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or apex end. An outlet for the more dense component is provided at the apex of the

10 conical-shaped separating chamber while the less dense component of the feedstream exits
through overflow outlet at the opposite end of the conical chamber.

In the prior art cyclones, the feed mixture is introduced into the separating chamber
via one or more tangentially directed inlet adjacent the large end of the separating
chamber. A fluid vortex is thereby created. The centrifugal forces created by the vortex

15 throw the more dense component of the feed mixture outwardly toward the wall of the
separating chamber while the less dense components are brought toward the centre of the
chamber and are carried along by an inwardly located helical stream which surrounds the |
axially disposed "air core”. The less dense components are discharged through the
overflow outlet. The more dense components continue to spiral along (usually but not

20 always down) the interior wall ofl the hydrocyclone and eventually exit by the underflow
outlet.

Cyclone separators are used to separate a variety of materials from each other in
accordance with their relative densities. For instance US Patent No 2,377,524 references
the use of cyclone separators to separate solid particles from liquids. Such separatbrs are .

25 used in the purification of pulp during paper manufacturing. In particular. such
separators are used to separate pulp from impurities such as "pitch”, i.e., resinous and
fatty materials., fine gritty materials and bark. During the purification of pulp, such
impurities seriously hamper centrifugal separation. See further US Patent No 4,203, 834.

US Patent No 2,849,930 discloses the use of cyclone separators to separate gases as

30 well as vapours from liquids. Air, carbon dioxide and water vapour often become
dissolved in liquid, or partially adsorbed or occluded in fibres causing the fibres to
flocculate and accumulate excessively. In addition to treating paper pulp suspensions, this
patent further discloses the use of cyclone separators to remove gases'and vapours and
particulates from water or oil as well as orc suspensions and other liquid chemical

35 mixtures. ,

Lately, cyclone separators have been used for solid/liquid separations in the mining
and chemical processing industries as well as in sewage treatment plants. '
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chamber. The heavier material is removed through an underflow outlet at the smaller
end.
Commercial cyclones while performing well under laboratory conditions often fail
15 to perform satisfactorily in field conditions. For example, when used in oil fields and
sewage treatment plan.ts, numerous materials such as sand, scale, iron sulfide deposits,
fibres, timber and paper pulp, plastic and rubber particles may clog the tangential inlets,
overflow outlets, and underflow outlets. ' |
In addition, the high velocity of the liquid due to the side entry feed inlet often
20 creates a turbulence which extends throughout the entire cross-section of the chamber near
the inlet, producing instability in the core of lighter material and reducing the efficiency
with which this material is collected at the overflow outlet.
Further difficulties with the cyclone separators of the prior art have been seen in the
oil industry where space limitations and weight carrying capacities of offshore platforms
25 govern the number and size of separators. The metallic cyclones of the prior art occupy a
very substantial amount of floor space. In such industries, the need exists to install the
maximum number of cyclones in the smallest area. Further, during adverse conditions,
maintenance of the cyclones is often proven difficult by the limited working area. In
addition, such prior art cyclones present a safety hazard for maintenance personnel.
30 Accordingly, it is an object of the present invention to provide a hydrocyclone
apparatus which overcomes at least some of the drawbacks and disadvantages of the prior
art as discussed above while providing for increased separation efficiency.

Summary of the Invention
There is provided a hydrocyclone axial feed inlet body comprising:
35 a body having an upper face, a lower face and a circumferential edge;
the body having formed in it at least one helical duct;
each duct extending about the body by less than 360°;
an overflow orifice extending through the body along a central longitudinal axis.



and chem cal processing industries as well as in sewage treatnent plants.

2 Cyclonge separators are further widely used in the separation of oil and
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Brief Description of the Drawings
Fig. 1 is a top view of a feed inlet device.
10 Fig. 2 is a cross-sectional view along line A-A of the feed inlet.
Fig. 3 is an isometric view of the helical inner duct of the feed inlet and
demonstrates the pathway of the feedstream through the duct.
Fig. 4 is a bottom view of a feed inlet device.
Fig. 5 is a schematic cross-section of the interior of a cyclone body and
1s demonstrates the recessed chambers.
Fig. 6 is a schematic cross-sectional view through line C-C of Fig. 9 of a pressure
vessel containing a multitude of hydrocyclone separators.
Fig. 7 is a schematic cross-sectional view demonstrating the use of a deblocking rod
with an overflow orifice which employs flexible sectors. |
20 Fig. 8 is a schematic cross-sectional view of the interior of a single cyclone member
wherein the separating chamber is composed of 2 flexible material.
Fig. 9 is an end view of a hydrocyclone pressurised vessel taken along the line B-B
in Fig. 6 illustrating the density packaging of seven hydrocyclones in one pressure vessel.
Fig. 10 is a schematic cross-section of the feed inlet and the top of the separating
25 chamber used in ac_:cordance with this invention.
rig. 11 is a schematic view of a hydrocyclone.
Fig. 12-is a schematic cross-sectional view of a pressurised vessel containing a
single hydrocyclone separator.
Fig. 13 is a perspective view of an alternate inlet.
30 Fig. 14 is a perspective view of the duct within the inlet, also showing the overflow
conduit.
Fig. 15 is a perspective view (inverted) illustrating the bottom of the inlet depicted
in Figs. 13 and 14.

Detailed Description of the Invention
3s Referring now to the feed inlet referenced in Figs. 1 and 2, the feed inlet body 1 is
characterised by a bottom surface, a circumferential edge 320 and at least one crescent-
shaped external passageway 2 on the top surface 310. Preferably, the inlet contains more
than one passageway of equivalent dimensions. The duct extends around the feed inlet
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ori or orifi e transition from the smaller dxameter ) the orifice 4 to the larger diameter

of the conduit 6 may be accomplished in a variety of ways. As shown in Fig. 2 (left side

of drawing figure) the transition may be accomplished by a simple blend, radius or taper.
15 As shown on the right side of Fig. 2, the transition may also incorporate a boss, shelf or

step 202. The boss, shelf or step facilitates the opening of the orifice 4, particularly the

unobstructed opening of the orifice, when a tapered rod is inserted down the conduit 6 for

unblocking purposes as described, for example, with reference to Fig. 7. The shelf, boss

or shoulder 202 allows the tapered rod to expand the lower portion of the conduit 6
20 including the orifice 4 without the need to directly contact the walls of the orifice 4.

Fig. 2, a cross-sectional view along line A-A of Fig. 1, demonstrates the exit
pathway of the lighter component from the overflow orifice. Flow of the feedstream into
passageway 2 continues into inner helical duct 8. From inner duct 8, the feedstream
enters into the top portion of the separating chamber 10 via swirl exit path 9 located on

25 the bottommost surface of the feed inlet. The less dense component exits the separating
chamber at the overflow orifice 4 as overflow fluid 7 through conduit 6. Note that the
upper extremity of the conduit 6 includes an éxpanding taper or pilot opening 220 which
facilitates mating the inlet 1 with a collection tube 6a (see Figs. 6 and 7).

Fig. 3 shows the boundaries of the spiral path of the feedstream as confined by the

30 crescent-shaped passageway 2 through the inner helical duct 8 and crescent shaped exit
passage 9. The "sweep" of each duct in this example is one quarter of a revolution.
Shorter ducts would involve even lower frictional losses. The sweep' of the duct is
defined as the extent of the fluid passage through the inlet 1 which is completely
surrounded by the inlet material. Note that in this example the exit opening and inlet

3s opening of the duct 8 are at about the same radius.

The cross-sectional shape of the helical duct 8 demonstrated in Fig. 3 is circular and
uniform. The diameter of the helical duct is dependent on the desired inlet flow as well
as the chemical constituency of the feedstream. A rectangular duct is also feasible. A
height to width ratio of 1:2 is preferred in a rectangular duct.



art as di scussed above while providing for increased separation efficiency.
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Fig. 4 is a bottom view of the feed inlet. Preferably, the feed inlet device 1
inctudes swirl exit path 9, as depicted in Fig. 4, which is preferably of crescent shape. In
plan view the crescent is tapered at each end. The medial axis 12 of each crescent is

10 generally concentric with the discharge opening 4. These exits 9 feed into the top portion
of the separating chamber where each duct terminates. The inner helical duct converts the
axial motion of the feedstream motion into tangential motion. This is depicted in Fig. 11.
As suggested in Fig. 11, a vortex 29 is facilitated in the separating chamber 10 by the
inlet 1. The heavier material descends the separating chamber by means of the vortex and

15 exist the chamber through the underflow outlet 15. The lighter material ascends the
separating chamber within the central core of the vortex 29 and exists the separating
chamber through overflow outlet 4. It then continues out of the hydrocyclone through
conduits 6 and exit tube 6a.

A separating chamber may be fabricated from a metal or a more flexible material

20 such as a polymer as described herein. The separating chamber may consist of a
conventional cyclone shape including but not limited to, those described in US Patent
Nos. 2,377,524; 2,849,930; 4,203,834; 4,237,006; and 4,964,994 which are hereby
incorporated by reference. Ideally for liquid-liquid separation, a logarithmic shape as
depicted in US Patent No. 2,849,930 (Fig. 9) is preferred.

25 As shown in Fig.-5 of the present disclosure, a cyclone body 14 may optionally
include circumferential grooves or riffles 13 formed in the interior surface. There are no

~ limits to the number of grooves which may be used. The grooves or riffles may be in
many geometric _forms. Suitable designs include a square 13a or semi-circle 13b as well
as rectangular or any combination of such designs. A riffle or groove 210 with an

30 overhang 211 has also been demonstrated as effective. An oil film travelling down the
body 14 is encouraged to depart the interior surface of the body by the overhang 211.
Such grooves may be used in the conventional metallic separating chamber of the prior art
as well as the flexible separating chambers as set forth herein. The grooves or riffles are
for example, 3mm wide and 3mm deep.

35 The feed inlet of this invention may be used in combination with the cyclone body
as depicted in Fig. 6. In the alternative, any conventional feed inlet device such as those
set forth in US Patent Nos. 2,849,930; 4,163,719; 4,237,006; and 4,983,283 of this
invention may be used in combination with the separating chamber with riffles or grooves



Brief Description of the Drawings Fig. 1 is a top view of a feed inlet
device. 10 - Fig. 2 is a cross-sectional view along line A-A of the feed
inlet. Fig. 3 is an isonetric view of the helical inner duct of the feed
inl et and denonstrates the pat hway of tg1e feedstream through the duct. Fig.
4 is a bottomview of a feed inlet device. Fig. 5is a schematic
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10 feedstream, if close to the viscosity of water, is introduced into the hydrocyclone via
comumon entry port 18 at a velocity less than 2 ft./sec. The feedstream then flows into the
individual feed inlets 3 of the cyclone separators. Each of the respective streams of
overflow fluid 7 flow via conduit 6, through a collection tube 6a into a common overflow
fluid chamber 20. This chamber is confined by casing 26. Chamber 20 is separated from
15 chamber 19 by dividing plate 21, such as a flange which is bolted to flange 21a and
integrally supports a collection tube 6a which may be affixed to flange 21. Normally,
chamber 20 is maintained at atmospheric pressure. Chamber 19 normally operates at a
pressure which is higher than the pressure in the underflow discharge chamber 26. The
operatihg differential pressure between chamber 19 and chamber 25 is between 20 and
20 200 psi, preferably between 50 and 150, most preferably around 100 psi. The differential
pressure between the distribution chamber 19 and the underflow discharge chamber 24 is
such that the cyclone body 14 of separating chamber 10 is forced downward in the
direction of the underflow discharge chamber and therefor energised or compressed
against dividing or support plate. 24. The use of higher pressure in chamber 19 versus
25 chamber 25 wherein the cyclone body 14 is composed of a flexible material forces the
cyclone bodies against dividing plate 24 thus affecting a seal. Therefore, it is unnecessary
to use O-rings in the apparatus when the cyclone by is composed of flexible material.

As set forth in Fig. 10, a preferred embodiment of this invention is one wherein the
separating body 14 is characterised by a perimetral shelf 27 which is extended

30 horizontally and complements dividing plate 24. Thus, shelf 27 provides a sﬁpport and a
sealing face for the cyclone. When force is applied downward onto the separating
chamber, shelf 27 is energised or compressed and seals itself into dividing plate 24. This
is especially true when the feed inlet is composed of a polymer such as urethane. Where
a flexible material is not used for the separating chamber, a resilient material such an O-

35 ring or rubber gasket may be inserted between shelf 27 and dividing plate 24.

Likewise, when either or both of the feed inlet 1 and separating chamber 10 are
composed of flexible material, the differential pressure between the two causes sealing to
occur at cojoining interface 28. In another mode, the feed inlet 1 and cyclone body 14
are joined together, either by weldmc or °lu1ng Alternatwely, if both surfaces are not



Fig. 11 is a schematic view of a hydrocyclone. Fig. 12 is a schematic
cross-sectional view of a pressurised vessel containing a single

hydrocycl one separator. Fig. 13 is a perspective view of an alternate
inlet. 30 Fig. 14 is a perspective,view of the duct within the inlet,
al so showi ng the overflow conduit. Fig. 15 is a perspective view (i nverted)
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or gasket is then further required as sealant.

From the overhead fluid chamber 20 in Fig. 6, the lighter component exits through
common exit port 22 where it is collected. Where the operation involves hazardous

10 materials, such as when used to separate oil from water on offshore platforms, the end
cap 23 seals off the chamber 20 from the operator. End cap 23 is bolted to flange 23a -
which is an integral part of common overflow fluid chamber 20. The unit may be run
under certain operating conditions with end cap 23 removed. For example, when the unit
is being used in effluent and sewage treatment applications, flange 23 may be removed.

15 Observation can then be made by the operator as to the flow activity of overflow 7 for
each cyclone. The operator of the unit will readily ascertain if a cyclone has been
partially blocked or totally blocked. In such applications, it is essential that the height of
conduit 6a is extended past the height of the exit port 22. The height differential permits
the operator to view the fountain-like exit of the effluent from the conduit 6a.

20 As depicted in Fig. 6, the pressurised hydrocyclone casing used in this invention
consists of a pressure vessel comprising two or three sections which may be separated
from each other. The first section (when it is employed) is represented by end plate 23.
The second section consisting of common overflow fluid chamber 20, dividing plate 21,
conduit 6a and flange 23 are generally welded together. The third section consists of

25 distribution chamber 19, and underflow discharge chamber 25 separated by a dividing

plate 24, _

Where a conventional feed inlet containing a traditional non-flexible overflow
orifice is used, and partial or total blockage at the overflow orifice results or occurs, the
apparatus is deblocked by applying pressure at exit port 22 such that fluid flow passes in

30 the opposite direction through the overflow orifice. In such circumstances, the apparatus
requires the use of end cap 23.

Unfortunately, attempts to deblock by the use of pressure may compound the
blockage. In such an event, the cyclone separator must be shut down and be dismantled
and serviced. In most circumstances, the use of an overflow orifice having flexible

35 sectors § enlarges the orifice when pressure is applied and thus large obstructions are able

~ to be cleared.

The use of the overflow orifice with flexible sectors 5 in accordance with this
invention permits deblocking of the orifice without major disruption of the operation of
the cyclone separator. As depicted in Fig. 7, deblocking rod 30 with tapered tip may be
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| The use of flexible materials, such as polyurethane, synthetic rubbers, structural
nylons, etc., to fabricate the separating chambers and inlet is highly advantageous in those
15 industries wherein access to the unit requires minimum headspace for servicing. For
servicing, the casing 26 of the common overflow fluid chamber (20) must first be
removed. This includes separation of dividing plate 21 from flange 21a along with
conduit 6a. The feed inlet 1 and separating chamber 14 may then be removed. Due to
the flexible nature of the separating chamber, clearance equal to the length of the cyclone
2o.body is not longer required. In practice, a clearance less than one-third of the length of
the cyclone body is actually needed.

The use of the feed inlet 1 of this invention further allows for a greater density of
cyclones per pressure vessel. As seen in Fig. 9, the cyclones are arranged in a "cable” or
closest packing layout which provides the greatest number of the cyclones in a cylindrical

25 space. Because of the axial geometry of the feed inlets and separating chambers, Fig. 9
illustrates that the number of cyclones in a single vessel can be maximised by use of the
axial feed inlets of this invention. This axial arrangement minimises turbuleni:e, lateral
stress on the separator bodies and also insures even flow distribution to each of the
respective cyclones. By the use of an axial flow entry versus side entry as depicted in US

so Patent No. 5,194,150, the density of the cyclones within the pressure vessel is increased
and the ability to treat and separate fluids is greater than the prior art. As a result, for
any given size pressure vessel, by means of the instant feed inlet, a greater amount of
feedstream may be treated for the same capital investment.

As shown in Fig. 13 an alternate axial flow nozzle structure 250 comprises a

3s generally cylindrical body 251. The uppermost surface 252 (the one closest to the
incoming flow) is subdivided by a central ridge 253. A tapering duct 254 is located on
either side of the central ridge 253. A gentle blend 255 leads into each duct 254.

As shown in Fig. 14, each duct 254 continues from the blend area 255 toward an
outlet opening 256 formed on a lower surface of the inlet 250. In one preferred



20 including the orifice 4 without the need to ditectly contact the walls
of the orifice 4. Fig. 2, a cross-sectional viewalong line A-A of Fig. 1,
denonstrates the exit pathway of the lighter conponent fromthe overfl ow
orifice. Fl ow of the feedst ream into pagsageway 2 conti nues into inner

helical duct 8. Frominner ct. 8 . the feedstream rs, i to t he .
portion o“fm‘?%mE'é‘pé?%t“m’?@ 3(9!5 n‘Efe?“LEdn\?F 4’§eX|f g I‘Qﬁ:&?‘édﬁ%‘g 95

t Ee bot t otaiasdted wy E@@Qh@ﬁcd&.hﬁalﬁm&ﬁft?m Hetd lema theamdem s:efuatﬂim Ir:le possiet s
the separatin r_at the over ver uj

t hrough ¢ n‘dutg’t‘&é‘?nﬁﬂtﬁs fl}’fahofvh%ppﬁ% g%,g exctP tﬁﬁ% €56a9ft f n8fﬁi%!u{ %fur?cf)ﬁdes
an expandcurgamaq:)er ther bexid musojmereasty 208 migoc lchirggei ini distcion Mattd rgeurhdt il et

1 h 3
Y Y T
cr escent - st \ph@sage\ﬂa}d Zelomi’vo@dhw@#ﬁeraﬁhﬁh dranras|the gutled 256 ‘8 erpdhe flagd ent

shaped exbgloa B ‘%‘”‘m@h %\ﬁ%ru&f i @CdLvEleC the é‘mt dtgke SKHEPHIE 'Porftfe

quarter of revo ution orter ducts would i nvolve éven [ower fri ctlonal

| osses. trme dp providerd suphcthay e fefal compaaent ff ths flit's yelogine matchey the

passage t gfiglebmpdient BF e howhincdnelsapﬁ@msplb@a?l Wnsmaﬁ)oupplﬁdubust pagtidurdy
material. Note t

of t he- LUROT HeolesdStispy bax RS TERHE JGi(ER, OfriBcEr BEeXE dueloRb oS ahe b
the helicadeqiet 8 denonstrated in F| g. 3 is circular and uniform The
diameter of the felhGaIFgUE, he bdeREHANe 26 bF sdShiotitd B Mhnihls@odts ! !
associated with the introduction of the fluid into the separator body. Taking into
consideration that the inlet 250 is being viewed from the underside in Fig. 15, it will be
15 appreciated that the outlet 256 is located as close as practical to the outside diameter 257
of the inlet 250. The surface 258 surrounding the outlet 256 blends smoothly from the
perimeter of the outlet 256 in the direction of the liquid flow. The lower surface of the
pocket or depression in which the outlet 256 lies blends smoothly toward the extremity
259 which lies below the other outlet 256 (above in this inverted view). The radially
20 inward portion of the pocket or depression blends toward the discharge orifice 261 and
the radially outward portion of this same surface blends toward the outside diameter 262.
In preferred embodiments, the inlet structure 250 would include the flexible diaphragm or
flexible sectors 263 discussed with reference to Figs. 1 and 2. In every preferred
embodiment, the centre of the duct inlet 254 and the outlet 256 are spaced apart from one
25 another (radial sweep) by less than one full revolution or 360°. In most preferred
embodiments, this separation is less than !/3 a revolution. In some preferred embodiments
this separation is equal to or less than % of a revolution.
As shown in Fig. 2, a polymeric inlet nozzle structure I may incorporate a thin
layer of ceramic particles 300. With regard to the example depicted in Fig. 2, the inlet 1
30 may be fabricated from cast polyurethane. A quantity of pre-cleaned 1mm ceramic beads
may be incorporated into the casting compound and the bottom of the device cast first.
The remainder of the device is then cast on top, this later addition will bond securely with
the first layer containing the ceramic particles. The ceramic particles improve the
abrasion resistance of the lower surface 301, which surface appears to be the one most
3s susceptible to abrasive wear. In the alternative the entire device may be cast from the
ceramic particle-polymer composite referred to above.

Industrial Application



as the chem cal constituency of the feedstream A rectangular duct is also
feasible. A height to width ratio of 1:2 is preferred in a rectangul ar

duct . To renove grease fromwater in sewage, a 10nm duct dianeter is
preferred for a 100 litre/mn. flow, to,tenove oil fromwater, a 13mm duct
dianeter is preferred for a 100 litre/mn. flow, and to renove light oils

from or anges SHighigl ¢ampaticaisetoebe sepgratepying ke cyilonmeseperdtons discleed herein
litre/ m nnclyge iffdCtol RIRASIVE@APASRY iih SofuliBn] WARE, @k Tig and
enters th@cggpﬁgﬁﬁﬁé‘ﬁﬁﬂgﬁgrmﬁﬁ? of i‘?.aga 2l tﬂr oug'h t_%g' rgr es%gé[?f l§ g?éd
swirl exieayy splids. siarchesandosalyisy | SRFSTSePMatore8ave pREiculapapRlisatgnsyin thee
feed inl edepdiRvios DFI(1) Wil Bdas vﬁiﬂrrﬂ;]ro&vxdeﬁ inadih réfining, ORPprotess,i Muckdal poder
whi ch |seﬁéeferab(lr%sdof crescent shape. IerJraBI ag..VI ew t he creﬁce t s tagered
at each SeNANS TREWGRHatANS Apd in ibe FHMIAE §ieq! 20d SRIpPINSSINGYSUyLFHER 25 [dyring Rilge: i ¢
with the o daltat geaanait (Q) 4olvéiesfeomxwiter Suétead thoteo ptddacéd during trhigerapf
the separgting chanber. wher e each i S...fhe.inn hel 1 cal. duct
conver t e Piikflof o Orabic sy RS yolttghy MSETM SlcRoapolitfiondPh 1A ofS s o
This is depustjentes;n(4yi Gity lmbsrscesuffgms melk; i (3) Rinyaingd , gases, froime beBgages, in
facilitat ghiibflal Nfosf PREALRS i AEPRfandfchl¥e 13T beer and liquid pharmaceutical

10 preparations; (6) fibre particles from beverages; (7) wax from water especially that

produced by the pulp and paper industry; (8) coal fines from bulk coal; and (9) solids that

are oil wet in sewage. In addition, the cyclone separators of this invention can be used in

desalting, i.e. the removal of oil from salt water during oil refining.



|nlet 1. The heﬁﬂaer mat eri al descends the separating chanber by neans of

“m“m“ \g“ n exi st the chamber through the underflow outlet 15. The

scends the separating chanber within the central core of

t He 6orfex 29 and exi sts the separating chanber through overflow outlet 4.
It then continues out of the hydrocycl one through conduits 6 and exit tube
6a. A separating chanber may be fabricaldd-froma netal or a nore flexible
mat erial 20 such as a pol yner as described herein. The separating chanber
may consi st of a conventional cyclone shape including but not limted to,

t hose descrich@admsn US Patent Nos. 2,377,524; 2,849,930; 4, 203, 834;
4,237,006; and 4,964,994 which are hereby incorporated by reference.
Ideally for liquid-liquid separation, a logarithm c shape as depicted in US

Pﬁt ent No. 1 849 930 Athdr&):yﬂ:]Sorﬁ)é edeidbdedtd inletAbsdiP WonptifFitg 3 Of
t he pr esent

d] Qsure, cl on body 1} %X ﬁ tlonall I ncl ude
circunferena 33935a8ru PFFI 3C93° % or e the2®hi®rior surface. There
are no |im cdrcunfesentibdr edgegr tbe chodii kav iy ﬂﬁxms&'d:.n'lhe ag:rcma&sa: or
rifflesgmay t f : | e d s: i.ncl ude uare
13a or seni c’(l?:lleerc eq%% &GQEP Fh%g %g?a%l's +$81130$f a%y cf'ﬂ’atefdtr?

desi gns. A @boyte the QPSUVBYZ?:@SW th2an360° ovand ary Q‘&E.!_rfmw amsxfinaan

denonst r at eGxtendiheCithveugAntak! bbal ”&iéﬁé‘ ch! ééﬂtf‘%ﬂ‘ﬁb xtflh Iﬁ'
0 e overf

encour aged to de art the interior_s ce of the b ang 211.
9 pwheregn the axgal geeg Enlet allows mater1a1 to be g

treated by the hydrocyclone to be admitted substantially
10 along the lengthwise extending axis of the hydrocyclone and
wherein the size of the overflow orifice is adjustable.

2. The feed inlet body of claim 1 wherein two ducts
are provided, each duct being spaced from the other by
180°, each duct extending over a sweep of 180° or less.

1s 3. The feed inlet body of claim 2 wherein each duct
extends over a sweep of 120° or less.

4. The feed inlet body of claim 3 wherein each duct
extends over a sweep of 90° or less.

5. The feed inlet body of claim 3 wherein each duct
20 has a sweep of about 90°.
6. The feed inlet body of any preceding claim in

which the upper face is provided with a conduit extending
from the upper face wherein the overflow orifice opens into
the conduit.

25 7. The feed inlet body of claim 6 wherein the
conduit further comprises at an upper extremity a tapered
opening.

8. The feed inlet of any preceding claim wherein the



Such grooves be used in the conventional netallic separating chanber of
ﬂmml“c“nam; well as the flexible separating chanbers as set forth

es or riffles are for exanple, 3nmw de and 3nm deep. 35
The $edd "nl &t Of this invention may be used in conbination with the
cycl one body as depicted in Fig. 6. In the alternative, any conventi onal
feed inlet device such as those set forth2ir US Patent Nos. 2,849, 930;
4,163,719; 4,237,006; and 4,983,283 of this invention nay be used in
conmbi nati on eiizk blietbepavatfhowcomibire vdm be fédbsrgsd gr ooves 6 set
forth in Fig. 5. In Fig. 5 the cyclone by 14 may be used with the in-line
swrl generator | set forth herein. Fig. 6 is a cross-sectional view of
mul tiple cycPenes in aTheefeed einkat It w1y Teanditigladatiyc wheseinditte

reside in a gekethbisv f Sha4 agt]gi
conponent in the f qge gtr?!gg%éeilg\tl\gg%%e un%%r}ﬁ] |sé%£ar;§£ c% ér}oer qejhrough
comon or coPPEEPESe WhAEH! BBRLOHS| BRY 19efonqme thus|changinmttheiting at 17

is the c®nbi ezireeriok du&ahafgehefawﬁfliéwa&riléfce 15b and 15c. The common
entry port 18

10. The feed inlet of claim 9 in which the sectors
deform to enlarge the effective size of the overflow

orifice.
11. The feed inlet body of any preceding claim
10 wherein a crescent shaped passageway leads into the or each

helical duct, each crescent 8haped'passageway having a
distal end and a proximal end wherein a bottom surface of
each proximal end is co-incident with a bottom surface of
the or each helical duct.

15 12. The feed inlet body of any preceding claim in
which a circumferential step is provided within the duct or
conduit adjacent the overflow orifice.

13. The feed inlet body of any preceding claim
wherein each duct is tapered by 6-8°,

20 14. The feed inlet body of any preceding claim made
from a flexzble polymeric material.

15. The feed inlet body of any pfeceding claim in
which the sectors are made from flexible polymers.

le. The feed inlet body of any preceding claim in
25 which the diameter of the conduit is greater than the
diameter of the overflow orifice.

17. The feed inlet body of any preceding claim in
which a tapered rod or similar is receivable in the conduit



ream into the distribution chanber 19 of the pressurised
ently |l ow velocity to mnimse shearing of the
mm‘mn‘ 1y, the 10 feedstream if close to the viscosity of
LS M Nisro uced into the hydrocyclone via common entry port 18 at a

veIOC|ty |l ess than 2 ft./sec. The feedstreamthen flows into the individual
feed inlets 3 of the cyclone separatord3 Each of the respective streans of
overflow fluid 7 flow via conduit 6, through a collection tube 6a into a
conmon oveEPFoRltringc bheheize0otf THRG STRRHLOW| oribine nppityiauka iy 26.
Chanber 20 jingraaB3ha! efel 5976 16£ CERADSFi OV dli ¥idh P taky W Foddag éeFCh as a
flange which is bolted to flange 21a and integrally supports a collection
tube 6a whiPthtR8yOBéLafri-xed to flange 21. Normally, chanber 20 is
mai ntai ned at atnospheric pressure. Chanber 19 nornally operates at a

pressure i,ch is higher th e sur i n the underfl ow di scharge
chanber \M18The opergg f?‘%?%ﬁ?‘?o sasrﬁfepf)%cf %9 and

chanbe’ 25whs.dhetna¢em'13n andbéOséﬁ@rpSeql lpyeltheahir@zrdsejrmbm%afmﬂﬁo,
nmost pref erghl | the
dIStrIbUtIO%Bb %%qgg 9¥§%HB? Q*%%ﬁ%%?%% rgéf% Q%§E§s such t hat
t he cycl on@Wigdings; 6pveéwapatﬂngrehaﬁeeemqntlgreerebe U@@nmard in the
direction of the underflom/dlscharge chanber and therefor energised or
conpr essed %palnst dividin por plg 24. The, use of, hi gher
pressure i fchanber ?Qevgf' s"E e & © Sa%e?’é??ie‘ﬁ'fégc%’cﬂle“body 14 is
conposed ofwilddH @heblhaliriadr idRlctf okCcdactBcare circular and of

i¢ substantially uniform cross-section throughout its or their
length.
20. "The feed inlet body of any one of claims 1 to 18

in which the duct or ducts are of a rectangular cross-
section, particularly having a height to. width ratio of
15 1:2.

21. The feed inlet body of any preceding claim
wherein an exit orifice of the duct is at a larger radius
than the inlet orifice of the duct.

22. A hydrocyclone separator body comprising an axial
20 feed inlet body in accordance with any one of the preceding

claims.

23, A hydrocyclone separator body comprising a hollow

tapered form having an inlet end and an apex end which is
smaller than the inlet end, the body being fabricated from
25 a flexible polymer, and being provided with an inlet body.

24. A hydrocyclone separator body comprising a hollow
tapered form having an inlet end, and apex end and an
interior surface, the interior surface having formed
therein one or more circumferential grooves or riffles.



eyelenebodies agai nst dividing plate 24 thus affecting a seal. Theref or e,
it “Emmo use Orings in the apparatus when the cyclone by is
| .

co e material. As set forth in Fig. 10, a preferred
enbediarent &f €his invention is one wherein the separating body 14 is
characterised by a perinetral shelf 27 which is extended 30 horizontally
and conpl enents dividing plate 24. Thasld4shel f 27 provides a support and a
sealing face_for the cyclone. Wen force is applied dowward onto the
separating ¢hanmber, FhAYATOCYSLANR TIPS SdNnde dnplagaddtanafseal s itsel f
into dividingapbey€ldde d&hsrator WeTiad lahd raig Mheeddan18Rd ol i S
conposed of ,a pol r _such, as urethane. ere a flexible material is not
used for th&%s ‘b‘é¥’g$"i‘?lﬁec‘f‘uh Y L9995 | BRAEHRT Sdedm$r O 35 ring or

rubber gasket may be inserted between shelf 27 and dividing plate 24.

Li kew se, ith inlet 1 and ' mber 10
ar o Conposeqoor 11 exi Do TG o i ARG e, PL,383HRC 2hetredn the

- two cadses fuuthey comprisingtamopxfeninr icingunfereis:.idln shoollder node, the
feed inlet éoﬁe..ﬁjgﬁ)’cl:ﬁ&_e?ﬂ%g%/déé Bofeis rﬁq)‘;ﬁtgﬁwgi,sugéar&r £ wel ding or

gluing. Alternatively, i h surfaces are no
sealing against a peripheral shelf in a pressure vessel.

27. A hydrocyclone axial feed inlet body
substantially as hereinbefore described with reference to
10 the accompanying drawings.

28. A hydrocyclone separator body substantially as
hereinbefore described with reference to the accompanying
drawings.



conposed of a flexible material, a resilient material such as an Oring or
rubber gasket-should be inserted at interface 28. In addition, Fig. 10
exenplifies the seal between collection tube 6a and conduit 6 to be
effected by a tight (inter t n conduit 6 is
conposed of a 5 flexible ?ﬁgﬁY{#&b@E gﬁ?hétb:%ore needed. Wen
conduit 6 is not conposed of a flexible material, a |ooser (sliding) fit
bet ween conduits 6 and 6a is requiredAbdtraéd ri ng or gasket is then further
required as seq, OY,ef e flui hanber 20 in Fig. 6, the

li ghter corrponen?'wéa’%ngg 'Stn‘}r%’ﬂé?l rﬁh%ﬂorg)ae Pgrﬂ alygcqlmgqrgnfsttloggsec@ ekt ed.
Wier e t he sepseatarsi ohhe hxwtubcyek)nhazmdoumaymemmcneabm bys et Axiabfeel @ilet3pd t o

chanber 20 1 AHERAPEE (Bfinf) h3HRF SoRulanhuty olifig f@dif‘lf%ﬁa‘iedz@"gaﬁﬂi %Iva. ;"
an i nt egr &f flexibie gretasy @x‘rowh@b@rer,n@\mmt aompmdrﬁfersmmt mifterialni Whenytelaged, un

under cer&m@cmée&ﬁmﬁcrs ﬂémaﬁlsfmetﬁemuévse&t% removed. For exanpl e,
when t he UnItTJS bei ng use | uent and sewage treatnent applications,

flange 23 may SteBi‘FBU’éd“a)&GOGﬁe? fy & tSERAT2UNEN Chataberhd Hregmposed: b aoflexibleor
as to the résikst &hﬁtér‘tﬁlt}'ff@fse fifig EMirribet OF tIRCiRReithl ARE furll ?ﬁf:ﬁ{ gies% the
unit wil|l readll Eﬁel f a cyclone has been partially blocked or
totally‘bﬁgﬁkﬁd( ggg]lcatlons it is essential that the height of
conduit 6a is extended past the height of the exit port 22. The hei ght
differential permts

(Fig. 11)



the operator to view the fountain-like exit of the effluent fromthe
conduit 6a. 20 As depicted in Fig. 6, the pressurised hydrocycl one
casing used in this invention consists ot a pressure vessel conprising two
or three sections which may be separated from each other. The first section
(when it is enployed) is represented by end plate 23. The second section
consi sting of common overflow fluid chanber 20, dividing plate 21, conduit
6a and flange 23 are generally wel ded together. The third section consists
of 25 distribution chanmber 19, and underfl ow di scharge chanber 25 separated
by a dividing plate 24. \Were a conventional feed inlet containing a

tradi tional non-flexible overfloworifice is used, and partial or total

bl ockage at the overflow orifice results or occurs, the apparatus is

debl ocked by applying pressure at exit port 22 such that fluid fl ow passes
in 30 the opposite direction through the overflow orifice. In such

circunst ances, the apparatus requires the use of end cap 23. Unfortunately,
attenpts to deblock by the use of pressure may conpound the bl ockage. In
such an event, the cycl one separator nust be shut do and be di smantl ed
and serviced. In nost circunstances, the use of an oyYerflow orifice having
flexi bl e 35 sectors 5 enlarges the orifice when pregsure is applied and
thus | arge obstructions are able to be cl eared.

F20



The use of the overfloworifice with flexible sectors 5 in accordance with
this invention permts debl ocking of the orifice wthout major disruption
of the operatlon of the cyclone separator. As depicted in Fig. 7,

debl ocking rod 30 with tapered tip nmay be 8 inserted down through the
tube 6a and conduit 6 causing the orifice to open and be cleared of al
obstruction. This enlargenent is attributed to the deflection of the
flexible sectors. Naturally when the feedstreaminvol ves hazardous
material, the unit will have‘go @t down and Prpend caB 23 renmoved. 5
Whi |l e the above descyiptign s b : ones in a

pressure vessel, it Wil read' ription is
equal l'y appllcable tpb sindle cyg Fig. 12
illustrates a pressufised pvessel Fig. 8
depicts a single hydfocyclone w sel 16. The 10
cycl one body 14 is cpnposed of a urt her be

readi |y appreciated that such fl o fabricate

the separating chanbers of nulti

320

300"




cyclones. The use of flexible materials, such as pol yurethane, synthetic
rubbers, Structural nylons, etc., to fabsicate the separating chanbers and
inlet is highly advantageous in those 15 industries wherein access to the
unit requires m ni num headspace for servicing. ‘For servicing, the casing 26
of the common overflow fluid chanber (20) nmust first be renoved. This

i ncl udes separation of dividing plate 21 fromflange 21la along wth condui't
6a. The feed inlet 1 and separating chanber 14 nay then be renoved. Due to
the flexible nature of the separating chanber, clearance equal to the

| ength of the cyclone 20 body is not longer required. In practice, a

cl earance less than one-third of the Iength of the cyclone body is actually
needed. The use of the feed inlet 1 of this invention further allows for a
greater density of cyclones per pressure vessel. As seen in Fig. 9, the
cyclones are arranged in a "cable" or closest packing | ayout which provides
the greatest nunber of the cyclones in a cylindrical 25 space. Because of
the axial geonetry of the feed inlets and separating chanbers, Fig. 9
illustrates that the nunber of cyclones in a single vessel can be maxi m sed
by use of the axial feed inlets of this invention. This axial arrangenent

m nim ses turbul ence, |ateral stress—T € separator bodi es and al so
insures even flow distributiop-to each of the respesiive cyclones. By the
use of an axial flow entry xersus side entry as depicted in US

2
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30 Patent No. 5,194,150, the density of the cyclones within the pressure
vessel is increased and the ability to t¥eat and separate fluids is greater
than the prior art. As a result, for any given size pressure vessel, by
means of the instant feed inlet, a greater anount of feedstream nay be
treated for the same capital investnent. As shown in Fig. 13 an alternate
axial flow nozzle structure 250 conprises a 35 generally cylindrical body
251. The uppernost surface 252 (the one closest to the incomng flow) is

subdi vi ded by a central

ri dge 253. A taperi

side of the central ridge 253. A gentle
As shown in Fig. 14, each duct
an outl et opening 256 forned on a |
preferred 9 enbodi nent, the taperf angl
The bend of the duct 254 is calcula
fluid within the duct 254 as unifo

FG. 5

g duct 254 is |ocated on either
d ads into each duct 254.
e blend area 255 toward
he inlet 250. In one
juct is 6-8[err].

hceel eration of the

I is evident that as the.
adi us of curvature of

i o %§ to occur, it is

]




5 therefore preferable that the bend or change in direction should occur

toward the duct inlet 254 where the fiuid velocity is |owest
the outlet 256 where the fluid velocity is at a nmaxi num

rat her than at
In a vertical

inlet device, the exit angle of the fluid fromthe outlet 256 is provided
such that the axial conponent of the fluid' s velocity matches the axial

conponent of the flow in the separator
particularly 10 where the feedstream has a viscosity |ike that of water, an

exit angle of about 4 is adequate.
260 may be contoured to mnimse | osses associated w

body. In many applicati ons,

the fluid into the separator poedy-

inlet 250 is being viewed from-the underside in Fig. 1f

appreciated that the outlet 256 s

out si de di aneter 257 of—the—int-et

outl et 256 bl ends he

direction of the liguid flow. The | [ I
in which the outl et/ 256 |ies piepds t
| i es bel ow t he ot outl et 256 {above

20 inward portion of the pocket o
orifice 261 and the radially out

toward t he outsi ;E}Emner 262.
structure 250 mﬂéf | nctrudeThe §
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flexible sectors 263 discussed with reference to Figs. 1 and 2. 1In every
preferred enbodi nent, the centre of the duct inlet 254 and the outlet 256
are spaced apart fromone 25 another (radial sweep) by |ess than one ful
revolution or 360[err]. In nost preferred enbodi ments, this separation is

| ess than [err] a revolution. In sone preferred enbodi nents this separation
is equal to or less than [err] of a revolution. As shown in Fig. 2, a
polymeric inlet nozzle structure 1 may incorporate a thin layer of ceramc
particles 300. Wth regard to the exanple depicted in Fig. 2, the inlet 1
30 may be fabricated from cast pol yurethane. A quantity of pre-cleaned 1mm
ceram c beads may be incorporated into the casting conpound and the bottom
of the device cast first. The renmai nder of the device is then cast on top,
this later addition will bond securely with the first |layer containing the
ceram c particles. The ceram c particles inprove the abrasion resistance of
the I ower surface 301, which surface appears to be the one nbst 35
susceptible to abrasive wear. In the alternative the entire device may be
cast fromthe ceram c particle-polynmer conposite referred to above.

I ndustrial Application
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10 Suitabl e components to be separated usding the cycl one separators

di scl osed herein include but are not limted to (dissolved) gases in

- solution, water, free gases, light or heavy solids, starches and sol vents.
These separators have particular applications in the separation of (1) oi
fromwater produced in oil refining, oil products, nuclear power 5 plants,
power stations and in the mning, steel and shipping industry such as
during bilge or ballast treatnment; (2) solvents fromwater such as those
produced during mneral extraction. Organic solvents are normally used in
such applications; (3) light oils fromcitrus juices; (4) fatty substances
frommlk; (5 entrained gases from beverages, in particular those

resulting in the manufacture of beer and quuijSBh maceuti cal 10
Ln

preparations; (6) fibre particles from beverages” ) wax from water
dustry; (8) coal fines

especially that produced by the pul p and pa

frombulk coal; and (9) solids that are oil t—n-sewage, Tnjaddition, the
cycl one separators of this invention can be Used in desalf{ing, i.e. the
renoval of oil fromsalt water during oil refijing. - ;;/339
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CLAI MS: 1. A hydrocycl one axi al geed inlet body conprising a body
havi ng an upper face, a |ower face and a circunferential edge, the body
having formed in it at least 5 one helical duct, said duct or each of
sai d ducts extendi ng about the body by |ess than 360[err], and an overfl ow
orifice extending through the body along a central |ongitudinal axis,
wherein the axial feed inlet allows naterial to be treated by the
hydrocycl one to be admtted substantially 10 al ong the | engt hwi se
extendi ng axis of the hydrocycl one and wherein the size of the overfl ow
orifice is adjustable. 2. The feed inlet body of claim1l wherein two
ducts are provided, each duct being spaced fromthe other by 180[err], -each
duct extending over a sweep of 180[err] or less. 15 3. The feed
inlet body of claim2 wherein each duct extends over a sweep of 120[err] or
| ess. 4. The feed inlet body of claim3 wherein each duct extends
over a sweep of 90[err] or |ess.




5.
of about 90[err]. 6.
whi ch the upper face is provided with

face wherein the overflow orifice opens into the conduit.

The feed inlet body of clai m'3 wherein each duct 20

has a sweep

The feed inket body of any preceding claimin

a conduit extending fromthe upper
25 7.

The feed inlet body of claim6 wherein the conduit further conprises at an

upper extremty a tapersg
precedi ng cl ai mwherein
enl arged. 9.

\dpeni ng. 8.

The
overflow orifice is suryowrded by a plura
sectors may deform th ¢hangi ng t he

Y
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5 effective size of the overflow orifice. 10.

The feed inlet of

claim9 i'n which the sectors deformto¥nlarge the effective size of the

-overfloworifice. 11.

wherein a bottom surfacé o
surface of the or each helica

duct. 15

The feed

\

polyneric material. /45.

12.
any preceding claimin which a circunfegenti

duct or conduit adja erflow sfi
body of any precedi ng ¢l ai m wherein eac
14. The feed #nl et body of an

The feed inlet body of any preceding claim 10
wherein a crescent shaped passageway | eads int
each crescent shaped passageway having a di st

the or each helical duct,
end and a proximl end

g co-incident with a bottom
The feed inlet body of
§tp A+ &cprovi ded within the

cel. | 13. The feed inlet
duc g-tapered by 6-8[err]. 20
ecedi|ng de froma flexible
| et [bog any preceding claimin
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whi ch the sectors are nade fromfl exi ble polyners. 16. The feed inlet
body of ahy prleceding claimin 25 which the dianeter of the conduit is
greater than the diameter of the overflow orifice. 17. The feed inlet
body of any preceding claimin which a tapered rod or simlar is receivable
in the conduit -13- for altering the size of the overflow orifice,
particularly increasing the size of the orifice to clear any bl ockages of
the orifice. 18. The feed inlet body of any /pke/cagﬁi ng claimin 5

which material to be separated by the Hygrecycloné 13 fed axially into the
body and energes tangentially or with a 3w rling, i@aspi ral nmovenent

fromthe body. 19. The feed inlet bg dy/'r}f\ amw%i ng claimin
// RN 78
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—which the helical duct or ducts are circular and of 10 substantial ly
uni form cross-section throughout its o their |ength. 20. The feed
i nl et ‘body "of any one of clains 1 to 18 in which the duct or ducts are of a
rectangul ar cross- section, particularly having a height to width ratio of

15 1:2. 21. The feed inlet body of any preceding claimwherein an
exit orifice of the duct is at a larger radius than the inlet orifice of
t he duct. 22. A hydrocycl one separator body conprising an axial 20

feed inlet body in accordance with any one of the preceding clains. 23.
A hydrocycl one separator body conprising a hollow tapered form having an
inlet end and an apex end which is smaller than the inlet end, the body
bei ng fabricated from 25 a flexible polynmer, and being provided with an
inlet body. 24. A hydrocycl one separator body conprising a holl ow

i 251
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tapered form having an inlet end, and apex end and an interior surface, the
interior surface having forned therein e or nore circunferential grooves

or riffles. - 14 - 25. A hydrocycl one conprising a plurality of
hydrocycl one separator bodies and axial feed inlet bodies in accordance
wi th any one of the preceding clains. 26. The separator body of any

one of clains 22 to 25 5 further conprising an exterior circunferential
shoul der portion, the shoul der portion providing a surface for sealing

agai nst a peripheral shelf in a pressure vessel. 27. A hydrocycl one
axial feed inlet body substantially as hereinbefore described with
reference to 10 t he acconpanyi ng draw ngs. 28. A hydrocycl one

separator body substantially as

254 N o 256



her ei nbef ore described with referencelao t he acconpanyi ng draw ngs
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