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This invention relates broadly to new and use-
ful :improvements in centrifugal precipitators,
and more particularly to precipitators of this type
that are primarily adapted for removing rela-
tively light, fine fly-ash from flue gases.

An important object of the present invention is
to provide an efficient means for removing sus-
pended solid: matter from a moving gaseous
stream.

Another object of the invention is to provide
a fly-ash precipitator that is mechanically sim-
ple.and that can be manufactured economicaily.

Still another object of the invention is to pro-
vide a fly-ash precipitator that will remove solid
particles continuously without obstructing - the
flow of flue gases from the furnace.

Other objects and advantages of the inven-
tion will be apparent during the course of the fol-
lowing description.

In the drawings forming a part of this specifi-
cation, and wherein like numerals are employed
to designate like parts throughout the same:

Figure 1 is a longitudinal sectional view through
a fly-ash precipitator embodying the invention;

Fig. 2 is a transverse sectional view taken on
the line 2-—2 of Fig. 1;

Fig. 3 is a transverse sectional view taken. on
the line 3—3 of Fig. 1;

Fig. 4 is a transverse sectional view taken on
the line 4—4 of Fig. 1;

Fig. 5 is a transverse sectional view taken on
the line 5—5 of Fig. 1;

Fig. 6 is a transverse sectional view taken.on
the line 5—6 of Pig. 1;

Fig. 7 is a longitudinal sectional view through
a modified form of the invention;

Fig. 8 is g transverse sectional view taken on
the line 8—8 of Fig. 7;

Fig. 9 is a transverse sectional view taken on
the line 9—9 of Fig. 7;

Pig. 10 is a transverse sectional view taken on
the line 18— of Fig. 7;

Fig. 11 is a longitudinal sectional view through
still another modification of the invention;

Fig. 12 is a fragmentary end elevational view
looking in the direction of the arrows 12—I2 of
Pig. 11;

Fig. 13:is a transverse sectional view taken on
the line 13—143 of Fig. 11;

Pig. 14 is a transverse sectional view taken on
the line {4—14 of Fig. 11; and

Fig. 15 is a transverse sectional view taken on
the line 15—15 of Fig. 11.

‘When coal is burned perfectly, a small amount:
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coal is burned imperfectly, as in 2 conventional.
stoker .or hand-fired furnace, the powdered par-.
ticles.are combined with particles of combustible
material to form much larger particles. This.
residue, whether made up of incombustible ma-
terial alone or of combined incombustible . and:
combustible. material, is called fly-ash. PFly-ash
particles comprising both comibustible and incom-
bustible material usually are quite Jarge. Theloss
of combustible material in the fly-ash madterially’
increases the cost.of operation and represents an
unnecessary loss of fuel..

I propose to pulverize the.coal completely and.
to burn it in such a manner so that all, or essen-
tially all, of the combustible materials are burned.
One means. of. doing this is. disclosed in my co-
pending: application Serial No. 2,313 for combus-
tion chamber, and the. precipitators embodying
the present invention are preeminently suited for,
removing fly-ash and other solid particles from,
the flue gases from the chamber. When combus-
tion is. completed, the fly-ash. contains little or
no combustible-material and it comes from the
combustion chamber in the form. of a fine, light,
vowder which is. practieally invisible.  This is in
sharp contrast with the fly-ash from a stoker or
hand-fired furnace which because of their size
and color. make the stack discharge appear as
dark smoke. Being light in weight, the ash pow-
der..coming from a pulverized . coal furnace
spreads: over. a wide area and is relatively unob-.
jectionable as.a, nuisance. On the other hand, a.
discharge.from a stoker fired or hand-fired fur-
nace consisting .of heavier particles tends to set-.
tle.in a concentrated . area near the heating or-
power plant from which it has come. Tts dark
color anad coneentration make it readily visible
and, therefore, objectionable.

While it might not be objectionable as a nui-.
sance in some particular installations, the.light.
fly~ash-from a pulverized coal furnace might still
be -undesirable because of possible damage. from
its.abrasive action-on equipment surfaces. This
would be frue in a high-pressure furnace where
the gases:travel at a high velocity and most, par-:
ticularly: true in .application to a gas turbine
where the high rotating speed .of .the turbine.
blades makes them subject: to erosion: The light
particles- from, a pulverized-fuel furnace.are not.
as-bad.in this.regard .as the heavier particles
from.other methods of firing since the greater
momentum and impact of the heavier particles:
make their abrasive action more severe. An-
other objection . is that fly-ash.accumulating on
boiler-tubes reéduces heat transfer and efficiency.
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Of course, the small amount of pure ash com-
ing from a pulverized furnace is not nearly so
objectionable as the gummy tar, coal dust, car-
bon, soot and ashes that come from other types
~of furnaces, but in some cases, it is still a point
for consideration.

To remove any objections whether from a nui-
sance standpoint, or in regard to maintenance or
pérformance of equipment, fly-ash can be com-
pletely rémoved for all practical puiposes by es-
pecially designed fly-ash precipitators of the type
embodying the present invention. ;

Two types of ash and dust precipitators are in
use today: namely, the electrostatic type and the
centrifugal type. The electrostatic -types arc
more efficient than the centrifugal types now
available but they are not rugged enough for most
applications. While fairly efficient centrifugal
type precipitators are available, they frequently
are not adapted for collecting the fine, light
particles which represent residue from the coal
after all of the combustible materials have been
burned. Precipitators of the type here shown
are particularly efficient in this regard and ca-
pable of collecting all or substantially all of this
fly-ash. ] '

In my copending application Serial No. 22,386
for Delivery System, now Patent Number 2,520,239
T disclose means for delivering powdered coal in a
forced draft of air. Precipitators of the type
embodying the present invention also can be
used to remove coal dust from the air when it
is vented to the atmosphere. R

In the drawings, reference is first had to Fig-
ures 1-6 which show one type of fly-ash precipi-
tator embodying the present invention, This
precipitator comprises a generally tubular, up-
right housing 28 having a tapered lower portion
22 provided with a bottom opening 24. The upper
portion of the housing 20 is surrounded by a
circumferentially spaced annular case 26. The
annular space between the housing 20 and the
case 26 is closed by a bottom wall 28 and top covers
30, and this space is divided into three separate
compartments 32, 34 and 36 by horizontal parti-
tions 38 and 40.

The upper compartment 32 has three openings
42, 44 and 46 in and disposed in equi-spaced re-
1ation around the circumference of the case 26
(Fig. 2). This compartment 32 also is provided
with three openings 48, 58 and 52 disposed in and
in equi-spaced relation around the circumference
of the housing 20. These openings collectively
provide one series of inlets for the housing 20.
Tn this connection, attention is directed to the
fact that the inner openings 48, 50 and 52 are
arranged in staggered relation with respect to the
outer openings 42, 44 and 46, and that the com-
partment 32 is divided into three separate cham-
bers by radial partitions 54, 86 and 58. Also,
it will be observed that the radial partitions 54,
56 and 58 are so located that each of the cham-
bers is provided with one outer opening and one
jnner opening. One chamber contains open-
ings 42 and 48, another chamber contains the
openings #4 and 50, and the last chamber con-
tains the openings 46 and 52. .

The middle compartment 34 is similarly pro-
vided with openings 69, 62 and 64 disposed in equi-
spaced relation around the circumference of the
case 26 and with openings 66, 68 and 70 disposed
ijn equi-spaced relation around the circumference
of the housing 26 and in staggered relation with
respect to the outer series of openings (Fig. 3.
Also, compartment 34 is similarly divided into
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three equi-sized chambers by radial partitions 12,
18 and 16. Each chamber is provided with one
opening in the case 26 and one opening in the
housing 20. Specifically, as shown in Fig. 3, the
openings 62 and 68 are grouped together, the
openings 64 and 18 are grouped together and the
openings 60 and 6§ are grouped together. Also, it
should be noted that the outer openings €0, 62 and
64 of the second compartment 34 are staggered
with respect to the outer openings 42, 44 and 46
of the upper compartment 32, )
The lower compartment 36 has three outer

~ openings 18, 80 and 82 arranged in equi-spaced
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relation -around the circumference of the case
28 and three inner openings 84, 86 and 88 dis-
posed in equi-spaced relation around the cir-
cumference of the housing 20 and in staggered
relation with respect to the outer series of open-
ings (Fig. 4). As in the previous instances, the
compartment 36 is divided into separate chambers
by radial partitions 90, 82 and 94. By reason of
these radial partitions the outer opening 18 is in’
communication with the inner opening 84, the
outer opening 88 is in communication with the
inner opening 88, and the outer opening 82 is in
communication with the inner opening 88. At~
tention is directed to the fact that both the outer
and inner openings of the lower compartment 36
are arranged in the same general orientation as:
the corresponding openings in the topmost com=-
partment 32 and in staggered rélation with the
corresponding openings in the intermediate com-
partment 34. : :
Disposed axially in and spaced circumferen-
tially from the housing 20 is a duct 96 which ex~
tends from a point adjacent the bottom of the:
housing upwardly through the top covers 30.
Thus the duct 86 co-operates with the housing.
98 to define a generally U-shaped passage.
Gases to be treated enter the housing 20 through
the various openings in compartments 32, 34 and
36, pass downwardly through the annular space
between the housing and the duct 98, enter the
latter through the lower open end thereof and
pass upwardly therethrough out of the housing.
In order to remove solid particles suspended
in the gases that pass through the housing 20
and duct 96, it is necessary to impart and main-.
tain a rotary or a circular motion thereto, and
it is desirable to reverse the direction of lineal
travel of the gases at least once. If this is done
properly, the combined effects of centrifugal force
and inertia will remove even fine, lightweight
particles from the gases. In the present installa--

* tion, the gases do not travel in a direct path

between the inlets in the case 28 and the outlet
at the upper ‘end of duct 96. Instead, the gases
are rotated at a relatively high speed in the an-
nular space between the housing 20 and the duct
96 and it will be observed that the gases reverse
their direction of travel as they enter the lower
inlet end of the duct. As a result of the circula-
tory motion of the gases, solid particles suspend-
ed therein are thrown radially outwardly by
centrifugal force, and as the gases reverse their
direction of travel, inertia causes additional par-
ticles to be thrown from the current. . Provision:
is made for collecting these particles and remov-
ing them.

In connection with the foregoing, ‘an inner
tubular member $8 having a tapered lower end
100 is disposed in the lower portion of the hous-
ing 20. The tubular member 98 extends upward-
ly and in overlapping relation with the lower
portion of duct 96 and it is disposed in eircum-
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ferentlally spaced relation with respect to the
housmg 20 to define an annular space 102 there-
between. Also, it will be observed that still an-
other tubular member 104 is disposed within and
in c1rcumferent1a11y spaced relation with respect
to the tubidar member 8. 'The inner member
108 is- similarly provided with a tapered lower
portlon 08 and it extends upwardly in overlap-
ping relation with the lower portion of the diict
96. By reason of the circumferentially spaced
relatlon between the inner and outer tubular
members 104 and 98, an annular space 118 is
deﬁned therebétween. Attention is dirécted to

the fact that while both the inner and outet tubu-

lar members {04 and 98 extend in’ overlapplng
relation with the duct 98, the outer migrmber 98
extends substantially above the inner member
104. A baffle 112 is disposed transversely across
the inner tubular member 184 below the duct 96.

Circulatory motion of the gases is bégun as it
enters the housmg 20 by reagon of the fact that
edch outer opening in the case 28 is disposed out
of phase with respect to the corresponding ininer
opemng Thus, the gases entering the otter
opemngs must flow bétween the walls for about 45
degrees before entering the housing 20. Imme-
diately upon entsring the housing 20 the gases
strikeé against helical vanes 113, which vanes sur-
round the upper portion of the duct 86 and ex-
tend radially between the duct and the housing
20. These vanes 118 further guide the current
of gases into a helical path as it descends through
the unit and, as suggested, the centrifugal force
caused by the ecircular motion of the gases throws
the ash particies to the walls of the housing 20.

When the gases reach the upper end of the
tubular member §8 the helical motion is dis-
tributed in the vicinity of housing 20 and the
heavier particles suspended in the gases fall by
gravity through the annular space 82 and are
discharged from the housing. Ag the current of
gases continues downwardly in the tubular mem-
ber 98, it strikes against helical vanes {i4 which
extend radially between the duct 96 and the
tubular member 98. These vanes 114 direct the
current of gases into a helical path within the
tubular member 98 and increase the rotational
speed of the gases. It is significant in this con-
nection that the vanes {14, though spaced below,
are disposed in relatively close proximity to the
vanes {13 so that the vanes {{6 ave engaged by
the gases before the latier lose appreciable veloe-
ity. Here again, particles suspended in the gases
are thrown outwardly against the member 98

. and, ds the gases enter the inner tubular mem-
ber 104, these particles fall downwardly into the
annular space 18 and are discharged from the
bottom of the housing 20.

As the circulating gases continue downwardly
into the inner tubular member (04, they strike
othér helical vanes {18 which extend radially be-
tween the duct 96.and the member 124, These
vanes |16 further guide and direct the circulating
motion of the gases and increase the rotational
speed of the gases to cause particles suspended
therein to be thrown outwardly against the tubu-
lar member 184 where they slide downwardly
along the wall of the member and through the
bottom of the housing 20. After leaving the
vanes {16 the current of gases abruptly reverses
its -direction of travel and enters the duct 96.
As this ocecurs; inertia acts together with cen-
trifugal force to expel any particles that remain
suspended in the gases. The gases, substantially
free from solid particles, énter the dict 98
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through the open bottom thereof and pass iips’
wardly into a suitable exhaust pipe or stack (ot
shown). A large portion of the suspended’ Ay~
ash particles are less'than 36 microns in diameter
and actual tests have demonstrated that the in-
stant device will rémove 4t least 979% of all such
particles from the air or gases. I have found
that the clean gases have a better heat transfer
as there is no-ash settlement on the heat transfer
tibes,

It will be readily appreciated that a foreced
draft is maintained in the device at ail times
by reason of the stack with which the duct 96
communicates, and it will also be appreciated:
that the brogressively constricted - passages
through which the gases are forced as they travel:
from the inlets in the case 26 to the bottom: of
the duct 98, cause the velocity ‘of the moving cur-
rent of gases to increass progressively, - I have
found that the progressively constricting’ path-
of travel for gases and the helical vanes located-
at the strategic points here shown is particularly
and unexpectedly effective in removing substan-
tially all of the solid matter suspended in- the

" -gases.

Reference is now had to Figures 7-10 wherein-
is shown a modified form of the invention which
is primarily adapted for conditions where the
incoming gases are delivered downwardly into
the precipitator and should be discharged hori-
zontally thersfrom. This form of the irivention
is generally similar to the form first described

execept that the case 26 and its adjuncts are
omitted, the housing 20 is provided with a top
opening 120, and the duct 96 is provided at the
upper end thereof with a lateral extension 122
which’ passes through the side of the housing:

In this form of the invention thie gases pass
downwardly into the housing 20 through the
openmg 120 and impinge against the helical
vanes |[8. These vanes Ii3 cause the gases 6
spiral downwardly in the annular space between:
the housing 20 and the duct 96 and the spiraling
motion of the gases causes the heavy particlés
suspended therein to be thrown radially ouf-
wardly against the wall of the housing and éx-
pelled from the housing in the manner herein-
above described. The gases next pass progres-
sively through the smaller tubular members 98
and 1804 where the finer particles of fly-ash are
precipitated out in the manner deseribed.

As suggested,; the first spiraling motion im-
parted to the gases by the vanes 113 takes out
only the larger particles of fly-ash. The rotdry
motion of the gases is maintained by the sub-
sequent sets of vanes ({4 and 116, and at the
same time the velocity of the gases is intreased
by the progressively constricted passages through
which it travels. The higher centrifugal force
which results throws out the medium and lighter
weight particles of fly-ash. Then when the
gases make a sudden reversal to flow up through
the duct 86, the inertia of any particles remain-
ing therein tends to carry them downwardly.
Once these particles fall below the baffie 12
they are no longer subject to the updraft of gases
entering the duct 22 and they fall readily oiit
of the housing 20. _

Reference is now had to Figs. 11-15 which
show a straight-flow type of precipitator. This
precipitator has a horizontal tubular body 124
which' conveniently may be surrounded by a hol-
low water jacket 126. The gases to be treated
enter one end of the housing 124 where they ‘eri<
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gage helical vanes 128.
a ¢irculatory motion to the gases in the manner
heréinabove described and the latter advances
in a generally helical path through the housing.

"In the distal end of the housing 124, and
spaced axially or longitudinally with respect to
each other, are annular members (30, 132 and
(38, Tt will be observed that all of these mem-
bers are spaced circumferentially from the wall
of housing 124 and that the members are con-
nected to the housing by radial flange portions
2t the distal ends thereof. Also, it will be ob-
served that the members 130, 132 and 134 de-
crease progresswely in size toward the distal or
rearward end of the housing #24. The two for-
ward members 130 and 132 are equipped with
relatlvely short helical vanes 135 and 135.

‘As in the forms of the invention first described,
the rotary motion of the circulating gases is
malntamed by ‘the vanes {35 and (36 and the
rotary velocity of the gases is accelerated by the
progresswely restricted passages through which
the gases flow. After passing through the series
of vanes 136 and 136, the gases discharge from
the precipitator through the terminal tubular
member (34 as indicated by the arrows in Fig.
11. Sohd particles suspended in the gases are
thrown by centrifugal force radially outwardly
agamst the housing 24, These particles pass
forwardly between the housing and the annular
members (30, 132 and 134 and are discharged
downwardly from the prec1p1tator through open-
ings 138, 143 and (42. If desired, a discharge
nozzle 144 may be provided to collect the solid
particles discharged through the openings 138,
140 and 142, as shown in the drawings.

“"This. type of precipitator has the advantage of
less resistance to flow and is more compact than
the reverse flow type first deseribed. However,
the straight flow type of precipitator does not
give the same efficiency of ash removal as the
reverse flow type. It does not have the added
effect of the reversal of flow at the end which
throws off ash particles by inertia independently
of the circulatory movement or centrifugal ef-
fect imposed on the particles by the helical
vahes. However, the straight flow type of pre-
cipitator functions satisfactorily for many pur-
poses; and, where resistance to flow is not an
important factor, it may be more desirable than
the more efficient reverse fiow type.

Where the gases being treated are relatively
hot as in the case of furnace flue gases, a super-
heater tube 148 for steam or the like may be in-
corporated in the device, as best shown in Fig.
11.  The superheater tube 146 comprises pref-
erably a double, small diameter pipe, which ex-
tends inwardly through the discharge end of
the housing and preferably terminates adjacent
the inlets thereof. The double end of the tube
186 fits into and is protected by a streamlined
hub (48. Also, it will be observed that the hub
148 provides s convenient center support for the
helical vanes 128,

Where the superheater tube 146 is employed,
the jacket 126 can be adapted to contain water
ahd the heated gases traversing the precipitator
can be used to heat water in a boiler or the like
(not shown). When this is done, the water
jacket 126 and the steam tube 146 are connected
in the water circulating system of the boiler.

In a typical application, there would be sev-.
eral rows of precipitators through which the flue

gases could pass to the boiler: and at the same

These vanes 128 impart.
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time heat the water in the water jacket that stz
rounds each tube assembly. - This construction
puts the steam tube in the hottest spot and is-
an ideal location for the superheater tube 146.
The steam from the steam drum or water fronx
the jacket makes a double pass through the hot
gases and goes out through the top to a super-
heater delivery drum. The entire assembly  is
exceedingly compact. The precipitator-super-
heater combination performs a triple function
with “little resistance to gas flow and the water-
heating elements take up very little additional"
space. Also, the water jacket and super-heater
tube absorb heat from the gases passing through-
the precipitator and thus lower the temperature
which otherwise might be dangerously- high.
This installation is particularly desirable under
conditions where the heat from the incoming
gases might be hot enough to melt or fuse the
precipitator tubes.

Having thus described the invention, I claim:

1. A precipitator comprising a housing having
a passage and provided with an inlet and an out~
let at opposite ends of said passage, circumfer=
entially spaced inner and outer annular walls at
the inlet portion of said passage, said inner and
outer walls being provided with corresponding

' openings which are circumferentially out of
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alignment with each other so that gases entering
the passage through the opening in said outer’
wall must travel in an arcuate path through the
annular space between the inner and cuter walls
before entering the passage through the opening.
in said inner wall, radial partitions dividing said
annular space, one partition being provided for
each opening in said outer wall, and said parti-
tions collectively dividing the annular space into
compartments each of which is provided with
one opening in the outer wall and one opening
in the inner wall, and means within said pas-
sage for removing solid particles from gases trav-
ersing said passage.

2. A precipitator comprising a housing having-
5 passage and provided with radially spaced in-
ner and outer annular walls, said outer wall pro-
vided with a plurality of circumferentially spaced.
inlets and said inner wall provided with an equal
number of circumferentially spaced inlets which
open into the passage, the inlets in said inner
wall opening into the annular space between said’
inner and outer walls at points between the:
openings in said outer wall, and radial partitions
dividing the annular space between said inner:
and outer walls, one partition being provided for.
each opening in said outer wall, and said parti-:
tions collectively dividing the annular space into-
compartments each of which is provided with one
opening in the outer wall and one opening in’
the inner wall, an outlet for said passage remote
from said inlets, radial vanes arranged helically
within the housing opposite the inlet for im-
parting a circulatory motion to and simultane-
ously deflecting downwardly gases entering the
housing through said inlet, means within the'
housing for accelerating and directing the circu-
lar motion of the gases so that solid particles
suspended in the gases are thrown radially out-’
wardly by centrifugal force, said means includ-
ing a plurality of progressively restricted annu-
lar passages opening in the ‘direction of. said
radial vanes to receive the centrifugally impelled
particles and helical vanes positioned in the
mouths or inlet ends of said annular passages,
said annular passages provided with separate:
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discharge openings through which the particles Number
pass from the housing. 1,978,802
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