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HYDROCYCLONE FOR SEPARATI NG INNISCI ND REMOVI NG SUSPE&S@%?ggEﬁg%
Technical Field This inventi mmmmmm %m a cycl one separator. It
relates nore particularly to a: hydrocyc on or separating immscible
fluids, e.g. oil and water, and 5renovi suspended solids, as well as a
met hod f or veassisosry out such separation. Background Art  PCT/CA98{043ayy oi |
production, it is comonplace for fluids produced at the well head to
contain in excess 10of 70 percent by volunme of water, as well as varying

amounts of suspended sgbj ﬁfc o GRIR e HARARGRer tvARdcpBoEess the oi | and
safely di spose of or I’eCéC e vvater! It 1S _necess separate these
conponents in an effici W@Mt cycl one
separators have been developed for this purpose. For instance, Thew et al.
U S Patent 5 017n§ 8,d gbes a cyclone separator for renovi ng oil from
wat er havi ng | cal section or involute follo pai r of
conver gi ng 20f unneFhéFapeYeBREPR oFR12TSR &7 12 |c§’9lé’t?§vé°’8pf"ﬁv§85h an-overfl ow
outl et at a chesgadeenflo®t phetiyhlarly cad =dutdmarycienee fole wat er travel s

down the funnel s u U. P 4
25separ at or f8FF gggggg ?}8&15.99%1&; }éy%?l_l&%l fefsegr e?thgtgggﬁgi;§:5r7a3??lsggl bes 2

i ncl udi n§ mat @ﬁmavsnef Sﬁéﬁeﬂﬁﬁﬁlo?ﬁ;%‘?ﬁe agprll A% AnME rotating
agitator as achkkfRhy BRBNSueh separatibgnrotational energy to the materials

bei ng processgd !It aI goAggpends on separate 30i njection of water and

separate cha g and
In heavy oil production, it is commonplace for

fluids produced at the well head to contain in excess

10 of 70 percent by volume of water, as well as varying
amounts of suspended solids. In order to transport and
process the oil and safely dispose of or recycle the
water, it is necessary to separate these components in
an efficient manner.

15 A variety of different cyclone separators have
been developed for this purpose. For instance, Thew et
al. U.S. Patent 5,017,288 describes a cyclone separator
for removing oil from water having a first cylindrical
section or involute followed by a pair of converging

20 funnel shaped sections. The 0il is removed through an
overflow outlet at a closed end of the cylindrical
section, while the water travels down the funnel shaped

sections.
Kuryluk U.S. Patent 5,564,574 describes a
25 separator for separating materials of different

specific gravities, including materials of non-uniform
size. That system employs a rotating agitator as a
primary means of imparting rotational energy to the
materials being processed. It also depends on separate
30 injection of water and separate chambers for mixing and
dilution.
It is the object of the present invention to
provide a hydrocyclone which provides improved
separation of oil and water, while also being capable

35 of removing solids.
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dilution. It is the object of the present invention to provide a hydrocyc

| one which provides inproved separation of oil and water, while al so
bei ng capabl e 350f renoving solids. -2 Disclosure of the Invention

An inportant aspect of this invention is the design of the involute, which
makes the hydrocyclone of this invention traditional hydrocyclones. The

i nvol ute 5™ 9%8@9ourse, the nost critical area of the hyo‘?‘%‘z%s@ﬂ@?
Firstly, the hydrocyclone of this inventjon has an involute that is
substantially | onger than that of conventional hydrocyclone. Secondly, it

uses a pl uralgite1@fsuradicgl knebahgBgedoheed i njection 10ports into the
I nvol ute. Thése are arrange

d_so tﬁa# al.l Eggaga%iggioﬁ tgetﬁgniscible
fluids, e g. oil A% RPEFAECREPECFnCEnE RV UEE HATchi § T he area of
hi ghest G fordeesignTied résulinvpduthe Wbimht makesftha hxdapcyelrmrmf ty phase

“hicr Lf YSVMfﬁk@Qh@e%&qObSt%é@%%@tha!h dirBcyBeohes M ofhe Shvelghd reverse
axial fluid plug

flow This Eakes gosng.e an exceg%lggglly cl ean
separatidn betie&f WETFS &G WESEr ST AREGFdPRgHYT one aspect of the
present i nvertydmayellaines t Fiastyyl ohbesbydracyrlenapPfsthgsa generally 20

cylindrical fjifsihdieht Ha @ iRvehute whhe aB sppstendianlyalshgsed end. A

general ly axial overflow outlet is ovided in,the clgsed d. I
opar atof | nCMATOSPRE ba SRS RRRY FY RFURRBAS el PR R ] ot 7

[nlec¥[oh ports in
the cylindri aaded iar stluypeltiitgn odr radieldve badpacedt feed258) 8SEEORNd t her eof .

A convefging 4 64, 3L¢Rd 1596108 Wi trheapeRrandsrhfigadi 8bl yhit ow
connected tothe open end of th c,Ilner%&% %é&ﬁégportlon a?dagéeferably a
n

conver gi ng t ey SFRARAT Porhi SReWHT6Fe axFaPry°tt oW Connect ed
to the taperathtsecort3GpEorin ahe Anfodutle ybichalibytbel andpiefl portion

preferably i aiald b fdpuaeonnegiedebaithe st Bhedsbangt gdnpett a0n.
axial low density phase which is very stable and is

15 essentially in the form of a straight reverse axial
fluid plug flow. This makes possible an exceptionally
clean separation between the oil and water.

Accordingly, one aspect of the present invention
relates to a cyclone separator comprising a generally

20 cylindrical first portion or involute with an open end
and a closed end. . A generally axial overflow outlet is
provided in the closed end. The separator includes at
least two radially balanced feed injection ports in the
cylindrical first portion or involute adjacent to

25 closed end thereof. A converging tapered second
section with open ends is axially flow connected to the
open end of the cylindrical first portion and
preferably a converging tapered third portion with open
ends is axially flow connected to the tapered second

30 portion. A fourth generally cylindrical portion
preferably is axially flow connected to the third
tapered portion.

An important part of the invention relates to the
number and arrangement of the feed injection ports.

35 These are located in the involute adjacent the closed
end thereof and are tangentially mounted so as to
provide a rapidly rotating vortex under low-shear
conditions. The importance of the injection ports has
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An inportant part of the invention relates to the nunber and arrangenment of ™
the feed injection ports. 35These are |ocated in the involute adjacent the

cl osed end thereof and are tangentially nmounted so as to provide a rapidly
rotating vortex under |ow shear conditions. The inportance of the injection
ports has - 3 - not previously been understood. For instance, in U S.

Pat ent 4, 72086894200 feed injection ports were used. |n UFST/GAIHE0H3
5,017,288, there is reference to the ahoye patent and there is also the
statenment "it was 5found that one inlet or nore than two inlets could be

used". This ingdicaglgs idhah BrehNuaatessosaw Nposi gisfakaancein ru tdhe nunber
of injection ports. Howeve It has

I now been found_ that S| a
plurality of tFEPY i e@d dfepoft’s FSSgt F‘lrel?e(\?\n;%%napiﬁsén‘g%ﬂ%ndg invol ute, a
superi or separkt @6 i Paachiteve@17P2B8i cthareyigoveferente stard®bt ai ned
when at |east fjoure radield wriphapeedibeatsbnipet soar gnehs aie weed. These

Mhetance St | S ¢ S QAGELEE TBERNCorncrBR “at S TPkt IFF opposi te
ports dependi ngsed" t heTlsii e rofi daltesi khekutbe inventdhs ospW Bkt ai |l ed studi es
of the flom’paéf&ﬂf@ﬁqéﬁcéM¥%'kgﬁnguhhék &@eﬂn9ébﬁi@ﬂep$£€Q.injECtiOD port
was used the |ow density core é%%} was. f or mgd N Eﬁgtzgl n‘ygiﬁl# e, exhibited a
general ly spiral or QT r e fgur REFBnICHr B Rk some nprovenent s
in the | ow densliyalirye atherhasso iojechieon bapbst togepber swikh ed used, but a
dramat i ¢, hmpr oy &R e A Q9K R AGR ShgN sh?lé%ib@j 86bh DAt PORt 55 WREIR: dhsedl.
arranged as two pajrs of 25di trical oppg ed rt enTQ Pgig@ced.
propul si on f or 2¥%t HeHA E e PO FTE |tﬁp¥5$e§ g?éﬁ?ﬁl ‘f’é of ?he resul ting
vort ex, reducefiotunriadicntlererigindeds feaddinfbahied pephsaareresdi ci ency.
These are arranged as pairs of diametrically opposite
ports so that, for instance, it is also possible to use
15 six or eight diametrically opposite ports depending on
the size of the involute.
Through detailed studies of the flow patterns, it
was found that when only one feed injection port was
used the low density core that was formed in the
20 involute exhibited a generally spiral or corkscrew
configuration. There were some improvements in the low
density core when two or three injection ports were
used, but a dramatic improvement took place when four
injection ports were used arranged as two pairs of
25 diametrically opposed ports. The balanced propulsion
forces generated provide improved stability of the
resulting vortex, reduced turbulent energy loss and
enhanced separation efficiency.
It will be appreciated that since the actual
30 separation of the immiscible fluids takes place by
discharging the low density core out through the axial
overflow outlet, there is great advantage in having the
low density core in the form of a straight axial core
with a sharp interface between it and the surrounding
35 higher density fluid. In this way the low density core
is able to pass through the overflow outlet while
entraining a minimum amount of surrounding high density
fluid. It is this superior separation that is obtained
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It wll be appreciated that since the actual 30separation of the immscible
fluids takes place by discharging the | ow density core out through the

axi al overflow outlet, there is great advantage in having the | ow density
core in the formof a straight axial core with a sharp interface between it
and the surroundi ng 35hi gher density fluid. In this way the | ow density
core is ablwoPY48345s t hrough the overfl ow outlet while entfFMHE4 ni ni num
amount of surrounding high density fluid, It is this superior separation
that is obtained - 4 - when using at |east four injection ports together

with the | Ong@ﬁelg l:‘x’é €t least! EoUCAY{RE ibBNgbRrEOtof&EneAURItH € 1S
easily determ ne en the concept is understood. An 5experinental unit may
be used havi ngh8 1PBFRPaIBIRIYGRol ute. A dye is added to the fluid nmixture

with the result thzhe theqsipat dtesdytovier dénsiitnyopmasei@aﬁa%blbbser ved
wi thin the hi gher densityndbass ddnddift iiVahdkestso00 akort, the axial

| ower density core 10does nof formin'the invqlute. On the other hand, when
the invoPut e AEBCEURERER bR edifth Rheised HAVPo%er HERRPPS TdF e can be .
clearly obseryadonsta. cox edextindidied e Itdegtfiudfl mhstineovitle thel passing

through the axiglpvepil WMhOUdelradefachicl Bankecy buablctatasdure of this
e

I nvention, the size of the axial overftl (a/é out | et maé be ¥ag%ed. This can be
achi eved by pPBEfaVeg WitkiRpihe derhat idensdddcPRAPSn with*Phe overfl ow
outl et havi ngiavplutal isyced shoft ceasheofaxpradgrliewsirvdepsshul ¢e¥edi anet er

than the,200VELLLONEUELER 5T e RAADLA JEMRR! CHBY oBBeBONERS URfer hat any

sel ected one 0 he plurality of _orifices may be_ axiall |igned with the
over f| ow out | Ehe involutpkasy gufin ey f%?@%&’@nﬁf&ﬁ%r?@é Ta plurality
of orifices ofieflbiter eatedianeberslearly pieesveld els asc28aovabl y nount ed on
the end of thg Eéh&ﬁ]ﬂﬁi Eﬁé {4£8tn PO 10 5 RIQhRIARM, phBESngl ate is
rot at ably mount €d such that Tt-can be actuat ed by a powered assenbly.
through the axial overflow outlet.
15 According to a further feature of this invention,
the size of the axial overflow outlet may be varied.
This can be achieved by providing a movable member in
agssociation with the overflow outlet having a plurality
of orifices of progressively smaller diameter than the
20 overflow outlet. This movable member may be moved such
that any selected one of the plurality of orifices may
be axially aligned with the overflow outlet.
This multiple orifice system comprises a plurality
of orifices of different diameters in a plate which is
25 movably mounted on the end of the cylindrical first
portion. Preferably, this plate is rotatably mounted
such that it can be actuated by a powered assembly.
This adjustable overflow outlet has important
advantages in commercial operations. Thus, the fluids
30 being separated may be quite variable in
concentrations. For instance, it may change from oil
content of 10% to an oil content of 20%. The only way
that the system can adapt for this is to increase the
size of the overflow outlet. Otherwise, much of the
35 o0il remains with the water. With the variable size
overflow outlet of the invention, this outlet size can
be adjusted either manually or automatically based on

the composition of the fluids being separated.



Thi s adj ustable overflow outl et has inportant advantages in comerci al
operations. Thus, the fluids 30being separated nay be quite variable in
concentrations. For instance, it may change fromoil content of 10%to an
oil content of 20% The only way that the system can adapt for this is to
i ncrease the size of the overflow outlet. O herw se, nuch of the 350il
remains wi WOMM84Rat er. Wth the variable size overfl ow out$%tA%B0M R e
invention, this outlet size can be adj usfi’f ed either manually or

aut omat i caIIy based on the conposition o the fluids being separated. - 5
- Because of eté;%s\ée'&f ehbl Ge te;s%@aaahtoge@&ramlscwl e fluids that
i's possible accor to th| s 1 nvention, ?’s ca abclhenoftgs&l n a great
vari ety of sﬂt“lﬁ‘&ﬁcdﬁg Fhudds £has &ipEBIsElB \ViRals) el |
5quantities Qfmmrit;lcm g.itl itso c2abileomfnaser lané greps 'aﬁreetno &fepar at e

very difficulg; 4 {0 Xtrghes. 1I,E_o sl @gbggqg ot rERYvREg US&Ly t émKIpar ate oi |
whi ch is enmulsi vm th very smal ropI gr‘ si_.zes angeﬁ amil SO separ at ed
I 5

fluids Havi nglltfé‘f@tﬂﬁ%jpfff &ldncés gof 1a£01 61 t fFB™a¥? 155, *Decause
such a st abl eaﬂwvuifrﬁga)tam@r erelrsy daffedudict Fluhd hydrorgs} orOBf t hi s

nvention, ity £ | N4 HhPld YaciRY Bebhgatel buldwmishuie of knoun
conposition in a pi el ine ILn a rem)t I cat i,on. gar ati og effi& enci es
have been as SfiFiddetsgdgh very s Oﬁﬂrfﬁuglf gt aPgd 875t e present

invention is sefnopeidtl g e arsr iy deﬂm\tlynglﬁéatreogbat efnagserial in the

feed styeam | o S1d SAFEYRP! | % by, - haRrgdishgnt Bestadithigeneral |y
cylindrrcal po I'on as a pair Z0r adi al lﬁyeb?sr'g ned ubes }?"Eh an axial gap

t her ebet ween. SemFXEYFHPTS 4 ftq}’r“f?del’fﬂt@sé" OSEfF PREuBul alrusportl on
providing an ﬁwutttaroril aw chwarier iceweddiedd foor sephzehangeactilued. Because

of the centrifugal v‘\% Jﬁtfl% t;hy QE?, vbgllhylecyhl adféﬁgie portion,
t he 25denser pa |cuI erl travellln e outer of t he
cylindrical pﬁ?‘?i‘wrbass%@ac’?ﬁ'%h ahfe &s\/vg‘@g' ngfluﬁgsha% Thto the
annul aryshanbegst o be di scharged thr ough the discharge outlet. The water in
the cylindrical p%é%]ﬁ%(ﬂg £ LN, AP JHThe! Pr@4ght invention is
a cooperating means for removing particulate material
in the feed stream. This is accomplished by arranging
the fourth generally cylindrical portion as a pair of
20 radially aligned tubes with an axial gap therebetween.
This gap is in turn enclosed by an outer tubular
portion providing an annular flow chamber connected to
a discharge outlet. Because of the centrifugal forces
within the fourth generally cylindrical portion, the
25 denser particulate material travelling along the outer
wall of the cylindrical portion passes through the gap
between the tubes and into the annular chamber to be
discharged through the discharge outlet. The water in
the cylindrical portion does not tend to pass through
30 the gap but instead continues on down through the
second tubular portion for discharge.
Brief Description of the Drawings _
A presently preferred embodiment of the cyclone

separator of the present invention will now be
35 described in conjunction with the accompanying
drawings, in which:
Fig. 1 is an elevational view, partly in cross

- gection of a separator according to the invention;



30t he gap but instead continues on down through the second tubul ar portion
for discharge. Brief Description of the Draw ngs A presently
preferred enbodi nent of the cyclone separator of the present invention wll
now be 35described in conjunction with the acconpanying draw ngs, in which:
Fig. 1is ional view, partly in cross section of t

accordi ng ?goﬁhsﬁﬁ%ventlon - 6 - Fig. 2 is an en|ar38§E%§@@¥§% of

t he enmbodi nent of Fig. 1; Fig. 3 Lsgan end elevation of an orifice
plate; Fig. 4 is a partial sectional view of an orifice 5plate; Fig. 5
I's an end el evati oRigf 2héschnsedlangedfpetteidrydrfodyied awdgodimentFio. 6 1S
an el evati onal; &lew in cross section showing the cylindrical first portion;
and 10Fig. 7 is an eIevatlonaI View in cross section show ng an outer
casing and water j5tRet3at@cABl §RdREATVALIIL ForreaTifiing e I nvention
As seen in Figs. 1Fagd 2,ishe paﬂtbaycéenmnqnakﬁnﬂqm(ﬁftdnadnifdw@ion

i ncl udes a ge§§5§gly 15cyI|ndr|caI first portion or involute 10, a first
tapered section 11 aX|aIIy aligned with the involute 10, a seco% t aper ed
section 12 axial | yFa®i gﬁe%lsv\ﬂlhe%‘écﬂ%‘ﬁatllic’%rﬁﬁ Fhshegeh&%eri3 axial l y
aligned with tapehgdrsegtionel?2. Connected to the end of tubul ar 20barrel
13 is a water collg ?&' og fubgnl }evatloxﬁ@ + iﬂecé'&:;é nddides, a body

portion 15 mnth a_cldsed end wa An orifice 17 is_located axially
showing the cylindrical first portion; and

10 Fig. 7 is an elevational view in cross section
showing an outer casing and water jacket assembly.
Best Modeg for Carrying Out the Invention

As seen in Figs. 1 and 2, the hydrocyclone

assembly of the invention includes a generally

15 cylindrical first portion or involute 10, a first
tapered section 11 axially aligned with the involute
10, a second tapered section 12 axially aligned with
section 11 and a tubular barrel 13 axially aligned with
tapered section 12. Connected to the end of tubular

20 barrel 13 is a water collection tube 14.

The involute 10 includes a body portion 15 with a
closed end wall 16. An orifice 17 is located axially
in the end wall 16. The involute section 10 also
includes a plurality (preferably at least four) feed

25 injection ports 25 which are tangentially mounted and
equally spaced around the circumference thereof.

When a feedstock containing oil and water is fed
through inlet 24 and injection ports 25, a rapidly
rotating vortex is formed under low-shear conditions.

30 The centrifugal forces generated by the vortex act
differently on the denser (water) phase and the less-
dense (0il) phase such that the oil phase is displaced
toward the central axis of the cyclone and forms a
reverse flow towards the overflow orifice 17. Because

35 it has been found advantageous to be able to adjust the
size of the orifice 17 depending on the nature of the
feedstock to optimize separation, a further feature of
the present invention is a system for adjusting the



in the end wall 16. The involute section 10 also includes a plurality
(preferably at least four) feed 25injection ports 25 which are tangentially
nmount ed and equal |y spaced around the circunference thereof. Wen a
feedstock containing oil and water is fed through inlet 24 and injection
ports 25, a rapidly rotating vortex is formed under |ow shear conditions.
30The cent W@ BP4% or ces generated by the vortex act diff & IRASUMP ¢ he
denser (water) phase and the |ess-dense foil) -phase such that the oil phase
is displaced toward the central axis of the cyclone and forns a reverse

flow towards {pg.overd | oM rdd iscj.eze]-? Tﬁ@@aﬂ.ﬁeagébﬁlpt\%h@@eﬁyﬁﬁéﬁ}%
advant ageous t%) be able to a si ze of the or|f| pend| ng on

the nature of°thd ¥Rtk B téapﬁs e(fé §8R¥PatoR193 r??l feature of
the present ihnareindgon pbixalsitst arf mifadtjeaspifnélﬁﬁ@rent 7SlZ%f193ct ive

SL l) :‘Nln ClenSIF IZSST}T{';J.; 59%&4@01;]63"8%1:{ &Jbe%%t@aaestﬁéramaﬁaamplgr%;?te 1t8 (as
an avin a ces rent size
19. Thi s>pl at’ée"i%sc% %é’?"fﬁ%gﬁ&'ﬁlzt%héﬁl néﬁﬂl?ﬂe i"?)JFt’By d#?é % power
unit 20 via dpower shedis, 2iny Belidvitedponer ofiedhs, cuhfises et? eth one of the
orifices 19 ip ¢t apdblMatey LG Ib%obl@;%gnhtbngﬁlaxlﬁl Lyighh&rrent with

orifice 17tot£$areb effeC|veI chg) tf dlage %of the orifice 17.
10The first t%p 5 568y VHoYt FBA"SS &¢Few connect ed
to the body pdramemﬁfpf)fthéearrﬁn@iajtlg 10. Surrounding these is an outer

wal | 27, phrough whipgh £hesd Nl fleredh RRI28Sn2NE LACMIEES éSbG&)ﬁneCt ed a

flange 15p|at§ogglon §§tg¥¥g$xggﬂﬁgéé§% %Isghgagogyf£899 Rl

the involute 10. Surrounding these is an outer wall 27
through which the
inlet 24 passes and to which is connected a flange

15 plate 28. The body portion 29 also has a flange plate
30 which is connected to flange plate 28.

The second tapered section 12 is screw connected
to the body portion 29 of the first tapered section 11
and this in turn is connected to the water barrel or

20 tube 13 by means of connector assembly 31.

At the downstream end of barrel 13 is a further
assembly for separating solid particles from the water
being carried down barrel 13. This includes a water
collection tube 14 which is axially spaced from the end

25 of barrel 13 by a gap 33 as best seen in Fig. 7. The
barrel 13 and tube 14 are held in this spaced
relationship by means of an outer tube 34, a
T-assembly 36 and connector flanges 35, 37 and 38.
This arrangement provides an annular chamber 39

30 surrounding the gap 33 and surrounding tube 13. Since
the density of the solids is greater than that of
water, the solids tend to migrate to the outer edges of
the vortex flow in barrel 13 so that when they reach
the gap 33, the particles tend to pass through the gap

35 and into the annular chamber 39 while the bulk of the

water continues to flow into the water collection



30 which is connected to flange plate 28. The second tapered section
12 Is screw connected to the body portion 29 of the first tapered section
11 and this in turn is connected to the water barrel or 20tube 13 by neans
of connector assenbly 31. At the downstream end of barrel 13 is a

further assenblé/l for separating solid particles fromthe water bei nq%
carried dowWV®a¥#8#2 13 This includes a water collection tuHe/eW3RA%h is

axi ally spaced fromthe end 250f barrel_13 by a gap 33 as best seen in Fig.
7. The barrel 13 and tube 14 are held in this spaced relationship by neans

of an outer tubgpadha Ji@sSedl613GAndigeneecteerbhiangesusher A0 and 38.
Thi s arrangenent protyi des_an annul ar_.c %réb%rn 39.%0%% gpdiesr;]gtﬁlheue%gp 33
and surroundi niP® UBRFAR: IR ST REFETETTy 35F PAE SOFTHRTIRS gHEaT S t han

that of water,ouhkesot7ds tend to mgrate to the outer edges of the vortex

flow in barrel 13 sgcthatpydieibiday reachdehengapeddratiénpeyticles tend to
pass through the lgar[i) 3 ang]mi nt o, t he .annul ar cha er 39 ghillréadtchen ul k of
the wat er>cont PFRAESY o1 ot FHY (R R LECESErE et FBRECSY g SN 14, with
t he solids beitige colseasitty adf dilid eti4@ndTHiacwereingf sepavdtienticl es and

gi ! 5ﬂi schargeseﬁg_{@y&gewt |43 & hhedd dagx %ﬁgﬁbﬁ@a@a Bphassks tdE Separat | on
y 5heating the |jquids. being processed, ther reduci ng. the viscosity o
the oil and i %?%%gﬁ’%gji‘gf)%tr gﬁ‘?’ﬁ?{a fsx?yl c?lué:ﬁgy.S%‘F#'sg%éa#aglé%gbaexprovi ded by
means of a heainbetjpoket4? camedrbyownitedr polxgl K34fornheahgngn inl et port 42
and an oyplet porhids. f ofhdeddintt Jdlin @Hdsr The dawast spamend of the

outer shell 41 is connected to a flange 44, which in turn gopnects to a
fl ange 45 whi cRORRFTEST he o%tglraré?ﬁlng‘f' t"%’é“iﬁatl@r C¥ER EREPBRTT ube A4,
flange 45 which holds the outer end of the water
collection tube 14.
A hydrocyclone was constructed as shown in the
15 above drawings. The involute 10 had a length of 4.0 cm
and an interior diameter of 4.0 cm. The first tapered
section 11 was 5.7 cm long with a large diameter of 2.0
cm. The second tapered section 12 had a length of 38.8
cm, with a large diameter of 2.0 cm and a small end |
20 diameter of 1.0 cm.
Example 1
The above hydrocyclone was used at a heavy oil
production site to separate a well head stream (from
horizontal well production) containing 20-25% by volume
25 of oil in water. The hydrocyclone product stream
(overflow) contained as much as 85% oil, while the oil
content in the water stream (underflow) contained as
little as 150 ppm oil. The feed flowrate varied
between 35 and 50 L/min depending on pressure settings.
30 It was found that higher feed temperatures improved
separation, with a temperature of at least 40°C being
preferred. In comparison, a corresponding gravity
separation, such as Free Water Knockout, requires a
temperature in the ordexr of 50-75°C.
35 Example 2
A further test was conducted using as feed a high-
water-cut production fluid containing about 2-3% by

volume of oil in brine. This was separated into a



A hydrocycl one was constructed as shown in the 15 above draw ngs. The
involute 10 had a length of 4.0 cmand an interior dianmeter of 4.0 cm The
first tapered section 11 was 5.7 cmlong with a |large dianmeter of 2.0 cm
The second tapered section 12 had a length of 38.8 cm with a large
diameter of 2.0 cmand a snmall end 20di aneter of 1.0 cm Exanple 1

The above hyer98#$s#tone was used at a heavy oil production FCTEABOUEar at e
a well head stream (from horizontal well _production) containing 20-25% by
vol une 25of oil in water. The hydr ocycl'oﬁe'pr oduct stream (-overfl ow)

cont ai ned as a % q i i ind ddrandrad &hast r eam
(under fl ow) cgﬁ'%gpngaggsé) ?F%tef}ghz(i{slﬁ%%%ﬂ% oi&%?% féjed flowate varied
bet ween 35 andOQOPE}“nPFrldéﬁénapnalﬁﬁrb?}gﬁ'iﬁ’%atge PY$OSEC0It was found t hat
hi gher feed teupeaahingssi-eprovell, séppeading, omithe soiknperature of at

| east 40C bel MY ReakeLtedy b EQEPALLION. The CRELESPRNUNG Oravi Ly

separation, suc ree nockout, requires tepperature in the
order of %0- 73€Mrespkyxg £260-65°C %n‘FuFPﬁeYn‘?%Eff%sg%oﬂﬁﬁﬁeed:a&sﬁ ng as
feed a hi ghwater-ied fpoadustibor bEutHecHaedi natg. about 2-3% by vol une of
oil in brine. This was separated into a WD 98/48942PCT/ CA98/ 00403 - 9 -

cl ean water stream (underflow) containing no nore than 100 ppmoil and an
oil-rich stream (overflow) containing 5-20t oil, depending on the oil
concentration of the feed. The feed was at a 5Stenperature of 60-65C and the
underf | ow di scharge rate

=



varied from95-99% of the feed rate. - 10 - Cainms: 1. A cyclone
separator for separating inmscible fluids conprising a generally
cylindrical first portion or involute with an open end and a cl osed end, a
5generally axial overflow outlet in said closed end, at least four radially
bal anced feed injection ports in said cylindrical flrst portlon adj acent
the cl osed gﬁ(fs’t‘#?é?eof at | east one converging tapered poffFGA? W‘Jﬂﬁ’ open
ends axially f1 ow connected to the open,end of- the 10cylindrical first
portion, and a generally cylindrical discharge portion axially flow
connected to sahdmkapered portion wherein the conbination of the nmultiple
injection ports and the. length o i ndric first onh’on or involute
bei ng adapt ed*to c¥ﬁ}?§esiﬁﬁﬁrﬁ%?ﬁfé?% %ﬁqigi%ﬁﬂ% ﬁmpﬁgcﬁ éSIute into a
strai ght revef3vidsgi apmprosing a dJeswaraldansivilyingiwicelwiftilish potbi@ard fl ow
of hi gher dengitynpPbds€e with Zin %ﬁe%p%rr@t %da%cwl@lﬂsea taad ai m 1 wher ein

the injection ports.are_tangenti d.to e a 20r
rotating vortggnﬁﬁaéi I%ﬁ%%ﬂéﬁﬁeégﬁﬁgtﬂﬁg%gi Sﬂl eﬁgPEFSreg glng to
C aim 2 wher eu‘laashefomrex:admml.horhaslaalcedarfrwqige@mentdpamprtgahny opposed

pairs. 4. A §§@éré§9{n§££éﬁfhfmk§ﬂ3dgﬁ%ﬂghlad%agknﬁ whieCki1d3akackHdes a
conver gi ng taggred econ ortion with en ends aX|aIIéEflom/cggnected to

the open end GPCFRABTcyRf ntr3ThloHs (<G0Y ﬁFP@htgﬁﬁrg FgPnY*taper ed
third porti onopethengenaxialklyaxilaw cdrninewtedntectbe bpesaieddt afekbd second

portion,g305. c@lgﬂﬁ£9@§lSf%%ﬁ@uégréfﬁh.S%%@r%tb@%ehgﬁﬂ§cb h@nﬁkgbgi

conprising a geneyall indrical firs ortlon I nvo w th an open
engpand agclogéﬁcgﬂﬁggapéﬁ TR 3K A Y| g&FIEP PR* gald closedpend

a noveabl e nenbperaéspcrei@m,vwhdremn(thd<mamb1@aa1havpﬁgtha plurality of
ori 11 ces of PrAGEESSLVEhye Bl ol AWILTHNARARS G¢ekheow outlet,  said
noveabl e nmenb
cyllndrlcal first portion or involute being adapted to
15 fully separate the fluids within the involute into a
straight reverse axial f£low of a lower density phase

within a forward flow of higher density phase.

2. A separator according to Claim 1 wherein the
injection ports are tangentially mounted to provide a

20 rapidly rotating vortex under low-shear conditions.

3. A separator according to Claim 2 wherein the
injection ports are arranged in diametrically opposed

pairs.
4. A separator according to Claim 1, 2 or 3 which
25 includes a converging tapered second portion with open

ends axially flow connected to the open end of the
cylindrical first portion and a convergihg tapered
third portion with open ends axially flow connected to
said tapered second portion.

30 5. A cyclone separator for separating immiscible
fluids comprising a generally cylindrical first portion
or involute with an open end and a closed end, a
generally axial overflow outlet in said closed end, a

moveable member associated with said closed end having

THIS SHEET HAS BEEN
| REPLACED




bei ng noveabl e such that any sel ected one of said plurality of orifices is
axially aligned with said 5overflow outlet, at |least two radially bal anced
feed injection ports in said cylindrical first portion adjacent the cl osed
end thereof, a converging tapered second portion with open ends axially

fl ow connected to the open end of the cylindrical first pogtion
10convergi n‘§°t9§(fﬁ§|"7ed third portion with open ends axially l%‘%%@ﬁ%’ﬁﬂ%ct ed to

sai d tapered second portion and a fourth generally cylindrical portion
axially flow connected to said tapered third portion. 6. A separator
accordi ng to @ g1wrhlatyboshereiticebeot Shooytds gandnaldmalagki ndri cal

portion conpri ai f dj i?QLeﬂ uhes: i p bet ween,
sai d gap bei nd%%?lﬂglzéggegg’ﬁ% ghgoht@%%}f%g‘]ﬁu ar %’r F‘%S)lrém%ﬁ &q% m%ﬂsgﬁnul ar
f 1 ow chanber ng gioyehklgeseahl Ehahsapk R RFWVRS (PR #3381 ar chanber

wher eby 20 s@liiudapdili elfesred@iteedisnanidl il ifreebmitthasealibdi ng t hr ough
sai d fourth generall | ndri cal i rQug id gap and
di schar geg out [BF Lok %’.Ylt,&egépérgag' ggggcg‘g? g’f%%{?ﬁ(%%%fﬁq%g%%ngfglan sai d
plurality of dmieictdenapergsotndeaifincyl prdxicabifizai Porsiddint ed on the
end of said cydjadentakhkl e3bspar eh@ntheBeof, S€prtadgiagC aagergdt o Cl aim 7
wherein the plate is r ted p e S ' ) aLQr
according to A5 pg(r%ttgoﬁhiwg)éhi %ﬁ?{}dgrsls%n ouf %lry cfalﬁvﬁé: 8%%19%8 ggheati ng
chamber 30sur tdéndipeq end efckbrecylindricadt HoFt Goxdeara®i ng a mixture
immi sci bl fl Wdhvedlyidiyl taber@ddensi8i poxt LONPHItH Rpdreedidag axandly xt ure
into a cycl one sepal Ao QTR 9Lhg B 9enekalldond phieisyldti cal first
portion or in (;1ute W Th an open end and a c o'sedd nd, "a general |y axi al
overfl ow out | dlounths giegegipddad c¥AdndgicabaRer iR FEE Y UM anced feed

i njection portsprinectaidd tey lshAdr kapbrbar ship@rpddition.

6. A separator according to Claim 1 or 5 wherein the

15 fourth generally cylindrical portion comprises a pair
of radially aligned tubes with a gap therebetween, said
gap being enclosed by an outer tubular portion
providing an annular flow chamber and a discharge
outlet associated with said annular chamber whereby

20 solid particles carried in a liquid stream travelling
through said fourth generally cylindrical portion are
removed through said gap and discharge outlet.

7. A éeparator according to Claim 6 wherein said
plurality of orifices are provided in a plate rotatably
25 mounted on the end of said cylindrical first portiom.

8. A separator according to Claim 7 wherein the plate

is rotated by powered assembly.

9. A separator according to Claim 1 or 5 which
includes an outer casing forming a heating chamber

30 surrounding the cyclone.
10. A method for separating a mixture immiscible

fluids of differing densities, comprising feeding said

mixture into a cyclone separator comprising a generally

THIS SHEET Hag BEEN
REPLACE/»



S5adj acent the closed end thereof, at |east one converging tapered portion
with open ends axially flow connected to the open end of the cylindrical
, and a generally cylindrical discharge portion axially flow

first portion
connected to

said tapered portion, the 10m xture being fed into the

cylindrical_fi ortion or involute whereby the fluids o I ffering
densities §¥83&§%@Pmﬁthin the involute into a straight revEFggAg%Pgﬂ flow
of a lower density phase and a forward f{pw of-a higher density phase,

| ower density 15phase through the axial overflow outlet and

renovi ng the

renovi ng the bighadrdeasi fyrphasertvough imeoyte neirdicain dipeahange.

nmet hod accord
m Xture of oi

m xture cont aPR3duplesedoendi |at 13eant nEPWo drarkicoy

the m xture ¢
5

10

15

20

11. A

PR 8o ae e Sin T SRleiR R DA el T e Al O e

eAtathsoabpottd- 20 @41d cylindrical first portion
adjacent the closed end thereof, at least one
converging tapered portion with open ends axially flow
connected to the open end of the cylindrical first
portion, and a generally cylindrical discharge portion
axially flow connected to said tapered portion, the
mixture being fed into the cylindrical first portion or
involute whereby the fluids of differing densities
separate within the involute into a straight reverse
axial flow of a lower density phase and a forward flow
of a higher density phase, removing the lower density
phase through the axial overflow outlet and removing
the higher density phase through the cylindrical
discharge.

11. A method according to Claim 10 wherein the mixture

of immiscible fluids is a mixture of oil and water.

12. A method according to Claim 11 wherein the mixture

contains up to 30% oil.

13. A method according to Claim 11 wherein the mixture

contains about 1-2% oil.

mplegcgdaiffedl wherein
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