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Wladimir de Fligué, Paris, France; vested in the
Alien Property Custodian

Application filed June 11, 193%

This invention relates to a separator and, spe-
cifically, a separator for flnely divided solld ma-
tertals,

Various industries require solid materials in a
flnely divided state, if not In a colloidal state.
Certain materialists exist naturally in this state,
while others may be brought to it by grinding,
condensation of vapors or the like, In all proc-
esses used to finely divide solld material, as well
as in cases of natural occurrence of finely di-
vided materials, it is necessary to separate the
particles which are sufficlently fine from those
which are not. Furthermore, {t may be desirable
to separate different substances if the original
material worked In is not homogeneous. The
classification in such case may be by density.
One of the known processes of separation of pow-
dered materials 1s based on the fact that the mass
of a body !s proportional to the cube of its lineal
dimensions, and its ¢ross-sectlon is proportional
ta the square of such lineal dimensions.

In one process of separation of powdered ma-
terials it is sought to oppose two forces, one of
which has & value dependent upon the cross-
section of the body and the other dependent
upon its mass. The result is that a more or less
imperfect selection 1s effected due to the fact that
the ratio of mass to section is, for a homogeneous
material, dependent on the dimensions of the
particles. Ii will be obvious, also, that particles
of different densitles but the same dimensions
may be separated since, while the sections will
be the same, the masses will be different.

Among the forces which can be thus opposed to
realize selection of the above type, one may be
the action of a stream of air, the other being a
centrifugal force. If It is desired to select ma-
terials of successively smaller particle sizes, the
mass of the particles will decrease faster than
thelr section. The decrease in mass {s propor-
tional to the cube of the lineal dimensions and
the decrease in section to the square of the same.
The result 13 that for the minute slzes required
by eertaln industries, the centrifugal forces in
the Enown separator become too stnall and the
forces due to the air flow too large to obtaln an
effective separation.

it is the object of the present invention to pro-
vide an apparatus for effecting separation of the
above type while avolding the difficulties inherent
in the types of apparatus heretofore used. Par-
ticularly high controllable centrifugal forces may
be obtained, the forces in the two cases being
controllable at will and opposed in an effective
fashion. Briefly stated, the apparatus comprises
a rotor selector, bullt according to prineiples de-
seribed below, used in conjunction with an ex-
hauster or aspirator connected in opposition to
the rotor selector and having an effect predomi-
nating over that of the rotor selector in its ae-
thon a5 an impeller so that an alr current iz
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caused to flow radlally inward through the se-
lector.

In accordance with the invention, the selector
15 of an improved form to avoid the existence of
critical points in the selector passages, which
will determine by the position of the particle
relative to thém whether or not the particle will
be passed or réjected by the selector. Specifteal-
ly,, it is an object 6f the present invention to pro-
vide a selector {n which throughout a substantial
radial path the relation between the opposing
forces acting on a particle of given size will be
substantially constant. The above and other ob-
jects of the lnvention, relating particularly to
detatls of construction will be apparent from the
following descriptionn read in conjunction with
the accompanying drawings in which:

Figure ! 1s s vertical section through the im-
proved separator taken on the plahe Indicated at
iI—1 in Plgure 2;

Flgure 2 is a vertical sectiont taken on the plane
indicated at 2—2 In Pigure 1:

PFigure 3 s an enlarged sectional view flius-
trating the deslgn of a separator rotor;

Figure 4 15 an explanatory diagram illustrating
the mode of aperation of the Improved selector
as compared with that of the previous types; and

Figure 5 15 a difagrammatic view of a modified
form of separator constructed tn accordance with
the {nvention. .

In the {lustrated apparatus, the powdered ma-
terial to be separated Is fed from a supply, con-
ventlonally showh as a hopper 2, throttigh an ad-
justable valve & which regulates the flow into a
conduit 6, Into which air is admitted through a
nozzle 8. While ai* may be forced through the
nozzle, there may be provided only an Indticed
fiow of alr by mesns of an impeller hereafier
described. The nozzle in the latter cate will be
open to the atmosphere and in elther case 13 wsed
only to secure the tiecessary veloctty to float the
particles in an air strednt,

The conduilt 8 delvers the air carrylng the
floated particles through a series of tangentially
arranged openings {0, 12 and 4 into the housing
I8 of the selector proper. The conduits are so
arranged, as well as the tangential nozzles, so
that the velocity of flow throughout the intro-
ductory passages 1s sufficiently high to prevent
separation therein due to lowering of velocity.

Within the housing #8 and peripherally spaced
from the wals as Indicated at 18 to provide an
annular free space, Is the selector rotor compris-
ing a plate 20 carrying passage forming members
24 defining passages 28, the form of which will
be more fully described hereafter. A second plate
28 closes off the eads of the passages opposite
the plate 20 and extends adjacent the periphery
of & conduit 3% projecting approximately into
the centez of the opening 3¢ within the rotor.
The plate 28 carries lmpeller vanes 32 having
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slight clearances 84 with the conduit 30 and hav-
ing radial lengths substantially greater than
those of the passages 26, with the result that the
impeller formed by these vanes wlill provide
greater suction than that resulting from the pas-
sage forming elements 24, As 8 conseguence,
there will be a slight eirculation of alr outwardly
between the passages defined by the vanes 82, as
Indleated by the arrows in Flgure 2, Thls auto-
matically provides a sealing effect preventing any
passage of alr carrying unseparated particles be-
tween the plate 28 and an adjacent wall of the
houslng 16, Other seallng means such as laby-
rinthine packing may be used.

In order to control the flow through conduit
30, there 1s provided a valve 36. The material
passing throuegh the conduit 30 from the center
of the selector rotor enters the intake of a second
impeller 38 driven through a shaft 40 and dis-
charging at 42, The light particles which pass
through the selector rotor and are discharged at
42 may be preclpltated and separated in any suit-
able fashion, for example, by electrical precipl-
tation, flltration or the llke. The flow may be
controlled also by variation of veloclty of im-
peller 38.

The heavier material which will not pass In-
wardly through the passages 26 wlill separate out
in the annular passage 18 and may be collected
in & receiver comprising an upper chamber 44,
an intermedlate chamber 50 and a discharge §2.
Valves Indicated at 46 and 48 may be provided so
that with 48 closed the material collecting in 44
may be discharged into 50 by opening the valve
46, and then with 46 closed 48 may be opened to
provide for discharge of chamber 80 without af-
fecting the pressure within the housing 18, or di-
verting any of the air within the housing.

In the arrangement lllustrated, the impeller 38
is used to produce g radially inward flow of air
through the passages 26 desplte the tendency of
the selector rotor to act a8s an impeller. In other
words, there are two impellers acting in opposi-
tion, and the impeller 38 prevalls in its effect.
The alr emerging from the nozzle § expands just
at the point where the powdered material is fed
into the conduit § and, by reason of the expan-
sion, aggregation of the particles after thelr
separation and suspension by the Jet is pre-
vented. As has been pointed out above, the feed-
ing conduit is s0 arranged as to maintaln the air
veloclty sufficiently high to prevent any settling,
before the air carrying the powdered material in
suspension enters the rotor chamber,

In the passages 26 any particle is subjected
to two forces. Bince it will be taking part In a
rotary motion substantlally identical with that of
the rotor itself, It will be subjected to a centrifu-
gal force equal for each grain to me?r, in which
m Is the mass of the particle, « is the angular
veloclty of the rotor and 7 is the distance of the
particle from the center of rotation.

Simultaneously, each particle is subjected to
centripetal force directed inwardly having a value
which for practical purposes can be closely ex-
pressed as kst?, in which & is a constant depend-
ing on the shape of the particle, its size and the
nature of its surface and which, for a material
which is homogeneous, or which may be non-
homogeneous but consists of particles of more or
less the same size, will be substentially the same
for all the particles in the mixture being sepa-
rated; and in which s Is the maximum section
of the particle in a plane perpendicular to the
alr stream In relation to the particle and v is the
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relative velocity of the air stream and particle.
It will be noted that the average veloclty of the
particle in & radial direction at the entrance to
one of the passages 26 wlll be substantially zero
and, under conditions such as are here involved,
the radial velocity will be quite low throughout
the entire passage 26 as compared with the actual
velocity of the air stream. Consequently, v may
be regarded as the velocity of the air stream
neglecting the radial veloclty of the particle,

The opposition of the forces thus obtained per-
Inits a selection either according to the slze or
according to the density of the particles.

In order to secure effective separatlon, it is
obviously desirable that the two forces should
act upon any particle for a maximum length of
time In such fashion as to secure the same sepa-
rating effect throughout that entire time, Since,
in the present apparatus, the separation takes
place only In the passage 26, the time of action
of these forces is measured by the time It takes
for the particle to pass (if it is to pass) through
a passage 26. Consequently, it fcllows that the
design should be such that if a partlcle 1s to pass
through a passage 26 the forces should be such
at all polnis of that passage as to cause It to
do sc; and if & particle Is not to pass through the
passage 26 then the forces should be such as to

_ prevent its doing so, even though it may have
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entered part way into the passage. It is to be
understood, of course, that the separation In-
volves statistical considerations. In other words,
particles of any given size will have a range of
entering velocitles (due to turbulence, etc.) ex-
tending above and below some mean veloclty and
consequently separation efiected by any such ap-
paratus cannot be absolutely perfect. However,
with attention to considerations such as those
indicated above, any particle will be subjected
to conditions tending to elther pass it or reject
it over a maximum tlme with consequent im-
proved selection.

Consldering a particle which is of a size such
that particles of larger size should be rejected
and particles of smaller slzes passed, the two
opposing forces for that particular particle
should be balanced throughout the radial extent
of each passage 26, or, in other words, through
the passage mw?r should be equal to ks1?. Since
m, w, k and ¢ are constant, v should be propor-

tional to V¥. This means that the alr veloclty
between the impel]ers of the selector should be
proportional to Vr; or, in other words, the de-
crease of the centrifugal force from the outside
to the center cf the selector should be balanced
by an equivalent decrease Iln the alr velocity.
Since the air velocity is inversely proportional to
the cross-section of the passage, the preceding
condltion can be realized by glving to the se-
lector impellers such a secticn that the cross-
section of the passage will be inversely propor-.
tional to vr.

In Figure 3 the dotied lines indicated at 54
Indicate the theoretical walls for a passage 26.
In order to Illustrate the nature of the curves
54, they are produced inwardly to indicate that
they are ultimately tangential to a circle which
is of considerably less radius than the innermost
radius of a practical passage. Between the lim-
its of a practical passage 26, it will be observed
that the curves 54 are substantially straight lines
and, as a practical matter, taking into consid-
eration the existence of such factors as wall re-
sistance to flow, etc., the theoretical curved sur-
faces may be replaced by plane surfaces of the
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type provided at 24. The foregolng design, it will
be noticed, assumes the axial widih of each pas-
sage 26 is constant. If that is not the case, the
cross-sectional design must be made to corre-
spohd so as t2 remain inversely proportional to
Yr.

The walls of the passages should be polished to
prevent sticking of any cf the solid material,
particularly when the material has & natural
tendency to stick or become aggregated. It is to
be noted that with increased accuracy or sharp-
ness of separation, the tendency of the powder
to deposit on the wall would he increased, since
the end to be desired is a separation such that
certain particles are in equilibrium in the pas-
sages withh theoretically a zero velocity, In gen-
eral, of course, such zero velocity would not tend
to ocecur unless the friction witli a wall was quite
high, because smooth flow would net ke attalned
and turbulence would maintain the particles in
suspension unless they were of a sticky or aggre-
gative nature. It is further desirabls to polish
the surfaces becauss of the Corinlis acceleration
which shows ihat a particle hetween two rotat-
ing impellers and moving from the outside to-
ward {he center will have a {endency to eventual-
Iy hit the przceding impeller, 'The setting of
the impellers at an angle Lo the radius will not
avoid this because the phenomencn is dependent
upon the velocity of the particle between the
impellers and, therefore, is dependent upon its
slze. The particles composing a powdered ma-
teriel are, of course, different in size, so that a
desizn aveiding the Coriolis phenomenon for one
particle would not hold for another.

It will be noticed from a ccnsideraticn of the
radii drawn in constriction lines and indicated
at 55 that, if Lhe inner racdius of the selector
rotor passages is made of substantial size, the
centrifagal force will, to a high degree of approx-
imation, be conslant across the cross-section of
any passage &6, not differing by any more than
the cosine of helf the engles formed at the cen-
ter by the inner ends of walls 24.

In the above, It 1s also assumed that the pres-
sure differential between the outside and center
of the selector is constant throughout its rotation.
For this to be true it Is necessary that the pres-
sure be the same at all points of the periphery of
the selector rotor because it can be assumed that
the inlet pressure at the exhaustor will not he
disturbed by the existence of an unsymmetrical
origin. The feeding of the air and the pow-
dered material should theoretically be made
uniform all around the rotor. This effect will
be substantially achieved hy having a plurality of
inlets symmetrically located as at 18, 12 and #4,
and providing a sufficient space between the se-
lector rotor and its casing, as well as by sub-
stantially tangential feed of the air and par-
ticles in the direction of rotation of the selector.
In this way, the influence of the differences of
velocity between the inflowing fluid and that en-
trained by the selector rotor will be negligible.
Complete separation of the particles is, of course,
necessary, and this may be best obtained by pro-
ducing expansion of air at the point of feed of
the solid material, as indicated above. It is also
necessary to prevent bypassing of the selector
rotor by means of a labyrinth type of joint or,
as in the present case, by use of an auxiliary im-
peller arrangement 32 to provide a slight eircu-
lation opposing any bypass.

Reference to Figure 4 will illustrate some of the
characteristics of operation of the improved de-
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vice a3 compared with an arrangement having
radially extending vanes so that the passages in-
crease in size radially outwards. A comparison
will now be made showing the characteristics of
the improved separator as compared with the
characteristics of this other type, which compar-
ison will serve to illustrate the characteristics
of the improved separator as compared with var-
ious other types not in accordance with the in-
vention.

In Figure 4, the centrifugal and centripetal
forces are plotted against the radial position of
a particle. The values R1 and Rz of the radius
are assumed to be the radlal limits of a passage
such as 26.

For a given angular velocity of the separator
rotor and a given air fiow condition representing,
for example, some definite velocity of flow at the
radius Ra, let it he assumed that the mass and
cross-sectional area of a particle in equilibrium
are mo and So respectively. According to the de-
sign principles indicated above, it follows that
the straight line OA will represent the variations
of both mow?r and ksor? with tlie radius. Of
course, these are opposite in sign so that the par-
ticie is in equilibrium throughout this entire
straight line, and, a fortiori, between the radius
limits R1 and Ra.

Now, consider a particle having a mass mi
greater than the mass mo, but having the same
cross-section so, i. e., particles of the same size
but higher density. The curve representing the
values of miw?r will be a straight line OB. This
throughout its entire extent, will lie above the
curve OA, which will still represent the value
ksow?. Consequently, the forces will be such as to
reject this new particle throughout the entire
passage 26, Attention must again be called to the
fact that the distribution will be of a statistical
nature, so that a particle such as the one last
mentioned might well enter part way into the
bpassage 26. However, since it will be subjected
to an expeiling force through the entire radial
extent of the passage 28, it is extremely likely
that, despite its entrance into the passage, its
direction of movement will be reversed and it wiil
be ultimately rejected. The rejection is the more
certain, of course, as the mass m; differs from
the equilibrium mass mo.

Again Iet us consider a particle having the same
section 8o, as the equilibrium particle, but hav-
ing a smaller mass ma 1. e., a lower density. The
curve OF will represent the centrifugal force
acting on this particle, while OA will still repre-
sent the force due to air fiow. The curve OF lies
wholly below the curve OA and accordingly,
throughout the extent of the passage 26, there
will be a tendency toward passage of the particle
inwardly beyond the radius R,

Let us now consider a particle of the same
density as the particle mo, so but of larger size,
i. e., of both larger mass and larger section. Re-
membering that the mass is proportional to the
cube of the lineal dimensions and the section to
the square of the same, we can write, if ¢ is the
linear dimension:

m_(Co\'. Co__ *fme
m NC 0T Vo,
Sy (CoY?. Co_ *fS,
8 \G/'C. VS
2T

3
fma. So_ (oY}
my’ 8 my

V&=
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If the functlon mie?r {5 represented by the line
OB, the function ks1v* will be represented by a
line OC, which, according to the above, will lie
between OA and OB. Accordingly, a particle
mi1, st of the same density but of larger sige In-
troduced between the impellers will be subjected
throughout the entire length of the passage to
an ejecting force.

Simllar reasoning will show that a particle of
mass ma and section sz of the same density as
the particle mo, so but of smaller size, will be
represented by the curves OE and OF, respective-
ly, so that a particle of such type will be carried
Inwards by the prevailing centripetal force
throughout the radial extent of the impellers.

Summarizing, the various curves in Figure 4
represent the following in comparison with the
particle mo, 30, which is in equilibrium and rep-
resented by the curve OA:

OA and OB—A particle of the same size and
higher density.

OA and OF—A particle of the same slge but
lower density.

OA and OC—A particle of the same mass and
lower density.

OA and OE—A particle of the same mass and
higher density.

OB and OC—A particle of the same density but
larger size.

OE and OP-—A particle of the same denslty but
smaller sfze.

As contrasted with the results obtained by the
use of the improved separator described above,
consideration may be given to the action of the
type having ordinary radially extending vanes
and, consequently, outwardly diverging passages,
Conslder the same equilibrium particle mo, so re-
ferred to above.

In this case, assuming radial vanes, the cross-
section of the passage is proportional to the radi-
us and the velocity is inversely proportional to
the radius, so that a curve ksov? is a second de-
gree curve such as Indicated at MN., It will now
be necessary to specify where the particle is at
equilibrium, and let it be assumed that the equi-
librium occurs at the radius Rs, namely, at the
entrance end of a passage. The curve OA will
still represent the value of wow?r, but if equilibri-
um is to occur at radius Rz, the curve MN will
now represent the value of ksov?, as indicated
ebove, and will intersect the line OA at T at the
abscissa, Rz, Between the limits R, and Ra the
curve MN will lie above the curve OA, which
means that the centripetal force will exceed the
centrifugal force. In other words, if the particle
under consideration once enters within the radius
Ra, it will be pulled by a continuous increasing
force within the sepsarator.

Now consider a particle having the same cross-
section so but a larger mass mi, so that as before
miw’r will he represznted by the line OB. OB
intersects MN at @ at a radial distance within
the limits of the passage. Outwardly of Q the
centrifugal force exceeds the centripetal force on
such a particle, while inwardly of Q the reverse
is true. In other words, if the initial entering
velocity of this type of particle will not carry it
inwardly of the point @, it will be relected. On
the other hand, if it passes the point Q, it will be
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very strongly urged inwardly and will pass the
separator rotor. So far asrejection of this parti-
cle is concerned, therefore, the separator passage
has an eflective length only that represented by
the difference of the radils of the points @ and
Rz Not only is the radial distance between Ri
and Q ineffective to reject the particle, but rather
it 1s very effective to pass the particle.

If we consider a particle of sectlon so and mass
me, 1, e., material of the same size as mo, 80 but
of lower density, the curve MN will still repre-
sent the force ksov?. Line OF will represent the
centrifugal force maw?r, and it can be seen that
such a particle will be passed through the se-
lector,

A particle of the same density as mo, so but of
larger size, for example, mi, 51, will have the
curves OB and M), N1 as its charsacteristic curves.
These curves intersect at a point @', and it can
be seen that between Q' and Ra the particle will
be expelled, while hetween R’ and Q' it will he
forced inwardly. Therefore, oniy the part of the
passage hetween @ and Rz will be effective for
the removal of undesired particles.

A particle of the same density but of smaller
dimensions will be subject to forces represented
by the curves OF and Mz, Nz, with the result that
the centrifugal force is always smaller than the
centripetal force, so that such a particle will be
passed throughout the passage.

It is obvious from the above demonstration
that the improved selector is far more efficient in
rejecting undesirable material of either large
size or high density than a selector in which the
impellers have a constant thickness, with the
result that the separation is much more sharply
defined. In the improved selector the nature of
the predominating force acting on a particle will
be constant independently of the radius. In the
radial vane selector, on the other hand, the selec-
tion is only effective at or near the inlet of the
passages limited by the vanes,

The conditions of separation may be varled in
different ways, for example, by changing the ve-
locities of the selector and impeiler rotors, by
throttling flow through conduit 38 or 42, by con-
trolling or introducing air through nozzle 8, etc.

In Figure b there is indicated another embodl-~
ment of the invention involving the provision of
a substantially closed system which is capable of
somewhat more effective control of the flow and
consequently of the separation. In this figure,
the separator proper is the same as that hereto-
fore described. The conduit 30, however, pro-
vides flow into a filter chamber, indicated at §8,
provided with a support 60 for fiiter material 62,
The particles which pass the selector separate
in the chamber §8 and may be retnoved through
the valved exit 64. An admission port for air is
provided at 61 and serves to permit the replace-
ment of any air lost with the powdered material.
A conduit 68 connects the fllter chamber with a
compressor 68 driven through a shaft 72, which
compressor delivers air through conduit 10 from
the jet 8, which serves for the entrainment of
the powdered material, Regulation in this case
may be effected by control of either the shaft 22
or 12, During normal operation there will be
little flow of air through the passage 61.
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