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5 €Claims:
1

This invention rélates to the separation of
precipitable substances from a fHiid carrie?.

An object of the invetiticn is fo provide 5 nieth-
od for effecting the rapid and contitivous han-
dling ¢f Unusially large volumses of mixtures
fFoi which it is desired to separate selected com-
porients of specific unit mdss weight. ‘

Ariothér objéct of the ifivention is to provide a
method, for efféetinie separdtion as #bovée seb
fmth Whersin iiniité diserimihation indy be
Feadily secuted oetween cotapoiients ¢f a MiiX-
tiite which very Héarly have {lié same UAlt niass
welght so that the resulting  eztraction will
DoOssess the 1edst possible tegree of adulteration.

A fiirther chjéet of the ifivertion is o provide
o fethod wherein by tHe appncafhon of oppos-
ing forées to a mass of mixed faterigl 4 deli¢ate
degiee of uiibalaiice iday bé sstaplished in the
fhass by Means of whith & sélected component of
the miktire may bé caused to pass Hiore of léss
tapidiy from thHé rmiass.

Still another ohjéct of thé inveéntion is to pro-
videé a meth’)d of eparaﬁmon as above descnbed
which will function egually as§ eifcieiitly Wi
agueous thiXtures as w1th masses in Whlch a
ga8etus tediui compiisés the susperidifig er
¢arrier vehiele.

rhé irvention possesses other cbjects and fea-
tufes of advantage Which, together with the fove-
going, wﬂl bé specifically set forth ifi the follow=
ing detailed deseripticn of the mvenﬁlom Tt will
be understood that the invention Is not o be
Timited to the exemplary apparatus or the speclflc
procediite Hérein shown and dsscribed, as varis-
tiohs thereci may be efiployed which cotne Witk
in the scope of the appended claims.

Referring to the drawing:

Figure 1 is a view, generally dlaglammatlc in
character, .of apparatus -arranged to carry out
the rethod of our invention.

Figure 2 is 2 modlﬁed formi -of apparatus to
‘that Hlustrated in Flgure i.

Flgme 3 is an eniarged nomzonual sectional
Vlew ‘tairen in the plane indicated by the line 3:—3

of Figure 1. ) ‘

Figure 4 is an enlarged seale vertical sectional
view taken in the plane indicated by the line
A48 of Figure 3. N

Figure § is a horizontal sectional view, taken
stibstantislly in the plané of the line 3—3 of
Tgure 1 and illustrating disgrammatically a
portion 6f the forces iniposed on the inaterial
paiticles in the separator.

Figure 8 is a verfical sectional view substan~
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2 .
tialty equivalent to the loweér portion of Figure 1
and illustrating disgramimatically other férces
imiposed on the partic les within the separator;

Figutre 7 is a vector diggram of thé direct and
resiultant foress imposed on particles during their
sepatration.

In broadest terms, our invention comprises
releasing masses of mixed fAuid and dispersed
matter to fall Gy gravity along 4 defited path,
applying to the nizssés force to effect deflection
6f 4 selected cordponent of the dispersed matter
stitistantially Taterally of the path, arresting the
deflection miovement of the selected compenert
4t ani outer zotie of the path, permitting continiu-
ing movement of thie selected componerit along
the path i the aforémentioned outer zone theré-
of, impcsing o the remaining comporients of
disperseéd matter excephing tihie seleécted one
thereof a force arrésting movement alofig the
path of the said rémaining components, collect-
itig the seéleécted componsnts &t an intérmediate
point inn the path atd subsequently directing the
remaining compom:nbs and fluid along the path
away from the collected selec'r,ed componenbs

There are iierous ways i which the exaet
above procediis or a functional equivalent there-
of may be carried out but we have chosén for
burposes of illustration the particular mecha-
riism of the drawing il whicha preferably aXigl-
1y verticdl Housing 2 is provided having the‘rem
4 préferably cylindrical ahid downwardly eon-
vergent separation chamber 3 comhrudicating
through o duct 4 with a seconidaly chamber 6 of
vertically flattened globular form contained in
8 hoiising of ¢orfespondifig shape disposed axial-
Ty below the housing 2 and provided in the bot-
tom surfdce thereof with a discHarge spout T
capablb of being opened and closed by a suitable
contrel vaive 8. Reference is also made herein
to the apparatus disclosed in our copending ap-
,phcatwn Serial No. 149,346.
~ Means for delivering material to be separated
into the separation- chamber 8 is here shown as
-comprising an inlet conduit -8 which is arranged
to dmscharge tangentially inte the upper portion
of the aforesaid chember and which is connected
through.a pump 1, or other suitable flow . induc~
ing means, Wlth a supply duet 12 into which fuid
and entrained material may be introduced,
Jbreferably by suction existing in the said duct,
from a material supply hopper 13 or other eguiv-
alent means. Where the entrained material: Telosas ]
prises cemmlnuted selid matter carried in a fuid
carrier, whether air or liquid, the end of the
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supply duct 12 may be equipped with a suction
nozzle {4 immersed in the mass of material 16
contained in the hopper i3; the pump i1 under
such circumstances serving to lift the material
16 from the hopper, together with the carrier
stream which may be ambient air about the
hopper or liguid introduced into the latter in the
required suitable amounts, and to forcibly dis-
charge the mixture of carrier vehicle and en-
trained material into the separation chamber 3.
In some instances, such as where separation of
seed values from grain is desired, the pump 1!
may comprise a fan-type blower into which cut
stalks with their attached seed heads may be fed
through the suction duct 12, the blower there-
upon threshing the grain and effecting thorough
detachment of the seeds or kernels from the
heads, the resulting mixture being then conveyed
by the carrier air stream into the separation
chamber 3.

As the carrier stream of fluid tangentially en-
ters the upper portion of the separation chamber
3 the mass of fluid and entrained material will
be caused to whirl rapidly about the vertical axis
of the chamber with the result that both centrif-
ugal and gravitational forces acting on the heavier
components of the mass will primarily cause the
components to work their way radially outwardly
of the mass to occupy a peripheral zone thereof
limited in radial dimensional extent by the inner
wall surface of the chamber and secondarily will
cause the concentrated heavier components to
gradually move, under the influence of gravity,
downwardly along the converging wall surfaces
toward the throat 4. In the case of threshed
grain or the like, the weightier seeds or kernels
will act similarly to the heavier components of
the aforesaid mixture, the lighter tares forming
a whirling central core mass in the separation

chamber which will also move under the influence .

of gravity downwardly toward the throat 4.

In the throat 4 and separating the chamber
3 from the space therebelow, here shown as the
chamber 6, is disposed what may be termed a
grid comprising g plurality of circumferentially
spaced vanes 17 radiating from a common center
which . coincides with the central axis of the
chamber § and arranged so that their facial sur-
faces angularly intersect the said axis of the
chamber 3 and arranged so that their facial sur-~
faces angularly intersect the said axis, the degree
of said angularity being dependent upon several
factors and the nature of the mixture in which
particle separation is to be effected. Each vane
{T in cross-sectional form is preferably curvate
rather than flat, the subjacent surface facing the
chamber § being concave so that any fluid stream
‘which may move from the chamber § upwardly
into the chamber 3 is intercepted by the vanes
and caused to enter the latter chamber in tan-
gential relation to the vertical axis thereof and
in a degree of angularity, normal to the axis,
which is a function of the vertical ineclination
of the vanes. The preferred arrangement of the
parts is such that the aforesaid entering stream
will be caused to conform in direction of rotation
with the whirling mass of fluid in the separation
chamber and will smoothly merge therewith so
that minimized turbulence in the plane of con-
fluence of the fluid masses will obtain.

Means is provided in the separation chamber
3 for effecting continuous removal of core por-
tions of the mass of carrier fluid and entrained
substances other than the concentrations of se-
lected particles in the peripheral zone of the
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mass and for allowing the said concentrations to
settle downwardly toward the upper plane of the
grid preparatory to final and complete separa-
tion from the parent mixture. Arranged concen-
trically of the separation chamber and extending
vertically downwardly therein is an exhaust duct
{8 having at its lower end an axially and ver-
tically adjustable tubular section 19 provided at
its lower end with a downwardly flared collector
bell 21 capable of being positioned variably above
the upper horizontal plane of the grid. The op-
posite end of the exhaust duct 18 is connected
to suitable flow inducing means here shown as
the suction inlet of a blower or similar rotary
pump 22 whose discharge 23 may be directed into
the atmosphere or into a suitable distribution
duct for disposal. In the separation of grain, for
instance, from its supporting stalks and seed
heads, the mass of previously threshed and rela-
tively detached seeds and tares or the integral
grain immediately after harvesting, is brought
into proximity with the suction nozzle {4 and is
drawn, by suction existing in the duct 12, into the
pump or blower {1 wherein the mixture of grain
and carrier fluid is vigorously and thoroughly
agitated so as to effect the most complete de-
tachment of the seeds or values from the tares,
the resulting mixture being then discharged as
previously described tangentially into the separa-
tion chamber 3 through the lead-in conduit §.
Once in the separation chamber, the solid par-
ticles and tares will be whirled, together with
their mass of carrier fluid, about the vertical axis
of the chamber with the result that the heavier
particles will be urged, by centrifugal force,
radially outwardly of the mass to occupy the
peripheral zone of the latter while the core mass
will eomprise the lighter tares and other un-
desired components of the mixture. The addi-

‘tional force of gravity will be exerted on both

the selected heavier particles and the core masgs,
the former being the most affected, so that both
components will move downwardly toward the
grid at the bottom of the separation chamber
‘while still whirling within the chamber.

The suction pump or blower 22, being activat-
ed, establishes a suction current in the exhaust
duct I8 and in the bell 2i. 1In the case of the
structure -of Figure 1 wherein the space below the
grid is open to the atmosphere, the suction fow
moving in the duet 8 will induce an upward flow
of atmospheric air through the grid and past the
vanes thereof with the result that the induced
stream in emerging from the grid at the upper
plane surface thereof is, as previously explained,
whirling in substantial conformity with the rota-
tional movement of the mass of mixture in the
superposed separation chamber 3. As the en-
trained materials in the fluid mass contained in
the separation chamber descend, the radially
inner core portions of the mass, comprising fluid
and the rejected particle components of the mix-
ture, upon coming into substantial registry with
the bottom plane of the bell will be brought un-
der the influence of the suction flow entering the
bell with the result that all components other
than the particles occupying the peripheral zone
of the mass will be drawn out of the separation
chamber and disposed of as previously men-
tioned.

A peculiar action takes place during movement
of selected material particles toward and through
the grid unit, Ag hereinbefore specified, a con-
staptly moving stream of fluid is flowing at pre-
seribed velocity upwardly through the grid unit
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‘hetween the vanes 11 as shown in Figure 4.- Each
division of the stream passing upwardly between
adjacent vanes is adjusted to move .af such criti-
ical veloeity that all components of the mixture of
fluid -and: entrained particles immediately ahove
the grid in the separation chamber, with the ex-
ception of {he selected particles which are fo be
recovered, are buoyed upwandly and sustained in
suspension above ‘the grid where they will even-
tually come under the influence of the suction
draft flowing in the duet 18 -and will be carried off
and disposed of. Where air comprises the stream
moving upwardly through the grid, it has heen
found that in each division of the streani the lat-
ter varies in density and welocity im successive
radial increments of cross-sectional area from a
maximum 2t the center of the stream .divisionto
a7 lesser amount in the zonal extremity thereof
immediately adjacent the surfaces of the vanes.

This means that at circurnferentially spaced

points around the upper facial area of the grid
unit, fluid jets will be projected generally up-
wardly which at theéir centers possess sulficient
velocity only slightly less than: that reguired to
impart @il bueyancy 1o the selected particles to
ke recovered and more than sufficient fo double
back against the foree of gravity all other com-
ponents-of the fuld borne material. The spaces
between the higher-velocity centers of adjacent

tets will be traversed by outer longitudinal zones :

of the jets having lesser veloeities which, how~
ever, are not so low as to -allow: substantial
amounts of the rejected components of the fluid-
‘borne ‘materials to gravitate toward and to pene-

trate the grid unit. It will be seen that as the

concentrate of selected particles meoving -down-
wardly along the inclined sidewall surfaces of the
separation chamber 3 reach the upper plane of
the grid unit, they will ‘be -cauglt in the zone of
substantial eguilibrium between the upper swirl-
ng fuid mass in the separation-ehamber and the
similarly swirling flow of ‘fluid rising through the
grid wnit. This will -cause the particles to be-
come spread out laterally in- a horizontal plane

shightly above the upper facial plane of the -grid .

unit and to be carried ‘along the former plane for
one or more revolutions of ‘the fluid mass -during
which time gravity will -act-upon the particles-and
cause them to approach and skim over the ssaid
‘facial plane of the grid as indicated in PFigure 4.
As the latter particles lose their momentum,; they
‘will pass over the upper ends of the vanes 17 and
vertically downwardly into the stream divisions
moving upwardly between the vanes, each par-~
ticle penetrating = stream until the former
reaches .a velocity zone of the stream which will
Tesist its Tall whereupon the particle will rebound
‘into-or through one or more of the adjacent zones
of lesser velocity thereafter again falling substan-
‘tiglly vertically until the aforementioned higher
velocity zone is reached, resulting in the above
described cycle repeating itself. Thus, as indi-
catedin Figure 4, the particles will cascade down-
wardly along the stream divisions, and counterto
movement of the latter, into the comparatively
Jow velocity fluid mass existing below the grid
unit whereupon the particles may fall unimpeded
fthrough the discharge spout 28 and into. any
suitable receiver placed below the spout.

The forces exerted on- each particle from the
time that it.enters until the time that it leaves
ithe separation chamber are rather complex and
are believed to be adequately illustrated in ‘Fig-~
ares 5, 6 and 7 of the drawing. Here, it will be
seen, the .arrows C and G represent respectively
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the horizontally outward . .centrifugal foree exe
erted on the particles by the whirling: motion of
the fluid carrier and entrained material -within
the separation chamber and the perpendicular
force constantly exerted on the particles by
gravity. Also ‘present and represented by the
arrew ‘T .is the tangential foree substantially
horizontally .at right angles to the centrifugal
force line C which indicates the impelling force
behind the particle causing the latter to whirl
with the parent mass in the separation cham~
‘ber. Directly opposing the centrifugal and grav-
itational forces C.and G is the suction force 8
created by the exhausting fluid fiow in the duct 18
whieh, as shown in Figuve 7, is Girectly oppesite:to
the centrifugal force at the plane of the lower
end of the suction bell 21 and -which is mere
vertically -angularly related to fhe centrifugal
force :at the upper facial plane of the grid:unit.
Thus  the two force arrows 3 shown in. Fig-
ure 7 represent the space between the relatively
confronting: plane faces ©f the suction bell' 24
and grid unit in which radial opposition to the
centrifugal force takes place. The upward com-
ponent of the suction force 8 induces the upward
flow of fluid through the grid unit and ecreates
the buoyanecy force B which is-in direet .opposi-
tion to the forece G of gravity. All of these
forees combine to produce a resuliant R which
represents both the driving foree causing the
particle to substantially float above the grid unit
before settling thereon and passing therethrough.
In normal operation, the updrafi .or bucyancy
foree B must be maintained slightly less-than the
‘gravitational force G so as to produce a resultant
RO not exceeding :the suction force S, otherwise
the particles which are to be separated from
ithe fluid mass will be-caught up by the suction
draft in the duet 18 and .discharged with the
tailings from. the separation chamber. It will
be seen therefore that it is possible, by regulat-
ing the updraft .or buoyancy force B, so that
it ‘is exceeded only very-slightly by the counter-
ing.cr gravitational force &, to effect efficient sep-
aration :of particles from a. mixture which dif-
fers jn unit mass weight to a very small degree
in relation to the similar characteristics:of other
particles which are to be rejected.

In the .separation -of «certain substances such
@s minerals from comminuted ore masses it ds
preferred that liguid be substituted for air as
the carrier vehicle, in which :case the :slightly
‘modified form of apparatus, shown in Figure 2,
is ‘required to -effeet ‘selection :of .desired compo~
nents-of @ mixture in accordance with the meth-
o8 of our invention. As here :shown, the sec¢-
ondary chamber 6 is provided with .a supply
duet 26 for liquid entering the chamber tangen-
tially thereof and preferably connected, through
a -eontrol valve 2T or similar €lement, with a
‘seoop 28 positioned within the separation cham-
ber 3 -and facing circumferentially thereof so
as to intercept a portion of the fluid masscon-
tained in -and revolving gbout -the axis «of the
latter ehamber. The grid unit is also modified
to the extent that it is provided with a centrally
disposed axially vertieal jet tube 28 terminat-
ing at its upper end within the bell -end 21
of ‘the :suction duet 18 and having -at its lower
end a downwardly flared bell spout 31 positioned
within the duct 4 and sized to provide an an-
nular opening “32 between the periphery thereof
and the confronting inner wall surface of -the
duct 4. A further modification comprises pro-
viding a liquid supply duct 83, suitably -con-
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trolled by a valve 34, through which regulated
‘amounts of water or other desired liquid may
‘be admitted to the hopper 13 for admixture with
the contents 16 of the hopper and to provide
the carrier vehicle for conveying the said con-
tents into and through the separator appara-
tus. In operational characteristics the modified
form of apparatus is substantially similar to
that previously described.. When the mixture
of fluid and material particles entrained there-
with is admitted tangentially into the chamber
-3 through the discharge orifice of the supply
duct 9, the mass will whirl as before with the
heavier particles to be separated working their
way radially outwardly of the mass and concen-
trating in a surface layer over the vertical side
wall surface of the separation chamber, the
said concentration then working its way, under
the influence of gravity, downwardly along the
said side wall surface toward the grid unit. Some
of the core mass of liquid and particles of lesser
unit mass weight will be drawn into the bell
spout 21 and out through the suction duct 18,
the rate of such removal and consequently the
degree of suction in the latter duct being of
course capable of regulation by variations in
the operating speed of the pump 22. Other quan-
tities of the core portion of the fluid mass will
be intercepted in its rotational movement by

the scoop 28 which will direct the collected fluid

through the duct 25 and tangentially into the
secondary chamber 6 wherein the fluid will be
caused to whirl in reversed direction to rotation
of the fluid mass in the upper separation cham-

ber 8. The admittance of fluid into the second- ;;

ary chamber 6 causes primarily, an upward flow
through the gap 32 into the chamber of the
duct 4, defined by the grid unit and the bell
member 31, and thence upwardly through the
grid unit to supply the buoyant force which is
the full equivalent of the updraft previously de-
seribed, and. secondarily 2 flow into the bell
member 31 to create a forcible jet of fluid which
discharges from the upper end of the tube 29
into the lower end of the suction duct (8. This
results in the production of an injector action in
the suction tube assisting the evacuation effort
of the pump 22 and effecting more efficient re-
moval of fluid and rejected components of the
mixture from the separation chamber. The se-
lected components of the mixture which succeed
in passing downwardly through the grid unit,
in the manner previously described, cling to the
inner wall surface of the chamber § due to the
action of the centrifugal force of the swirling

fluid mass in the latter chamber and eventually :

gravitate downwardly to collect in the spout T
from whence they may be removed as desired
by opening the control valve 8. It frequently
occurs that in the concentration of selected par-
ticles moving downwardly through the grid unit
and passage 4, some particles of matter may
become entrapped which should have been sep-
arated from the select particles in the chamber
3. In the construction shown, the concentrate in
passing downwardly through the gap %2 will
become agitated to the extent of releasing the
undesired particles which will then either be
carried upwardly with the fluid flow through
the grid unit or will pass into the bell mem-
ber 31 and be ejected by the jet flow issuing
from the upper end of the injector tube 29.

The foregoing description has dealt with the
separation from a fluid-borne mixture of sub-
stance particles, of the components having the
heavier unit mass weight. This was done simply
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to avoid complications in the description of the
procedure rather than to limit the scope of the
invention since it will be seen that the method
may be employed to select from any mixture a
particular component having a unit mass weight
of intermediate quantity. Such selection may
be carried out by running a batch through the
processing apparatus so that division of the
batech is effected at the point where the particles
of the desired and selected unit mass weight
form either the lightest component of one batch
section or the heaviest component of the other.
The batch section containing the desired parti-
cles is then re-run through. the apparatus so
as to discard all but the wanted elements. It
will be seen therefore that under certain condi-
tions, discharge of selected components of a
mixture may be had at either the normal de-
livery points below the separation chambers or
at the discharge orifice of the exhaust pump or
blower 22.

In the above descripiion it will be noted that
the flow of fluid entering the secondary cham-
ver § is directed in such manner that rotation
of the fluid mass in the latter chamber is coun-
ter to that of the fluid mass in the separation
chamber 3. It would ordinarily be expected that
the rotational directions of both masses should
be the same in order that the fluid rising from
the lower chamber 8 through the grid unit into
the upper chamber 2 will flow smoothly between
the vanes IT and be ejected angularly into the
upper fluid mass without causing undue turbu-
lence therein. It has been found, however, that
for some unexplainable reason, the fluid rising
into the chamber of the duct 4 from the cham-
ber & will reverse its rotational direction of move-
ment which, if the mass of fluid in the lower
chamber was rotating in conformity with the
rotational motion of the separating chamber
fluid mass, would cause the rising fluid to strike
the vanes {7 substantially normally to their
flow-directing surfaces and create severe tur-
bulence in the streams emerging from the grid
unit into the separation chamber. This con-
dition of course does not obtain in the struc-
ture of Figure 1 wherein the fluid may freely
flow into the bottom of the grid unit.

We claim:

1. The method of separating components of
prescribed unit mass weight from a mixture en-
trained in a volume of carrier fluid and inecluding
other components of differing unit mass weight,
which comprises moving along a path a mass in-
cluding a carrier stream of fluid having entrained
therein particles of different unit mass weight,
whirling said fluid and entrained particles to set
up centrifugal force in the mass sufficient to cause
segregation of particles of greater unit mass
weight from particles of lesser unit mass weight in
different zones of the mass, subjecting said mass
to gravitational force to effect descension of all
particles, inducing a flow of fluid into said mass
in opposition to said gravitational force at suffi-
cient velocity to at least suspend particles of lesser
unit mass weight in said mass and to permit de-
scension of particles of greater unit mass weight in
said mass, imparting to said flow of fluid a tan-
gential force so as to cause the latter to move in
a path substantially in conformity to the move-
ment of said mass, and causing said descending
mass to be spread out in a generally horizontal
plane at the confiuence of said flow of fluid and
said mass.

2. The method of separating components of
prescribed unit mass weight from a mixture en-
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trained in a volume of carrier fluid and including
other components of differing unit mass weight,
which comprises moving along a path a mass in-
cluding a carrier stream of fluid having enfrained
therein particles of different unit mass weight,
whirling said fluid and entrained particles to set
up centrifugal force in the mass sufficient to cause
segregation of particles of greater unit mass
weight from particles of lesser unit mass weight
in different zones of the mass, subjecting said
mass to gravitational force to effect descension
of all particles, introducing into said mass in op-
position to said gravitational force o flow of fluid
at sufficient velocity to at least suspend particles
of lesser unit mass weight in said mass and to per-
mit descension of particles of greater unit mass
weight in said mass, subjecting said mass o a
force to effect a spreading out of .the mass in a
substantially horizontal plane so as to permit
said lesser unit weight mass particles to overcome
the gravitational force while permitting said
greater unit weight mass particles to be subjected
to said gravitational force, and whirling said in-
troduced flow of fluid in conformity with the
whirling movement of said mass to minimize tur-
bulence at the confluence of said fiow of fluid and
said mass.

3. The method of separating components of
prescribed unit mass weight from a mixture en-
trained in a volume of carrier fluid and including
other components of differing unit mass weight,
which comprises moving along a path a mass in-
cluding a carrier stream of fluid having entrained
therein particles of different unit mass weight,
whirling said fluid and entrained particles to set
up centrifugal force in the mass sufiicient to cause
segregation of -particles of greater unit mass
weight from particles of lesser unit mass weight
in different zones of the mass, subjecting said
mass to gravitational force to effect descension of
all particles, directing a portion of said carrier
fiuid into said mass in a flow in opposition to grav-
itational force acting on said mass and with suffi-
cient velocity to at least suspend particles of lesser
unit mass weight in said mass and to permit de-
scension of particles of greater unit mass weight
in said mass, causing said mass to spread out 1at-
erally in a generally horizontal plane immediately
above the confluence of said flow of fluid and

said mass, and whirling said introduced flow of .

fluid in conformity with the whirling movement
of said mass to minimize turbulence at the con-
fluence of said flow of fluid and said mass.

4, The method of separating components of
prescribed unit mass weight from a mixture en-
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trained in a volume of carrier fluid and including
other components of differing unit mass weight,

'which comprises moving along a path a mass in-

cluding a carrier stream of fluid having entrained
therein particles of different unit mass weight,
whirling said fluid and entrained particles about
5 vertical axis to set up centrifugal force in the
mass, moving said mass axially to effect vertical
and inward movement of all particles, spreading
said mass in a generally horizontal plane, induc-
ing a flow of fluid into said ‘mas through said
spread layer at sufficient velocity to at least sus-
pend particles of lesser unit mass weight in said
mass and to permit continual movement of par-
ticles of greater unit mass weight in said mass,
and moving the lighter particles centrally and in
a generally vertical direction.

5. The method of separating components of
prescriped unit mass weight from a mixture en-
trained in a volume of carrier fluid and including
other components of differing unit mass weight,
which comprises moving along a path a mass
including a carrier stream of fiuid having en-
trained therein particles of different unit mass
weight, whirling said fluid and entrained par-
ticles about an axis to set up centrifugal force in
the mass, moving said mass axially to effect axial
movement of all particles, spreading said mass in
a general transverse plane at said axis, inducing
a flow of fluid into said mass through said spread
layer at sufficient velocity to at least suspend par-
ticles of lesser unit mass weight in said mass and
to permit continual movement of particles of
greater unit mass weight in said mass, and mov-
ing the lighter particles centrally and in a general
axial direction.
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