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TURBO-CLASSIFIER
Rezsoe Gracza, Minneapolis, Minn., assignor io The
Microcyclomat Co., Minneapolis, ipn,, a corperation
of Delaware
Filed Oct, 10, 1955, Ser. No. 539,638
13 Claims. (Cl 209—144)

This invention relates to new and improved means
and method for classifying dry pulvernleni material.
More particularly, this invention relates to a new and
improved rotary ceniripetal classifier means having pro-
vision for changing the pitch or angle of the classifier
blades and for thereby changing the effective cross-sec-
tional areas of the classifier rotor channels and a method
of controlling the critical classifier cut by regulating and
controlling the angle of absolute velocity of the stream
of suspended particles at the discharge ports within the
classifier system.

Heretofore, centripetal classifiers have functioned as
a result of the operation of units subject to variable con-
ditions as to the rotational speed at which they were run,
the volume of air through the classifier and the cross-
sectional areas of the rotor passages. The yield of the
product varies with a rotor having passages of given
cross-section area depending upon the rate of rotation
and air flow and varies with a given rate of rotation
and air flow, depending upon the cross-sectional areas.
Although it has been a relatively simple matter to con-
struct rotors having any desired cross-sectional area so
as to produce maximum yields of a given product at a
given speed, these rotors have been limited in utility to
the specific circumstances and product for which they
were built. That is, for another product presenting dif-
ferent requirements, such a rotor operated at less than
maximum efficiency. The result has been the necessity
of designing classifiers for specific desired results with
specific materials, thereby greatly reducing their over-
all utility, or of designing classifiers for general use
adaptable to the treatment of a variety of materials, but
with the result that less than maximum efficiency could
be obtained. At the same time, unless the magnitude
and direction of absolute velocity at the fine discharge
port are taken into account, the critical cut is not sharp-
ly defined.

It is the principal object of this invention to provide
a rotary centripetal classifier capable of producing sepa-
ration of heretofore unknown sharpness with relatively
high feed rate based upon the use of the combination
of rotation at high speed of a rotary classifying element
with means for imparting a changeable predetermined
pitch to slanted rotor blades and for changing the cross-
sectional area of the rotor passages to produce a classifier
capable of accommodation to a variety of materials and
the production of a large number of wanted critical cuts
by means of relatively simple adjustment between runs.

A further object of this invention is to provide a meth-
od of centripetal classification of dry solid particles where-
in the critical particle size cut is controlled by regulat-
ing the angle of absolute velocity of the moving stream
of solid particles at the discharge ports of the classifier
rotor,

Other objects of the invention will become apparent
as the description proceeds.

To the accomplishment of the foregoing and related
ends, this invention then comprises the features herein-
after fully described and particularly pointed out in the
claims; the following description setting forth in detail
certain illustrative embodiments of the invention; these
being indicative, however, of but a few of the various
ways in which the principles of the invention may be
employed.
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The invention is illusirated by the drawings wherein
the same numerals are used to designate corresponding
parts and in which:

FIGURE 1 is a vertical elevation, in section, of one
machine embodying the classifier of this invention;

FIGURE 2 is a fragmentary horizontal section taken
on the line 2—2 of FIGURE 1 and in the direction of
the arrows showing particularly one form of curved blad-
ing useful in the practice of the invention;

FIGURE 3 is a fragmentary vertical section showing
another form of the improved classifier of this invention;

FIGURE 4 is a horizontal section taken generally
along the line 4—4 and in the direction of the arrows of

FIGURE 3;

FIGURES 5A and 5B are horizontal sectional views
showing still another form of biading which can be
used in the classifier of this invention;

FIGURE 6 is a diagrammatic presentation of the
discharge port of the classifier rotor according ‘to this
invention including in vector diagram form the velocities
present when operating under the conditions outlined m
Example I;

FIGURE 7 is a similar dlagrammatlc presentatlon
but showing the rotor-blades curved in the opposite di-
rection and operating. under the conditions -outlined in
Example VI; and

FIGURE 8 is a graphic presentation showing the
critical cut of classification of five different materials as
related to the angle of absolute velocity.

Broadly stated, this invention. comprises a method of
centripetal classification including the steps of whirling
a mass of dry solid particles suspended in a gas in a
stream -at high speed around a generally cylindrical classi-
fying area, separating the finer particles from the-coarser
particles by whirling a plurality-of smaller fluidal streams
of particles at high speed-around the inner periphery of
said cylindrical classifying area setting up a plurality of
inner vortex. actions, continuously withdrawing the .de-
sired fine particles from the inner vortices by distorting
the paths of the inner vortices carrying the fine particles
inwardly by suction and removing the fine particles from
the classifying area. The invention is characterized by
the improvement which consists in controlling the -critical
particle size cut by regulating the angle of absolute veloc-
ity of the streams of particles at the discharge ports
around the innermost periphery of the cylindrical classi-
fying area.

The invention also includes a rotary centripetal classi-
fier having adjustable blading so that the blades may be
moved to change their directions and their relative loca-
tions to change the. angle of absolute velocity of the
moving streams of particles at the discharge ports within
the classifier to adapt the classifier to specific needs.
The classifier rotor blades are so positioned that adjacent
blades define a discharge port of variable cross-sectional
area facing upon the inner annular axial passage of the
rotor and those ports are disposed generally tangential
to the annular passage.

Coriolis force in the interblade fiow pattern is responsi-
ble for the classification along the suction or trailing side
of the blade when the rotor is in motion. Classification
in this classifier occurs along the blades in the space
bstween the blades in contrast to other classifiers in which
classification is said to take place at a critical radius on
a potential surface, as held by some writers in the field.
The peculiar character of the interblade flow pattern pro-
vides a positive means, that is, the pressure side of the
blade, for the ehmmatlon of oversize particles from the
classification zone without interfering with the entering
mixture. The classifier of this invention provides means
for carrying fine particles into the fine-removal opening
and at the same time provides positive means for carry-
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ing coarse particles ount into the coarse-removal opening
from the classification zone without interfering with each
other. This two-way provision of fine and coarse par-
ticle removal is generally responsible for the sharper
classification obtained with the classifier of this invention.

Coriolis force may be defined as the force correspond-
ing to an acceleration which must be vectonally added
to the sum of the acceleration of a moving particle with
respect to a body of reference and the absolute ac-
celeration of the body of reference to give the absolute
acceleration of the particle. It is equal to twice the
vector product of the annular velocity of the body of
reference and the linear velocity of the particle with
respect to it.

Referring now to the drawings, and particularly to
FIGURES 1 and 2, there is shown one exemplary form
9f apparatus embodying the improved classifier of this
n}vention. The apparatus as shown in these figures con-
sists of a unitary vertical milling and classifying device
together with a mounting base of the type described in
detail in a copending United States application Serial
No. 328,016, filed December 26, 1952 by Henry G.
_Lykken and Tibor A. Roza, now Patent No. 2,762,572,
issued September 11, 1956. The machine there described
is merely exemplary of one type of device into which
the improved classifier of this invention may be incor-
porated and is used for convenience in describing the
operation of the improved classifying means and for il-
lustrating the setting for this invention. For this reason,
the accessory elements which are not essentials of the
instant invention are described in generalities.
tailed description, reference may be had to the copend-
ing application. It must be emphasized, however, that
this improved classifier unit may be used alone or in
conjunction with other mills and pulverizers utilizing ro-
tary centripetal classifiers. The apparatus is divided gen-
erally into a platform structure 10, a base and fan hous-
ing structure 11, a classifying section 12, a milling sec-
tion 14 and a top cover and feed housing 15. The ma-
chine is enclosed at both ends between an annular top
plate and an annular bottom plate, both having central
openings for the passage of a shaft 16. The vertical
shaft 16 is supported in suitable bearing structures at the
top and bottom of the apparatus and extends throungh
the milling and classifying sections and the fan housing.

Shaft 16 is adapted to be driven by any suitable motor
means, not shown. The shaft is enlarged and reinforced
through the part of its length that extends through the
milling, classifying and fan housings by a tube 18, sup-
ported by annular rings 19 secured to the shaft. Rotor
end disks 20 and 21 are mounted at either end of tube
18 within the top. and bottom plates respectively. All
of the rotative elements are mounted on and between the
end disks for rotation by the shaft 16.

The milling section 14 is contained within a cylindrical
housing 22 between the top plate and an annular plate 24
having a large central annular opening positioned be-
tween the milling and classifying sections. The classi-
fying section 12 is contained within a somewhat larger
diameter cylindrical housing 25 and an annular plate 26
spaced apart slightly from the fan housing 11 to provide
an auxiliary air inlet space 27. The annular opening in
plate 26 is preferably provided with dampers to permit
regulation of auxiliary air flow.

Mounted on the top plate over the aperture therein is
an inlet box 28. Inlet box 28 is provided with a slide
gate 29 for the admission of atmospheric air. A tubular
‘inlet 30 for the admission of solid material to be dis-
integrated in the mill projects through the inlet box. A
plurality of blades 31 is provided on the top surface of
rotor end plate 20 to assist in distributing the dry mate-
rial fed through tubular inlet 39.

The milling section is made up of a plurality of units
on stages, each comprising a slotted annular disk 32 car-
rying at its periphery a plurality of spaced radial ver-
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tical blades 34. Between successive milling stages are
mounted annular plates 35. These plates may be
mounted so as to be free to vibrate or they may be rigid.
The annular disks 32 and annular plates 35 are supported
on the shaft tube 18 held spaced apart by suitable spacer
rings 36.

Secured near the opposite end of tnbe 18 is a plurality
of radial splines 37. Around these splines is a flanged
tube section 38 which rests upon fan blades 39, which
in turn, rest upon end plate 21 and comprise the blades
of an impeller fan indicated generally at 40. Tube 38
extends through the opening in annular plate 26 consti-
tuting the bottom wall of the classifier housing. The
space between the flange of tube 38 and end plate 21
includes the impeller fan 46 and acts as discharge passage
for the desired fine fraction of particles. The space be-
tween flanged tube 38 and shaft tube 16 defines an annu-
lar passage from the classifier unit to the discharge pas-
sage.

Mounted at the upper end of tube 38 within the classi-
fier housing is an annular plate 41 carrying on its lower
surface a plurality of blades 42 and constituting an -aux-
iliary fan for drawing air through- the annular opening
in plate 26 from space 27 as needed:

Mounted on shaft tube 18 between annular. plate 41
and the lowermost milling unit is the classification rotor
of this invention indicated generally at 44. The classi-
fier rotor comprises an upper annular plate 45 mounted
on shaft tube 18 and a lower annular plate 46 having
a somewhat larger annular opening corresponding to the
annular passage in flanged tube 38. Supported between
these annular plates-are a plurality of classifying- units
or decks, each comprising a plurality of spaced apart
vertical blades 47 disposed around the perimeter of the
rotor, separated vertically by horizontal annular disks
48. In the form illustrated in FIGURES 1 and 2, the
blades 47 are curved elements in the form of an air foil
section having a thickened inner hub portion 49 and a
gradually tapering vane element 50 curving to the edge
of disk 48. The hub 49 of each blade is provided with
a hole 51 through which a bolt 52 is passed. Bolts 52
extend through annular plate 46, through each annular
disk 48 and blade 47 to annular plate 45 and are tight-
ened and secured by means of nuts 54 to hold the classi-
fier rotor together and to hold blades 47 in their desired
positions.

Adjacent blades 47 define fine classification zones 55
in which the desired fine particles are separated and re-
moved from the near fines and larger particles and dis-
charged through throat or port 56. Bolt 52 acts as a
pivot for rotating blades 47 in order to change the dimen-
sions, cross-sectional area, direction and shape of the
individual classifying zones and discharge ports to meet
varying conditions and materials. This is accomplished
simply by loosening nuts 54, changing the positions of
the blades and then retightening the nuts. To facilitate
adjustment and uniform positioning of the blades, each
blade may be provided with slight projections 57 adja-
cent their outer edges and disks 48 may be provided
with notches or depressions corresponding to a plurality
of predetermined especially useful positions.

An annular pendant wall or louver curtain 58 is at-
tached to the under surface of annular plate 24 and is
suspended in the annular space between the classifier
rotor 44 and the classifier housing wall 25 extending
almost to Jower rotor plate 46. The individual lJouver
elements are disposed generally tangential to the circular
aspect of the wall and slant in the direction of rotation
of the rotary units of the apparatus

The classifier housing is provided with one or more
skimmer boxes 59 which may be constructed as shown
in the copending United States application, Serial No.
278,239, filed March 24, 1952 by Henry G. Lykken, now
Patent No. 2,754,967, issued July 17, 1956.. Each .of
the skimmers has one or more adjustable wire lips 60 on
the inner side of the cylindrical shell of the classifying
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section, the edge of the lips being directed against the
spiral flow of solid particles: The coarse particles
skimmed off may be returned by means of any suitable
conduit means, indicated at 61, to the feed inlet.

A discharge outlet 62 is provided for removal of the
wanted fine fraction from the classifier. Qutlet 62 is con-
nected to any suitable entrainment separator means to
collect the fine particles from the carrying gas.

In Figures 3 and 4 there is shown a modified form of
rotor construction. According to this form, the blades
47TA are formed with generally flat surfaces but with
enlarged hubs 49A conforming generally to the air flow
pattern between the blades.  In the form here illustrated,
rotor end plates 45A and 46A are somewhat modified to
receive bolts 52 nearer to their outer peripheries. Thus,
‘the narrowed throats are presented on the outer face of
the classifier rotor and the blades are pivoted from ths
outer perivhery of disks 48A.

As in the case of the curved blade form, the edges of
the blades 47A are preferably provided with projections
or lugs 57A so that they may be locked in position in
grooves 63 formed in the rotor disks. A plurality of
grooves 63 are provided for facilitating adjustment and
uniform positioning of the blades. The individual blades
pivot upon bolts 52 when the nuts 54 are loosened, per-
mitting easy movement of the blades. The grooves 63
are formed to correspond to predetermined desirable blade
positions. ' When the lugs or projections are seated in
the grooves and the rotor is tightened down, the blades
are locked against movement.

In FIGURES 5A and 5B, there is shown a further
modified form of blade and disk construction. In this
form the blades 47B are generally straight but tapering
slightly toward the center of the rotor. The blades are
pivoted on bolts 52 from their thicker heels adjacent the
outer periphery of disks 48B. Each blade is provided
with a slight projection, such as a hemispherical protuber-
ance 64 at the top and bottom of the blade and disks 48B
are provided with a plurality of perforations or dimples
65 arrayed in an arcuate path to receive the projections
64 and hold the blades in their pre-set positions. As
shown in FIGURE 5A, all of the blades are disposed
generally radially; in FIGURE 5B the corresponding
blades are shown shifted to a position generally tangential
to the inner periphery of the classifier rotor disks.

The blades may be formed in a variety of shapes as
desired and as dictated by the particular requirements of
the materials and conditions encountered in use. They
may be curved or straight, flat or tapered and may slant
or curve forwardly or backwardly. A convenient man-
ner of reversing the slant of the blades is merely to invert
the entire classifier rotor upon shaft tube 18. The blades
may be pivoted for movement from either the inner or
outer peripheries of the annular rotor disks or, in some
instances, from some intermediate point. The blades may
be cast or forged from metal, such as steel, or they may
desirably be molded from a wear-resistant synthetic resin-
ous material, such as nylon, for example.

In the operation of the device of this invention, as
illustrated, solid material is introduced in a continuous
stream through inlet 3¢ from any suitable feeder mech-
anism. The solid material falls down upon spinning end
plate 20, having vanes 31 on its upper surface and is
evenly distributed, is thrown centrifugally outwardly and
falls from around the periphery of the plate to the milling
stages. In falling downward, it is subjected to reducing
action produced as a result of attrition induced by the
rapidly rotating milling section of the rotor in a manner
well understood in this art. As the material falls, it is
progressively reduced in size. A relatively small flow of
air or other gaseous fluid is fed as needed by opening
damper 29. .

All of the disintegrated material passing downwardly
through the milling section is delivered ina uniformly dis-
tributed suspension through the annular orifice in plate
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24 to the classifying zone, immediately inside the pendarit
wall 58. .

The downflow of gaseous fluid and pulverized granular
materia] of mixed sizes at 58 is balanced by the inflow of
gaseous fluid through the opening in plate 26 at the bot-
tom of the classifying section. The desired fine ground
particles and most of the gaseous fluid is withdrawn
through the classifier rotor 44, through the spaces defined
by the blades 47 and the rotor disks to the annular pas-
sage around shaft tube 18, thence through the annular
passage within flanged tube 38 and out through the im-
peller fan 40 to the discharge outlet 62.

Within the classifying section 12, there is a complex
multiple phase “classifying action. The fan blades 42
produce a tight spiral or vortex of air in the space just
inside the classifier housing wall 25 and outside of the
pendant wall 58. The spiral is generally upward. The
gaseous fluid is maintained in a generally vorticular con-
dition within this space and the coarser solids thrown
out centrifugally below the bottom of the pendant wall
are continuously suspended in this vortex. Those coarse
particles are generally maintained as a circulating layer
against the wall 25 where they may be picked off as
desired by the skimming weirs 60 of the skimmer boxes
59 and, if wanted, returned for further grinding.

Any fines that may get into the space between the
pendant wall and the classifier housing wall, and most
of the gaseous fluid in that space, in order to leave the
classifying section, must pass inwardly through the pend-
ant wall 58 and then through the centripetal classifier
rotor 44. In progressing thusly through the wall 58 and
towards the rotor 44, the gaseous fluid and its load of
fines and any near fines that may be present is drawn
inwardly through the louvers of the pendant wall. At
the same time, within the pendant wall, there is a gen-
erally spiral ‘downfiow superimposed upon the general
eddy flow ‘pattern created by the biades of the rotor unit,
This composite downward spiraling flow starts at the
feeding annulus in plate 24 and ends at the bottom of
the pendant wall.

The inwardly directed air under pressure from the air
inlet fan blades 42 passing through the louvers blasts
through the composite spiralling downfiow containing
coarse as well as fine solid materials, which is inside of
the pendant wall and is continuously entering through the
feeding annulus from the milling section. A vorticose
cross flow action of great intensity is thus established in-
side the pendant wall.

At the same time, the blades 47 of the centripetal classi-
fier rotor produce small vortices somewhat within the
peripheral limits of the radial blades and the intervening
disks. In addition, there is a general velocity into the
narrowing space, such as throat or port 56, between adja-
cent blades. Depending upon the speed of operation,
spatial relationships between the blades and physical con-
stants of the solid material a certain range of finer par-
ue}es are moved inwardly under these actions into the
axial annular space in the interior of the classifier rotor
and discharged through the impeller fan.

The coarser particles are meanwhile thrown outwardly
against the pendant wall where they gradually move spir-
ally downward to the bottom of the pendant wall 58 and
are tbrown out centrifugaily into the space adjacent the
classifier housing wall by the action of spinning plate 46.
There the coarse particles and any fines that niay have
adhered to them are met by the outer vortex and the spir-
all.y upflow in this 'space, as described previously., In
this manner the larger particles are cleaned off and the
fines are carried up and again given a chance to be pulled
in through the louvers of pendant wall and into the clas-
sifier rotor.

Thus, in the illustrated form of construction, there is
provided a three-fold classifying effect: the classifying
effect due to the action of the centripetal classifier, the
effect due to the pendant wall construction and the clas-
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sification resulting from the combined effect of the fan
blading 42 and the spatial arrangements. The coarse
particles are freed from intermixed fines and the coarse
particles are then removed from the vorticose layer mov-
ing on the inside of wall 25, by the skimmer boxes as
they are separated and may be discarded, collected or
recirculated as desired in the operation.

Referring now to the fine classifying action of the clas-
sifier rotor, the stream through the spaces defined by the
rotor blades and the rotor disks and induced by the im-
peller fan is assumed to have generally constant velocity
distribution pattern along its cross-section, but the veloc-
ity changes at different points along the path of the
stream. Along the path of the stream, particles and air
move in a free system. As a practical matter, some
forced movement exists due to the difference between air
and particle velocities, that is, terminal velocities at any
given point in the free path of the stream, although this
forced movement is practically negligible considering the
order of magnitude in the particle and air velocities.

Gravity is similarly neglected as being an unimportant -

variable. This consideration would generalize the di-
rection of the axis of the classifier in the space quite
arbitrarily. That is, the axis need not be aligned in any
particular direction,

A particle moving in the paths of the stream into the
rotor on the suction side of the blade, but out of contact
with the blade surfaces, is subject to drag and fo cen-
trifugal force, but practically not to Coriolis force. A
particle moving in the paths of the stream against the
blade surface is subjected to flowdynamical drag, cen-
trifugal force, friction force (friction of particle on blade
surface) and Coriolis force since forced movement exists
along these paths, forced by the blades and drag in radial
direction.

The vectorial sum of the acting forces, that is, cen-
trifugal force, flowdynamical drag, Coriolis force and
friction, is the resultant force. The direction of the re-
sultant determines possible movement of a particle in the
rotating system.

For a particle moving inwardly in the path of the
stream into the rotor out of contact with the blade sur-
faces, there is no friction; and no Coriolis force exists
since there is no forced movement in the radial direction.
The resultant force on any arbitrarily selected particle
will be determined by drag and centrifugal force. Cen-
trifugal force has radial direction outward. Drag fol-
lows generally direction of air flow. The resultant force
causes the particle to move inwardly obliquely in the di-
rection of the blade. )

For a particle moving on inwardly in the path of the
stream along the suction side of the blade, the particle is
affected by the Coriolis force since forced movement
exists in radial direction. Coriolis force points toward
the blade and causes the friction force. The direction of
the friction force is radial and points opposite to the
direction of particle movement.

For a particle of definite size in this path, there will
exist a point of equilibrium where a balance of forces
occur and the resultant force is zero. There will be no
movement of the particle in the radial direction, only
movement of air. There will be no forced movement in
radial direction, and accordingly, no Coriolis force and
no friction. Forces in the radial direction are in bal-
‘ance, and no acting force exists in tangential direction.

Up to this point, Coriolis force keeps the particle
‘pressing against the blade surface, but at the equilibrium
‘point, this suddenly ceases. The particle is set free in
the tangential direction and in the absence of air flow
would act as it would if released from central motion.
In the absence of air flow its inertia would keep it on the
line of its absolute velocity, similarly to any body which,
if released from central motion, leaves a rotating system
on a tangential path.

In 'a given infinitesimal time period, the rotation of the
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system changes the location of the equilibrium point on
the blade surface. This different site on the blade is
characterized by a different velocity of the rotating sys-
tem. During the same time period, however, the abso-
lute velocity of the particle is kept constant. The particle
starts to move and accelerates in the rotating system, due
to its inertia. At the same time, this inertia force affects
the particle in the rotating system. While the particle
moves away from the blade in tangential direction, the
radial and larger component of the inertia force has to be
balanced and even overcome while the particle is in the
vicinity of the blade. The inertia force in the radial di-
rection is balanced by the drag of air flow parallel to the
blade.

As the particle departs in tangential direction from the
blade, it loses peripheral velocity, and consequently, cen-
trifugal force. In the vicinity of the blade surface, air
drag being relatively greater than centrifugal force, the
particle does not leave the blade surface in tangential
direction, that is, perpendicular to the blade surface, if
radial blades, but in an oblique direction inwardly. As
the particle advances, leaving the blade, it reaches air-
flow layers with progressively lesser radial velocities rep-
resenting progressively less inertia force controlling drag.

At the point where the particle reaches deepest pene-
tration between the blades, the radial component of in-
ertia force and air drag and centrifugal force are in bal-
ance. Consecutive air flow layers have large velocity
gradient, which enables the particle to rapidly change
its radial velocity., At the same time, there is a steady
loss in the peripheral velocity of the particle, resulting
in less centrifugal force. The particle finally reaches
the pressure side of the opposite blade and is carried
back cut imto the spiralling flow around the rotor.

Larger and larger particles spin out at larger radii
eliminating in this way oversize particles from the air
stream along the suction side of the blade. These parti-
cles are carried out by the air stream along the pressure
side of the opposite blade to be removed with the coarse
fraction.

In the inward direction of the stream, the gaseous dis-
persion carries finer and finer particles, the finest of
which are finally removed at the heel of the blade center-
ward. This point is called the critical radius, since it is
critical for the theoretical largest particle in the fine
fraction.

As described above, the balance of forces on decreas-
ing particle sizes occurs at decreasing radii along the suc-
tion side of the blade and represents the physical means
to size out oversize particles from the inwardly moving
stream and to carry these oversize particles out of the
interblade area to the coarse removal opening in the pe-
riphery of the classifier rotor in an orderly undisturbed
flow pattern of the intrablade eddies.

The above discussion has been based upon the assump-
tion that velocity distribution pattern in the radial direc-
tion is constant. In actuality, velocity distribution over
any cross-section of the space defined by radial rotor
blades and the rotor disks are not constant, but are drasti-
cally different. Because of this, different size partticles
can cross the critical radius circle, depending upon their
location passing the port, and end up in the fine frac-
tion, thereby greatly reducing the sharpness of classifica-
tion and the efficiency of the classifier.

To remedy this situation, it is necessary to maintain
radial velocity distribution generally constant, as well
as to control the magnitude and direction of velocity
especially at the critical radius. This result is achieved
regulating the air flow through the classifier, the rate
of rotation and the positioning of the rotor blades at
the critical radius. In this way velocity distribution over
the cross section of the space defined by the rotor blades
and disks becomes practically constant and critical parti-
cle size is strictly controlled, covering practically the
entire subsieve size range to yield sharper classification
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than herctofore. The critical particle size is controlled
by changing the magnitude and direction of the absolute
velocity of the moving strezm of suspended particles at
the port communicating with the annular discharge pas-
sage of the rotor, where ‘due to limited space between

i0

unit of critical cut is expressed in these examples in
flow-dynamic units of effective diameters in physical units
of microns. o

The conditions under which the classifier was oper-

5 ated during each of the exemplary experiments are tabu-
blades, the blades acting as directing vanes, little, if any, lated below:
Bxample.. I I juss v v VI
Operating Conditions:
C.im, without load..___._____.._.________ 3,440 4,300 4, 550 3,000 3,100 2, 680
R.p.m. (morainaly._.___..____.___ 2, 260 2, 260 2, 260 960 960 960
Angular velocity in radians/sec... 235 235 235 100.5 100. 5 100. 5
Critical radius (R) centimeters... - 18.3 18.3 18.3 18.3 18.3 18.3
Decksused. ... ... ___ R 8 8 8 8 5 2
Portsperdeck. .o . ... oo ... 40 40 40 40 40 40
Systems’ velocity (U) at critieal radius in
[ T LT 44,300 | 4,300 | 44,300 | --1,840 | 1,840 -+1, 840
Relative velocity (W) at critieal radius in
cm./sec. (observer in rotary system)_.___ 2, 510 3,140 3, 200 2,170 3, 600 7,750
Absolute veloeity (C) at eritieal radius in
cm.fsec. (ohserver in stationary system). 6, 900 7,400 1,600 800 1,800 5, 600
Cu in em./sec. for centrifugal force_ .. ... +6,750 | 47,200 | 41,200 —250 —~860 -5, 000
CR in ¢m./sec. for flowdynamical drag in
radial direction. ... ... ... _______: 850 1,080 1,000 750 1,600 2,400
Angle of blades in degrees._______._ N 20 20 20 20 20 20
Angle of absolute velocity in degrees..__._ 7.5 9 41 105 183 154
Relative position of blade heels...__..____ Forward Curved._| Backward Curved.| Backward Curved.

turbulence exists (approximation of laminar flow) pro-
viding ideal conditions for classification in the vicinity of
the critical radius.

With a constant air flow through the classifier the
magnitude of the absolute velocity at the port can be
controlled by using different numbers of classifier decks.
The angle of the blade at the port, directing velocity in
a generally tangential direction can be built into the clas-
sifier in which case critical particle size change is ob-
tained by changing the direction of rotation or by in-
verting the rotor. Or according to this inveation, the
blade angle is made adjustable to enlarge the efficient
utilization of the classifier over a wide range of condi-
tions and materials.

The method of this invention is illustrated by the fol-
lowing examples.
scribe operating conditions for increasing critical cut
from the first to the last example.
amples five different materials designated A to E were
used. All five experimental materials have a specific
gravity of 1.44 gr./cm.3, but, as reasonably repeatable
bulk density tests show, they have increasing bulk den-
sities from A to E and generally less irregular shape
characteristics from A to E. Thus, the shape factor
of the powder particle decreases in the direction from
A to E.

Air flow in cubic feet per minute (c.f.m.) was meas-
ured in the discharge duct attached to the classifier.
Relative velocities W (to an observer in the rotary sys-
tem) at the classifier rotor discharge ports, i.e., throats
56, were calenlated from c.f.m. and the measurable size
of the ports.
determined by the positioning of the classifier rotor
blades. 'The velocity of the system U at the rotor ports
is calculated from the known r.p.m. of the rotor unmit
and structural measurements, i.e., critical radius R. The
direction of the systems’ velocity is determined by the
direction of rotor rotation.
tive velocities W and the systems’ velocity U is the ab-
solute velocity C (relative to an observer in the sta-
tionary system of the housing).

The angle of absolute velocity as measured from the
direction of the systems’ velocity at critical radius, as
shown in FIGURES 6 and 7, is an important variable
for producing separations at different critical cuts.
cal cut is the critical particle size measured in any unit
under which size every particle goes into the fine frac-
tion-and over which size every particle goes into the
coarse fraction, assuming perfect classification.
perfect classification is impossible of achievement the

30
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For Examples I and IT the blade heels curved forward
in the direction of rotation as shown in FIGURE 6. For
Examples ITI and VI the rotor was turned upside down
with the result that the blade heels then curved backwards
as shown in FIGURE 7. In all examples the critical
radius; the blade angle and the number of ports was the
same. The angle of absolute velocity increased from the
first to the last example.

The characteristics of the product, that is, the critical
cut of material delivered from the classifier in each experi-
ment, are tabulated below:

Example I
40
Each of the Examples I to VI de- Materials. .. .. A B c D b0
In each of the ex- 502 477 607 601 613
B ities .. _.__. —— i ol —_— —_
ulk densities - M| TIé| I 0| R
45 Effective diameters in mi-
L1001 ¢ 19 20 25 31 32
Example 11
50 i
Materials .. _..____________. A B C D E
487 | L4851 5951 643 .625
B 2200 480y 090 043 : 029
otk densities....oo ... ... 537 | ei| eri| 6| 666
Effective diameters in mi-
6p ceroms.__ ... ... 22 22 28 35 35
The direction of relative velocities W is
Example I
60 Materials.... ... A B ¢ ! D E
" 503 | .505) 657 .e8L| 654
The vectorial sum of rela- Bulk densities. .. ... 619 | 31| 08| 33| o8
Effective diameters in mi-
[c15) o 29 30 43 45 43
65
Example IV
Criti- 70 Materials.. ... _..___.__. A B C D B
. . 608 | .B57 | .695 | .68 .679
Bulk densities.......________ o 5 7T =5 =53
Effective diameters in mi-
Since CIOIS. ool 41 40 61 62 60
75
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Example V
Materials. ... ... A B C D E
. 647 . 603 L7111 .714 .713
Bulk densities_ .. _._____. ... —m Ti“i’() —7—83 —7—5 75
Effective diameters in mi-
[ (1) TSR UPPP 48 49 69 it 72
Example VI
Materials_ ... ____ A B C D E
. L 647 . 600 723 L729 L7185
Bulk densities............... 03 T 50 ~5s 5
Effective dismeters in mi-
[0 5 TR 58 59 78 86 43

As is apparent from these examples, and illustrated
_graphically in FIGURE 8 where the particle sizes are
plotted against angle of absolute velocities, there is defi-
nite and close correlation between critical cut particle
size and angle of absolute velocities. The effect of in-
verting the classifier rotor to change the blade direction
is seen by comparison of Examples II and III. By vary-
ing the pitch of the classifier rotor blades, the dimensjons
of the outlet port, the critical radius, the speed of rotation
of the rotor, the air flow, or any of them, the angle of
absolute velocities can be varied and controlled, thereby
permitting control of the critical cut particle size for any
material.

It is apparent that many modifications and varjations
of this invention as hereinbefore set forth may be made
without departing from the spirit and scope thereof. The
specific embodiments described are given by way of ex-
ample only and the invention is limited only by the terms
of the appended claims.

What is claimed:

1. In a centripetal classifier comprising a cylindrical
classifier housing, a peripheral inlet-axial outlet classifier
rotor journalled for rotation within said housing, said ro-
tor comprising an inner annular axial passage surrounded
by a plurality of spaced apart annular disks and a plu-
rality of blades spaced about and extending longitudinally
of the axis of the rotor between said disks and defining
a piurality of passages communicating with said annular
passage and the periphery of the rotor, means communi-
cating with said inner annular passage for inducing a flow
of gas through said classifier rotor and means for feeding
a uniformly distributed mixture of varied size particles
in gaseous suspension to said classifier, the improvement
which consists in said rotor blades being pivotally mounted
and contoured to define a discharge port of variable cross-
sectional area facing upon said inner annular rotor pas-
sage upon pivotal adjustment of said blades, said port
being generally tangential to said annular passage.

2. A centripetal classifier, according to claim 1, further
characterized in that said rotor comprises a plurality of
elongated rod members extending longitudinally through
said rotor disks and blades uniformly spaced around the
periphery of said disks, each of said blades having a hole
through which said rod members pass to serve as pivots
for said blades and means for tightening and loosening
said rod members.

3. A centripetal classifier, according to claim 1, charac-
terized in that said blades are provided with projections
extending from the edges thereof, and the rotor disks are
provided with corresponding depressions to receive said
projections.

4. A centripetal classifier, according to claim 1, further
characterized in that said rotor blades are curved.
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5. A centripeta] classifier, according to claim 4, further
characterized in that said rotor blades are formed from
a wear-resistant synthetic resinous material.

6. A centripetal classifier, according to claim 5, further
characterized in that said rotor blades are formed from
nylon.

7. A centripetal classifier comprising a cylindrical
classifier housing, a peripheral inlet-axial outlet classi-
fier rotor journalled for rotation within said housing,
said rotor including an inner annular axial passage sur-
rounded by a plurality of spaced apart annular rotor
disks and a plurality of blades spaced about and extend-
ing longitudinally of the axis of the rotor between said
disks and defining a plurality of passages communicat-
ing with said annular passage and the periphery of said
rotor, a plurality of elongated rod members extending
longitudinally through said rotor disks and blades uni-
formly spaced around the periphery of said disks, a hole
in each of said blades through which the rod member
passes to serve as a pivot for said blades, means com-
municating with said inner annular passage for inducing
a flow of gas through said classifier rotor, means for feed-
ing a mixture of varied size solid particles in gaseous sus-
pension to said classifier and means for withdrawing over-
size from said classifier.

8. A centripetal classifier, according to claim 7, fur-
ther characterized in that said blades have projections
extending from the edges thereof and the rotor disks are
provided with corresponding depressions to receive said
projections.

9. A centripetal classifier, according to claim 7, fur-
ther characterized in that said pivotal blades are curved.

10. In the method of centripetal classification utiliz-
ing a rotating bladed centripetal classifier rotor wherein
a suspension of particles to be classified in a gaseous flu-
id is whirled in a stream at high speed around the outer
periphery of a generally cylindrical rotating classifying
area, the finer particles are separated from the coarser
particles by whirling a plurality of smaller fluidal streams
of particles at high speed around the inner periphery of
said cylindrical classifying area setting up a plurality of
inner vortex actions and the desired fine particles are
continuously withdrawn inwardly from the inner vortices
and discharged axially by suction, the improvement
which consists in exercising control over the critical par-
ticle size cut by adjustment of the angle of absolute ve-
locity of the moving streams of particles within the classi-
fying area by variation of the pitch of the classifier blades
relative to the inner periphery of said cylindrical classi-
fying area.

11. In the method of centripetal classification of fine
solid particles in a fluid suspension circulating about a
generally cylindrical rotating classifying area utilizing a
rotating bladed centrifugal classifier rotor the step of
exercising control over the critical particle size cut by ad-
justment of the angle of absolute velocity of the moving
stream of particles by variation of the pitch of the classi-
fier blades relative to the periphery of said cylindrical
classifying area.

12. The method according to claim 11 further char-
acterized in that the angle of absolute velocity is fur-
ther regulated by varying the volume of air flow through
the classifying area.

13. An improved method of centripetal classification
utilizing a rotating bladed centripetal classifier rotor
comprising the steps of whirling a suspension of dry solid
particles in a gaseous fluid at high speed in a stream
around a cylindrical classifying area, separating the finer
particles from the coarser particles by whirling a plurality
of smaller fluidal streams of particles at high speed
around the inner periphery of said cylindrical classifying
area setting up a plurality of inner vortex actions, ex-
ercising control over the desired critical particle size cut
by adjustment of the angle of absolute velocity of the
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inner vortical streams at the innermost periphery of the
generally cylindrical classifying area by variation of the
pitch of the classifier blades relative to the innermost
periphery of said cylindrical classifying area and continu-
ously withdrawing the desired fine particles inwardly
from the inner vortices and discharging them axially by
suction,
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