream. The air stream can then
be exhausted from the paint spray booth in an
environmentally-sound manner and the paint-laden water
can be recycled for reuse in the scrubbing operation.

Paint booths are typically elongated with an
entrance door or opening at one end and an exit door or
opening at the other end. Products to be spray painted
are typically moved on conveyor means through the



conprisingfﬁﬁansft9¢~déf¥9fdg an elongated longitudinally extended
passageway; (46) therein, haviing an upper entrance opening (44) and a | ower

exit openfpgk(@%}ﬁﬁﬁrﬁﬁgh M@ich the liquid (200) flows downwardly as a
scrubbing $tream  (200)..ieans (55) for exhausting air fromsaid booth and

pul ling a stream of paint particle laden air downwardly through said
openi ngs, s$aid.ent.ranee -epeni ng (44)'b€iﬁg positioned to receive the air
stream (100) and the scrubbing liquid stream (200) for mxing in

t he passageway (46) to forma m xed stream (300), the

entrance door, longitudinally through the booth, and out
the exit door. For purposes of describing this
invention, the term "longitudinal®" is intended to define
a direction through the booth and the terms "lateral" or
"laterally spaced" are intended to refer to directions
away from the longitudinal direction or toward the
sidewalls of the booth. That is, for purposes of Figs. 1
and 3, the term Ylongitudinal" refers to that which lies
in a plane perpendicular to the plane of the paper. For
purposes of Fig. 2, the longitudinal direction is the
direction indicated by arrow 25.

A paint spray booth 10 in accordance with the
present invention is illustrated in Figs. 1 and 2. Paint
spray booth 10 comprises an air supply section or plenum
12, a spray paint application section or spray point
chamber 14, and a paint elimination section 16.

Air supply section 12 is defined at its upper
end by ceiling 18 and at its lower end by a frame 20.

_An air supply duct 22 (shown in fragment in
Fig. 1) extends through ceiling 18. A plurality of
longitudinally-extending, horizontally-arranged air
diffusion panels 24 lie between ceiling 18 and frame 20.
A final air supply filter 26 is suspended by frame 20
below air diffusion panels 24. Filter 26 is preferably a
V-shaped filter extending along a longitudinal centerline
of paint spray booth 10.

Thus, as shown, an air stream 100 which is
forced through supply duct 22 passes next through
diffusion panels 24, and then through filter 26,
whereupon stream 100 reaches spray paint application
section 14.

Section 14 is defined at its upper end by frame
20 and at its lower end by a floor grating 28. Floor
grating 28 is split.along a longitudinal centerline
thereof to provide a space through which an air flow



passageway conprising a pair of laterally spaced apart, | ongi tudi nal I'y
and downwardl y extendi ng passageway wal |l s (60\ Prou

| ongi tudi nal | y extending concave plate (72) ?npe 5akd N

and including a first concave reflecting s r ace~682) faCIhg general ly
upwardl y and positioned to receive_ agd defPe t L epnlxed stream (300)
exiting the exit opening (64), and a qe ond ’6hg|tud|nally ext endi ng
concave plate (74) L i

1
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opening 30 extends. Air flow openlng “30 aiiows alr flow
between application section 14 and elimination section
16. Electrostatic paint spray guns (not shown) having
standard nozzle sizes and operating at standard pressures
are provided in application section 14. As shown, paint
overspray particles 32 generated through use of the paint
spray guns are captured by air stream 100 and directed
toward air flow opening 30 to reach eliminator section
1l6.

Eliminator section 16 is defined at its upper
region by a floor 34 having an upwardly facing surface 36
and a downwardly facing surface 38. Section 16 is
defined at its lower end by a foundation floor 40.

A flowing water stream 200 covers surface 36 of
floor 34. An overflowing water trough 42 is provided at
either side of floor 34 to provide water stream 200. A
first or entrance opening 44 to a passageway 46 is formed
along a longitﬁdinal centerline of floor 34. Air stream
100 and water stream 200 enter first opening 44 to mix
together to form a mixed stream 300.

Stream 300 passes through an elimination
apparatus 50, shown in more detail in Fig. 3 and further
described below. In elimination apparatus 50, the water
component of mixed stream 300 - scrubs paint particles from
‘the air component thereof.

After it exits elimination apparatus 50 by way
of a second or discharge openiﬁg 51, the water component
of mixed stream 300 (now laden with paint) eventually
flows across foundation floor 40 to a longitudinally
extending return trench 52 formed therein. The water
component flows in trench 52 to a location (not-shown)
where the "dead paint" is removed from the water by
settling or other processes and from which the water can
bé redirected across surface 36 for reuse in the
scrubbing or elimination step.



| aterally spaced fromthe first concave plate . 72):and.! ﬁﬁw;ﬂéing a second
concave reflecting surface (88) facing genérally downwardly and
positioned to oppose the first reflecting syrfae ﬁ@@)ﬁﬁﬂditq recei ve and
further deflect the deflected m xed streamfromthe first qeﬂlecting
surface (82), the first and second conc%We pl ates (72,74 todperating to
define a longitudinally extending flow T !

-
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The air component of mixed stream 300 (now
scrubbed of paint) is directed toward a plurality of
vertically arranged moisture eliminators 54, which
separate any remaining water droplets from the air
component. An exhaust duct 55 is provided adjacent
moisture eliminators 54 for exhausting the scrubbed air
component from elimination section 16.

Elimination apparatus 50 and its surrounding
structure are shown in greater detail in Fig. 3. As
described below, elimination apparatus 50 is designed to
maintain a particular flow characteristic between first
opening 44 and second opening 51 which provides
substantial turbulence to maximize the surface area of
scrubbing liquid available for scrubbing while minimizing
noise and paint buildup in elimination apparatus 50.

As noted, water stream 200 flows over surface
36 toward first opening 44. Typically, the water (or
‘other scrubbing liquid) in water stream 200 stands about
100 mm (four (4) inches) deep on surface 36. First
opening 44 is defined by a pair of angle irons providing
longitudinally extending weirs 56. Weirs 56 function to
retain nearly all of the water on surface 36, allowing
only a very thin sheet of water (e.g., about 16 mm (5/8
inch) deep) to flow into first opening 44.

_ As shown in Fig. 3, a pair of longitudinally
extending, opposed, arcuate walls 58 border first opening
44; The selection of the smooth convergent walls 58 and
the use of weirs 56 both are motivated in part by the
desire to avoid paint buildup in elimination apparatus
50. Advantageously, weirs 56 allow only a thin sheet of
water to flow along opposed, arcuate walls 58. Were
weirs 56 omitted, splashing might occur as water cascaded
down arcuate walls 58. It is anticipated that such
splashing would cause the water to jump over certain
portions of walls 58 so as to leave them “unwashed.”



-18 - chanber (76) between their reflecting sp, (%] X
define a longitudinally extendi ng di scharge openlng-(s B o [0 i X &
di scharge the twi ce deflected m xed stream (pob) Jr n1the flow chanber
(76), characterized in that at |east |ower pbrfldns4df ¥Hé gassageway
wal ls (60) extend into the rom1chanber1676) sa_that noise Jerjer at ed by
the mxed stream (300) at the discharge opering (51) “andTT ;
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Paint particles from air stream 100 would tend to adhere to
and accumulate on the unwashed portions, resulting in
undesirable paint buildup and concomitant loss of
performance.

Splashing is also advantageously minimized by
the use of smoothly curved surfaces for walls 58. If
joined, angled plates were used, such that the water
stream was forced to cross a sharply-angled surface, the
water stream might tend to short circuit the sharply-
angled surface, leaving an unwashed area for paint
buildup.

Arcuate walls 58 terminate in longitudinally and
downwardly or vertically extending wall portions 60 as
shown in Fig. 3. An exit opening 62 is defined at the
lower end of vertical wall portions 60.

Wall portions 60 provide means for defining
elongated passageway 46. Passageway 46 may also be
viewed as an impaction zone in which water from water
stream 200 mixes with paint-~laden air from air stream 100
to form mixed stream 300. Passageway or impaction zone
46 is defined between walls 60, entrance opening 44, and
exit opening 62. Passageway 46 may illustratively be about
300 mm (one (1) foot) wide and about 500 mm (one and two
thirds (1 2/3) feet) long (the latter dimension being
measured along the path ef air stream 100). Paint-laden air
stream 100 first impacts with water 100 in impaction zone
46. However, most of the atomization of the water stream
200 (and hence most of the scrubbing action) occurs at
second opening 51, as will be subsequently described.

A pair of longitudinally and inwardly
extending, horizontally arranged plates 64 extend into
first opening 44. Advantageously, plates 64 (sometimes
referred to as ‘kickers”) serve to reduce noise traveling
from elimination section 16 to spray paint application
section 14. 1In addition, kickers 64 also can enhance the
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reflecting fromthe second reflecting surfacel§{88) s~ directed toward the
| ower portions to reduce the anount of noisg peturnl'ng! toithe passageway
(46) by way of the first reflecting surface (82),. 2771 The paint
spray booth of claim1, wherein the first dodcaVé3@$§U99172)fincludes a
| ongi tudi nal edge (78) appended to .the paséadgmgx_and a free/edge (80),
the second concave plate (74) inC|Jd€S a Iqi)ngitudi'“n'?iT‘"‘'edge-Ji (84) appended
to the passageway and a free edge (86), and-—the.di.scharge opening (51) is
defined as a space between T

ability of water stream 200 to eliminate paint particles

from air stream 100 by forcing water stream 200 to mix
with air stream 100.

Specifically, water stream 200 passes through
first opening 44 and is directed into impaction zone 46,
thereby forming a sheet of water 210. Sheet of water 210
forms a barrier or acoustical block to noise generated
further downstream in impaction zone 46 or elsewhere in
elimination apparatus, particularly at discharge opening
51. Sheet 210 is also positioned directly int he path of
air stream 100. Thus, air stream 100 is forced to impact
water stream 200 to form mixed stream 300.

The means for defining passageway 46 also
includes a pair of curved plates 66. As shown, curved
plates 66 extend from floor 34 to passageway wall
portions 60 to provide support for passageway wall
portions 60. Plates 66 have larger radii of curvature
than do arcuate walls 58. However, this need not be the
case. Any plate configuration providing adequate support
to passageway wall portions 60 can be used and are within
the scope of the present invention. It is anticipated
that plates 66 can be eliminated in some circumstances.

The means for defining passageway 46 further
includes a pair of longitudinally extending, vertically
.arranged attachment plates 68 and 70.  Plate 68 is
similar in length to passageway wall portions 60, while
plate 70 is of a length such that it terminates in the
same horizontal plane in which kickers 64 lie.

Advantageously, elimination apparatus 50
includes a first longitudinally extending concave plate
72 and a second longitudinally extending concave plate
74. First concave plate 72 cooperates with second
concave plate 74 to provide a flow chamber 76 for
receiving mixed stream 300. Concave plates 72, 74 are
arranged to provide a flow characteristic for mixed



the respective free edges (80, 86). 3. The paint spray.booth of claim
2, wherein the free edges (80,86) are p03|tvened hQrIZQﬁfa[ al i gnment .
4. The paint spray booth of claim1, wherein’ the PLrs mconﬁave plate (72)
has a radius of curvature and the second concave plate (74): has an equal

radi us of curvature. 5. The painp spway boot h-of:- clarnv4 wherein
the first concave plate (72) has a center of curvature which

stream 300 which minimizes the formation of unwashed
surface portions on which paint particles tend to
accumulate. '

First concave plate 72 includes a longitudinal
edge 78 appended to vertical plate 68 and a free edge 80.
First concave plate 72 also includes a first reflecting
surface 82 facing generally upwardly and positioned to
receive mixed stream 300 as that stream exits exit
cpening 62.

First concave plate 72 has an arc angle of
somewhat less than 180° (and greater than about 150°)
such that free edge 80 lies in a different horizontal
plane than does longitudinal edge 78, giving first
concave plate 72 a slightly canted appearance. 1In
preferred embodiments, first concave plate 72 has a
radius of curvature equal to the radius of curvature of
second concave plate 74. First concave plate 72 is
illustratively positioned so that its lowermost point is
aligned along a vertical line with one of paséageway
walls 60.

Second concave plate 74 has a longitudinal edge
84 appended to vertical plate 70 and a free edge 86.
Second opening 51 is defined between free edge S6.
Second opening 51 is defined between free edge 86 and
free edge 80. As shown, free edges 80 and 86 are
positioned in horizontal alignment, to provide a
longitudinally extending, downwardly directed opening 51.

Second concave plate 74 is spaced apart
laterally (i.e., sideways in Fig. 3) from first concave
plate 72 and includes a second reflecting surface 88
facing general downwardly in opposition to first
reflecting surface 82. Second concave plate 74 has an
arc angle of about 90° - that is, about half of the arc
angle of first concave plate 72.



I s spaced apart laterally and upwardly froma center ofw e

- 19 - curvature of the second concave plhhe.'74 voun@y The paint
spray booth of claiml1l, wherein the first cbhpavempLate (72)||ncludes a
| ower nost portion
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While concave plates 72 and 74 have the same
radii of curvature, the center of curvature of plate 74
is spaced apart both laterally and vertically from the
center of curvature of plate 72. Second concave plate 74
has. its maximum height at longitudinal edge 84.

As shown in Fig. 3, plate 74 is positioned so
that second reflecting surface 88 receives the flow of
mixed stream 300 after that stream has swept along first
reflecting surface 82 of plate 72. Plate 74 is designed
to redirect mixed stream 300 toward second opening 51.
Advantageously, concave plates 72 and 74 cooperate to
force mixed stream 300 along a tortuous path, making it
more difficult for noise to travel back upstream to spray
paint application section 14.

In addition, plate 74 is advantageously
arranged so that second reflecting surface 88 receives
noise from first reflecting surface 82 and reflects noise
toward passageway walls 60. A substantial amount of
noise is thus trapped in a region 50, reducing the amount
of noise which returns to first reflecting surface 82.
Passageway wall 60 thus provides a sound baffle in flow
chamber 76. Such an arrangement may reduce noise levels
in the paint spray booth from about 85dB to about 82dB.

Optionally, a longitudinally extending,
‘horizontally arranged plate 92 is appended to one of
passageway walls 60 at the lower end thereof. It is
thought that optional plate 92 may further contain noise
in region 90.

As noted, second opening 51 is defined by free
edges 80, 86 and is offset from first opening 44 so that
no direct line of sight exists between the two openings.
As second opening 51 is substantially smaller than first
opening 44 (less than half the width of first opening 44
in preferred embodiments), the majority of the



positioned in vertical alignment with a first wall. Lk
passageway wal I s (60). 7. The paint spray - ‘booth el arim: wher ei n
the first concave plate (72) has an arc angle df between 150[e}r] and
180[err] and the second concave plate (74) has an iar¢:angle..iof +
substantially half of that of the first cqgcave plate (72). i +8. The
pai nt spray booth of claim1l wherein the econd concave- pkar€”(74) S
posi tioned above the discharge o !

atomization of the water stream occurs at second opening
51.

The basic principles underlying the scrubbing
operation which occurs at discharge opening 51 can
readily be summarized by reference to three distinct
phenomena: inertial deposition, deposition by
interception, and deposition by Brownian motion. All of
the phenomena involve interactions between droplets of
the scrubbing liquid (e.g., water droplets from streanm
200) and individual solid particles (usually paint
particles).

Inertial deposition arises from direct
collisions between water droplets and paint particles of
similar sizes. It is known that paint particles will
collide with similarly sized water droplets and will be
captured by such droplets, thus becoming removed from or
scrubbed out of the air stream. Thus, where a watér
stream can be appropriately atomized, larger paint
particles can be captured by inertial deposition to form
paint agglomerates.

' Paint particles which are small relative to the
atomized water droplets typically cannot be captured by
inertial deposition. Rathef, such particles tend to
"break" around the water droplet. As the water droplet
picks up speed, the paint particle may ride alongside the
water droplet. As the particle and the water droplet
move together alongside one another at the same speed,
the particle may eventually become "intercepted" by the
water droplet.

For particles which are extremely small
relative to the water droplets (i.e., in the range of
about one (1) micron in size) deposition will occur, if
at all, by Brownian motion. That term as used herein
refers to the tendency of extremely small particles to
move randomly, not identifying with either air stream 100



openi ng (51). 9. The paint spray booth of- any precgring claim
wherein the discharge opening (51) is sizedt:g:atont ze: substantially al
of the scrubbing liquid (200) in the mxed . stream (300). 10. The
paint spray booth of any preceding claim further conprisiing a
| ongi tudi nal |y extending, horizontally arr?n’eﬁ‘blate (92)! dppended to a
| ower end of a first wall of the pai+ b$ pas gemaymmﬁ++SJiﬁp) to assi st

in preventing sound reflected fromthe secbnd reflect[ngﬂggLface (88) from
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or water stream 200. In fact, some such extremely small
particles might move transverse to the flow of air and
water. Deposition will occur only when a particle
happens to strike a water droplet in such a manner as to
allow the particle to diffuse into the water droplet.

Once mixed stream 300 passes through second
opening 51, stream 300 flows along a nearly vertical flow
plate 94 illustratively appended to free edge 80 of first
concave plate 72. An angled plate 96 is provided for
receiving flow from flow plate 94.

Angled plate 96 is illustratively appended to
first concave plate 72 at or near the lowermost portion
thereof by way of a bracket 98. Angled plated 96
includes an upturned end 99 at the downstream end
thereof. Upturned end 99 serves dual functions. First,
it directs mixed stream 300 (and particularly the

- paint~laden water stream component thereof) toward
downwardly facing surface 38 to wash surface 38 on impact
therewith.

Second, upturned end 99 helps separate the
wéter and air components of mixed stream 300 by gravity
separation. The paint-laden water component impacts
surface 38 and flows down a sidewall 101, eventually
reaching return trench 52. Return trench 52 may
‘optionally be provided'with a baffle (not shown) to help
prevent foam from traveling from return trench 52 to
moisture eliminators 54. The air component is directed
toward moisture eliminators 54 and thence to exhaust duct
55 as previously described.

- To summarize the operation of elimination
apparatus 50, a paint-laden air stream 100 enters first
opening 44. A water stream 200 enters first opening 4
and impacts kickers 64 to form a substantially horizontal
sheet of water 210. Air stream 100 passes through sheet



returning to
boot h of any.

the first reflecting surface (82). 11].c The pain%thray
recedln claim further conprising nmeans for using
i (:2 9,: ‘1forn1an acoustical block (210) in the passageway

..16..

of water 210 and impacts with the water in passageway 46
to form a mixed stream 300.

Mixed stream 300 flows along first concave
plate 72 and is directed toward second reflecting surface
88 of second concave plate 84. Mixed stream 300 is then
directed toward second opening 51, where the water
component of the mixed stream 300 is substantially
atomized so as to scrub paint particles from the air
component thereof. Noisgigenerated at second opening 51
in the scrubbing process can travel back to second
reflecting surface 88. Some noise will be reflected back
to first reflecting surface 82, but a substantial amount
will be directed against passageway wall 60 to be trapped
in region 90. Mixed stream 300 then exits second opening
51 and is thereafter separated into a paint-laden water
component and a scrubbed air component.

The method in accordance with the present
invention proceeds essentially as summarized above. The
method comprises the steps of pulling paint-laden air
stream 100 downwardly through first opening 44 and mixing
air stream 100 with water stream 200 in passageway 46 to
form mixed stream 300. The method further comprises the
steps of flowing mixed stream 300 along first concave
plate 72 and flowiﬁg mixed stream 300 along second
concave plate 74. The method still further comprises the
step of atom121ng the water component of mixed stream 300
at second cpening 51 to scrub paint particles from the
air component.

Although the invention has been described in
detail with reference to certain preferred embodiments,
variations and modifications exist w{thin the scope and
spirit of the invention as described and defined in the
following claims.



(46), the using neans including a pair of platesﬂ(64)ﬂj:"'““{
horizontally into the passageway (46) on opp®sing:. Sk“3 h

the scrub across the entrance- openlng (44)gt forma
sheet of ﬂllﬂlmllmu mzlﬂmreduce the escape of ;noise. fiz gm7 he passageway
nmeans. @ paint spray booth df any precedlng claim %MMEFEIH t he
passageway includes a pair of opposed, convergent~~spaced”abant arcuate

wal | s (58) peeAIM®nhed at the entrance openlng, the malls _defiding an

| mpacti on zone [
1. A paint spray booth comprising a floor (34)

covered with flowing 1liquid (200), said floor (34)
comprising means for defining an elongated longitudinally
extended passageway (46) therein having an upper entrance’
opening (44) and a lower exit opening (64) through which
the 1liquid (200) flows downwardly as a scrubbing stream
(200), means (55) for exhausting air from said booth and
'pulling a stream of paint particle laden air downwardly
through said openings, said entrance opening (44) being
positioned to receive the air stream (100) and the
scrubbing 1liquid stream (200) for mixing in the
passageway (46) to form a mixed stream (300), the
passageway comprising a pair of laterally spaced apart,
longitudinally and downwardly extending passageway walls
(60),

a first longitudinally extending concave plate (72)
under said exit opening (64) and including a first concave
reflecting surface (82) facing generally upwardly and
_positioned to receive and deflect the mixed stream (300)
exiting the exit opening (64), and

a second longitudinally exﬁending concave plate (74)
laterally spaced from the first concave plate (72) and
including a second concave reflecting surface (88) facing
generally downwardly and positioned to oppose the first
reflecting surface (82) and to receive and further deflect
the deflected mixed stream from the first reflecting
surface (82), the first and second concave plates (72,74)

cooperating to define a longitudinally extending flow



(46) in the space therebetween, and a pair of" longitudi.nally;: extendi ng

pl ates (64 t he respective arcuatie’ ' wal | Qﬁiféhg ext endi ng
hori zont H“I“wﬁmﬂﬁﬂﬂ |erance openi ng (44); at the inpaction|zone (46) to
L

direct t eam (200) flow ng ACﬁOS§3thaaWﬁMage§malls (58)
into the inpaction zone (46) to inpact_mL hit e air s@Leanyi(gOO) to form
the m xed stream (300), and first concgve-ptate (72)7Ts £05|t|oned to
receive the nixed stream (300) exiting fromthe inpaction zomne (46)
through t hechaimbe®pgnie)g bekdleen their reflecting surface (82, 88) and

to define a longitudinally extending discharge opening (51)
positioned to discharge the twice deflected mixed stream
(300) from the flow chamber (76), characterized in that at
least lower portions of the passageway walls (60) extend
into the flow chamber (76) so that noise generated by the
mixed streanm (360) at the discharge opening (51) and
reflecting from the second reflecting surface (88) is
directed toward the lower portiéns to reduce the amount of
noise returning to the passageway (46) by way of the first
reflecting surface (82).
2. The paint spray booth of claim 1, wherein the
~first concave plate (72) includes a longitudinal edge (78)
appended to the passageway and a free edge (80), the
second concave plate (74) includes a longitudinal edge
(84) appended to the passageway and a free edge (86), and
the discharge opening (51) is defined as a space between
the respective free edges (80,86).
3. The paint spray booth of claim 2, wherein the
free edges (80,86) are positioned in horizontal alignment.
4. The paint spray booth of claim 1, wherein the
first concave plate (72) has a radius of curvature and the
second concave plate (74) has an equal radius of
curvature.
5. The paint spray booth of claim 4, wherein the
first concave plate (72) has a center of curvature which

is spaced apart laterally and upwardly from a center of



13. The paint spray booth of claim 12, wherein the arcuate walls (58)
termnate in vertical wall portions (60) and the horizontal plates (64)

are appe mm“eumml‘cal wal | portions (60). 14. The paint spray
boot h ofr ﬁ ‘ n the wvertical wall portions (60) extend into the
fl ow chanter ¢ (76)" a *suf'fi ci ent distgnfg so that noise generated at the

curvature of the second concave plate (74).

6. The paint spray booth of claim 1, wherein the
first concave plate (72) includes a lowermost portion
positioned in vertical alignment with a first wall of the
pair of passageway walls (60).

7. The paint spray booth of claim 1, wherein the
first concave plate (72) has an arc angle of between 150° and
180°_and the second concave plate (74) has an arc angle
of substantially half of that of the first concave plate
(72).

8. The paint spray booth of claim 1 wherein the
secohd concave plate (74) is positioned above the discharge
opening (51).

9. The paint spray booth of any preceding clainm,
wherein the discharge opening (51) 1is sized to atomize
substantially all of the scrubbing liquid (200) in the mixed
stréam (300).

10. The paint spray booth of any preceding clainm,
further compfising a longitudinally extending, horizontally
grranged plate (92) appended to a lower end of a first wall
of the pair of passageway walls (60) to assist in preventing
sound reflected from the second reflecting surface (88) from
returning to the first reflecting surface (82).

11. The paint spray booth of any preceding clainm,
further comprising means for using the scrubbing liquid

(200) to form an acoustical block (210) in the passageway
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- 21 - di scharge opening (51) and reflected fromthe second concave
plate (74) is dlrecteﬂﬁggainst the vertical wall portion (60). 15.

The pai nt any preceding claim wherein there is a housing
(16) ha m facing surface (38) of the floor (34) and further
conprls ans * - 20 -
(46), the using means including a pair of plates (64)
extending horizontally intoc the passageway (46) on opposing
sides thereof to direct the scrubbing liquid (200) across
the entrance opening (44) to form a sheet of liquid (210) to
reduce the escape of noise from the passageway means.

12. The paint spray booth of any preceding claim,
wherein the paésageway includes a pair of opposed,
convergent, spaced apart arcuate walls (58) positioned at
the entrance opening, the walls defining an impaction zone
(46) in the space therebetween, and a pair of longitudinally
extending plates (64) appended to the respective arcuate
walls (58) and extending horizontally into the entrance

. opening (44) at the impaction zone (46) to direct the
scrubbing stream (200) flowing across the arcuate walls (58)
into the impaétion zone (46) to impact with the air stream
(100) to form the mixed stream (300), and

first concave plate (72) is positioned to receive the

mixed stream (300) exiting from the impaction 2zone (46)
through the exit obeninq (64) .
' 13. The paint spray booth of claim 12, wherein the
arcuate walls (58) terminate in vertical wall portions (60)
and the horizontal plates (64) are appended to the vertical
wall portions (60).

14. The paint spray booth of claim 13, wherein the
vertical wall portions (60) extend into the flow chamber

(76) a sufficient distance so that noise generated at the
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for separating the m xed stream (300) discharged fromthe discharge
opening (51) into a particul ate-laden scrubbing Iliquid streamand a

scrubbed ;g separating neans including a downwardly angl ed

pl ate (Qiﬂmwﬂmm’gﬂm@mlw ned plate (99) at its downstreamend so that the
parti cul atse- ng liquid stre2n1and the scrubbed air streamare
directed toward the downwardly facings tface (38) of the housing (16) to

wash the downwardly facing surface (38) and to separate water and air
conponents §{oMatdle sidriiiedsalr aflilr S8R &YedH a4 dY the second concave

plate (74) 1is directed against the vertical wall portion
(60) .

15. The paint spray booth of any preceding claim,
wherein there is a housing (16) having a downwardly facing
surface (38) of the floor (34) and further comprising means
for separating tﬁe mixed stream (300) ‘discharged from the
discharge opening (51) into a particulate-laden scrubbing
liquid stream and a scrubbed air stream, the separating
means including a downwardly angled plate (96) having an
upturned plate (99) at its downstream end so that the
particulate-laden scrubbing liquiad stream and the scrubbed
air stream are directed toward the downwardly facing surface
(38) of the housing (16) to wash the downwardly facing
surface (38) and to separate water and air components from
the scrubbed air stream by gravity.

16. A method for removing paint overspray from a paint
spray booth as claimed in any preceding claim, the method
comprising the steps of:

forcing a stream of paint—laaen air (100) downwardly
through the entrance opening (44) intc the passageway (46),

flowing a stream of scrubbing liquid (200) into the
passageway (46) to mix with the stream of paint-~laden air
(100) to form a mixed stream (300),

flowing the mixed stream (300) downwardly against the

concave face (82) of the first concave plate (72) to deflect

S
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16. A method for renoving paint overspray froma paint spray booth as
claimed in any preced|n§ﬂ§Ia|n1 the method conprising the steps of:

forcing a T“Mi aden air (100) downwardly through the entrance
openi ng @fﬂ“ gemay (46), flow ng a stream of scrubbing
liquid (20

|ntd-tﬁe passageway (46) t 9 mx wth the stream of
paint-laden air (100) to forma m xed é&rean1(300), flowi ng the m xed
stream (300) downwardly agai nst the

the mixed stream (300) upwardly to flow against,

flowing the mixed stream along the opposed concave face
(88) of the second concave plate (74) to deflect the mixed
stream (300) downwardly to be atomized, and

atomizing the mixed stream at the discharge opening
(51) to scrub paint particles from the air strean.

17. The method of claim 16, further comprising the
step of separating the mixed stream (300) exiting the
discharge opening into a paint-~laden scrubbing stream and a

scrubbed air streamn.




concave face (82) of the first concave plate (72) to defl ect
- 22 - the m xed stream (300) upwardly to fl ow agai nst,

m xed stream al ong the opposed concave face
plate (74) to deflect the m xed

flowi ng the
(88) of the second concave

..23_

PAINT SPRAY BOOTH
ABSTRACT OF THE DISCLOSURE

A paint spray booth is provided which comprises-’
a floor covered with flowing liquid, the floor including
an elongated passageway formed therein defined by a pair
of passageway walls and having an entrance opening and an
exit opening. The paint spray booth further comprises a
mechanism for exhausting air from the booth and pulling a
stream of paint particle laden air downwardly through the
openings. The booth further comprises a first
longitudinally extending concave plate positioned to
receive the mixed stream of water and air exiting from
the exit opening, and a second longitudinally extending
‘concave plate laterally spaced from the first concave
plate. The first and second concave plates cooperate to-
define a flow chamber therebetween and a discharge
opening. The first and second plates are designed to
minimize paint buildup in the flow chamber and to trap
the noise generated at the discharge opening to reduce

the amount of noise returning through the passageway.

FIGURE 1.

T ——
ey ———



stream (300) downwardly to be atom zed, and atom zing the m xed
stream at the discharge opening (51) to scrub paint particles fromthe air
stream 17. The method of claim 16, further conprising the step of
separating the m xed stream (300) exiting the discharge opening into a

pai nt -1 aden scrubbing streamand a scrulibed air stream
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) Paint spray booth,
@ A paint spray booth (10) is provided which com- '?\ % T
prises a floor (34) covered with flowing liquid, the L ;
floor (34) including an elongated passageway (46) ?) Vi R [
formed therein defined by a pair of passageway e
walls (60) and having an entrance opening (44) and e N rmrer

an exit opening (62). The paint spray booth (10)
further comprises a mechanism for exhausting air
from the booth (10} and pulling a stream of paint
particle laden air downwardly through the openings
(44,62). The booth further comprises a first iongitudi-
naily extending concave plate (72) positioned to re-
ceive the mixed stream of water and air exiting from
the exit opening, and a second longitudinally extend-
ing concave plate (74) laterally spaced from the first
concave plate (72). The first and second concave
plates (72,74) cooperate to define a flow chamber
(76) therebetween and a discharge opening (51).
The first and second piates (72.74) are designed to
minimize paint buildup in the flow chamber (78) and
to trap the noise generated at the discharge opening
{51) to reduce the amount of noise retummg through
the passageway (46). [ _ .
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