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ABSTRACT OF THE DISCLOSURE

This invention relates to a regenerative hydroclone
for the separation of entrained solid particles from a fluid
medivm. More particularly, the invention relates to a
hydroclone for the separation of solid contaminant par-
ticles suspended in a fluid medium, the hydroclone being
a closed vessel having a coaxial cylindrical and conical
portion, the cylindrical portion providing a cylindrical
interior surface closed at one end and having an axial
clean fluid outlet opening in the closed end, a fluid inlet
tangentically intersecting the interior cylindrical surface,
the conical portion deflning an internal conical surface
coincident at one end with the internal cylindrical surface
of the cylindrical portion and tapering to a reduced diam-
eter contaminant discharge opening, and wherein the pa-
rameters for given rates of flow and densities of the fluid
medium are established such that the effectiveness of the
hydroclone for the separation of solid contaminants is
increased.

Cross references

This application is not related to any pending United
States or foreign application.

Summary

The use of cyclonic devices for separating entrained
solid particles from a fluid medium is well known. While
such devices are referred to by various names, devices
particularly intended to extract entrained solid particles
from fluid are usually referred to as hydroclones.

Reference may be had to United States Patent No.
3,235,090, issued Feb. 15, 1966, entitled Hydroclone, for
a discussion of various features and arrangements of hy-
droclone apparatus which have proved successful in many
applications.

The basic concept by which a hydroclone functions
is relatively simple. Fluid is forced into a cylindrical en-

closure and caused to flow in an outer circuitous path.

Fluid migrates from this outer circuitous path towards
the interior where it is withdrawn through a central open-
ing. Since the fluid migrates in a direction opposite the
radial forces affected in the whirling fluid, dense con-

taminants are left to the outside while the clean fluid |,

passes to the interior and out the hydroclone. The denser
components remain on the outer circumference of the
whirling fluid column and pass downwardly and out of
the hydroclone. A conical configuration of the container
wherein the whirling fluid is maintained increases the ef-
fectiveness of separation of entrained contaminants from
the fluid medium.

Present hydroclones which have been designed to sepa-
rate very small particles from heavy or viscous fluids are
of designs wherein high input energies are required in
terms of input pressures and wherein high energy losses
are incurred. The reason is that such known hydroclone
designs have resulted essentially in an arrangement where-
in the full fluid flow energy drop through the hydroclone
is converted into force imparting inertia to the whirling
fluid. While in some installations a large amount of power
consumption may be tolerated in a hydroclone to achieve

5

10

20

25

30

35

40

45

60

2

a desired effectiveness, in many other applications such
high energy losses cannot be tolerated. In some prospec-
tive applications the high energy loss makes known types
of hydroclones not economically justifiable. In those in-
stances wherein the high energy losses of hydroclones
have not been tolerable in the present, various filter and
other arrangements have been utilized as a means of ex-
tracting solids from liquids. Filters, however, are unsatis-
factory in many applications since filters, by their nature,
require substantial amounts of attention and maintenance
and usually require frequent replacement. In addition,
filters are notoriously ineffective for the removal of mi-
cronic particles and, in addition, when filters become
filled or covered with removed particles, pressure drop
increases dramatically.

A hydroclone overcomes the disadvantages of a filter
in that it provides means for disposing of extracted solids
without replacement of elements, and in an arrangement
wherein the pressure drop remains substantially constant.

This invention provides a hydroclone which is, in ef-
fect, regenerative, that is, in which a high separation
energy is established between liquid and contaminants
with the pressure drop across the hydroclone being re-
quired only in an amount sufficient to overcome frictional
loss. The improved efficiency and effectiveness of the hy-
droclone of this invention make it possible to use hydro-
clones in applications wherein present types are not us-
able, or wherein present types are not as effective as
desired.

Description of views

FIGURE 1 is a cross-sectional view of a hydroclone
showing the various parameters which are involved in
the design according to the practice of this invention to
meet varying volumes, fluid viscosities and densities, par-
ticle sizes and densities, and separation effectiveness con-
ditions.

FIGURE 2 is a cross-sectional view taken along the
line 2—2 of FIGURE 1.

FIGURE 3 is a cross-sectional view of the underflow
portion of the invention showing one arrangement of a
grid system therein, taken along the line 3—3 of FIG-
URE 1.

Detailed description

Referring to the drawings, the hydroclone consists of
a closed vessel generally indicated by the numeral 10,
including a cylindrical portion 12 and a coaxial conical
portion 14. The cylindrical portion defines a cylindrical
interior surface 16 and the conical portion defines an in-
terior conical surface 18. The interior comical surface
18 is coincident at the upper end with the interior cylin-
drical surface 16 and tapers to a reduced diameter vorti-
cal opening 20 at the lower end.

Intersecting the dinterior cylindrical surface 16 tangen-
tially thereto, as best seen in FIGURE 2, is a fluid inlet
conduit 22 having a fluid inlet opening 24. The
cylindrical portion 14 is provided with a coaxial
fluid outlet 26 at the end thereof opposite the conical
portion 14, and includes a vortex finder 28 which
extends coaxially within the interior of the cylindrical
surface 16. The vortex finder 28 is coincident at one end
with the fluid outlet 26 and tapers to a clean fluid outlet
opening 30. A conduit 32 communicates with the clean
fluid outlet 26 to convey clean fluid away from the hy-
droclone.

Affixed to the lower end of conmical portion 14 is a
subconical portion 34 having an interior conical surface
36. The interior surface of subconical portion 36 is co-
axial with conical surface 18 and cylindrical surface 16
and expands in an enlarged diameter away from the
vortical opening 20.
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The lower end of the subconical portion 34 communi-
:ates with a contaminant collection chamber 38 having
nternal diameter 40. The function of chamber 38 is to
srovide a quiescent settling zone wherein contaminants
sjected from the fluid in the upper portion of the hydro-
lone may settle and it provides a means for breaking up
v vortical fluid flow. Grid system 42 is preferably pro-
/ided in chamber 38 to assist in the disruption or break-
ng up of vortical fluid flow. The function of the grid
§2 is to induce downward linear fluid flow within the
sollection chamber 38 so that contaminants extracted in
he hydroclone will settle out. A conduit 44 is shown
communicating with collection chamber 38 providing
neans whereby contaminants may be carried away. A
valve 46 is provided in conduit 44 to control the rate of
iow of contaminant bearing fluid out of the collection
chamber.

In one arrangement the collection chamber 38 may
se closed and the contaminants permitted to collect
‘heresin, the chamber being occasionally removed from
‘he hydroclone for disposal of the contaminants, In the
arrangement illustrated, fluid flow down through the col-
lection chamber may be utilized to carry the contami-
nants away. Such fluid flow may be continuous as a
small proportion of the fluid passing through inlet 22,
or the flow may be controlled in a sequence of periodic
dumping cycles.

The hydroclone described up to the present may be
considered of a known basic configuration, This inven-
tion relatss to the arrangement of the parameters of
such a hydroclone configuration wherein regenerative
sffect is achieved to obtain greatly improved separation
sfficiencies.

As has been previously stated, hydroclone separators
which have been designed to date are of the pure inertial
type. Thess presently known units require high input
energy levels in order to achieve separation effective-
ness. The fluid momentum required to produce a given
separation must be supplied entirely by a high rate of
fluid injection, that is, such known hydroclone designs
require high power inputs to produce the necessary ac-
celeration forces on the particles to. obtain separation.

By the principles of this invention, a new concept is
achieved which has not been known or practiced before
to the knowledge of applicants. A hydroclone having
parameters defined by this invention may be described as
a regenerative energy type as compared to the pure in-
ertial energy types of the presently known arrangements,
In a hydroclone having the parameters of this invention,
which parameters will be described subsequently, high
separation energy levels are maintained requiring only
sufficient energy to overcome losses. The actual work
required to separate a micronic size particle from a
fluid is very insignificant even though a high fluid mo-
mentum level is required. High separation efficiencies are
achieved in this invention by a strong vortical field whose
energy losses are supplied by low input power.

The theory of the regenerative hydroclone of this in-
vention may be stated as follows: When a fluid is forced
through a given hydroclone unit, a vortical flow system
is created. This vortical flow system consists of both
a free and a forced vortex as identified by dashed lines
in FIGURE 1. Fluid enters the conical section feeding
the free vortex, the outer boundary of which is estab-
lished by the conical surface 18. The inner boundary
of the free vortex is the outer boundary of the forced
vortex. In turn, fluid from the free vortex establishes
and feeds the forced vortex whose axis of zero tangential
velocity is coincidental to the axis of conical surface 18
and vortex finder opening 30. When such a vortex sys-
tem is formed, pressure gradients are established ac-
cording to the physical parameters constituted by the
mechanically constrained fluid motion. That is, the ve-
locity gradients, which are controlled by the arrangement
of the physical configuration and parameters to be de-
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scribed, are accompanied by corresponding pressure gra-
dients congruent with the established steady state energy
levels of the operating system.

Such regeneration in the hydroclone system of this
invention is accomplished by taking advantage of the
reversible energy conversion phenomena in fluids where
kinetic energy is converted into pressure energy and
vice-versa. This conversion is possible within a hydro-
clone of this invention since major pressure gradients
are created by the motion of the fluid mass and not by
frictional losses. The final result is a pressure potential
rather than a dissipative pressure drop. The motion of the
fluid mass creates a pressure gradient while at the same
time the reversible energy associated with the pressure
gradient tends to support an identical motion. Therefore,
when sufficient external energy is introduced in the sys-
tem to overcome the losses due to friction, the system
becomes self-sustaining on a steady state basis, and thus
the hydroclone may be said to be regenerative.

The invention utilizes a low input power to establish
a high energy level within the hydroclone in order to
accomplish a given separation. A high energy level is
caused to establish a vortical field which extends past
the conical vortical opening 20 and into the subcone 34
as illustrated.

In order to achieve regenerative cyclonic separation in
the hydroclone of FIGURE 1, it is necessary to specify
certain combinations of configurations and parameters
in accordance with dzfinite ‘mathematical relationships.
The relationships of the components and parameters of
the hydroclone of this invention can most effectively be
expressed mathematically, the symbols having the fol-
lowing meanings:

D,=diameter of cylindrical surface 16 and largest diam-
eter of comical surface 18 in inches

Dy=diameter of inlet opening 24 in inches

D,=diameter of outlet opening 30 of vortex finder 28 in
inches

Dy=diameter of conical vortical opening 20 in inches

Dy=diameter of particles to be separated in microns

Ly=length of vortex finder 28 in inches

Ls=Ilength of subcone portion 34 in inches

A=angle of axis of inlet 22 relative to a plane perpen-
dicular to axis of cylindrical portion 12 in degrees

B=angle of the sides of interior conical surface 18 in a
plane of the conical axis in degrees

C=angle of the sides of interior surface 3¢ subcone por-
tion 34 in a plane of the conical axis of the subcone
portion in degrees

Py=density of contaminant particles to be separated in
the hydroclone in grams per cubic centimeter

D;=density of fluid to be passed through the hydroclone
in grams per cubic centimeter

Fq=viscosity of the fluid to be passed through the hydro-
clone in centipoises

Q=rate of flow of fluid through the hydroclone in gallons
per minute

First, it may be stated that in order to accomplish a
given particle separation from a fluid a minimum level
of fluid momentum is required. When the following re-
lationship is satisfied, this minimum energy level exists
within the hydroclone:

Q(Pq—Ds) D2

"FiD, tan B

When this relationship is established, particle separation
is achieved in the hydroclone arrangement whether re-
generation occurs or not. However, in the absence of the
relationship of components and parameters to establish
regeneration, the total energy required for the particle
separation must occur as energy drops from the fluid
flowing through the system.

The regenerative hydroclone of this invention is
achieved by arranging the components and parameters in

=constant
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such a way that for any given flow rate, fluid viscosity,
fluid density and particle density, four basic relationships
are established, this in order to achieve regenerative effect
within a hydroclone and to thereby achieve a particle
separation with an energy loss not achievable with prior
known direct inertia type devices. The relationships re-
quired are:

Relationship 1

&\/ sin A=
DDy
or expressed another way

2
sin a=(BD1Dr)

wherein K; is a constant equal to at least 1.0 and not
more than 2.0.

Relationship No. 1 is particularly important to define
the inlet geometry of a specilc size hydroclone and is par-
ticularly important in promoting the regenerative energy
phenomena.

Relationship 2

K,

DD;
Doy

wherein K, is a constant equal to at least 0.2 and not
more than 0.8.

The Relationship No. 2 is important in order to ob-
tain the proper separation efficiency, to establish the re-
quired fluid flow pattern, and to produce the proper pres-
sure condition within the hydroclone.

Relationship 3

K,

=K3

Il

wherein K; is a constant equal to at least 1.0 and not
more than 2.0.

Relationship No. 3 which establishes the ratio of the
conical and subconical angles is important in order to
diminish the tangential velocity of the fluid that enters
the subcone section 34 and to minimize the fluid circu-
lation in the collection chamber 38.

Relationship 4

QFg tan B
(Do—Day X

or expressed another way

K4(Dc""Du)3

tan B "——-‘—‘QF,d_

wherein K, is a constant equal to at least 0.02 and not
more than 0.20.

Relationship No. 4 is important in establishing the con-
figuration of the conical surface 18.

A hydroclone having the relationship of components
and parameters as described with reference to Relation-
ships 1 through 4 has the following advantages over
known inertial type hydroclone designs:

(1) Better separation is achieved for the reasons that

(a) the pinch zone or flow reversal zone occurs in the
subcone section 34 rather than in the conical section 14 as

is the case with known inertial type hydroclone arrange- ‘

ments;

(b) the downward flow of fluid and contaminants
occurs past the vortical opening 20;

(c) gravitational forces are helpful to cause the con-
taminant to pass outwardly into the collection chamber
38 although not mandatory and the hydroclone may be
oriented in any desired arrangement; and

(d) the forced vortex is larger, making separation on
the basis of size and shape as well as by density differen-
tials alone.
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(2) A lower pressure drop is achieved in the regener-
ative hydroclone of this invention because:

(a) the conical portion 14 is generally larger, giving
more flow area; and

(b) the vortex system is maintained by regenerative
pressure gradients in the conical section.

Generally speaking, the relationships of components as
set out in Relationships 1 through 4 produce a hydroclone
unit which is distinguished from known types of hydro-
clone units in the following ways:

(1) Higher inlet velocities are utilized.

(2) The inlet angle A is greater.

(3) The angle B of the conical surface 18 is greater.

(4) The length L, of the conical portion 12 is less.

(5) The length L, of the vortex finder is greater.

(6) The outlet diameter D, of the vortex finder is de-
creased.

(7) The diameter D, of the collection chamber 38 is
greater.

(8) Continuous discharge of contaminant bearing fluid
from the chamber 38 by way of conduit 44 is provided.

One of the important effects of the relationship of com-
ponents and parameters as established by Relationships
1 through 4 is the provision of means of maintaining a
positive fluid pressure in subcone 34. If a positive fluid
pressure is not maintained in the subcone, several disad-
vantageous effects may occur including (a) the pressure
may fall below the vapor pressure of the fluid causing
bubbles to form which transports contaminants up and
out of the collection chamber, such bubbles may also in
certain circumstances serve to block the vortical opening
20; (b) degassing of the fluid may occur creating bubbles,
even if the pressure is not below the vapor pressure of the
fluid itself; (¢) such low subcone pressure creates vertical
recirculation of contaminants in the collection chamber
causing entrainment in the upward stream; (d) control
of underflow out of the collection chamber is difficult re-
sulting in pulsating flow or even reversed fluid flow tend-
ing to carry the contaminants up out of the collection
chamber; (e) a low separation efficiency results; and (f)
in order to achieve a degree of separation efficiency to
overcome these problems, a higher pressure for a given
flow rate may be required because of the existance of
bubbles. Thus, by incorporating the Relationships 1
through 4, these problems which exist in some known
types of hydroclones are eliminated.

In addition, other characteristics which result from the
Relationships 1 through 4 and which distinguish the re-
generative hydroclone of this invention over the prior
art are:

(1) Residence time of both the fluid and contaminant
in conical section 14 is increased.

(2) Radial velocity of fluid is reduced in conical sec-
tion 14, hence drag forces on particles are lower, yielding
better terminal separation.

(3) Radial distances are increased to make separation
easier, less sensitive to underflow characteristics.

(4) Vertical fluid circulation in the cylindrical section
12 is minimized, thus reducing the short circuit effects;
that is, the direct passage of contaminants from the inlet
22 to the vortex finder outlet opening 30 is greatly re-
duced.

(5) Lower pressure drop in the hydroclone is experi-
enced.

Some results of the relationship of components estab-
lished in Relationships 1 through 4 are:

(1) Cavitation in the upper cylindrical section 12 is
minimized.

(2) Fully developed flow through inlet 22 is achieved.

(3) Flow interference in the cylindrical portion 14 is
minimized.

(4) Pressure drop in the vortex finder 28 is significantly
reduced.

(5) Effectiveness of separation has been obtained
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wherein contaminants having less density than the fluid
medium may be extracted under certain circumstances.

(6) Higher flow rates for given pressure with efficient
separation is achieved.

(7) Pressure-flow relation has indicated an exponent
as low as 1.33 instead of the normal 2.00.

(8) Emphasis is given to the size and shape of par-
ticles to be separated in addition to the differences of
density between the contaminate particles and the fluid
medium,

In addition to the Relationships 1 through 4 which
achieve the regenerative effect of the hydroclone of this
invention, it has been learned that in order to minimize
the re-entrainment of contaminants into the forced vortex
stream within subcone 34 wherein vortical flow reversal
occurs (rather than in conical portion 14 as in prior hy-
droclone designs) and to maintain a positive collection
chamber pressure, the subcone 34 must exhibit a config-
uration established by:

Relationship 5

_Fa/Q

Ky L.D

wherein K5 is a constant equal to at least 1.2 and not
more than 3.0.

Relationship 5 is not critical to establishing a regener-
ative energy unit and therefore not indispensable to the
basic concept of the invention, however, it is highly de-
sirable that this relationship be maintained in order to
achieve the most effective separation.

To illustrate the practical application of the invention
to provide hydroclones designed for specific conditions,
the parameters for two hydroclones which have been suc-
cessfully applied will be given.

The first illustration is a hydroclone to remove alumi-
num cuttings from machine tool coolant. The conditions
are:

Flow rate, Q, 20 gallons per minute

Fluid density, Dy, 1 gram per cubic centimeter
Fluid viscosity, Fy, 1 centipoise

Particle density, P4, 4.5 grams per cubic centimeter
Particle diameter, Dy, 4 microns

A hydroclone which is successful to separate aluminum
contaminate particles from machine tool coolant under
the above defined conditions and satisfies each of the
Relationships 1 through 5 has the following parameters:

A=5° D,=.435 inch
B=10° L,=4.125 inches
C=14° . Ls==4.0 inches
D,=3.50 inches D,=.875 inch
D;=.875 inch

These parameter values satisfy Relationship No. 1
wherein the value of K; is 1.18; Relationship No. 2
wherein the value of K, is .425; Relationship No. 3
wherein the vaule of K is 1.4; Relationship No. 4
wherein the value of K, is .1216; and Relationship No. 5
wherein the value of K; is 2.57.

The second illustration is a hydroclone to remove sili-
con particles in the form of fine sand from et engine fuel,
The conditions are:

Flow rate, Q, 200 gallons per minute

Fluid density, Dy, .77 gram per cubic centimeter
Fluid viscosity, Fg, 2.2 centipoises

Particle density Py, 2.6 grams per cubic centimeter
Particle diameter, D,, 7.0 microns

A hydroclone which is successful to separate silicon
particles from jet engine fuel under the above conditions
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and which éatisﬁes each of the Relationships 1 through 4
has the following parameters:

A=5"° D,=1.0inch
B=20" LV= 12.187 inches
C=28° L.—11.0 inches

D,=12.25 inches
D;=3.0 inches

These parameter values satisfy Relationship No. 1
wherein the value of K, is 1.57; Relationship No. 2
wherein the value of K, is .74; Relationship No. 3
wherein the value of K3 is 1.4; Relationship No. 4
wherein the value of K, is .105; and Relationship No. 5
wherein the value of K is 2.83.

What is claimed:

1. A hydroclone for the separation of solid contami-
nate particles suspended in a fluid medium including a
cylindrical portion and a conical portion coaxial there-
with, the cylindrical protion defining a cylindrical in-
terior surface and being closed at one end, the closed end
having an axial clean fluid outlet opening therein, a fluid
inlet tangentially intersecting said interior cylindrcal sur-
face, the conical portion defining an internal conical sur-
face coincident at one end with the internal cylindrical
surface of said cylindrical portion and tapering to a re-
duced diameter vortical opening, and wherein said axis of
said inlet intersects said cylindrical portion at an acute
angle relative to a plane perpendicular the cylindrical
axis in the direction away from said closed end which
satisfies the equation

Sin 4= (KDY

in which equation A denotes said angle of said inlet, Dy
denotes the inlet internal diameter in inches, D; denotes
the density of the fluid medium in grams per cubic centi-
meter, D, denotes the internal diameter of said cylindrical
portion, and K; denotes a constant equal to at least 1
and not more than 2.

2. A hydroclone according to claim 1 including a sub-
cone portion providing a conical surface coaxial with
said conical surface of said conical portion, said conical
surface of said subconical portion expanding in ncreased
internal diameter away from said vortical opening, said
internal conical surface communicating with an enlarged
diameter collection chamber, wherein the ratio of the
angle subtended by the interior sides of said conical sur-
face of said subconical portion in a plane of the conical
axis to the angle subtended by the interior sides of said
interior conical surface of said conical portion in a
plane of the conical axis is equal to at least 1 and not
more than 2.

3. A hydroclone for separation of solid contaminate
particles suspended in a fluid medium including a cylin-
drical portion and a conical portion coaxial therewith, the
cylindrcal porton defining a cylindrical interior surface
and being closed at one end, the closed end having an
axial clean fluid outlet, a fluid inlet tangentially inter-
secting the interior cylindrical surface, the conical por-
tion defining an jnternal conical surface coincident at
bne end with the internal cylindrical surface of said
cylindrical portion and tapering to a reduced diameter
vortical opening, wherein the equation

__QF,tan B

. (Dc"—Du)3

is satisfied in which Q denotes the flow rate of fluid
medium through said fluid inlet in gallons per minute,
Fq denotes the viscosity of the fluid medium in centi-
poises, B denotes the angle subtended by the interior
sides of said conical surface of said conical portion in a
plane of the conical axis, D, is the internal diameter of
said cylindrical portion, D, denotes the diameter of said
vortical opening, and K, denotes a constant equal at least
0.02 and not more than 0.20.

Dy=3.0 inches

K,
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4, A hydroclone according to claim 3 including a
subcone portion providing a conical surface coaxial with
said conical surface of said conical portion, said conical
surface of said subconical portion expanding in increased
internal diameter away from said vortical opening, said
internal conical surface communicating with an enlarged
diameter collection chamber, wherein the ratio of the
angle subtended by the interior sides of said conical sur-
face of said subconical portion in a plane of the conical
axis to the angle subtended by the interior sides of said
intérior conical surface of said conical portion in a plane
of the conical axis is equal to at least 1 and not more
than 2. .

5. A hydroclone for separation of solid particles sus-
pended in a fluid medium including a cylindrical main
portion and a conical portion coaxial therewith, the
cylindrical portion defining a cylindrical interior surface
and. being closed at one end, the closed end having an
axial clean fluid outlet, a fluid inlet tangentially inter-
secting the interior cylindrical surface, the main conical
portion defining a main internal conical surface coinci-
dent at one end with the internal cylindrical portion and
tapering to a reduced diameter vortical opening, a sub-
cone portion providing a conical internal surface coaxijal
with said conical surface of said conical portion, said
conical surface of said subconical portion having a re-
duced diameter opening coincident with said vortical
opening and expanding in enlarged internal diameter away
from said vortical opening, and a cylindrical collection
chamber of enlarged internal dimensions coaxial with and
communicating with said conical surface of said subcone
portion, wherein the equation

FNQ
LDy
is satisfied, in which F4q denotes the viscosity of the fluid
medium in centipoises, Q denotes the flow rate through
said fluid inlet of said fluid medium in gallons per minute,

K5=

L, denotes the length of the conical surface of said sub--

cone portion measured parallel the conical axis thereof
in inches, Dy denotes the diameter of the vortical open-
ing in inches, and K5 is a constant having a value of at
Jeast 1.2 and not more than 3.0.

6. A hydroclone for the separation of solid contaminate
particles suspended in a fluid medium including a closed
vessel having a cylindrical portion and a conical portion
coaxial therewith, the cylindrical portion defining a cylin-
drical interior surface and being closed at one end, the
closed end having an axial clean fiuid outlet opening,
a fluid inlet tangentially intersecting said interior cylin-
drical surface, the conical portion defining an internal
conical surface coincident at one end with the internal
cylindrical surface of said cylindrical portion and tapering
to a reduced diameter vortical opening, and wherein said
axis of said inlet intersects said cylindrical portion at an
acute angle relative to a plane perpendicular the cylin-
drical axis and away from said closed end, and including
a vortex finder extending from said cylindrical portion
closed end coaxially with said conical portion and having
an axial clean fluid opening therethrough in alignment
with the clean fluid outlet opening in said cylindrical por-
tion closed end, wherein the equations

. _ {KiDiDy\?
Sin A——(———~Dc )
and

— DoDl
" D.L,

are satisfied, in which A denotes said angle of said inlet,
D; denotes the inlet internal diameter in inches, Dy is
the density of the fluid medium in grams per cubic centi-
meter, D, is the internal diameter of said cylindrical por-
tion, K; is a constant equal to at least 1 and not more
than 2, D, denotes the internal diameter of said vortex
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10
finder in inches, Dy, is the diameter of said vortical opening
in inches, L, denotes the length of said vortex finder in
inches, and K, is a constant equal to at least 0.2 and
not more than 0.8,

7. A hydroclone according to claim 6 including a sub-
cone portion providing a conical surface coaxial with
said conical surface of said conical portion, said conical
surface of said subconical portion expanding in increased
internal diameter away from said vortical opening, said
internal conical surface communicating with an enlarged
diameter collection chamber, wherein the ratio of the
angle subtended by the interior sides of said conical sur-
face of said subconical portion in a plane of the conical
axis to the angle subtended by the interior sides of said
interior conical surface of said conical portion in a plane
of the conical axis is equal to at least 1 and not more
than 2.

8. A hydroclone according to claim 6 wherein the
additional equation

_QF3tan B

(Do~ Dy)?
is satisfied, in which Q denotes the flow rate of fluid
through said inlet in gallons per minute, Fy denotes the
viscosity of said fiuid medium in centipoises, B is the
angle subtended by the interior sides of said main conical
portion in a plane of the conical axis, and K, is a con-
stant having a value from 0.02 to 0.20.

9. A hydroclone according to claim 8 wherein the
additional equation

K,

F
Re= L?Z/)é

is satisfied, in which L; denotes the length of said sub-
conical portion as measured parallel the conical axis
thereof and X; s a constant between 1.2 and 3.0.

10. A hydroclone for the separation of solid con-
taminate particles suspended in a fluid medium including
a closed vessel having a cylindrical portion and a conical
portion coaxial therewith, the cylindrical portion defining
a cylindrical interior surface and being closed at one end,
the closed end having an axial clean fluid outlet opening,
a fluid inlet tangentially intersecting said interior cylin-
drical surface, the conical portion defining an internal
conical surface coincident at one end with the internal
cylindrical surface of said cylindrical portion and taper-
ing to a reduced diameter vortical opening, and wherein
said axis of said inlet intersects said cylindrical portion
at an acute angle relative to a plane perpendicular the
cylindrical axis and away from said closed end, and in-
cluding a vortex finder extending from said cylindrical
portion closed end and coaxially with said conical portion
and having an axial clean fluid opening therethrough in
alignment with the clean fluid outlet opening in said cylin-
drical portion closed end, a subcone portion providing a
conical interior surface coaxial with said main conical
surface, said conical surface of said subcone portion ex-
panding in increased internal diameter in the direction
away from said vortical discharge opening, and a collec-
tion chamber of enlarged diameter communicating with
said internal conical surface, wherein the following rela-

tionships are satisfied:
=D(,Vsin A
DDy

_D.D:
K2‘1>uLv

K

K="

=QFd tan B
(Dc—Du)3

in which D, is the diameter of said cylindrical surface in
inches, A is the angle of the axis of said inlet relative

K,
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to a plane perpendicular the axis of said cylindrical por-
tion, Dy is the diameter of said inlet opening in inches,
D is the density of the fluid medium in grams per cubic
centimeter, K; is a constant between 1.0 and 2.0,. D, is
the diameter of said clean fluid opening of said vortex
finder Dy, is the diameter of said vortical opening in inches
as measured parallel the axis thereof, L, denotes the
length of the vortex finder in inches, Ky is a constant
between 0.2 and 0.8, C is the angle of the sides of said
conical surface of said subcone portion in a plane of the
conical axis in degrees, B is the angle of the sides of
said conical surface of said conical portion in a plane
of the conical axis in degrees, K; is a constant between
1.0 and 2.0, Q is the rate of flow of fluid through said
inlet in gallons per minute, Fy is the viscosity of the
fluid flowing through said inlet in centipoises, and K, is
a constant between .02 and .20,
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11. A hydroclone according to claim 10 in which
the additional following relationship is satisfied:

_Fa/Q
K=1.D. |

in which L is the length of said subcone portion as meas-

ured parallel the conical axis in inches and Kj is a con-

stant between 1.2 and 3.0.
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