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[57] ABSTRACT ‘ :
A particulate laden air or gas stream is moved by a

blower through a duct to a centrifugal separator and..

fluid is injected into the air stream. The particles in
the air stream become heaviér from the injected fluid

- so that they will be separated more efficiently from

the air in the centrifugal separator. A monitor detects
the quantity of particulate in the air stream and a con-

trol system varies the quantity of fluid injected into

the air stream in response to a change in the quantity
of particulate in the air strear.

18 Claims, 3 Drawing Figures
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1 ‘
DUST CONTROL SYSTEM

BACKGROUND OF THE INVENTION

"The control of disposable airborne waste such as
wood dust-and other airborne waste having fine partic-
ulate in its make-up from industrial sites has been ac-
complished in the past usually by moving exhaust air
through filter means such as cloth tube filters and wet
" collectors and by centrifugal separation of the particu-
late from exhaust air. The filter system for dust collec-
tion is an effective method for dust collection, but by
comparison' to other methods the typical filtration sys-

tem is very expensive to construct, and in the operation .

of a filtration system increased static pressure losses of
the exhaust air occur and therefore increased fan
horsepower is required to force the exhaust air through
the filter media, resulting in more expensiveé power
requirements to operate the system. The conventional
centrifugal separation systems are not as effective as
filter systems but they are much less expensive to con-
struct and to maintain. While the centrifugal separators

are less expensive to purchase and to operate, some

pollution standards are not met by many of the conven-
tional centrifugal separators. If the centrifugal separa-

tor in an operating plant must be replaced by a new, .

more efficient centrifugal separator or by a filtration
system to meet the pollution standards, the fan, duct-
work, supports and other elements supporting the old
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of fluid injected into the stream is varied in accordance
with the variation of the quantity of the particulate
moving in the air stream as detected by the monitor. A
conventional centrifugal air pamcle separator can be
utilized in the system, and if an existing system is being
modified to increase its effectiveness, it is usually not
necessary to replace the conventional centrifugal sepa-
rator, its fan, ductwork, motor and supporting elements
in order to install the improved system since these
existing components become a part of the improved
system. The particles moving in the air stream adsorb
the atomized fluid or fluid vapor injected into the air
stream which results in particlés becoming heavier and
more subject to centrifugal forces in the centrifugal.
separator. The weight added to the particles causes the
smaller particles that would have moved with the air -
stream to the atmosphere to be separated from the air
stream in the centrifugal separator. The amount of fluid -
injected into the air stream. is carefully controlled so .
that the moisture content of the air stream is not so
great that the particles become so wet that they tend to
accumulate in the ductwork, centrifugal separator or

" on any. of the surfaces of the equipment.
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separator usually must be replaced and the owner of 30
the plant may be faced with substantial equipment

“purchase costs and installment costs, as well as tempo-
rary plant shutdown.
- While the prior art has suggested injecting fluid into
aparticulate laden air stream to improve the collection
efficiency of a centrifugal separator, the fluid injection
was not precisely controlled so that an improper
amount of fluid could be injected into the gas stream.
Too little fluid results in poor collection efficiency, and
excessive fluid results in the particles becoming exces-
sively moisture laden and wet. The resulting waste
product is difficult to handie in further processing and
in disposal For example, in the field of wood waste,
excessive moisture tends to cause plugging in the cy-
clone separator, to cause difficulty in physxcally han-
dling its disposal, and when combustible waste is used
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as boiler fuel, excessive moisture causes inefficient .

combustion and other operation problems in some
boiler designs.

The recycling of waste has become more prevalent
and waste is transported long distances for subsequent
processing in other products. Any increase in moisture
content results in increased weight and. increased
freight costs, and such increased moisture content in
many cases can result in the waste product being unus-
able or difficult to use.

SUMMARY OF THE INVENTION

Briefly described, the present invention comprises an
.improved system for treating a particulate laden air or
gas stream that is compatible with many existing con-
ventional centrifugal air particle separators and may
not require replacement of a conventional separator in
. an existing system. A fan moves the particulate laden
air stream to a centrifugal separator and a monitor
functions to detect the particulate moving in the air
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stream. A fluid injection system injects steam or other

fluid or liquid vapor into the air stream and the volume

Thus, it is an object of the present invention to pro-
vide an improved system of treating a particulate laden
air stream so as to improve the particulate collection
efficiency of a centrifugal separator before the air
stream is exhausted, with the: system being relatively
inexpensive to construct and to operate, expedient to, .
install, and effective to extract both large and small
particles moving in the air stream. :

Other objects, features and advantages of the present
invention will become apparent upon readmg the fol-
lowing specxﬁcatxon, when taken in.conjunction w1th ‘
the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic illustration of the air particle
separator system, illustrating the monitor positioned on
the upstream side of the system.

FIG. 2 is a schematic illustration of the air partlcle
separator, showing an alternate embodiment of the
invention where the monitor is located at the exhaust of:
the centrifugal separator.

FIG. 3 illustrates the fluid control and injection sys-
tem for the air particle separator system of FIG. 1.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Referring now in more detail to the drawing, in which
like numerals indicate like pafts throughout the several
views, FIG. 1 jllustrates an air. particle separator 10
which includes a duct system 11, fan 12, centrifugal
separator 14 and fluid control and injection system 18.
The duct system 11 receives a particulate: laden air.
stream 16 from a single or miiltiple number of sources
18, and fan 12 moves the particulate laden air in the
direction indicated by arrow 19 through the duct sys- .
tem. Fan 12 disclosed in this embodiment of the inven-
tion is a centrifugal blower and includes housing 20,
impelter 21 and motor. 22. The blower includes a tan-
gential exhaust branch 24 that carries the particulate.
laden- air stream from the blower housmg 20 to the .
centrifugal separator 14.

The centrifugal separator 14 illustrated herein is a
cyclone separator and includes. upper cylindrical.sec-
tion 25, lower conical section 26, bottom particulate,
discharge port 28 and upper air exhaust duct 29.. The
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lower entrance end 30 of the air exhaust duct 29 ex-
tends downwardly from the top wall 31 of the cylindri-
cal section 25 into the central portion of the separator,
and the tangential exhaust branch 24 extending from
fan 12 enters the upper cylindrical section 25 of the
separator horizontally at an off-centered position, so
that the air stream tends to flow in a spiral path about
the lower portion of the gas exhaust duct 29, causing
substantial cylindrical forces to be exerted on the air
stream and its particles. The heavier particles in the air
stream tend to be projected outwardly in the centrifu-
gal separator and eventually moved in a downward
direction by air flow and by gravity through the lower
conical section 26 and eventually out of the bottom
particulate discharge port 28, while the exhaust air is
forced from the separator in an upward direction
through the upper gas exhaust duct 29 and to the atmo-
sphere or to another location. A collection container
32 receives the particles 34 from the centrifugal sepa-
rator 14, or the waste collected may be further trans-
ported by other means to other locations.

Fluid control and injection system 15 includes a con-
duit 35 in communication at one of its ends with a
source of fluid under pressure and extends at its other
end into the air duct system 11 and terminates in one or
more nozzles 36. Examples of typical “fluids” injected
into the particulate laden air stream are atomized water
or steam which can be chemically treated to facilitate
atomization. The term “‘fluid” is used generically to
designate a fluid which includes a substantial amount of
moisture. The fluid is supplied under pressure so that
the nozzles 36 function to inject and diffuse the fluid
into the air stream. Opacity monitor 38 functions as a
particulaté monitor and is connected to the air duct
system 11. Control system 39 functions in response to
the opacity monitor 38, and fluid flow control valve 40
is positioned in the fluid conduit 35 and responds to the
control system 39 to control the flow of pressurized
fluid through the fluid conduit 35 to the nozzle 36.

As is illustrated in FIG. 3, the opacity monitor 38
includes an incandescent light 41 as a single light
source, a beam splitter 42, a measurement reflector 44,
a comparison reflector 45, a measurement photocell
detector 46, a reference photocell detector 48, amplifi-
ers 49 and 50, and a divider 61. The light from the light
source 41 is focused by the lenses 52 and 54, with the
beam 55 from the lens 52 being split into a measure-
ment beam 56 and a reference beam 58. The measure-
ment beam passes through the beam splitter 42,
through focuing lens 54, through the paticulate laden
air stream 16, is reflected by the measurement reflector
44 back through the air stream, and is reflected by
beam splitter 42 to the measurement photocell detec-
tor 46. Beam splitter 42 also reflects reference beam 58
to the comparison reflector 45, which directs the refer-
ence beam to reference photocell detector 48. The
light beam traversing the air duct system of the air
stream is reflected back across the same path and the
reflected beam is compared with the reference beam,
and the difference between the intensities of the two
beams represents the opacity of the air stream or the
approximate quantity of the particles moving in the air
stream through the duct system. A change in the differ-
ence between the intensities of the two beams repre-
sents a change in the opacity of the air stream or a
change in the approximate quantity of the moving par-
ticles. The light beam encounters particles in the air

stream during the first and the second passes of the
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light beam across the air stream and produces a propor-
tional signal which corresponds to the opacity of the air
stream. The signal from the opacity monitor is used to
regulate the liquid injected into the air stream. The
measurement photocell detector and the reference
photocell detector are carefully matched so that if
there is no reduction in the intensity of the measure-
ment beam 56, the photocell detectors will emit identi-
cal signals. Thus, the light source 41 functions as a
given source of light for both the measurement photo-
cell detector and the reference cell detector, and the
opacity of the particulate laden air stream, which is
considered functionally as the quantity of particles in
the air stream, causes a reduction in the intensity of the
measurement light beam received at the measurement
photocell detector 46. The signals from the photocell
detectors are amplified and applied to the divider 61
which computes the quotient of the two signals. Thus,
the opacity monitor 38 functions as a means for detect-
ing the opacity of the air stream or the approximate
quantity of the particles moving in the air stream 16,
and the signal provided by the divider circuit 61 is
transmitted to the control system 39. An example of
opacity monitors of the type suitable for this type of
sensing in the duct is the RM 7 Opacity Monitor avail-
able from Lear Siegler, Inc. of Englewood, Col.

It is desirable to position the light source 41 and
measurement reflector 44 so that the measurement
beam 56 passes through the air stream at a turbulent
portion of the air stream where a good sample of the
particles are likely to be distributed in the air stream, to
provide an accurate reading of the quantity of particles
in the air stream.

The control system 39 includes amplifier 62, valve
controller 64, control valve 65 and fluid flow control
valve 40 which is a diaphragm valve. Amplifier 62
amplifies the signal received from divider 61 of opacity
monitor 38 and transmits the signal to valve controller
64, and valve controller 64 regulates the control valve
65. Control valve 65 communicates with the high pres-
sure conduit 35 and modulates diaphragm chamber of
diaphragm valve 40 with high pressure at a ratio corre-
sponding to the input from valve controller 64. The
diaphragm liquid flow control valve 40 functions to
regulate the liquid moving through the liquid conduit
35 to the nozzle 36 positioned in the particulate laden
air flow 16 inside conduit system 11.

As is illustrated in FIG. 2, wherein another embodi-

- ment of the invention is illustrated, the opacity of the

50

55

60

65

air flow is detected at the upper air exhaust duct of the
centrifugal separator. For example, the opacity moni-
tor 38a is positioned so as to sight across the upper air
exhaust duct 29a of the centrifugal separator 14a, and
the signal generated by the opacity monitor 38a is .
transmitted to control system 39a which in turn con-
trols fluid flow control valve 40a to regulate the fluid
moving through fluid conduit 354 to the nozzle 36a in
the particulate laden air stream 16a.

In both embodiments illustrated, the particulate in
the ‘air stream adsorbs the moisture from the fluid in-
jected into the air stream. Since the ratio of the surface
area to mass of a particle increases with decreasing
particle size, the smaller particles which usually escape
a conventional centrifugal separator are the very parti-
cles that are more apt to become much heavier by the
adsorption of moisture. The finer, smaller particles
have a tendency to adsorb the greater proportion of the
fluid injected into the air stream as compared with the









