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2 Claims.

"“This invention relates to 1mprovennents in ap-=
paratus for ‘separating: entrained -solids ‘from
gases and refers more particularly to & centrifu-
gal separator for removing finely’ divided partl-
cles of solid from gases. or vapors.

The essential features of novelty reside ‘not
only in the method employed put also in the ap-
paratus. - The apparatus includes s wheel having
a plurality of vertical blades deswned to impart
rotative velocity to the mass of gas and entrained
solids passed axially through a skimming cylin-
der which 'surrounds the wheel and which con-
tains slotted openings through which solid par-
ticles together with some gas are discharged. An
outer - shell .of larger diameter “surrounds the
skimming cyhnder forming’ an‘annular “space
therebetween ‘through which solid particles and
gas expelled from the rotative mass pass.in a
downﬂowmc stream”to be dlscharged from the
hottom of the other vessel.

An object, therefore, of the invention is to: pro~
vide a gas centrifuge or clarifier for stripping’ or
denuding gases or vapors of entramed sohd par-
ticles.

Another object is to prov1de a centrlfugal sep=:

arator utilizing not -only the prmmple of “centrif:
ugal separation for removing the solid particles
from:the’ gaseous” material but also a sklrnmmg
cylinder equipped with slotted openings for strip-

ping the solid particles‘from the outer penphery !

of the rotating mixture of'gas and solids.
Another object is ‘to provide 'a separator com-
prising concentric vessels, the inner ‘vessel hay-
ing ‘apertures therein and & rotating- wheel for
imparting rotating velocity to the gaseous mix-

(Cl 183——-77)
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w0 Pig. 2 is a'view taken along the line 2—-2 in! Flg.

: 1 inthe direction of the arrows, -

10

Fig: 3.isan enlarged view taken along the 11ne
a-——3 inFig. 2-in the direction of the arrows,

Fig. 4 is a view similar to HFig: 2 showing a modl-
fled type of Spinning wheel, and

Fig.'5 is'a graph 1ndlcat1ng the effectiveness of
separ atlon at different: speeds of the spmmng
wheel.

Refer I‘Ing to’ the drawmgs and partlcularly Flg
1, at- 10/ is indicated a eylindrical ‘outer shell ;
closed at the top by a plate 11 bolted or otherwise
fasténed to flanges at the top of the.outer vessel.

- The bottom of ‘the vessel is supported.on a smt-

3.

Lt

ture passed through the inner vessel whereby, due -

to the pumping action of the wheel, a downflow-
ing stream is created in the annular space be:
tween the vessels which is effective in’ removing
solid ‘particles projected through the apertures
in the inner vessel. ‘

A further object is'to prov1de a centrlfuﬂal gas
separator or clarifier able o handle large volumes
of gas in a relatively small space.

Other and further objects will appear from the
following description.

In the accompanying drawmas which form: a
part of the instant specification and. are to-be

read in conjunction therewith and in: which like 5

reference numerals 1nd1cate like parts in the
various views,

Fig. 1is a sectional side elevamonal view of an -

apparatus embodying .the invention Wl*h parts
broken-away, ‘ e :

able standard such as plate 12, Within the outer
vessel and concentric therewith is a .cylindrical
vessel -or skimming ¢ylinder of smaller diameter
designated by :the numeral 3. .- The skimming
cyinder is supported within the outer vessel from
thie top by an annular flange: 3a, welded or other:
wise rigidly affixed to-an annular bafle 10¢ in the
upper portion of the outer vessel. Mounted: at
the top of the outer vessel.on closure plate [ isia
prime mover, such as a motor diagrammatically
indicated-at {4. This motor:is-coupled to-and
drives shaft 15 positioned centrally .of:the:outer
vessél.and skimming cylinder. 'The shaft: rotates
upon-suitable bearings at the:top and bottom of
the vessel. - Provision is made for preventing solid
particles -contained in the. gases from. entering
the bearings of the'shaft by introducing clean gas
or "vapor into'the" machine through labyrinth
seals or by other conventional method. Fixedly
mounted upon: the shaft within the skimming
cylinder -is'a’ spinning ‘wheel consisting of ‘vanes
18 extending radially from a central hub. :
The skimming cylinder ‘18 has “slotted: aper-

" tures” 13b:in its shell throughout the area: sur:

. reunding’ the spinning” wheel.

40

Below: the wheel
the ‘shell’ of ‘the skimming cylinder is: without
openings  except for the single tangentially: con-
nected inlet pipe 1. ‘Extending over the slotted
apertures’ 13b'in" ‘the’ skimming ~cylinder are ‘

© louvers or'bafiles 3¢ pitched downwardly to de-

45

flect "solids 'and gases' ‘discharged through' the
apertures into the annular’ space: between the
vessels in the direction indicated by the:arrows.
The pitch of'the bafiles is best indicated in Figs.
2, 3.and4." The skifiming cylinder hag relatively
small openings-at the top and at the bottom pro-
vided by:the annular plates 10a and 13d.. The an-
nular space between the Vessels is open at the bot-
tom-and ¢losed: at the top by flange 13a of the
skimming. cylinder and ‘bafle plate:10d: A gas
outlet. pipe 18" is- connected into"the “upper part
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3
of the outer vessel above the bafile plate {0a. The
outer vessel has an inclined or truncated conical
bottom 10b which directs solids accumulated in
the vessel to a discharge pipe 19 controlled by
valve 20.
In operation the gas or vapor containing the

entrained solids enters the lower portion of the .

skimming cylinder through the tangential con-
nection or inlet pipe 17. This inlet is so arranged
that the velocity of the gases supplies an initial
rotation to the entering gas and in the same di-
rection as the rotation of the shaft and separat-
ing wheel.
the skimming cylinder and in doing so must pass
axially the entire length of the separating wheel.
Since the spinning or separating wheel has con-
tinuous radial blades 1§ throughout its length its
‘rapid rotation imparts rotative velocity to'the

10

The gas-solid mixture rises through

15

gaseous mass passing along the blades of the

wheel. These blades may either be flat vertical
blades, as shown in Fig. 2, or may be curved, as
indicated at 16¢ in Fig. 4. -Such curvature is in-
tended to increase the outward pumping action
or ability of the wheel thus assisting in the cen-
trifugal separation of the solid fines. The wheel
may be operated -at any desired speed and it
should pe of sufficient length so all the gases pass-
ing through it will be brought up to the rotative
speed of the wheel before leaving its upper end.
The rotary.motion imparted to -the mixture of
gas and solid particles causes the solid fines to
be projected from the periphery of the wheel by
centrifugal force because of the greater differ-
ence in density between the solids and gas-car-
rying medium. The solid particles projected
from the extremities of the rotating blades im-
pact the inner wall of the skimming cylinder and,
due to the movement of the mass, slide around
the wall in the direction of the rotation of the
wheel.
wall the particles enter and pass through the
apertures in the skimming cylinder. The walls of
the slots or. apertures 13b are open fangen-
tially to the skimming cylinder so particles slid-
ing along the wall are readily discharged through
the: openings.

The annular space between the skimming cyl-
inder and the outer vessel is closed at the top.
The rotation of the wheel 16 and the pumping
action its rotation imparts to the mass builds up
a pressure at the slotted openings in the skim-
ming. cylinder higher than the pressure at the
shaft. This higher pressure is transmitted to the
gases in the annular space through the slots ~nd
since the annular space is closed at the top the
gases and separated solids discharged through
the ‘slots flow in g downward direction through
the annular space which is open at the bottom
end. The fines discharged through the slots pass
downwardly along the inside of the outer shell
in a spiral path to the lower portion of the vessel
which serves as a hopper or collecting chamber.

The:Iower end of the skimming cylinder may
either be left open or it may be partially or wholly
closed by plate 13d. In order to provide a down-
flowing stream of gases in:the annular space for
carrying the separated solids more rapidly down-
ward it is-necessary to permit the return of these
gases to the inside of the skimming cylinder. If
no closure plate is used on the lower end of the
skimming cylinder the quantity of gases or vapors
recycled to.the wheel will be. large whereas if
the lower end of the cylinder is completely closed
the amount of recycled gases will be nil. - Best re-
sults are obtained if plate 13d is installed with a

During their passage around the inner. ¢
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small annular opening around the shaft for pas-
sage of a relatively small flow of recycle gases.
Since ' the separated solids descend spirally
against the inner surface of the outer vessel wall
only a very small quantity of the separated solids
will be recycled with the recycle gases to the
wheel if the recycle gases are required to return
to the vicinity of the shaft before reentering the
skimming cylinder.

. Since the gas-solid mixture passing up through
the wheel has at all times a certain amount of
vertical velocity as well as rotative velocity im-
parted by the wheel, the resultant direction of

‘discharge through the slots would normally have

a vertical component.  This vertical component

would oppose the downward flow of the separated

fines from other slots above. TFor this reason it
is advisable to install louver type deflecting baf-
fles ‘at the slotted openings. These baffles are
pitched downwardly and .mechanically change
the direction of the separated fines and carry-
ing gas so the discharge from the slots into the
annular space is at a downward angle. Conse-
quently, any- tendencies for fine solid particles
to hang up or collect in the annular space are
thus avoided.

The doughnut-shaped . baflle plate,  installed
above the separating wheel and sealed against
the outer shell and skimming cylinder, provides
an opening at its center around the shaft through
which clean gas or vapor is discharged. ' By the
time the uprising mixture reaches the top of the
wheel substantially all solids have been elimi-
nated through. the skimming cylinder slots and
this upper bafile plate I8¢ is a further safeguard
against any solid fines being discharged from
the top of the skimming cylinder since it is ex-
tremely difficult for the solids rotating at a rapid
velocity to return to the hub of the wheel.

It is intended that the apparatus shown may -
be ‘installed as. a separating device wherever it
is desired to denude gases or vapors of solid par-
ticles. It may be built integral with other ap-
paratus where it is employed to separate solids
from gases which are mixed in other portions of
the apparatus. - It is particularly adapted for use
in the separation of finely divided catalyst from
hydrocarbon vapors or. combustion gases in. cat~
alytic cracking units, the separation of dust from
the exit gases of cement Kkilns, ete.

Experiments have. been conducted with the
apparatus utilizing: a. 10"’ diameter separating
wheel and skimming cylinder of the type shown.
To test the separating: efficiency, air was blown
through a bed of standard aluminum hydrosili-
cate powdered catalyst such as is used in fluid
type catalytic cracking units. The finer parti-
cles of powdered catalyst were thus entrained.
in the air stream leaving the catalyst bed . and
were introduced into the apparatus. The results
of these tests are indicated in Figure 5. Load-
ings to the wheel as shown were obtained by
measuring the carry-over rates from the top of
the machine during periods when the wheel was
not being rotated. The top carry-over as plotted
in Pigure 5 was obtained by measuring the cat-
alyst fines carried over during periods of time
when the wheel was being rotated at the various
speeds shown. The superficial axial velocity of
gas passing through the wheel was 9 feet per
second for all points indicated.  As an indi-
cation of the excellent separating efficiency ob-
tained in this apparatus the graph showsthat
under conditions where 140 grains of ‘catalyst
dust per cubic foot were carried overhead with
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the wheel idle, only 0.04 grain per cubic foot
were carried over under the same conditions
when the wheel was operated at 1100 R. P. M.
This represents a separating efficiency of 99.97 %.
For lower velocities of gas passing through the
wheel the separating efficiency is even higher.
In generzl, the separating efficiency increases
with R. P. M. of the wheel and decreases with
gas velocity passing axially through the wheel,
The design and the speed of the wheel can be
chosen -to suit any specific separating problem.

The details of design of the wheel and skim-
ming cylinder shown in the drawings are not
intended as a limitation to the particular design
shown, as any structure utilizing the principle
is within the scope of the invention. For ex-
ample, ‘the height of the slots is of little im-
portance and although the slots have been shown

in staggered formation around the cylinder such

slotted openings may be: continuous from the
top to the bottom of the cylinder and of greater
or lesser number.
particularly in cases where used with gases or

vapors carrying a large amount of entrained fines,
to make the openings of the lower slots of greater.

width than the openings of the top slots to more
nearly coincide with the amount of separated
solids discharged through each.

From the foregoing it will be seen that the in-
vention is weil adapted to attain the ends and
objects hereinabove set forth together with other
advantages which are- obvious and which are
inherent to the structure. .

It will be understood that certain features and
subcombinations are of utility and may be em-
ployed without reference to other features and
subcombinations. ‘This is contemplated by and
is within the scope of the claims.

As many possible embodiments may be made
of the invention without departing from the scope
thereof, it is to be understood that all matter

Likewise, it is contemplated, -

10

2,453,598

herein set forth or shown in the drawings is to be
interpreted as illustrative and not in a limiting
sense.

Having thus described my invention, I claim:

1. An apparatus for separating entrained sol-
ids from gaseous materials comprising concen-
tric vessels of different diameters, the annular
space therebetween closed at the top and open

-at the bottom, an' inlet opening into the outer

vessel, an outlet opening in the upper portion of
the inner vessel having communication with an
outlet-in the upper portion of the outer vessel, a
solids discharge opening in the bottom of the
outer vessel, said inner vessel having an opening
in the bottom and thereby being in communica-

_tion with the outer vessel, rotative elements with-

““in the inner vessel adapted to rotate the gaseous
/. Imass passing through it and peripheral aper-
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tures in the sheil of the inner vessel for the pas-
sage of solids and gases.

2. An apparatus as in claim 1 wherein the
apertures in the shell of the inner vessel comprise
longitudinal slotted openings having downwardly
deflecting baffles whereby the gases and solids
passing  through  said. apertures "are: deflected
downwardly in the annular space between the
vessels.

DAVID H. PUTNEY.
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