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Thisrinvention relates to hydrocyclones. More par 
ticularly, it relates to improvements on hydrocyclones 
whereby large capacity hydrocyclones are adapted for ab 
normally ?ne, hydraulic classi?cations. 
As a hydraulic separating device the hydrocyclone is 

well known, being disclosed, for example, in the USA. 
patent to Samson et al., No. 2,377,534. Such an appara 
tus essentially comprises a hollow casing adapted to con 
tain and con?ne under hydrostatic head a freely-whirling 
body of liquid unobstructed in its interior, and having a 
longitudinal axis of radial symmetry, which axis is re 
ferred to herein as the axis of revolution. Longitudinally, 
the inside periphery of the casing is required to be a 
smooth, stationary surface of revolution, the radius of 
which in any plane perpendicular to the axis of revolution 
is maximally limited to the radius at the infeed end re 
gion of the casing and preferably, commencing at a point 
on the axis of revolution, gradually-decreases to a mini 
mum at the end opposite the infeed end of the casing. 
‘The infeed end region of the casing is characterized by 
means for the forceful introduction of feed suspension 
into the interior of the casing generally tangentially to the 
surface of revolution. Such means usually comprise at 
least one inlet port formed by the tangential disposition of 
a conduit to the surface of revolution. Coaxially aligned 
with the axis of revolution and through the infeed end 
of the ‘casing there is disposed a tubular exit, referred 
to as the over?ow outlet, adapted for the continuous with 
drawal of liquid as over?ow from about the axis of revo 
lution. At the opposite end of the casing and'preferably 
coaxially aligned with the axis of revolution there is 
another exit referred to as'the under?ow outlet, disposed 
through the casing ‘and adapted for the continuous with 
drawal of liquid as under?ow. 
The preferred form of hydrocyclone, which, to simplify 

matters, will be that referred to hereinafter, comprises a 
hollow casing having a cylindrical portion which at one 
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end merges smoothly and without obstruction into the wide ' 
end of a truncated cone or tapering portion, and which 
is closed at the opposite end, the infeed end of the hydro 
cyclone. At the smaller end of the tapering portion there 
is located the under?ow outlet while‘ oppositely, through 
the closed end of the cylindrical portion, there is located 
the over?ow outlet. This over?ow outlet frequently com~ 
prises a tubular conduit, called a vortex ?nder, which ex 
tends coaxially into the interior of the cylindrical portion 
for an axial distance preferably slightly beyond the zone 
adjacent the end of the casing, into which the feed is 
introduced. The tangential feed introduction means usu 
ally comprises at least one conduit tangentially disposed 
to the cylindrical‘ section and terminating at the surface 
of revolution to form an inlet port opening into the infeed 
zone adjacent the end closure member. ' 
Under operative conditions a liquid suspension of par 

ticulate solids to be classi?ed is forcibly and continuously 
introduced from the feed conduit through the inlet port 
tangentially into the chamber. The suspension swirls about 
the axis of revolution in the chamber forming a freely 
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whirling body of liquid, the energy for whirling being 
supplied by the hydrostatic head of the introduced feed 
suspension, whereby a free vortex is formed. The swirl 
ing action imparts angular velocities to the liquid and 
solids whereby centrifugal settling’ forces are developed 
throughout the body which tend to keep the liquid and 
solids at the radially symmetrical periphery of said body. 

It is required that the hydrostatic head, and thus the 
velocity, under which the mixture of particles and liquid 
is introduced into the body be at least great enough't'o 
cause centrifugal settling forces of such magnitude to be 
developed throughout the body that the force of gravity 
has no substantial effect on separation. Thus, it has been 
observed that hydrocyclones can be operated in any posi 
tion, with the axis of revolution aligned with the horizon 
tal, or with the vertical, without substantially affecting the 
classi?cation. 

Because the tangential introduction of the feed mixture 
is continuous, because of the required hydrostatic head 
of the feed to the body, and because the under?ow outlet 
is adapted for continuous withdrawal of liquid, the liquid 
and particles at the periphery of the body tend to ?ow 
in a spiral-like stream towards the under?ow outlet. This 
stream is sometimes referred to for purposes of explana 
tion as an “outer vortex” because of its vortex-like char 
acter. Because the over?ow outlet is adapted for continu 
ous' withdrawal of liquid from the infeed end of the body, 
and because of the required hydrostatic head of the feed 
to the body, there will be a continuous ?ow of liquid from 
the so-called outer vortex to that outlet. Because of the 
order of magnitude of centrifugal forces developed in 
the body, and, because the interior of the body is un 
obstructed, such a ?ow manifests itself in the form of a 
stream ?owing inside the outer vortex in a helical or" 
spiral-like path about the axis of revolution towards he 
over?ow outlet with the radius of said spiral gradually 
increasing from a minimum to that of the over?ow outlet 
and with said stream receiving liquidthroughout its axial 
length in the body. This stream’ is sometimes referred 
to for purposes of explanation as an “inner vortex” be 
cause of its vortex-like characteristics. Incidentally, an 
air core coaxially located along the axis of revolution and 
within the inner vortex will inevitably appear under these 
conditions whenever the under?ow outlet is open to the 
atmosphere. This ?ow of liquid from the outer vortex to 
the inner vortex and in the inner vortex to the over?ow 
outlet tends to drag particles along with it so that in the 
body there are liquid drag forces acting on the individual 
particles in opposition to their centrifugal settling forces. 
It is important to note that these liquid drag forces are 
created somewhat independently of the centrifugal settling 
forces. Particles having developed centrifugal settling 
forces insuflicient to overcome said drag forces become 
entrained in the liquid reporting to the inner vortex 
whereas particles having developed centrifugal settling 
forces in excess of said drag forces tend to remain in 
the outer vortex. When dealing with solids of substan 
tially the same speci?c gravity and shape, the coarser 
solids generally develop suf?cient centrifugal settling 
forces while the ?ner solids generally develop insuf?cient 
settling forces. Consequently, in hydrocyclonic classi? 
cation (separation on the basis of particle size) the 
coarser particles are withdrawn in the under?ow to give 
a coarse solids fraction and the ?ner particles are with 
drawn in the over?ow to give a ?ne solids fraction. As 
a matter of de?nition, the size of the largest particles 
found in the over?ow in a signi?cant quantity will be re 
ferred to herein as the size of separation. A coarse sepa 
ration, therefore, refers to a fairly large size of separation 
while a ?ne separation refers to a comparatively small 
size of separation. Fineness of separation refers to the 
quantity of any given particle size in the over?ow. 
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Heretofore it was considered that the size of separation 
in a hydrocyclone is for the most part a function of the 
major diameter, the internal diameter at the infeed end. 
In other words, it was necessary heretofore to utilize hy 
drocyclones having large major diameters when it was 
desired to make a coarse separation and to utilize hydro 
cyclones having relatively small major diameters to make 
a ?ne separation, particularly in the micron ranges. The 
disadvantage of this is that hydrocyclones of smaller 
major diameters have a lesser capacity in terms of 
volumes of suspension treated per hour than hydrocy 
clones of larger major diameters. It is one object of this 
invention, therefore, to improve hydrocyclones of larger 
major diameters for the purpose of enabling the size of 
separation therein to be decreased to a range heretofore 
unobtainable in such hydrocyclones but obtainable in hy 
drocyclones of smaller major diameters. 
A mathematical analysis of hydrocyclone performance 

leads one to believe that the inner vortex controls the size 
of the particles separated by hydrocyclones, at least from 
relatively non-viscous feed materials. If centrifugal 
forces can be increased to magnitudes beyond those now 
developed by solids in the inner vortex of large major di 
ameter hydrocyclones without simultaneously decreasing 
the time taken by solids in traversing the inner vortex, 
then it would seem possible that ?ner separations could 
be made. ' 
At present two methods are employed to increase the 

swirl or spin of the inner vortex, and hence the centrifugal 
forces developed therein. 
The ?rst method involves decreasing the radius of the 

inner vortex in any plane perpendicular to the axis of 
revolution through which the inner vortex passes by de 
creasing the radius of the over?ow outlet. To the extent 
that viscosity effects may be neglected, momentum is 
conserved in a vortex so that the tangential velocity of 
any particle in suspension is inversely proportional to its 
radius of revolution; i.e. V<>< l/r where V is the tangential 
velocity and r is the radius of revolution of any particle 
in suspension. With a given velocity the centrifugal force 
developed by a particle is also inversely proportional to 
the radius of that particle from the axis of revolution; in 
other words, 

where f is the centrifugal force. Therefore, the centrifu 
gal force acting on a particle in the vortex is inversely 
proportional to the cube of the radius of that particle 
from the axis of revolution; i.e. f0: l/r3. Therefore, if the 
radius of revolution of a particle in any plane perpen~ 
dicular to the axis of revolution is decreased, the cen 
trifugal force tending to make that particle “settle” to 
wards the radial periphery of the body becomes rapidly 
greater. 
The second method employed to increase the angular 

velocity of the inner vortex involves increasing the en 
trance velocity of the suspension of pulp entering the 
hydrocyclone chamber. The entrance velocity can be 
increased by decreasing the area of the inlet port, and/or 
by increasing the rate of introduction of feed suspension, 
which can be done by increasing the pressure. 
The variables of over?ow outlet diameter, inlet port 

area, and feed pressure are related to the size of separa 
tion in a complex manner, but it will su?lce to state that, 
at a given feed pressure, ?ner separations can be made 
by decreasing the areas of the feed inlet port and of the 
over?ow outlet. As these areas are decreased, however, 
a limit is reached beyond which a further decrease is no 
longer accompanied by a signi?cant change in the ?ne 
ness of separation. In fact, beyond this limit the size of 
separation may actually start increasing again. 

One reason for this limit is believed to reside in the 
fact that at about this point friction becomes so large 
within the body that energy supplied by the feed input 
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4 
otherwise intended for increasing the angular velocities 
of the inner vortex is consumed without the desired in 
crease in angular velocities. So it is another object of 
this invention to minimize this loss of energy due to fric 
tion which otherwise would occur in going beyond said 
limitation on entrance velocities and areas in order that 
greater centrifugal forces can be developed within the 
inner vortex whereby the size of separation maybe de 
creased down to what has heretofore been considered im 
possible in large capacity hydrocyclones. 

Another contributing reason for this limit is that in 
creasing the entrance velocity by increasing the rate of 
introduction of feed suspension results in a corresponding 
increase in the rate of withdrawal of over?ow through 
the overflow outlet. The effect of this is not only to de 
crease the amount of time taken by particles to traverse 
the inner vortex but also to substantially increase the 
strength of the drag forces at about the same rate as the 
increase in centrifugal forces so that the size and separa 
tion does not decrease to that desired in the micron range. 
Under such conditions, not only is there insufficient time 
for coarser particles entrained in the inner vortex having 
developed higher centrifugal forces to “settle” out of the 
inner vortex, but there are also developed higher drag 
forces on those particles tending to keep them within 
the inner vortex and upon coarser particles in the outer 
vortex, which having developed insu?icient centrifugal 
settling forces, tend to move into the inner vortex. 
Another object of this invention, therefore, is to improve 
large capacity hydrocyclones whereby ?ner separations 
may be made therein by increasing the rate of introduc 
tion of feed suspension without a resultant increase in the 
rate of withdrawal of over?ow. 

These objects and others which may appear as this 
speci?cation proceeds are attained by this invention which 
utilizes what might be termed a “booster” effect which is 
somewhat analagous to the principle of a paddle wheel. 
In summary, this invention essentially comprises abnor 
mally “boosting” the angular velocities of the inner vortex 
by incrementally augmenting the tangential rate of intro 
duction of liquid into the infeed end region of the hydro 
cyclone, and maintaining the rate of withdrawal of over 
?ow substantially the same by separately bleeding-off 
liquid, in addition to the withdrawal of over?ow and 
under?ow, at a rate substantially equal to the increment 
in the rate of tangential introduction of liquid, while 
controlling the ?neness of separation ‘by regulating the 
amount of said increment. In other words, ths inven 
tion involves the continuous tangential introduction of a 
quantity of “booster” liquid of high energy content into 
the infeed end of the hydrocyclone for the sole purpose 
of transmitting energy to the whirling body of liquid 
within the hydrocyclone, and then the continuous bleed 
ing-off of .a substantially equivalent quantity of liquid to 
minimize an increase in the rate of withdrawal of over 
?ow. With the increased angular velocities developed 
thereby within the inner vortex coarser particles are given 
a greater chance to develop maximum centrifugel forces 
without having to face an increase of the same order of 
the drag forces. Consequently, coarser particles in the 
inner vortex have a greater tendency to settle to the 
outer part of the inner vortex-like stream, and from this 
stream to the outer vortex. The ?ner particles, being in 
capable of developing centrifugal settling forces of greater 
magnitude than the drag forces, tend to remain within 
the inner vortex, and indeed within the inner part of the 
inner vortex. 
The rate of tangential introduction of liquid into the 

infeed end region of the hydrocyclone is increased by 
introducing additional or augmenting liquid tangentially 
in the same direction as the main feed, through one or 
more inlets separate from the main inlet, or through 
the main inlet. The source of the additional liquid can 
be the feed itself since the requirement of increasing the 
rate of introduction of liquid into the infeed end region 
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of the hydrocyclone is met by providing a greater supply 
of feed to the pump or other source of hydrostatic head 
and by increasing the hydrostatic head of the feed to the 
hydrocyclone. However, another source of the addi 
tional liquid may be, and preferably is, the additionally 
withdrawn. or bled-off liquid that in quantity corresponds 
substantially to the quantity of the booster liquid added 
to the feed. 

Such ‘bled-off liquid will ordinarily contain in suspen 
sion a mixture of coarse and, ?ne particles. While the 
liquid may be discharged to waste or to other treatment, 
at least part, and preferably all can be recirculated to 
augment the rate of liquid input to the hydrocyclone as 
well as to utilize the residual energy content of, the bled 

> Off liquid. In other words, at least a part and preferably 
all of this liquid after having its energy content increased 
as by a pump can then be introduced tangentially into the 
infeed end of the hydrocyclone. In case it is desired to 
recirculate all of the bled-off liquid, by controlling the 
rate of recirculation of the bled-off fraction, and thus 
the rate of bleed-off of liquid‘from the hydrocyclone, an 
e?icient method for controlling the decrease of the size 
of separation may be effected without having to increase 
the ?ow rate in the feed supply system preceding the 
improved hydrocyclone of this invention. 
As to the bleeding off of liquid, the only requirement 

is that liquid be bled off from outside of the inner part 
of the inner vortex. ,For maximum energy transfer, 
however, it is preferred that the bled-off liquid be with 
drawn from the whirling body of liquid in the same 
tangential direction as the direction of rotation in the 
region of withdrawal. While it is believed that the bled 
oif liquid can be withdrawn in more than one stream, 
it appears that normally only one stream is su?icient. In 

‘ a preferred embodiment of this invention a liquid is bled 
off in an annulus surrounding the over?ow outlet but 
separated therefrom so that the over?ow emerges from 
the inner part of the inner vortex while the bled-off liquid 
emerges from the outer part of the inner vortex. 

Apparatus-wise, the conventional‘hydrocyclone can be 
adapted for the increased rate of tangential introduction 
of liquid‘ into the infeed end region of the hydrocyclone 
by one or more inlets formed respectively by the tangen 
tial disposition of a condut or conduits to the infeed end 
portion of the casing and in the same tangential direction 
as that of the main feed conduit or conduits. On the 
other hand, the invention is operable where only the 
main infeed conduit or conduits are utilized. To withdraw 
or bleed off liquid in addition to the withdrawal of over 
?ow and under?ow one or more auxiliary discharge outlets 
may be disposed about the casing, the only requirement 
being that they do not function to withdraw liquid from the 
inner part of the inner vortex. Preferably each one 
of the outlets that are so provided is formed by a con 
duit arranged to withdraw liquid in the same tangential 

, direction as that of the rotating liquid in the region of 
withdrawal. Accordingly, in the aforementioned pre 
ferred embodiment of the invention the over?ow outlet 
comprises an inner tubular conduit coaxially aligned with 
the axis of revolution Ibut extending concentrically 
through a coaxially aligned outer tubular conduit of 
greater diameter disposed through the infeed end of the 
hydrocyclone casing, the annulus thus formed between 
the vortex ?nder and the larger tubular conduit being 
an auxiliary discharge outlet. The inner tubular conduit 
may actually comprise the conventional vortex ?nder in 
which case the adjacent auxiliary discharge outlet may 
comprise a tubular conduit extending into the interior 
of the hydrocyclone, although preferably not to the same 
distance to the inlet of the vortex ?nder. In either case, 
the auxiliary discharge outlet may communicate with a 
cylindrically shaped discharge chamber provided with a 
discharge conduit preferably tangentially disposed to the 
cylindrical wall to withdraw liquid from the chamber 
in the same tangential direction as the rotational direc 
tion of the liquid therein whereby loss of energy to tur 
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6 
bulence, etc., is minimized. in either case, the tubular 
,conduit comprising the over?ow outlet may lead to a 
superimposed ‘chamber with a tangential discharge type 
conduit, or it may lead to other conventional over?ow 
discharge means. 

Before proceding to a description it should be under 
stood that inasmuch as this invention may be embodied 
in several forms Without departing from the spirit or 
essential characteristics thereof, ‘the present embodiments 
are therefore illustrative and not restrictive, since the 
scope of the invention is de?ned by the appended claims 
rather than by the description preceding them, and all 
changes that fall within the metes and bounds of the 
claims, or of forms that are their functional as well as 
conjointly cooperative equivalents are therefore intended 
to be embraced by those claims. ' 

Turning now to the drawings: 
Figures 1, 2 and 3 are diagrammatical illustrations of 

different embodiments of this invention; 
Figure 4 is a perspective, partially cutaway view of a 

preferred embodiment of this invention. 
In the drawings, basic hydrocyclone 12 comprises a 

hollow casing having a cylindrical section 13 of large 
diameter merging smoothly and without obstruction into 
a truncated cone section or tapering section 14 whereby 
a smooth, stationary surface of revolution 37 is provided. 
Means for forcibly introducing feed suspension tangenti 
ally into cylindrical section 13 are provided which com 
prise at least one conduit 17 tangentially disposed to the 
cylindrical section 13 to form feed inlet 18. Conduit 17 
is connected to a source of hydrostatic head, not shown 
in the Figures 1, 2 and 3 but shown in Figure 4 as a pump 
116 supplied by conduit 115. Hydrocyclone 12 is essen 
tially provided with means for continuously withdrawing 
under?ow at the small end of the truncated or tapering 
section 14, said means comprising an under?ow or apex 
outlet 32 which, in Figures ‘1, 2 and 3 communicates with 
conduit 20, but which, in Figure 4, is open to the atmos 
phere, with a, surge chamber 119, to which discharge 
conduit 120 is attached, disposed in relation to outlet 32 
to receive discharge therefrom. Hydrocyclone 12 also 
essentially comprises means for continuously withdrawing 
over?ow from the infeed end region in cylindrical section 
13. Such means comprise a withdrawal conduit 21 hav 
ing an inlet 28 and an outlet 27, outlet 27 in Figures 1, 
2 and 3 communicating with .a discharge conduit 23 
while, in Figure 4, the outlet is located in ?nes receiving 
chamber 122 to which discharge conduit 123 is connected. 
Under operative conditions a liquid suspension of par 

ticulate solids to be classified is continuously and forcibly 
introduced at a rate (0+U) through conduit 17 and inlet 
18 tangentially into the interior of hydrocyclone 12 where 
by .a free whirling body of liquid 36‘ is formed wherein 
centrifugal forces are developed. The hydrostatic head 
of the feed suspension is required to be su?icient to cause 
centrifugal forces to be developed of magnitude whereat 
the force of gravity has substantially no effect on the 
separation anywhere within body 36. Because apex outlet 
32 is adapted for continuous withdrawal of underflow at 
a rate U, liquid and solids on entering body 36 tend to 
take a spiral-like path along the surface of revolution 37 
towards the outlet 32 to thereby form outer vortex 10. 
Because withdrawal conduit 21 is adapted for continuous 
withdrawal of over?ow at a rate 0 from the infeed end 
region of hydrocyclone 12 a portion of the liquid from 
the outer vortex 10 will report to inlet 28 of the with 
drawal conduit 21 whereby a swirling stream or inner 
vortex 11 is formed in body 36. When the outlet 32 is 
opened to the atmosphere as in Figure 4, a centrally dis 
posed air core 26 will be observed to lie within inner 
vortex 11. ' 

Thus, two component forces act on each particle within 
body 36, the centrifugal force developed by each par 
ticle because of its angular velocity, which tends to move 
these particles towards the surface of revolution 37 and 
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the generally oppositely directed drag force of liquid 
reporting to inlet 28, which tends to drag each particle 
towards that inlet. Particles having developed centri 
fugal forces in excess of these liquid drag forces, which 
generally are the coarser solids, tend to remain in the 
outer vortex 1t) and be withdrawn through outlet 32 in 
the under-?ow whereby a coarse solids fraction is obtained 
at a rate U. Particles having developed centrifugal forces 
insufficient to overcome said liquid drag forces, which are 
generally the ?ner solids, tend to move from the outer 
vortex 10 into inner vortex 11 and be withdrawn through 
conduit 21 in the over?ow, whereby a ?nes solids frac 
tion is obtained at a rate 0. 
To decrease the size of separation to .a value hereto 

fore unobtainable in hydrocyclone 12, the angular veloci 
ties of the inner vortex 11 are abnormally “boosted” by 
incrementally augmenting the rate of tangential intro 
duction of liquid into cylindrical section 13 and by bleed 
ing off liquid from hydrocyclone 12, in addition to, and 
separate from, the withdrawal of over?ow and under?ow, 
at a rate substantially equal to the increment in the rate 
of liquid introduction. The ?neness of separation is 
controlled by adjusting the increment of rate of tangential 
introduction of liquid into the body according to the 
?neness of separation desired. 

In Figure 1 the rate of tangential introduction of liquid 
into cylindrical section 13 is incrementally augmented by 
introducing a booster liquid which has had its hydro 
static head increased to P1 by pump 31 into hydrocyclone 
12 through outlet 35 of conduit 33 which is tangentially 
disposed to the cylindrical section 13 in the same direc 
tion as the rotation of the body 36. The increment Q1 
in the rate of tangential introduction of liquid is con 
trolled by means of valve 34 on conduit 33 according 
to the ?neness of separation desired. In addition to the 
withdrawal of ?ne solids fraction at a rate 0 and the 
withdrawal of coarse solids fraction at a rate U, liquid 
at a lower hydrostatic head P2 is separately bled oif 
through outlet 29 into conduit 24 leading to valve 30 
and conduit 25. The rate Q2 of bleed-off of liquid is 
controlled by valve 30 so that Q2 is equal to Q1. Be 
cause the liquid is bled oif at a lower hydrostatic head 
P2 than the head P1 at which the “booster” liquid is in 
troduced, this bled-off liquid may be termed “spent 
liquid” since it has transmitted energy- to the whirling 
body of liquid and thus caused acceleration of the inner 
vortex to thereby increase the centrifugal forces in rela 
tion to the liquid drag forces and thus decrease the size 
of separation. 

In Figure 2 the rate of tangential introduction of liquid 
into cylindrical section 13 is incremented by introducing 
“booster” liquid at a hydrostatic head P1 into the cylin 
drical section 13 from the tangentially disposed outlet 35 
of conduit 33 while controlling its rate of introduction 
Q1 by adjustment of valve 34 according to the ?neness of 
separation desired. In addition to the withdrawal of ?ne 
solids fraction at a rate 0 and the withdrawal of coarse 
solids fraction at a rate U, liquid having transmitted en 
ergy to body 36 and therefore having a hydrostatic head 
P2 is separately bled o?? through outlet 29 into conduit 
24 and recirculated ‘therefrom through conduit ‘25 into 
pump 31 wherein the head is raised to P1. The liquid 
with its energy content thus boosted ?ows through con 
duit 33 into cylindrical section 13 as “booster” liquid. 
Valve 34 also functions in this embodiment to control 
the rate of bleed-off of "spent” liquid. 

It is important to note that in Figures 1 and 2 conduit 
33 connected to inlet 35 is preferably tangentially dis 
posed to cylindrical section 13 in the direction that will 
cause liquid flowing therethrough to be tangentially in 
troduced into hydrocyclone 12 in the same direction as 
the direction of rotation of the body of liquid in the 
region of introduction. In such a manner, a maximum 
transfer of energy is obtained with a minimum of loss 
of energy through turbulence and friction. In any event, 
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8 
in the embodiments of these ?gures, conduit 33 must 
never be tangentially disposed in the opposite direction to 
the direction of the rotation of the liquid since this would 
tend to slow down the whirling action in the body. 

In Figure 3 the rate (0+U) of tangential introduc 
tion of liquid into cylindrical section 13 is increased by in 
troducing additional liquid at a rate Q1 through outlet 
35 of conduit 33 in which valve 34 is located into feed 
conduit 17. Liquid is separately bled off from the body 
36 through outlet 29 into conduit 24 and is passed there 
from through conduit 25 into pump 31 wherein its en 
ergy is boosted to give a hydrostatic head P1. The rate 
Q1 of bleed-01f and thus the rate of “booster” liquid 
introduction into conduit 17 is controlled by valve 34 
according to the ?neness of separation desired. 

In Figure 4 the rate (0+U) of tangential introduc 
tion of liquid into the infeed end region of hydrocyclone 
12 is incrementally augmented by increasing the rate of 
introduction of feed to a rate (O-i-U-i-Q). Liquid is 
bled off at a rate Q from the body 36 through annular 
channel 129 formed between outer tubular conduit 124 
and inner tubular conduit 21, and from the annular chan 
nel through discharge conduit 125. In this embodiment 
it will- be observed that annular channel 129 surrounds 
the inner tubular conduit 21 whereby inlet 28 of said 
conduit 21 functions to withdraw the inner portion of 
inner vortex 11 whereas the conduit 124 functions to re 
move the outer portion of inner vortex 11. Thus, with 
this embodiment, even ?ner separations are obtainable 
because of the segregation of particles within the inner 
vortex; i.e. coarser solids tend to move to the outer por 
tion of the inner vortex as the liquid stream comprising 
that vortex spiralingly ?ows towards the infeed end of 
the hydrocyclone whereas the ?ner particles tend to re— 
main within the inner portion of the inner vortex 11. 

Although in Figure 4 valves are not shown, it will be 
realized by those skilled in the art that the rate of in 
troduction of liquid can be controlled not only by a valve, 
but also by adjustment of the pump speed of pump 116, 
and that the rate of bleed-o?? through conduit 125 may be 
controlled not only by a valve but also by using a pipe 
diameter of conduit 125 that will provide a rate of bleed 
oif substantially equivalent to the increment in the rate 
of tangential introduction of liquid. Means well known 
to the art such as hydrostatic pressure gauges, ?ow me 
ters, and the like are not shown although it is to be 
understood such devices are of great help in carrying out 
the teachings of this invention. 

In all of the described embodiments it is preferred 
that the bleed-oft" liquid be withdrawn in a manner to re 
duce losses of energy due to turbulence and friction to a 
minimum. This is accomplished by locating conduits 24 
and 124 to hydrocyclone 12 in a manner that inlets 29 
and 129 function to withdraw “spent” liquid from the 
body in the same direction of rotation as that of the 
body in the region of withdrawal. 

This application is a continuation in part of my appli 
cation for Process and Apparatus for Separating Solids 
in Liquid Suspension, bearing Serial No. 220,505, ?led 
April 11, 1951, but abandoned as of January 21, 1954. 

I claim: 
1. In the continuous process of hydraulically classify 

ing solids into a coarse solids fraction and a ?ne solids 
fraction, which comprises the steps of establishing and 
maintaining a con?ned, longitudinally radially symmerti 
cal body of liquid unobstructed in its interior and bound 
ed by a smooth, stationary surface of revolution, the 
radius of which in any plane perpendicular to the axis of 
radial symmetry is maximally limited to the radius at 
the infeed end of the body, said surface being formed by 
a casing having a coaxially aligned tubular outlet for 
the withdrawal of liquid as over?ow from the infeed end 
of the body and an outlet at the opposite end of the 
casing for the withdrawal of liquid from the body as 
underflow; tangentially and forcibly introducing, into the 
infeed end of the body, liquid and particulate solids to 
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be classi?ed as feed at a velocity sufficient to rapidly ro 
tate the body on said axis and to cause solids through 
out the body to develop centrifugal settling forces of mag 
nitude sul?ciently great to settle toward the surface of 
revolution substantially unaffected by the force of gravi 
ty; withdrawing under?ow through the under?ow outlet 
whereby liquid and coarse solids spiralingly ?ow with 
out interruption adjacent the surface of revolution in an 
outer vortex-like stream from the infeed end of the body 
to said opposite end of the body and out said under?ow 
outlet as a coarse solids fraction; continuously with 
drawing over?ow whereby ?ne solids are dragged in op 
position to their centrifugal settling forces from through 
out said outer stream toward said axis and in an inner 
vortex-like stream spiralingly ?owing without interrup 
tion about said axis from the opposite end of the body 
into the region of withdrawal of over?ow and out said 
over?ow outlet as a ?ne solids fraction; the improvement 
for increasing the ?neness of said ?ne solids fraction 
which comprises increasing the angular velocities of said 
inner vortex-like stream by incrementally augmenting the 
rate of tangential and forcible introduction of liquid into 
the infeed end of the body and by separately bleeding off 
liquid from outside of the inner portion of the inner vor 
tex-like stream of the body at a rate substantially equiva 
lent to the increment in the rate of tangential introduc 
tion of liquid into the infeed end of the body; and in 
creasing the velocity of at least a portion of said bled-01f 
liquid; forcibly and tangentially reintroducing it into the 
infeed end of the body in the same tangential direction as 
the introduction of the feed to increase the rate of tan 
gential introduction of liquid into the infeed end of the 
body; and controlling the ?neness of separation by regu 
lating the rate at which liquid is bled-off. 

2. In the continuous process of hydraulically classify 
ing solids into a coarse solids fraction and a ?ne solids 

I fraction, which comprises the steps of establishing and 
maintaining a con?ned, longitudinally radially symmetri 
cal body of liquid unobstructed in its interior and bounded 
by a smooth, stationary surface of revolution, the radius 
of which in any plane perpendicular to the axis of radial 
symmetry is maximally limited to the radius at the infeed 
end of the body, said surface being formed by a casing 
having a coaxially aligned tubular outlet for the with 
drawal of liquid as over?ow from the ‘infeed end of the 
body and an outlet at the opposite end of the casing for 
the withdrawal of liquid from the body as under?ow; tan 
gentially and forcibly introducing, into the infeed end of 
the body, liquid and particulate solids to be classi?ed as 
feed at a velocity su?icient to rapidly rotate the body 
on said axis and to cause solids throughout the bed 
to develop centrifugal settling forces of magnitude suf~ 
?ciently great to settle toward the surface of revolution 
substantially unaffected by the force of gravity; withdraw 
ing under?ow through the under?ow outlet whereby liquid 
and coarse solids spiralingly ?ow without interruption 
adjacent the surface of revolution in an outer vortex-like 
stream from the infeed end of the body to said opposite 
end of the body and out said under?ow outlet as a coarse 
solids fraction; continuously withdrawing over?ow where 
by ?ne solids are dragged in opposition to their centrifugal 
settling forces from throughout said outer stream toward 
said axis and in an inner-vortex like stream spiralingly 
?owing without interruption about said axis from ‘the 
opposite end of the body into the region of withdrawal of 
over?ow and out said over?ow outlet as a ?ne solids frac 
tion; the improvement for increasing the ?neness of said 
?ne solids fraction which comprises increasing the angu 
lar velocities of said inner vortex-like stream by incre 
mentally augmentingthe rate of tangential and forcible 
introduction of liquid into the infeed end of the body and 
by separately bleeding oif liquid from the outside of the 
inner portion of the inner vortex-like stream of the body 
at a rate substantially equivalent to the increment in the 
rate of tangential introduction of liquid into the infeed 
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end of the body; and increasing the velocity of at least a 
portion of the bled-off liquid; introducing it into the in— 
coming feed stream whereby the rate of introduction of 
liquid to the infeed end of the body is increased; and 
controlling the ?neness of separation by regulating the 
rate of introduction of bled-01f liquid into said feed 
stream. 

3. In the continuous process of hydraulic classi?cation 
of solids into a ?ne solids fraction and a coarse solids 
fraction, which comprises the steps of establishing and 
maintaining a con?ned, longitudinally radially symmetri 
cal, body of liquid unobstructed in its interior and 
bounded by a smooth, stationary surface of revolution, 
the radius of which in any plane perpendicular to the 
axis of radial symmetry is maximally limited to the radius 
at the infeed end of the body, said surface being formed 
by a casing having a coaxially aligned tubular outlet for 
the withdrawal of liquid as over?ow from the infeed end 
of the body and an outlet at the opposite end for the with 
drawal of liquid as under?ow; tangentially and forcibly in 
troducing continuously into the infeed end of the body liq 
uid and particulate solids to be classi?ed as feed at a veloc~ 
ity su?‘icient to rapidly rotate the body on said axis and to 
cause solids throughout the body to develop centrifugal set 
tling ‘forces of magnitude suf?ciently great to settle solids 
towards the surface of revolution substantially unaffected 
by the force of gravity; continuously Withdrawing under 
?ow through the under?ow outlet whereby liquid and 
coarse solids spiralingly ?ow without interruption adjacent 
the surface of revolution in an outer vortex-like stream 
from the infeed end of the body to said opposite end of 
the body and out said under?ow outlet as a coarse solids 
fraction; continuously withdrawing over?ow at a signi? 
cant rate whereby ?ne solids are dragged in opposition 
to their centrifugal settling forces from throughout the 
outer stream towards said axis and in an inner vortex-like 
stream spiralingly ?owing without interruption about said 
axis from the opposite end of the body into the region of 
withdrawal of over?ow and out said over?ow outlet as a 
?ne solids fraction; the improvement for increasing the 
?neness of said ?ne solids fraction which comprises con— 
tinuously withdrawing in an annulus the inner portion of 
the inner vortex-like stream in the overflow While sepa 
rately and continuously withdrawing the outer portion of 
the inner vortex-like stream whereby the over?ow com 
prises ?ne solids substantially free from coarser solids; 
controlling the rate of withdrawal of over?ow to be sub 
stantially equal to said signi?cant rate by regulating the 
rate of withdrawal of said outer portion of the inner 
vortex-like stream; increasing the velocity of said with 
drawn outer portion of the inner vortex-like stream and 
forcibly and tangentially reintroducing said increased ve 
locity portion into the infeed end of the body to incre 
mentally augment the rate of introduction of liquid into 
the infeed end of the body; and controlling the ?neness 
of separation by regulating the rate of reintroduction. 

4. In the process according to claim 3, adding said 
increased velocity portion to the incoming feed whereby 
the rate of introduction of liquid into the infeed end of 
the body is incrementally increased. 

5. In the continuous process of hydraulic classi?cation 
of solids into a ?ne solids fraction and a coarse solids 
fraction, which comprises the steps of establishing and 
maintaining a con?ned, longitudinally radially symmetri 
cal body of liquid unobstructed in its interior and bounded 
by a smooth, stationary surface of revolution, the radius 
of which in any place perpendicular to the axis of radial 
symmetry is maximally limited to the radius at the infeed 
end of the body, said surface being formed by a casing 
having a coaxially aligned tubular outlet for the with 
drawal of liquid as over?ow from the infeed end of the 
body and an outlet at the opposite end for the withdrawal 
of liquid as under?ow; tangentially and forcibly introduc 
ing continuously, into the infeed end of the body, liquid 
and particulate solids to be classi?ed as feed'at a velocity 
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suf?cient to rapidly rotate the body on said axis and to 
cause solids throughout the body to develop centrifugal 
settling forces of magnitude su?iciently great to settle 
solids towards the surface of revolution substantially un 
affected by the force of gravity; continuously withdraw 
ing under?ow through said under?ow outlet whereby 
liquid and coarse solids spiralingly ?ow without inter 
ruption adjacent the surfaces of revolution in an outer 
vortex-like stream from the infeed end of the body to said 
opposite end of the body and out said under?ow outlet as 
a coarse solids fraction; continuously withdrawing over 
?ow whereby ?ne solids are dragged in opposition to their 
centrifugal settling forces from throughout the outer 
stream towards said axis and in an inner vortex-like 
stream spiralingly ?owing without interruption about said 
axis from the opposite end of the body into the region of 
withdrawal of over?ow and out said over?ow outlet as a 
fine solids fraction; the improvement for controlling the 
?neness of separation which comprises continuously with 
drawing in an annulus the inner portion of the inner vor 
tex-like stream as said over?ow while separately and con 
tinuously withdrawing the outer portion of the inner vor 
tex-like stream whereby said over?ow comprises ?ne solids 
substantially free from coarser solids; controlling the rate 
of withdrawal of over?ow to give a predetermined ?ne 
ness of separation by regulating the rate of withdrawal 
of one of said portions of the inner vortex-like stream; 
and increasing the velocity of at least a part of one of the 
withdrawn portions of the inner vortex-like stream and 
forcibly and tangentially introducing it to the infeed end 
of the body to incrementally augment the rate of intro 
duction of liquid into the infeed end of the body. 

6. In the process according to claim 5, adding said in 
creased velocity portion to the incoming feed whereby 
said increased velocity portion is introduced into the in- 3 
feed end of the body. 
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7. Method of operating .a hydrocyclone classi?er hav 

ing a body of liquid rapidly rotating within a casing which 
is provided with axial over?ow and under?ow outlets at 
opposite ends of said casing, and in which a lliquid suspen 
sion is continually tangentially and ‘forcibly fed to said 
body at one end of said casing at a velocity sufficient to 
rapidly rotate the body to cause solids therein to develop 
centrifugal settling forces of a magnitude sumciently great 
to substantially render the settling force of gravity inef 
fective, continually discharging a coarse solids fraction of 
said suspension from said under?ow and a fine solids frac 
tion of said suspension from said over?ow outlets; char 
acterized by the steps comprising continually and simul~ 
taneously forcibly introducing a volume of booster liquid 
tangentially to the infeed end of said body and in the 
direction of rotation thereof, and continually discharging 
from outside the inner portion of said body a volume of 
liquid equal to said booster volume. 
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