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This invention relates to an apparatus for sep-

arating and classifying the particles of a finely
divided  material according to fheir respective
sizes.
- More specifically it comprehends the separa-
tion and classification of materials which have
been reduced to a.finely divided state by grind-
ing or a similar process of attrition, and which
are suspended in a fluid medium for ease of
transmission and grinding during the process:

An. attrition process of .the above character
is disclosed in my copending .application Serial
No. 86,426, applied for jointly with Nicholas N.
K. Stephanoff, joint inventor with me of the in-
vention presented therein. In the above-men-
tioned process the material to be reduced is fed
into one end of a curved tubular device through
the agency of a high velocity stream of fluid,
preferably a gas. The velocity of the entering
20: fluid is so chosen that the: velocity of the com-
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bined fluld and material is at all tlmes less than,

or at most equal to the-critical velocity, so that

a stream line flow of the material and the fluid "

medium in which it is suspended is maintained
" 25 in the tubular:device. The passage of the com-
"bined fluid’ medium and material through the

curved portions of the tubular device at high -

velocity gives rise to a centrifugal force ‘which
together with the effect of skin friction on the
walls of the classifier causes the mass of material
and fluid in the central portion of the tube to
be forced toward the outer wall thereof. This
gives rise to the phenomenon termed “double
inverse -flow” in the above identified copending
35 application, in which the fluid is given two rota-
" tional movements such that in any cross sectional
plane through .curved sections of the tubular
device, half: the fluld rotates in a clockwise direc-
tion; whereas the other half rotates in a counter-
40 clockwise direction. - In the central portion. of
the plane -through the tube, the flow of both
halves is the same and is in the direction of the
centrifugal force causing the motion. This pe-
culiar motion of the fluid medium causes the par-
ticles of the material to rub vigorously against
one another so that they are reduced to a very
fine state of division during the process of attri-
tion.
The “double inverse” flow of the fluid medium
-Is utilized in this invention to provide for the
separation and classification of the finely divided
material which is discharged from g classifier of
the character briefly described ahbove.
An object of the invention, accordingly, is to
provide a-novel means for the rapid and effec-
Y
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tive separation and classification of finely divided
materials according to relative particle sizes.

: A further object of the invention is to provide
an apparatus of the above character in which -
the finely divided material is suspended in a fluid &
medium and the separation and classification is
accomplished by the combined action of centrifu-
gal force and by double inverse flow of the me-
dium in which the particles are suspended..

Another object of the invention is to provide 10
an apparatus of the above character in which the
classification is aided by the effect of the force
of gravity on the particles of finely divided mate-.
rial.

In accordance with the present invention, the 15

finely divided material, suspended in a fluid me-
dium, is fed to a curved tubular classifier which

is provided-with an axial slot in its periphery.
The heavier and larger particles in suspension,
due to the double inverse moiion -of the fluid gg
alded by the centrifugal force acting, are dis-
charged through the axial slot, while the finer
material continues through the classifier. In
this manner, the larger particles may be. sepa-.
rated from the finer ones, or particles of varying 95
degrees of fineness may be separated and col-
lected as indicated below.

Additional objects will be apparent from the
following ‘detailed description and from the ac-
companying drawings in which: - 80

Fig. 1 is a-view in front elevation of a helical
classifier constructed in accordance with this in-
vention.

Fig. 2 is a top view of a modiﬁed classifier con- -
structed in accordance with the invention, in gg .
which the device is formed with several concen-
tric tubular portions.

Fig. 3 is a view in section illustrating a further
modification of the classifier, for obtainlng sev-
eral degrees of fineness.

Fig. 4 is & view in section illustrating a modi-
fication in which d collecting chamber is.substi~
tuted for the helical collecting chamber disclosed
in Fig. 1.

Fig. 5 is a view in partial section illustrating
an adaptation of the construction .of Fig. 4 in
which two separate devices are used to obtain
classification and collection.:

Fig. 6 is .4 view in partial section illustrat-
ing an‘adaptation of the construction of Fig. 1 o
in which a pair of hehces of varying radii are
used to obtain separation and collection.

Referring to Fig. 1 a collector is shown formed -
by a helical coil 10 to which is secured a second

collector coil 1l in such fashion that the two are 65.
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: continuously tansent alofg thelr length.

At the polnt ‘of tangency of the two coils a slot

12 is formed which communicates between the

two coils 190 and {i. Finely divided material

$ suspended in a fluld medium enters the cofl 1

through the passage 13 in the direction indicated

by the arrow, whence it flows downwardly
through the classifier,

" The centrifugal force created by the move-

_ 10 ment of the fluid in the helical coil 18 in conjune-

tion with the double inverse flow of the fluid

" outlined above, and more fully described in my
above identified copending application, causes the
coarser particles in suspension to move toward the

18 outer wall of the coil (8 whence they are dis-

charged through the slot {2 into the collector coil

ii. The angle of the helix generated by each coil

. should be greater than the angle of repose for
the material collected so that the latter- will

ao readily slide along the surface of the collector
coll {1 from which it will be discharged through
the outlet 18, The finer particles in suspension
will remain in the coil 18 and will continue down-

' wardly until they are discharged along with the
o5 fuid medium from the outlet (8. It is obvious

thstbyvarylnzthelengthofthecouectorcons‘

-ths amount of ‘material separated from the fluid
_ medium can be controlled within reasonably
- close limits, and if desired all the material may

:‘. b‘ lQ be. discharged from the outlet (4 leaving the -

¢clear fluid to pass through the outlet 18. If de-
“sired, the outlet 14 may be provided with & valve
tbxouthwhlchthemtem.lmaybqvalvedoﬂas

. IQ Innc 2amodmedformofthecollectlnztp-

" paratus is shown which is formed of the two con-

centric cgils 18 and 17 respectively, the outer

" gurface of coil I8 being tangentially in contact

with the inner surface of coll 1. As in Fig. 1,

& & narrow continuous slot is formed at the poirt

-+« of teangency of the two coils, which communi-

cates therebetween. The finely divided material

in fluld suspension enters through the inlet

passage I8 from which it passes to the coil 18,

& Asit travels through passage (8, due to the com-

bined effects of centrifugal force and double in-

verse flow, the coarser material moves toward

the outer surface of the coll 1§ and is eventually

discharged Into the coil I7 through the slot

formed between the two coils. Spaced in the

- bottom of coil {1 are a number of apertures 19,

through which the collected coarser material

may pass Into a suitable container., The fluid

medium continues on, and is discharged through

the outlet 20 as. clear fluid or containing & small

-4 gmount of very finely divided material in sus-

pension depending upon the rate of flow through
the collecting device and the length thereof.

As Hllustrated in Fig. 3 the collecting classifler

shown in Fig. 2 may be provided with three colls

several varying degrees of flneness in the col-

" Jected product or more complete collection.. As
before, the fluld bearing material enters at the

8 inlet 24 from which it is fed into the coil 2. Due

double inverse flow of the fluild medium, the
coarser and heavier particles are thrown against

the outward portion of the coil in the direction

70 of the arrow, through a communicating slot 28
“’formed between coils 21 and 22.  In this modi-
fication, double inverse fluid flow is also main-
f#ained in the second coil 22, so that with this
construction also, the relatively coarser par-

46 ticles are thrown against its outer surface in the

| | | 4

‘ 9! 21, 22 and 23 respectively in order .to obtain

*” to the joint action of centrifugal force and the -
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direction indica.ted 'by the AYYOW. 'rhey then
pess into the Hopper-shaped coil 23, through a -
glot 26 formed between coils 22 and 23. Since
any fluid flow in this latter coil will be such as
not to prevent the collection of the particles §.
therefrom, the coarse and relatively heavy ma-
terial drops upon the inclined surfaces 27 of the
hopper shaped coil 23, and 1s discharged through -
the opening 28 in the bottom thereof. The par-
ticles which have collected in cofl 22 fall down- 10
wardly and are discharged through spaced open-
ings 29 formed in the inner surface of this coil.
With this construction, therefore, it is possible

to collect the finely divided material in three

‘different stages of classification, which may be 18

controlled as mentioned above by varying the

_ fluid velocity through the coils and also by
_changing their respective lengths.

In the modification shown in Fig. 4, the fluid
and suspended material may be fed into either 80
end 30 or 39.of a helical coil 31, which is wound
about the external surface of a cylindrical mem-
ber 32. The coll 31 is formed with a continuous
axial slot 38 which extends almost the entire

‘length of the coil, and through which the rela- 8§

tively coarse material is discharged as described
above. About the cylindrical member 32 & cylin-
drical collecting chamber 34 is formed and is

provided with & cover plate 38 and a base plate -

38 in which the discharge openings 37 are formed. 30

'The discharge openings 37 are provided with caps

38 which may be intermittently withdrawn to
remove the material which has collected in the
chamber 34. The fluld medium in which the
finely divided material was originally suspended, 3%
if fed in through the end 30, is discharged
through the outlet 38 which forms the lower ex-
tremity of the helical coil 31. In this modifica-
tion also, the relative amount of finely divided '
material discharged with the fluid medium can &0
be controlled by varying the length of the helical .
coil 81, and also to some extent, by va.ry!ng the
veloclty of the fluid medium therein. :
The collecting device of this invention is illus- -
trated in & further modification in Fig..5 which &%

"is adapted to permit the separation and classifi-

cation of the finely divided and suspended ma-
terial into two or more classes. It comprises the
two collecting chambers 40, in each of which two
helical coils 4f and 42 are mounted as shown. 50
Both of the helical coils 4f and 42 are formed -
with continuous axial slots 43 through which the
relatively coarse suspended ma.terial {s adapted
to be discharged. )
The material-bearing  fluid medium - enters
through the lower extremity 44 of the helical coil
41, and as it passes upwardly therethrough the-
heavier or coarser particles are discharged -
through the slot 43 into the collecting chamber -
40. Here they fall downwardly by gravity upon 60
the funnel shaped surfaces 48 of the collecting
chamber 40, whence they are discharged through .
the passage 48 to a suitable container. Any - -
number of similar classifiers may be connected in
series in order to obtain as many grades of classi- 65
fication as may be desired, and it is possible in
this manner to remove substantially all of the
finely divided material which was origmally Bus-
pended in the fluld medium. .
In the embodiment shown in Fig. 6, the col- 70
lector comprises a helical coil 47 to which a col- -
lector coil 48 is tangentially secured, and between
which a continuous communicating slot 49 ‘is
formed. It will be noted as each helix rises its
radius decreases, so that the centrifugal force 7§
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acting on the materlal-bearlng fluld whlch passes
through the helical coil 48 will increase due to
the reduction in the radius of curvature. The
material-bearing fuid _may be supplied to the
8 collector at the portion of the hellx which has
~ the least radius, in which ‘case, the centrifugal
force acting on the. particlés of material will
' decrease as they pass downwardly through the
classifier.. In this case the greater part of. the
material is thrown out through the slot 49 in
the upper portion ‘of the apparatus where the
centrifugal force is treatest the rémaining por-
tion being removed as it progresses downwardly
" through the classifier, so that all of the material
may be removed and clear fluld may be dis-
charged from the lower opening ¥4.

-The material-bearing fluid may also enter the
device through the lower extremity 84, in which
case the heavier particles will be removed in the
lower part of the device where the centrifugal
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force is least, while the lighter material par-
ticles will be removed in the upper section where,.

due to the decreased radius, the centrifugal force
is relatively greater. The clear fluid will then
be discharged from the upper extremity 81 while
the separated and collected material will be dis-
charged through the lower extremity 82 of the
. collector tube 48, In this modification also, the
- helix angle is chosen to be greater than the angle
of repose for the material collected,; so that the
latter will readily slide down the collector tube
. “ to the discharge opening §2.

"It is evident that in any of the modlnca.tions,

lho'wn the helical tube which constitutes the
main element of the classifier may be constructed
to decrease in diameter along its length or in-

crease in diametér depending on the results de-
. sired. For example, In the modification.shown -

in Fg. 3, the second coll 22 may be made of
alightly less diameter than coil 21 to increase the
effect of the double inverse flow of the fluid me-
. dium in coil 22, a feature which must be con-
- sidered in view of the fact that the heaviest par-

ticles have been removed. Similarly if it is

‘- desired to gradualy reduce the effect of the double

inverse flow, the coil 22 may be made of larger

dhmetetthmthecoutl tosecurethedesircd
- result.
7" 'This invention provides a mea.m whereby finely

“ 'divided materials may be rapidly and effectively

classified into as many different particle sizes
. a8 may be required, and as pointed out above, it
" is possible to remove substantially all of the ma-
terial from the fluild medium so that the process
may be practiced with great economy.

Obviously the invention described herein may
be used in connection with apparatus, the pur-
pose of which is either to separate or classity or
both, and the use of these terms herein is not
80 to be considered as limiting the use or scope of

the invention.

‘While a specific embodiment has bcen described
above, the invention is not to be in any way lim-
ited thereby except a8 defined in the followlng

65 claims. .
I cla.un

1. A devlce.for sepa.ratina and classifying finely

- divided material suspended in a fluld medium,
comprising a coiled, tubular member of substan-
70 tially circular cross section adapted - under
proper flow velocities to cause the fluid to flow
in a plurality of paths, means to supply material-
laden ,;luld to the said tubular member, a second
colledl tubular member of substantially circular
16 cross “section concentrlc with the Airst member

" terial to a second tubular

3

about 8 common center of curvature, and tangent

- to the outer wall of the periphery of sald Prst

member for recelving the separated materal,

"and a communicating slot between the two said

members formeq in the tangential portion to
cooperate with the said fluld flow for removing
8 portion of flnely divided materlal from the
said fluld medium and for directing the removed
material to.the said second tubular member, .
2. A device for separating and classifying finely
divided material suspended in & fluid mediom, .
comprising a plurality of helical, tubular mem..
bers of substantially circular cross section con-'

. centrically - disposed about & common axis and

respectively tangent to one another, at least 18
one of which is adapted to cause the fluid to flow

in & plurality of paths, means to supply material-

bearing fluid to one of the said tubular members,

. and longitudinally extending communicatlnz

slots between the said tubular members, in the 20
tangential portions thereof, to cooperate with
the sald fluld flow for removing a portion of
finely divided material from the said fluid
medium, and for directing the said removed ma-
ember. *%
3. A device for separating and classifying finely -
divided material suspended in a fluld medium,

-comprising a plurality of helical, tubular mem-

bers concentrically disposed about a common

‘axis, and respectively tangent to one another at 90

their peripheries, at least one of which is adapted
to cause the fluid to flow in a plurality of stream-
line paths, means to supply material-bearing
fluid to one of the said tubular members, com-
municating slots between the said tubular mem-
bers in the tangential portions thereof, to coop-
erate with the said fluld flow for removing a
portion of finely divided material from the said
fluid medium, and for directing it to a second
tubular member, the helix angle of the said tubu-
lar members heing greater than the angle of re-
pose for the finely divided material to 'tacilitate
its discharge from the device. ‘

4. A device for separating and classifying finely
divided material suspended in a fluid medium
comprising an elongated, tubular member of sub-

. stantially circular cross section having a helical

portion adapted to cause the fluid to flow in &
plurality of paths including adjacent portions
which are parallel and unidirectional in & direc-
tion away from the center of curvature of the
member, means to supply material-laden fluid
to the said tubular member, a oontinuous axial
slot formed in the periphery of and substantially
co-extensive in length with said helical portion
of the sald tubular member to cooperate with
the said fluid flow, for removing a portion of
finely divided 'material from the said fluid
medium, and & chamber about the said tubular
member for collecting the material so removed,

5. A device for separating and classifying finely
divided material, suspended in a fluid medium,
comprising a plurality of curved, elongated tubu-
lar members, concentrically disposed about a
common axis and respectively tangent to one
another so that one is outwardly positioned with
respect to a plurality of other inwardly disposed
members, the said inner tubular members being
adapted to cause the fluid to flow in a plurality

-of paths, means to supply the material bearing 70

fluid to the innermost of the said inner tubular

"members, communicating slots between the tubu-

lar members in the adjacent tangential portions
thereof to cooperate with the said fluld flow,
whereby the heavier material is directed through 76
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the said slots into the tubular meniber disposed-
outwardly ‘thereof, said outermost inner tubular -
member being formed with an aperture through
which material may be removed therefrom ‘for '
collection; - commumcatmg slots - between" “the
outermost’ inner tubular member and-the ‘afores
mentioned outwardly positioned tubular member -

" in the tangential portions- thereof - cooperating "

10.

with the ‘fluid flow wheréeby the” heavier material”
is directed through the sl6t in: the second’ inner

tubular member into the ‘outer ‘tubular member;

and’ means to remove and"collect material from
the ‘said outer tubulat member. -

8. A .device for separating finely divided ma-""

8,214,008

“terial ‘in ‘a fluid medium, -comprising & coiled ::
“tubular  member of :substantially: circular . cross:
~section 'having a narrow: slot’ extending:along::
the -said: .
“member being -adapted to cause the fluid to flow.:§ .
ina ‘plurality of paths including portions; which. :*

its :length “'in ' its - outer: periphery,

* areparallel -and-unidirectional-in a-direction: to-

ward:the said-slot,~means to supply ‘material-
Uladenfliid to the ‘member;’ and:collector imeans .
“extending substantially the: length of the mem-
ber- and ‘over “theé slot: to receive: ﬁne]y divxded, b

matenal from the fluid medium.
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