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- 1 - CYCLONE SEPARATOR United States Patent 4237006 (Col man et al)
descri bes-a cycl one separator having a separating chanber having first,
second and third contiguous cylindrical.portjans arranged in that order
the first cylindrical portion being o It ter than the second
cylindrical portion and the third cyléﬁ%#ﬁ@aggmghﬁﬂ?n bei ng of | esser
. diameter than the second cylindrical portion, the first cylindrical portion

“having an overflow oyhi@ld gtaddiepdct NEI7R06 QRRAS € {0 %é‘ééjc %%OJ‘Q clone ©
cylindrical portion and a plurality of tangentl ally directed Iyets
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:fn use energing #ersg%gt‘ﬁ%%ogg}rf I ogv %‘utlg O%B (Eiﬁ nggi 1 Piéro%\l\gg& dﬂtrﬁc"Q
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fruly cylindri CadppokPed *l% §§{I§%elf$}ﬁi I 144021 Bb AR ald aal:lu:%?gf-‘f c{fot o the

present a side surface ch is linear 1n cross-section and
Xi s thereof. F’éﬂfnﬁe}%éiﬁillﬁ digeicted feedtindepa; &he sEP3ITELE ae%r@r apapted to
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%ectlon adj acent the second cylindrical portion and which provides a taper
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brovi ded to 'causﬁ-om sajt i pex |dy11:km-1daarmtz~e£omf t he second cylindrical =~ -
portion froma | argest dianeter of the second cylindrical portion to the

gli anet er
The above separator is intended specifically, but not

exclusively;.for separating oil Erom water, the oi{l in use emerging
from the overflow outlet and the water from said third cylindrical

portion.

The aforementioned cylindrical portions may not be truly

cylindrical, in the sense that they do not need in all cases to

present a side surface which is linear in cross-sectlon and parallel

to the axis thereof. For example, United States Paten; 4237006

P o describes arrangements wherein the first cylindricai portion has a
frustocbnical sectioﬁ adjacent the second cylindrical portion and
which provides a taper between the largest diameter of the first
cylindrical portion and the diameter of the second cylindricél
portion-whete this meets the first cylindrical portion. Likewise,

the aforementioned patent specification describes arrangements

wherein a similar section of frustoconical form is provided to cause
a tapering in the diameter of the second cylindrical portion from a
largest diameter of the second cylindrical portion to the diameter
of the third cylindrical portion. There is also described an

arrangement wherein the second cylindrical portion exhibits a



of the third cylindrical”portion. There is al so.described an arrangenent
wherei,n the second cylindrical portion exhibits a -2- constant taper
over its whole length. A difficulty has been found in operating cycl one
separators of the kind described in United=-Rates Patent 4237006 in that
proper and rel i abtustaapahapeir- myeacttisonhole denrdl.nways achi eved, ‘and

contam nation of the heavier liquid conponent (that energing fromthe

af orignentioned third cylindrical portion of the separator?l with the lighter
liquid conponent sondtfhddcptiouPas begptfaundgls PPeAtiye (fyslens seprptornet

outlet for the |tighkend cegpeRal iMiUnkicéd SYdEEY PYe LRCOPITO0b OGKRHa DHrdpbF i S,
thus interferri ng cW'I_tg Qﬁerati on ff t he segar ator, This invention is based
on the observati 8% CRAFEHSr SRR M ACHIPR 4P 9% BFvaysc3chigned s8R at or of

the type descri beehtiemity8 ihp3q0@Be iteavtemddesisiarymionept vhate eaecgingat rom
resistance to flgyy %oééhf‘enlé@&féaf kﬁﬂaotéf:iﬁhr%af pﬁr&%g@ltcgﬂg-s%g‘??éme@{éhon

provi des a cycl one separator for treatfng a m xture. quil 0 Separate
a nore ‘dense conplmdhghtferobicnif eepmpgaente seuetioresnecqurey edhotheai di fdontes or

having a separat pis GRai®ac CHPbLSIRIebL ehk: LISREAN LoRPshenli & 1 1CPRIJuIHPIP
portions of circular cross-section and having an overilow outlet for the

| ess dense conpoh@ffmeaplagked hyqdefrisy cthus, tatesberrisg vihperenatdpm t9fetiecond
portion and an ugéparhtew outl et for the nore dense conponent at the end of
the third portion renote fromthe second portion, the dianeter of the
separator decreasing fromthe first portion to the second portion and from
tihe second portion t @hishdnvémtridnpls tbased onhehd iobsérvaotén ahar dopreffiirfemn

iinl et chanber wifh ragljt i al jrected f '
ot mate o sai Peasert o 4 PeTond FRRNCR of b BRs faucEPthd Bh S 21006
ole of its | en§ﬁ|1§ pecessary to provide a certain resistance to flow at the

underflow outlet of the separator.

The invention provides a cyclone separator for treating a
mixture. of liquids-to separate a mor; dense component from a less
dense component théreof, said separator having a separator chamber
comprising first, second and third contiguous portions of circular
cross—section and having an overflow outlet for the less dense
component at the end of the first portion remote from the second
portion and an underflow outlet for the more dense component at the
end of the third portion remote from the second ﬁortion, the
diameter of the separator decreasing from the first portion to the
~r . . second portion and from the second portion to the third portion, the
 first portion comprising an inlet chamber with a plurality of
tangentially directed- feed inléts.proximate'to said overflow outlet,
the second portion tapering over the whole of its length, and the
underflow_ou:let-being a;ranged to pfovide a resistance to flow
therethrough from the third portion such that the flod through the
underflow outlet expressed as a ﬁercentage%%:cioo, where.f1
represents the restricted flow through the tinderflow outlet and f2
represents the flow from the outlet of the third portion in the
_absence of any restriction to flow in the underflow outlet, lies
within the range of from 10 to 93%.




underfl ow outl et being arranged to provide ‘a resistahce to flow

theret hrough fromthe third portion such that the flow through the

underfl ow outl et expressed as a percent Qgé [err] 100, where f[err]
represents the restricted flow through the underflow outlet and f[err]
represents the fhreefdtam the hatf laglef tletliehiseconaopsitaBni Iidshen alieence of
any restrict i.one tQ EI ow 'Pn cthz,underf | ow outlet, lies within the range of
from10 to 93% 4 I3 ef'&r bly the half angle of the second porti o/
lies in the randgtheoafdnegni®Fesistahce Tire fAb0maghbe cichibevest, afime ekamdlleqw nmaybe
achi eved, f ﬁ)@m b 2Nl 1 h Pk t4 f tricted.di ameter
conpared w '([% g he Ohﬁ eat Y%‘P%ﬁet’%‘tﬁgy a?E;]gHﬁ“ rcgg‘é)gritg ‘F%%rsé‘gﬁlatrhgtﬁt he ratio
of the nini thfh Htdpetdangter 96 fhruthirdherrtion sech mbatdithaeratioodf tthe third

portion at ingifiimid UCimet@¥PSELTREATLR PRRALLEAN B0 Ui SRt dfenkaERq0f from
33 1/3 to 80% PreferabIX said ratio ljes in the range of 33 1/3 to 66

2/ 3% - The f8AFHIPHAF t1t6nOWEARtmaSHPTES PR @5 a3jPELERRtaRRe LIRF iR SBRtTa88%whi ch
exhibits a dEcfuasBlgl/0 ao80X. cHrefigrally ssidgrhrimndyed Hamtid@ahge od porti on
to an outlet33ap)'gtt§rg6 3t 3;‘:he end of the part ‘renote fromthe said third
portion. Thé fourt portll oh may al so-include an outlet pipe extending from
the said outlet aperture. Said part of the fourth portion may be of

general ly frust N} C lsqur at. V] ' d ' t the
junction with sgil(ﬁg %ﬁ?‘]rtg g{)gttilggn&é’ng%%%a#%og?@h%t g}rlﬁ‘oyf g?'fi"’rel_c’t"hi rd
portion at haeh jexhtbitgnadrsraasing dismegenrdosg ike. lengshesway, fsem dhpart of

fourth -port i@frdp¥cerd Rbtalblelet QpaFursUsh th8 HRVHAENR pire r¥fdde Whi ch
exhibits a gurvat ure such that, when viewed in cross-sectjon, the angle

which a tand&fP ths s Shird RAFFiqRak cEhenf PUrtheBRREioR (BaY; AtSOERClude fRe /|
fourth porticaldrepope sext efidlnRCEidh ithe (d32ddéutact i sperewdd Sama bhfr of

the fourth portion may be of generally frustoconical configuration \
having a maximum d5 adjacent the junction with said third portion
and equal to the diameter of the third portion at that junction and
2 minimum diameter d,. _However, said part of fourth portion may
exhibit other forms, such as having a side wall which exhibits a
curvature such that, when viewed in cross-section, the angle which a
tangent to the side wall makes with respect to the axis of the
fourth portion becomes less acute in the direction away from the

" junction between the third portion and said fourth portion, or where
such angle becomes more acute in the last-mentioned direction. The
outlet pipe may be of cylindrical form having a diameter d, which is

substantially constant. v/

Preferably,'the half angle or angle of the rnteriof surface of
said part of said fourth portion as measured to the axis of the
fourth portion may be 45°, where said part is of frustoconical form.
Generally speaking, too, even where the-fo:m'of the wall of said
part of the fourth portion varies from frustoconical, the fourth
portion éay be approximately as long as It7is in diameter at its
maximum diameter end. The length of said part of the fourth portion
should-be'arrange& s0 as to cause a decrease in diameter from the



{s
knctlon between the thitd portion and said fourth portion, or where such
gl e becones nore acute in the |last-nmentioned direction. The outlet pipe
y be of cylindrical form having.a di ameter dierr] which is substantlally
nstant. Pref e ghlyuert ekt A0S cRE AngL# 9; d L eRLG asurlans el
Id part of said Tourt I on as nmeasured to The "axi hé Yourth
rtion may be 4Zpafe ]33 ﬂe &.d part is of frustoconlcal form Generally
eaki,ng, too,. even where the formof the wall" of said part of the fourth
rtion varies fromfrustoconical, the fourth portion may be approximtely:
long as it is in difahi® dnited StatesaRatAnt ﬂ?ﬁﬁﬂ?erﬁhén#sc‘l‘h‘éedl EngfaTeof
id part of OIt hesémattbrmreamcsmlpdybacarsaaaas@lz CY di?mgh@:l&iillsel a
crease in dia eat.er |aneter en e | esser
Greter end wni ERTibRMNe BRorer, d, ¢ e R %S BRI phevaslPted S at es
tent 4237006, tchepatests ithedeafyereormensepedat (thebe dastraiotearel y wWith a
nmber of dinmensional restrictions insofar as the relative proportions of
ri ous components. thereof are concerned These constraints are [err]
erein dlerr] is the internal i: & sgi gsoverflow outlet. dlerr] is

e dianeter of the first portlon szthe dh nmeter of the second
rtion and d3 is the diafete?-8% €h ré1p&tPoh? 12 is the length of
he second portion, Ai is the totak:ca0$a,9800|aﬁal area of all the feed
| ets neasured at the points of entrﬁm § t he separating chanmber norma
the inlet flow Preferably, the difengi®2al constraints mentioned above
e placed on the cyclone separators dqnstdgcted in accordanceé with this
ifnvent i on except that is has not been found necessary to conply with the
traint concerning the ratio of the overflow outlet dianeter

| wherein d, is the internal diameter of said overflow outlet. d; is

the diameter of the first portion, dy is the diameter of the second

g portion and dy is the diameter of the third portion, l; is the
' length of the second portion, A; is the total cross—sectional area
of all the feed inlets measured at the points of entry into the

separating chamber normal to the inlet flow.

Prefe'rably, the dimensional constraints mentioned above are

placed on the cyclone separators constructed in accordance with this

invention except that is has not been found necessary to comply with

_ the constraint concerning the ratio of the overflow outlet diameter
f<}b' ~ to the diameter of the second portion. On the other hand it has
\~/7 been found to faqilitate operation if the overflow.outlet presents a
stepped bore. with a first bore portion adjacent the first portion
being of greater diameter than a second bore portion thereof further
from the first portion. The first bore portion may be of diameter
in the range 0.125 to 0.625 of the diameter dye The eecond bore
portion may be of diameter .015 to .05 times the diameter d;.
In an alternative forn of the 1nvention the underflow outlet
may be of cylindrical or other configuration of conscant or varying

cross~sectional area throughout its length but so arranged that ic
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to the dianeter of the second portion. On“the o6ther-hand it has been found
to facilitate operation if the overflow_outlet presents a stepped :bore.with

a first bore 'eo%?n adj acent. t he fii r st 5p?)rt on being of greater dianeter °
than a secoM§'BTHE st Prefentic? SSELPIATRT® A8 PRESNTPLE oFPF on.  The
first bore pastple; fBynapebofprdiibdedt efth fildndnhiigensd) . vh2514<0 od. &Herof t he

di aneter d1l. e 0 bore t] lapeter.,.015 10 .05 tines
t he di anet erngii.te?%gﬁynn%gl eermr?g?% \/sélggo';r?n?g S?ﬁtcﬁgat%n\%n%rilg% ™hé th?ﬁjerf | ow
outl et may Iperess @gtenigdi caln arprsfhered: §pfm,gaonittiod nmeznscbnirantdedr fomr yi ng
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neverthel ess presents a resistance to ow t her et hr ough. r. exarrpf’e, It
may be provithat REeesrTe SoF ivianybra ithy ds8ree o Besistarge £pofdoreBresenned
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preferred fQqr contr ol ans_is proyided for sensing |liquid pressure in
t he cycl onqug‘]b%ﬁ"&t BrachA l?ye§f3‘6rﬂs‘i"\'}gytb(???ﬁdf“’fﬁ@%??mf bhe FEPETAFG L he

degree of restistaanee the féuxwhps@xdoheitsbyf oai at fanuapstraan tliceaciobhgach i qui d

pressure may_b ns t_a locati,on.reached-b he, | i qui d before energing
fromthe se%gra gﬁesﬁ‘c rga%“a'ftigfhenggﬂerttaﬁgﬁgtgf i %"r?ttir?%éﬂe " Saf * PGP r eam
| ocati on suc¢h derrgasetbet filawd resisitaoee vhewfthendlls &helseoin sehsedans i s

reSpOnsi ve GolRREeRRe ohfadrkaht [ths! NABERANGHLA BRLS 18 £ debpeud N sensed

pressure and to | ncrease the resistance when there is a p I's sensed -
pressured. PRBS&hPFetsusAdof Theorpriasian af fdoiatesiatanceeB2 Pehgifasteing t he

ﬂ] OSfS- seﬂ] | pavardifg zlcnl‘e E#&tsf—e?ks&i{anaprérgarbdfs Fﬁ@ ﬁgrav pgil{?idi.g;%ae a¥aby Off
e four o/}l on wa SO at_ | an e nme and provi di ng neans f.or
exerting exg’éHﬂ;ﬁ the qadd @f She faur I‘T"t"gmbf'Fﬂt“dElﬁfr FE 5N Pe Vhere two Ow
nore cycl ondefemedat ads pas el diog meahe of drnesatifg extefdalaprészutracid ithat e
separal| on, 4 0¢ 0QYE HCIEFd e dil. O 8! FloC bl OR AP BV hREatdlg 1150 Of
the separators sinply conprise e second separator. .
are connected in series, such as té facilitate separation, the above
described flow restricciop means may for the first of the separators

simply comprise the second sepé;ator.

Preferably the overflow outlet of the separator is provided
with means selectively operable to vary the cross-sectional area of
the outlet for pérmitting cléaring of a bloékage wheﬁ occurring in
the outlet. It is preferred that flow sensitive means be provided
ﬁdsitioned and operable for detecting a decrease in flow through the
outlet and for operating said area varying means for increasing the -

cross—sectional area for clearing the blocckage. o N

The overflow outlet may, for example, be in the form of an
outlet pipe and the cross—segtional area varying means may comprise
a mechanism including a portioﬁ of the wall of the pipe which is so
movable as to open the.side of the pipe to the exterior thereof.
More particularly, said portion of_said.side wall of the pipe may be
a side ségment of thg nipe-which is movable outwardly away from the
remainder of the pipe under influence of said mechanism. _Ihe

mechanism may, for example, include an electromagnet and the said



Preferably the overflow butlet of 'the separator ‘is provi ded with neans

sel ectjvel yy operable to vary the cross-secti onal area of the outlet for
peirmttl ng clearing of a bl ockage when occUrPimg in the outlet. It is
preferred that fIE3Q¥ s%ﬁﬂ%il"\?em?@‘én@a)bépﬁ%'\ﬁ B%OPP@(%&%EGH@CF SHEreoSctamaddf or
detecting a de](c:rQ&S&doﬂuafzﬁé?twfbﬂr&@g&itnlﬁem&k&nleﬁi oanelhé e]cég:ﬁm&lra&dyngrsﬁlh:@lear ea
varyi ng neans for reas t he cross 0 or clearing the

bl ogckage. The mfé'r"ﬁc ?ﬁ]qgf RS, °F &’a?‘gx‘%‘ﬁﬁf% nRHRE g cTeRser b7 rht 88 erfhe
outl et pipe and tskgnantossy devt i appabedirend sAmfymsg whbans reEkonedO NN tbe a
mechani sm i ncl udigagedt1BR! df @mo@fthm?ghwh& Abel i dV\’pél%givé 3OpHP%aR ©
as to open the side o wg t'he ext'erior t Fe s arI
-al d portion of $4i "d‘esPéIEe 31 ‘{ifeWGﬁéﬂpif?fb‘-aﬁaye%éoa- siThe déegq@lwm of the

pi pe which is nMOwghmneUsEhE JegdbRY dayOBR (RerdSHERINGEY mgﬁ@ere%@?vmdef
influence of said rrechanl sm . The nechani sm may, for exanple, include an

| ect ronagnet andhe ixigs d fl ow sensitive neans nay operate to apply
lectric current to said electromagnet for effecting novement of the
sfegnent away fromth i nde. t on sar dete t| n decr gase
iln flow The segment erll}ﬁynﬁ’avg ié)]'p|88§‘é£° eﬁﬁ’pg’ﬁr piyesa ]v%f“8 lFeg"k"dné’d"“? "€he
irection of fl owemﬁrmlagrpf[ labe miipe. ar’mauangﬂhedwanl abmientm‘ayt be pﬁ.)vbSed)fabbﬂ]E
 pe_when Vi eved shfufi30k BlnsSgeld 88, oL ALEL @ oRlertDUP TR oltel Npe o
slegment may be correspon I ng ive To° The

ortion may be plavmkﬂtilyelﬁoﬂamséram)ﬂﬂﬂr@ﬁntﬁihequém-nduﬁrﬂnbremaplpe th?hus

tjhe wal | portionpipy wag1Pioeet &l ﬁbgﬁtan@ad%l Be [duBJSUS' 3R dsQ, tfbe adbi £CELAD
extent of the outletb& pe at a relativel xildovvnstream end of the portion.

e e preferably; BBnEFayiierivarl b6t 90 Pring, Pl agyyLavardspe roghFian effeptiag
tlo a bias such asafd dpehafrig 0hadheDsbfe RF SHY bife Dand £1o0VEndst BrePASAdd @5
fecting said OBgQiﬂ%ngI ttohge Sn'og'gaﬂcy tacr:]éaedohggﬂ d?ggctfllyogg' % 93'c Ir\égghn%%ns '

- pipe to impart a force thereon which is directed against the outlet

pipe wall portion to maintain it closed, said force; however, being
reduced in the casé of reduced flow through the pipe due to blockage
whereby the aforementioned bias effects movement to open the side of
the pipe. The flow sensitive means may comprise a pivotal lever
having two arms extending from a location at which the lever is
pivotal to said remainder of said pipe one said arm being formed
with means in-use subjected to flow thereon to form the separator
and the other engaging the said pipe wail'portion. The said one
arm, alternatively, may carry a Qane or plate positioned'exceriorly

AN . _
Y - of the outlet pipe to be subjected to flow from the pipe.

The invention is further described with reference to the
accompanying drawings in which : '

Figure 1 is a cutaway perspective yiéw of a cyclone separator

constructed in accordance with this invention;

Figure 2 is a fragmentary lengthwise section of a modified

cyclone separator in accordance with the invention;



positioned to be normally acted upon directly by flow through the pipe to
inpart a force thereon which is directed against the outlet pipe wall .
portion to maintain it closed, said force, however, being reduced in the
case of reduced flow through the pipe ddéie"to bl ockage whereby the

af or ement i oned lﬁiaﬁf%ﬂf%?ctasflfﬂﬁ?‘éﬁgﬁy LENEtwtse Hiecsi o obf angtdepi pe. The flow
sensitive nﬁamﬂgaycﬁqméis%gaaawrvmadccbea/@rcehmtihnghg WaveddiengXxt endi ng from
a location at which the lever is pivotal to said remainder of said pipeggne
said armbeing formed with neans in use subjected to flow thereon to form

t he separator amrdgubfe 40iéer sengmyioy ddreesgindipg p@ padd opafiiguea.3,Thet sai d
one arm al i ay vane or plate positioned exteriorly of
the outl et tﬁlﬁ%@%oy'gée}égﬂgﬁa%g?e{ﬁ %Gggf |l ow fromthe pipe. The invention is
further described with reference to the acconpanying draw ngs in which

Figure 1 is a C i gIRY s sao‘%ssée{s.cx;r:fvxe%p@afivglags SERAL Qi ofPNST I uCt ed

i n accordance wt IS I nvention; gure 2 is a fragnentary | engthw se
section of &ePAFItPF &f Elgurgnk sbepinsioyrleth ages Jeasinge meansh ivhe i nventi on;
-7- Figure 3ctdrdanté agaRNERR YnvetitdbiM se section of another nodified

cycl one separator in accordance with the inyention; Figure 4 is a scrap
vi ew.corresponding tg part of Figure 3, but show ng the separator in use.
‘Figure 5 is a fFagesntealy aetepelikeVrigurevs Guttdtowiygthecondparatear of
Figure 1 shQuwi.q,o0 t arying neans in accordance with the

i nvention; Eﬁd‘l}?‘é §é4“§ 3&\[/’-']%2\?% i ke Figure 5 but showi ng the outlet area
varyi ng neans operated; Figure 7 is a cross-section show-ng part of the

cyclone separat q4g@fe 7 G411 cRosdlcftthl Bhol 1hg FAle ofWhe ly13RER Varying -

separator of Figure 5, and outlet thereof, and the area varying

means when conditioned in the same condition as Figure 53

Figure 8 is a view like Figure 7 but showing the outlet area
varying means in the condition of Figure 6; - )

Figure 9 is an electric circuit diagram of electric control

means associated with the area varying means;

Figure 10 is a partly sectioned perspective view of an
alternative form of area varying means constructed in accordance
with the invention; | |

Figure 11 and 12 are cross~-sectional views of the area varying
means of Figure 10 shown, respectively, in closed and open

conditions,

Figure 13 is a side view of a still further form of area
varying means constructed in accordance. with the invention;:

~



means when conditioned in the same condition as Figure 5; Figure 8 is a
view |ike«Figure,7 but showi ng the outlet area varying neans in the _
condition of Figure 6;- Figure 9 js an electric circuit diagramof electric
control
sectioned perspective view of an alternat8ve formof area varying means
constructed in accordance with the invention; Figure 11 and 12 are

r esy
~still
“invention;

: crog;—sectiona

views of the ar ea $ .10 _shown,
ctively, in closed &R EMT #RoRBd FHGYr 8+ 18NPs25L8) YBEYRBY of a
further form alesigeof aF yguge NERNS constructed in accordance with the
-8- Figure 14 is an end view of the area varyi ng neans of

means associated with the area varying neans; Figure 10 is a partly

varyi ng ans _of Figure_10_sho

Figure 13, Figure 15 is a plan view of the area varying neans of Figure 13;
5

varying neans of.Figﬂgéhgjgfi¢?%#§bdi§ferent operative conditions, Figure
n

18 is a graph illustrating

Figures 16 and IFigumeerkSpestavplari viewr ofstbecareasvekyting area

ence of outlet constriction on separating

performance of the 10 separator of Figure 1, ‘Figure 19 is a graph
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I Tustrating infg uence ofrpyhteé renghdi thi apeopedpbbyeis Bkewifromthe
beparator of Fig i

wo cycl one 'separ at

ure 1, Fi
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in two different operative conditions,

Figure 18 is a graph illustrating influence of
outlet constriction on separating performance of the
separator of Figure 1, '

Figure 19 is a graph illustrating influence of
outlet constriction on delivery flow from the
separator of Figure 1,

Figure 20 is a diagram showing'interconnection of
two cyclone separators, in accordance with this
invention,

Fiéure 21 is a.fragmentary axial cross section
showing an alternative form of overflow outlet pipe
for the cyclone separator of Figure 1,

?igute 22 is an end view of a bank of separators
as shown in figure 1,
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Figure 21 is a fragnentary axial cross section showng an alternative form
of overfloy outlet pipe for the cyclone separator of Figure 1, 20:

Figure 22 is an end view of a bank of separators as shown in figure 1,
-9- Figure 23 is a diagrammti c oppos§Le end view of one row of separators
i n the bank of separators shown in figure 22, and Figure 24 is a

di agrammatic cross section of the 5 bank of separators of figure 22,
taken approximately on the line"24-24 in figure'22. The separator 10 shesn

in Figure 1 has a Zepa’ﬁ.@ﬁiﬂ&g zfalham)@r cﬁ&dmd ek fd L@po§ﬁ€@d r@h@”ﬁ%\é\h}éd
portions 12, 14 and 16 cogxia rranged 10 i.n that_order. 15 The {ir st
cylindrical porti OR f?whz?%xt‘\ﬂ?a%/r@e rpﬁ %& t]ﬁ)e bZ@%s%%c?%R%ﬁa?%ﬁT eﬁ‘?‘ﬁf‘_

t hese being arradgedigmrice@® t @xgentially into the 20. portion 12 via
respective inlet apertures of which only-one aperture, nanely aperture 30

associated with pipe 26, is visible in the drawing. The two_ feed inlet
apertures are di anetr FdQUEe &4 dyt HRSTAMRALIE FECSheSeEhéPnand the

posi tioned chosepapkt b pautdds ¥ tffude I2OEEkéR 05‘%:1996&5.@91:&&11 The
end of portion 12 renot _jrcigiﬁgilpnd%A al so,has a circular outlet opening
32 whi ch | eads ¢ SR8, dMGR4TAS B o Sz 22- R

-

The separator 10 shown in Figure 1 has a
separating chamber 25 having firSt{.secoﬁd and third

10 ih that order.

A

\

15 ' - .
;. The first cylindrical portion 12 has two
feed pipes 26, 28 associated therewith, these being
arranged to feed tangentially into the ' '
20 portion 12 via respective inlet apertures ol which

‘only one aperture, namely aperture 30 associzted with Tt

pipe 26, is visible in the drawing. The two feed N\
inlet apertures are diametrically arranged_one . |
relative to the other and positioned close to the end

25 of portion 12 remote from portion 14. The end of
portion 12 remote from poftion 14 also has a circular
outlet opening 32 which leads to an overflow outlet
pipe 34. o

~

%

portions 12, 14 and 16 coaxially arranged N

L
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10- Portion 12 is not of constant dianeter over its whole length, the part
12a theredf adjacent portion 14 exhibiting a taper towards the second
ogrtion 14. 5 The second . portion 14 exhibits a taper over its
ength, tapering froma dianeter at the end adjacent section 12 equal to
he diiameter of 10 portion 12 at the juncttlr between the two portions to
somewhat | esser dinension at its opposite end. Portion 16 has a constant
i angter equal to the m nimum di ameterp oft4port'i20n 14. In the drawi ng, the
ength 1 of portion 12, its 15 di anet' &’ o8t rj< %ﬁu995nﬂ# CAFAEERE of the
apered part of cyli ddamegicrpoveirod tk2 whdie ilemytig! thapdet IRofthdweof

utl et pipe 34, the n | tqr o P rt]. .Qf e second '
ortion 14, the t aperhagﬁglgg%[ grofq‘itq'o %eje[syg{:lynl(f%%ret% otﬁ"ol‘.’l'-alf:t ;Er%"i%%s Ifé}h%‘)t h
[err] and dianeter &BEPPR gortlen 4. third cylindrical portion, as well as
he total area A of the two feed inlet apertures 30 may all be selected jn
ccordance with the paraneters nentioned in United States patent 4,237,006
ave that the outlet dianeter d need not constrained to be within [imts 25
s described therein. In accordance with this invention, a fourth portion
S added to the separalingnghaleghg?® this portioh fela fesuiited &Y

. ' taper over its length, tapering from a diameter at the

end adjacent section 12 equal to the diameter of .
10 portion 12”at the junction between the two portions to
- a somewhat lesser dimension at its opposite end.

—— ]

e o 0y S n TS O — O Q)

o/
Portion 16 has a constant diameter equal to
the minimum diameter of portion 14. \

In the drawing, the length 11 of portion 12, its
15 Qdiameter d;, the taper angle a of the tapered part of
cylindrical portion 12, the internal diameter d° of
the outlet pipe 34, the length and diameter 12, d2 of
the second portion 14, the taper angle 8 of the second
portion 14 and the lepgth 13 and diameter d3 of the
20 third cylindrical portion, as well as the total area
A; of the two feed inlet apertures 30 may all be
- selected in accordance with the parameters mentioned
N in United States patent 4,237,006 save that the outlet
| diameter 4  need not constrained to be within limits

O
25 as described therein.

B In accordance with this invention, a fourth
portion is added to the separating chamber 25, this
portion being designated by reference numeral 18 in

~




-11- Fig. 1. Portion 18 has ‘a part 18a adjacent portiion 16 which is of
frusteoconiscal configuration, tapering froma nmaxi num di aneter equal to
dierr] at its end closest to .and adjoining to the outlet end of 5
cylindrical portion 16, to a dianmeter d4 at its outlet end. At the out | et
end of part 18a , fourth portion 18 includgs an outlet pipe 18b which is of .
I nternal dianeter d4. Preferably, the angle [err], being the conicity or.10
hal f-angl e of the frustoconical surfa part 18a ]S &out 45[err], ™

al t hough angles in tFdg.adge BOFEtPR ig %ﬁfe?r?aéﬁelgén adapfsntati sfactory.

I n any event, Itpdf*iﬁ@fEﬁrﬁﬂléﬁaistbﬁ fﬁnseoéoni¢abecmﬁfi@eraamga 1:3 to
2:3. The Iength #)art 1 not cr|t|

n ﬁ t he In%eﬁ n nd I n any
event is nornall SeRE b ?%e §%?§t??8n b? THET af3F2 Bea ré Po of
di aneters d[err]end)cmbseskeupsendthéjbengng t¢ the pupbet8bnda9fnot been

found to beS'”pmH} Pcéfe%BP ? ?B OEothdiQ¥§E&£°8 a8 its ou%h%@?“gh

part 18a i s sho aV|ng ¥ ristoconi cal _crossdsectional .form
(that is to say ¢nd 1s-%hoﬁhea8uﬁbﬁ ngng Sfdeashri88er WhPBKtBXRPEtisS,

linear sloping comfimeredésranebative bepehesBXwhibh LBeoBOihire#naten
viewed in sectio this ig not 25 essentlal The part |18a may have 'a

conicity angle YReLaF | §°al ong the Iength t hereof such as either
fncreasing or decreasing in the direction fromthe greater dianeter end to

the lesser diameter epdoEDSLEPL, the angle y, belbhg' nB' 80RICEEY Y the

10 half-angle of the frustoconical surface of parf 18a is
about 45°, although angles in the range 30° to 60° are W
generally satzs%;ctory. In any event, it is preferred
that the ratio g3 Me in the range 1:3 to 2:3. The
length of part 18a is not critical to the invention

15 and in any event is normally fixed by the selection of -
the aforementioned ratio of diameters d4 to d3.
Likewise, the length of the pipe 18b has not been
found to be important to the cperation of the
invention.

20 Although part 18a is shown as-having a truly
frustoconical'cross;sectional'form'(that is to say it
is shown as having a side surface which exhibits a
linear sloping configuration relative to the axis of
the portion when viewed in section) this is not

25 essential. The part l8a'may have a conicity angle
which varies along the length thereof such as either
increasing or decreasing in the direction from the
greater diameter end to the lesser diameter end
thereof. o It is pfeferred that the

~
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12- | engt)h of ,the part 18 be roughly the same as the maxi num di anet er

t
[

ﬁﬂ\((lﬁh—hf—f'_lr—?ﬁu—hm

her eaqf .
mterior

ondi ti on
'he exper

I gure 18,

esi dual

lm use; !liquid to be separated is admtted tangentially to the

of

portion.12 5 via feed pipes 26, 28, the denser

dqonponent of the liquid then travelling | engthw se through the separator to
gnerge from pi pe 18b, whilst the |ighter conponelfi- energes from pi pe 34.
Figures 18 and 19 show experimental results 10 obtained by operating an
xpelinental oil sepdeagsh of tthe fpaah sifowre inoughjyr ehle wdne \es i thes

ourth portions 18 phgggghhpglqh.Qﬂﬁpqﬁvgﬂggglaneters d4. The third portion.
6 of this separator

had a di anet d3 of 2 Under operating

s, with the 15 fourth portion 18 renoved, the exit flow rate from

he separator when separalim@sa@) Qiquid &o m&td&{ﬁx\%dzqcé lddmBésadut e.

t al t te Sin n1xt e of oil and water with
oncentr at oS aREERs LAAAVS HehR L RG7 (i 20 Chs ohoWbFRion 12

he oil concentratio

the s®par yiianfesct ipdpest 26he &.parm cden/m- footpbrientbeohetve | y

ependent on the exi
ive a ratio [err]
lat er exiting from t FEPI&FAEOSN trs e ras Hfixam Eblpﬂadrﬂhudéu(l;lﬁﬂptl’m Mighteh

as judged sati sfact ebmpoheith ¥mcdofeaon gy 4110 [err] brought about
| correspondl ng decrease in residual oil concentration until a m ni mum

of- B el S Y AR AR ol R G, i

concentration -13-

10

15

20

25

Figures 18 and 19 show experimental results
obtained by operating an experiméntal oil separator of
the form shown in figure 1 with various fourth
portions'le presenting different end diamet=rs d4.

The third portion 16 of thls separator had a a;aneter\

'd3 of 29mm. Under operating condltzons, with the

fourth portion 18 removed, the exit flow rate from the
separator when separating an oil-water mixture was 200
litre/minute. The experimental separator was tested

using a mixture of oil and water with the oil .

concentration being approxxmately 7500 p p.m.

As shown in figure 18, the separating action of the
separator was found to be heavily &ependent on the
exit diameter: d4. Only when diameter d), was reduced to

‘give a rat:.oa— of 80% or less d:Ld the residual oil

3
concentration in water exiting from the portion 18

exhibit a magnitude (130p.p.m) which was Judg%f
satisfactory. Further decrease in the ratio a—-
brought about a correspondlng decrease in residual oil
concentration until a minimum residual concentration

~



of about 35p.p.m was achieved at a dianeter ratio of about 76% Further
decrease i.n the diameter ratio caused decreased separation efficiency,-the,
residual’ oil “concentration rising with diameter ratio decrease 5 until a
di aneter ratio of about 66% was reached, at which the residual oi
concentration was about 130p.p.m On further decrease in the ratio [err]
the residual oil concentration again fell,=%e concentration bei ng about..
45p.p.m at a ratio of 55% 10 The af or ement i oned range 1:3 to 2:3 forsfhe
ratio [err] repcds@hant iIPdigumesias rhideedsat angbisfetel, rhbdobeén

found sati sfact iedd TEYY ARLLIEE | BG4 YE Nn 000 SERALALE OParill | St

ensuring reliabl’e operation, where operafing considerations do not require
mai nt enance of E?“%ﬁ%ﬂﬁﬁﬁrqﬂiﬁ@r%ﬁ%%r§ﬁ+%ug%ffh%1%%$&rafb? regdd¥fdwn in

flﬁ@JL _et 19, ItPe fdllmNd@'liclfer}ﬁ}}‘wwhl o) tifﬂﬁsf%@&biﬂ@ruaamée@ara&eiov\aéci—eueé to
exhibit relgtive ma a 0 e ar ge.
However the flwﬁagﬁ § H1eLeF K3 bﬂc% ﬁ%°V5t€%§f§?§srﬁﬁ%Bﬁﬁgoa about
55% at whi ch ratwhidhetlé aresdwalvasil oconcéntbatbon hakfabbutha%
prevailing when h p ¥ e e t of the
range Rl for rat %%?ﬁg |sq(5=,éta %ﬁﬁiég&%&%%ég?)g}xbgggd %nghe

dervation
t hat belom/th|s‘&hﬁ|Rﬁ$$ﬁﬂ#l|@ibn@0m¢ent2§ ionuhgakbn Sehievsbe through the

separator for efd égg éﬁ%ﬁ?éﬁlb@ﬂnéoaﬁgger45€Spe%|dset fggg&&lawrgsk9 t he

d4 flowrate at t lTtre/mnute in the
experinmental separator giving a flow rate of sone 10% of the flow Qte Wi th
no portion 30 1&hé”éﬁ@ﬁ@ﬁhntibﬁe@r?éﬁ@éeﬂ EDEQFZLB”EbrOEhQGEQHﬂd er R1

s representea in figures 18 and 19 as range Rl' has been o
'found satlsfactory in many applications giving good |
separatlon, whilst ensuring reliable operation, where
operating conslderatlons do not regquire maznten;nce of
15 highest flow rates through the separator. As shown in
figure 19, the flow rate through the experimental
sgparator_was found tqathibit relatively small fall
off where the ratio g3  was large. However the
flow rate falls-rapidly once the ratio falls below
20 about 55% at which ratio the flow rate was found to be
one half of that prevazlzng when no fourth portion 18
was prov;ded. The 1ower limit ox the range R1 for
ratiq g% is established at 33 /3% based on the
observation that below this ratio insufficient flow
25 cbuld be achieved through the separator for effective
operation to occur. As evident from figure 19, the
flow rate at this'value'for d3 Wwas about 20
litre/minute in the experimental separator giving a
flow rate of some 10% of the flow rate thh no portion

30 18 provided. The preferred uppér limit of 662 /‘.5 for R, is

~-



-14-
be achleved above this |evel,

establ i shed on the*basi § that al though goad separating operation can
care in operating is necessary to ensure that

tran5|tory fluct vations in flom/do not cause higher levels of 5 r et ai ned

oil.

“Notwi t hstanding this, however ,

it has been found that where efficient

separation i s needed together W th preservation of high flow through the

separ at or,

[

err

operation in the range Rl err] shomnltnr the ratio [err] is
preK?rable. The lo er limt for Range 10 R2'is established at a val ue of
r equal to 55@6e§§¢hél§hédvanu§ stbﬂﬁ#@htbﬁé Blléhoushe goods tsqRa e ng

hal f of that prevai IstrwctBnneaaObtal eeh.l.%vew%@% t‘ﬁtie YRR, iddde figf

fange Rlerr]

is estab

i shed at .a val

ue of ratio ual to about 80%

ﬂhls 15 representlng°PﬁEaﬁﬁ?ﬁnﬁﬁtn9&P§§a§¥ W SRS Fmansdkatit i ng
pfficiency is reta|neducenathbasrahlQlohhﬁofhmm b&h&etMWyﬂyttﬂﬁwele of

—R.Q. P = D

Ind 16 (i.e
rom whi ch the

15

20

25

30

axperi mental separat Qr rgely
18, being aboutg?SS ?FF%@?ﬁP Sgg
bvi dent from figure beenAﬁcuhétthatl&beﬁheaﬁﬁyuiﬁﬂt(sdpanauxunrxalnneéﬁﬁ

is mentioned d4 abouge %EQQ.,Q {P,_t&['rg%éjserr@"at‘l\ée{ 4 o d@ﬁg%flqw a.{)out %311}3 304

possi bl e operation is

€ range

tigs [.err

d Aresence of portlon
5‘%/ I ?‘é’wr? €5 atJe r%%s

shown, exten roma

o about 80% The raf§P3ratoRcPPPraiony in he zangg Ry tshawn ifay
e xpressed in ternB o}aggblq%%oflgr

prereeabienal MeLay tﬂﬁ%ﬂ%”fdf”ﬁhéé%

re 19 has scal e r ked |n area_ratios
a Rat A8ses&abdd %g‘ﬁd’t q\)"étqfat d3s [BS13l &R {3

being the value

at whlch_the flow rate is still one

half of that prevailing with no portion 18 provided.
The upper limit for range Rz is established at a value

L dg
of ratio a3

equal to about 80%, this \

representing the maximum value at which adequate o0il

separating effi

ciency is retained. At this ratio, the

flow rate through the experimental separator was
‘largely unaffected'by the presence of portion 18,
being about 185 litre/minute or some 93% of the

original rate,

as evident from figure 19. At that

ratio, the residual oil concentration was as mentioned

about 130p.p.m.

for possible operation is the range'R3 shown,

extending from
Rl' R2' R3 may

d
Thus, the overall range of ratios E%

about 331/3% to abocut 80%. The ranges

alternatlvely be expressed in terms of

ratios of cross seﬁfloqzl areas of the portions 18 and
16 (i.e. as ratios GI-)z . Figure 19 has a scale

marked in area

ratios from wh:.chd ;c.he area ratios

corresponding to given ratios a3 may be

approximated.
.in area ratios

~

The ranges Rl' RZ' R3 when so expressed
az\ 2

3



30 approximated. The ranges Rerr], Rlerr], R err] when so expressed in
area ratios ferr] -15- have the following limts: Rerr]; [err] ke N
= 10%to 45% Rlerr];  [err] = 30%to 65% Rl err]; [err] =
- 10%to 65% 5 Furthernore, the ratios [err] and [err] are neasures
of the resistance to flow through portion.ig This resistance nmay also be
expressed as a percentage [err] of the flow which would prevail if #0

- portion 18 wereppyeViHedsoiibRinl LimgRis@senting the 10 flow with por t¥on
18 and f2 the fl ow when here s no portion 18. The ranges Rl, R2, and R

have the follow ng fldg\t%, ascertainable fromfigure 19, when expressed in
ternms of such prre e flow Rerrf [errpi0% to 45% = 0%
to 50% 15 R[er‘ri err 50%to 93% R err]; [err] =

i dentical to thB4:sho Figure 1 save * &t tiché5% pe 18b is omtted and
a nodified fourth 20 ion 18 i s provided instead of portion 18.:
Portion 118 is of the sa ter as portlon 16 but is filled with sand

particles. 119 wRgleby to\@D |de - F16- reéQie%Rx§ﬁﬁ>flom1therethrough
The size and den5|ty A

10%to 93% The nbdif{ _ vl one Separator 110 shown in Figure 2 is
P

_ | | d

5 Furthermore, the ratios ~ . .and (
are measures of the re51stance to flow thr ough portion
18. This r%?lstance may also be expressed as a

-

percentage f—' _ of the flow'which would prevaii
if no portzon 18 were provxded, “fl' representing thEz\
10 flow with portion 18 and £, the flow when there is no
portion 18. The ranges Ry RZ' and R3 have the
followxng llﬂlts, ascertaxvable from flgure 19, when
expressed in terms of such percentage flow:
fl o )
R,: = ' = 10% to 50%
_ > .
1. '
15 - R,: _ f;' = 50% to 93%
_ | fl' : | | |
Ra;? _ = . 10% to 93%. -
3° ?; ' ' ' /

The modified cyclone separator 110 shown in
Figure 2 is identical to that shown in Figure 1 save
‘that the pipe 18b is omitted and a modified fourth
20 potfion 118 is'provided instead of portion 18.
Portion 118 is of the same diameter as portion 16 but .
is filled with sand particles. 119 whereby to previde

-~



of packing of sand parti¢les and the I ength of portion 118 are selected to
provi de a ‘nesi stance to flow simlar to that provided by

portion 18. 5 Where the separator 110 is vertical, the sand may be
supported on a suitable nmeshing such as the nmeshing 12 shown. O herw se
"suitable retaining nmeshing may be provided at either end of portion 118. In
a still further alternative construction (not Ié'shomn) resi stance to fl ow
throggh portion 118 is provided by partial flattening of portion 118 or by
retaining a suspende8®BaFFanfeatea§dowhsherethroughe nBdief isiae emds umsity

Figures 3 and 4, theoﬂlpﬁckﬁhgl&ffgéﬂadp@Etﬁcﬁ|%XbBH?tE%bﬁen hPQﬁ?ZHﬁﬁﬁ&§i

“sensor 140 is prOV|d§g connecti be sensitive to fluid ssure
‘inlet end of the pip&t3sBr&nge 8°§F9vt&eP§ﬁVéF€bFrF@éﬂi&%&%ﬂ filioy out put
‘which is representat simidart ket thaespuoeidddcdiyt rol circuit, Hdion 18

connected to re ewfkgpa r r and_20.t.0 rOV|de an out

si gnal which |sq§gxp ﬁéggokg% ggg%??%%Ecégﬁ &R VEFRSAtce thRA ARG T XKRF
146 as shown. Transd&BBFOXZadnpghe, stdtablanpleshing isuchhas wha afeshing 12
'solenoid but in any gNe®h. 'SOQBeinbﬁd Pi“%%ﬁe@@e@%ﬁ%ﬂﬁ%' %%ﬁg&?ﬂ%aisb

capabl e of novenent 25 under contr ol “he contro 64

adopt a position whi BROV&d G@péﬁd@ﬁﬁheﬁoﬁn@h@ffD&ﬁ?HQMeééﬁne as sensed by
sensor 140. Elenent 148 is disposed to one S|de of the tube conprising pipe
18b and a fixed el ement 150 of ? g@m& |n1I configuration is

provi ded i nmedi ately opposPt& &F& ug e&h& ternptiysoconstrycidan (net -

tiube defining pi¥e shown) resistance to flow through portion 118 is
' “ grovided by partial flatﬁening of portion'118 or by
' retaining a suspended ball in a cage therein.

\

\
In the modificaticn 'shown in Figures 3 and 4, the

pPipe 18b is formed of a flexible tube. A pressure

. 15 sensor 140 is provided connected to be sensitive to
fluid pressure at the inlet end of the pipe 18b and to
provide an electrical signal at its output which is
representative of that pressure. A congfol circuit
142 is connected to receive signal from sensor 140 and

20 to provide an output signal which is coupled to an
electromechanical transducer 144 via lines 146 as
shown. Transducer 144 might, for example, be in the
form of a solenoid but in any event is of a kind
having an element 148 which is capable of movement

25 under control of the control circuit 142 so as to
adopt ‘a position which is dependent upbh the fluiad
pressure as sensed by sensor 140. Element 148 is
disposed to one side of the tube comprising pipe 18b
and a fixed element 150 of somewhat similar

-~




18b. The arrangenent is such that, on det ecti o of decrease of fluid
pressure as .sensed by sensor 140, 5 control circuit 142 controls
transducer 144 to nove el enent 148 inwardly towards el enment 150 to
constrict the pipe 18b, by deformation of the wall of the tube thereof as
shown in Figure 4. Thus, on detection of fluid pressure decrease, the
cross-sectional area of 10 pipe 18b |s dé@?éased Correspondingly, if=

f tect.e t Vet
el oront 148 g ESRCEARAAN TRy TS A A OOk b E kb, s EaeH
extent. By thid48cams udwe:heempgm tsnde cmf ptlesem}w deiihéngi pécesh
can be 15 vari e‘ifgan a?fh‘H fig:‘lf‘a%d(’jénté}xé hes dal & e, p&?sc?é%&c@‘ éth' nl et

b. ove

end of the pipe scri bed arrangenehts for provi
restriction to é@FM%ﬂﬁqrQﬁnﬁlR#@ﬁﬂ%ﬂ%ﬁQﬁerﬂﬁwﬁ%ﬁﬁ#ﬂfQﬂn€e¥§°5e1éPﬁect|ve

i N ensuri ngs adegdite AP At 21142 c&oﬁipoﬁgpeaf@ﬁ@duceybwz papt maulearl y, in
t he absence of SHFh (o n%F ction IS ogierv d t hat general
1, 15

outfl ow vi a emen rﬁqwﬁ#qu HotfEent o fF@cFPvéﬁéégtof t he
separ at or, conpmm&epmﬁQ/laharhyEﬂeﬁﬁmmatﬁamOQEnthefwahB bEquhes tubebe

separated, 25 d s W t e 0 t
liquid. It is b |e<§vee§’ %n ‘{) ﬁ# %@{‘% Ses ‘g%'(szgﬁse |$&g§cﬁ‘gg§sg’§py to
‘provi de a "backﬁiuxﬁnpnassuge|dgnm#a§pf|theresosStsegn;onai ewed of vi a
portion 16 259 g1 edqssﬁlib@ché@fagé&t'O@éréasgéﬁaﬁaxg' Y1Br Ihcdagech back
pressure. I'n cases where two or nore separatdrS are couple
: of pressure is detected by sensor 140, control c;rcult _
142 moves element 148 away from element 150 to release \W*
the constriction to some extent. By this means, the
resistance to flow presented by the pipe 18b can be '\
15 varied in accordance with the determined pressure at |

the inlet end of the pipe 18b.

The above described arrangements for providing
restriction to-outflow from the separator have been
found to be effective in ensuring.adequate operation

20 of the separator. More particularly, in the absence
of such constr*ctlon, it is observed that, generally,
the outflow via " . portion 16, which should,
for effectiveness of the separator, comprise only the a
more dense component of the liquids to be separated,

25 will tend to be contaminated with the lighter |

' cdmponent liquid. It is believed that this effect
arises because it is necessary to provide a "back
preséure“, by inducing flow restriction, for outflow
via portion 16 and the described constrictions

30 effectively provide such back pressure. '

-



erres it has been found sufficient that the second separator only be

rovided witth a specific flow restriction device since the second separ at or

tself 5 can satisfactorily act. as a flow restriction device for the

irst separator. Figure 20 shows two separators 300, 312 of which separator

12 is of the formshown in figure 1. The feet %Tpes 26, 28 for separator

12 are however coupled by a branched pipe 10 308 to the outlet end of
parator |ike thel®eprses oWhere Fty@rer IMosavecparatens apoetfoupledi én

mt ed. In use oi | -y@f g ”i'étl‘x’éé' béeh”fé@ﬂ'&'cﬂff’iéﬁn{:”£9a§e€ﬁéaEQEo§QO

eparated oil leaving via outlet_34 thereof. _The ter nFonen
ossibly still with EPT oMt ¥nPe PEOYiRed V%Eﬁ1%h§9%ﬁ% i€ §i°Whe

epaLator PrOVIded bmeﬁgt%¢9ﬂoﬂ6déh£éeg§1N%?2ﬂh§es368naOséﬁsréeaﬁrthél§12
urther oil is par e epar at or e _ou

hereof . \ter ?ﬁ ex ?%dﬁ?ybﬂfiﬁéggbg atoF %izavfg ??? hig 1?ﬂeé§8ﬁ°eln
his arrangenent, se@@xatb& 8iPstreepaestohe megureszﬁlshows twoessary for
roper operation of Ofs 3968 Qeéf éﬂ9§H éQp%LQEB?S3 2t 9.8 ?ﬁthe

utlet pipe 25 34 0 e se ara oF o ?ure Fovi ded W
rea varying means 2§P€Ew§$¢%%tbﬂ thEEEO dan@bemﬁﬁhﬁtalgeﬁnaémt2§nf°Wbre

articularly, the ar@épé{ﬁéﬂd:f'%l@aaﬁelﬂé\bédé? éoﬁﬁ%&nbyZQ BtahbgeR! @:@.
ich is constqﬁa ié as to be renovable fromt renai nder 31 t he
ipe 34. Segner® 29348 stQfhe outlgt end of a separator like the

separator of Figure l, save that the .
portion 18 is omitted. 1In use oil-water mixture is
w_ fntroduced first into separator 300, separated oil
leaving via outlet 34 thereof. The water component,
15 possibly still with some o0il content, is taken from
the outlet of the separator provided By i
portion 16 thereof via pipe 308 to the ‘separator 312,
- Further oil is separated by the separator 312; leaving
via the outlet 34 thereof. Water is exited from
20 separator 312 via portion 18 thereof. 1In this
arrangement, separator 312 provides the flow
restriction necessary for proper operation of
separator 300. ' '

1)

\

'As best shown in Figures S to 8, the outlet pipe
25 34 of the separator of figure 1 may be pfovided'with
an area varying means 23 constructed in aqcordance
with this invention. More particularly, the area
varying means 1nc1udes a segment 29 of the pipe 34
which is constructed so as to be removable from the
30 1remainder 31 of the pipe 34.  Segment 29 has part

-
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frustoconi cal end surfaces 33, 35 which in the closéd condition of the
segnmgnt shown in Figures 5 and 6 mate with corresponding part frustoconical
surfaces 36, 38 of the renmainder 31 of the pipe 34. The segnent 29 5 al so
has two opposed side edge surfaces 40, 42 which mate with correspondi ng

| engt hwi se ext endi ng edge surfaces 44; 46_gn the pipe remainder 31. Arod
48 is connected to the exterior of segneﬁ9929 and extends away therefrom at
an angle relative to 10 the_axis of pipe-34, this angle corresponding
roughly to the ERYFECEPNiGRLaEBE FYriggess 33pedontidd o ithdhgidted he

pi pe 34 in a gegendbityonadiEakhpl geementWihehn 1& TAGui®d $ Gl & netke Al
Its opposite end od ' )

48 ted . tq_the plunt 50a of
el ect r omagnet 5H?t‘A985FF%§°§_q%gpPﬁfgr &5§%4§§ﬁ%§§4tﬁéii%ﬁﬁgkéézrépnagnet-
50 and an out stefidthg trkangedé®a 3dn afocthdB pdipe r3dr.nalThe weagprentoR9%8 away
f th | t 5 st ' | ' 3
romthe elgc rQ?Eg”ﬁEs grlglao]p% %s%%“%?ﬁgré O‘thﬁfés?%d?,s.i‘z qgl.g‘%éat

whi ch the segnent 29 nea s into space 1n the pipe fined
by the surfacesmate With g£orzespesding Hengthwissxtendindrefget o

facilitate seal k3geakhe 24';f aGeO3Tn3DiYe imSGHENI3 I may be made
slightly convergent in the direction away ftomthe outside surface of the
segnent 29 towards the axis 25 of the pi-pe 34. Simlarly, the surfaces 40
.and 42 may be nmade convergent in the direction away fromthe outer surface

8; LPSUEgg”ﬁ”;n§97foﬁﬁggﬁygﬁﬁﬁg¥E%Aﬁéé{&%‘%J“%ﬁ%Lexteffgé oF é@&mgggd[t'on
29 and extends away therefrom at an angle relative to ) _
10 the axis of pipe 34, this angle corresponding roughly o
to the angle of surfaces 33, 35 as presented to the
axis of the pipe 34 in a generally radial plane in
‘which the rod 48 is contained. At its opposite end,
rod 48 is connected to the plunger 50a of an
15 electromagnet 50. A spring 54 is intefposed_between
the body of the magnet 50 and an outstanding flange
-48a on rod 48 arnd hormally urges rod 48 away from the
electromégnet 50 to the condition shown in Figures 5
and 6 at which the segment 29 neatly £its into the
20 space in the pipe 34 defined by the surfaces 36, 38 ,
44 and 46. Although not shown, in order to facilitate
sealing, the surfaces 33, 35 of the segment 29 may be k:}
- made slightly convergent in the direction away from
; the outside surface of the segment 29 towards the axis
25 of the pipe 34. Similarly, the surfaces 40 and 42 may
be made convergent in the direction away from the
outer surface of the segment 29 towards the axis of
the pipe 34. '

N



separator can operate normal Iy, one of two conpbnents of the liquid
adnmi tted Via' pi‘pes 26 and 28 belng delivered, as previously described, from

the 5 portion 12 through the out | et
onstltuted by the pi pe 34 and |ts interior opening 34a with the interior
qf portion 12. The liquid flow under_4fiese conditions is shown by
rrows 56. 10 Under the condi tion that the outl et constltuted by pi pe

4 apd outl et opening 34a.s | d be Q bl o I S p055|ble

ne?%?zing of ePectronagn %g qﬁﬂ?ﬁ %@9ﬂ6§54§ o Uhéhﬁxﬁi%ﬁ°ﬂ%e
| ect romagnet agai nssephe'artesl bﬁenbplaras:el&cmml]tled oy es RIE ﬁﬂz&%onlﬂr%ﬁntbsf _
his condition, thenggt S V.

he remai nder 31 of ?ﬁegﬁe QQ%%&B aaﬁﬁ?éﬁg ?ﬂgﬁ openﬁﬁ&ﬁgg Yefi ned
y the afor ementmneé‘%&f’ﬁ&@és 36, PESVJ-MSMB d@qnmddedrm tdgr ess of

mterial from205the separator. By this neans, obstr c%\ﬁ%g?tqqeé
r the Iike may be regghkg cleared from pipe 34 .and or openlng '
|

| ow of such egress P EONEG Ly tete BYr thfs Pige B4riafd d& s imtemion n

O~ D

— O

grder to provide forogenhdmat 3¢ aopditht |t¢mgg 8]Ht@ra_|@rd@‘feaf ?/ar yi nq,dmt oy gjzt he
ijnvention may, as sh Fi.qur.es_ 7 an | ncl ade ow sensi tive device
A2. Device 72 incl udglsqgai aﬁ? 6?‘8Hapl\?§ﬁe ‘thess, o 03 48 FhaWe b and
donnected to a shaftarsowblﬁﬁ is mounted for free rotation in a bearing
(jnot shown) in -21- the side wall of the pipe 34. Shaft 76 extends, front
10 Under the condition that the outlet constituted
L by pipe 34 and outlet opening 34a should become

blocked, it is possible, by energizing of
electromagnet 50, to withdraw the rod 48 into the body,
of the electromagnet against the resilient bias

15 applied by spring 54. Under this condition, then, the

- segment 29 is correspondingly moved outwardly of the

remainder 31 of the pipe 34 so that an enlarged
opening 68 then defined by the aforementioned surfaces
36, 38,_44, 46 is provided'for egress of material from

20 the separator. By this means, obstructions such as |
stones or the like may be readily cleared from pipe 34
and/or opening 34a. The flow of such egress is
indicated by the arrcws 70 in Figures 6 and 8.

In order to provide for autcmatic operation, the
.25 area varying means of the invention may, as shown. in
' Figures 7 and 8, include a flow sensitive device 72.
Device 72 includes a light planar vane 74 positioned
within pipe 34 and connected to a shaft 76 which is
mounted for free rotation in a bzaring (not shown) in

-
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an inner end within the pipe 34, exteriorly of the pipe 34. The shaft is
mounted so that it is rotatable about an axis which extends generally
radlally to the 5 direction of extent of the pipe 34. At its outer end,’ _
shaft 76 has two radial arns 78, 80 which extend oppositely therefrom Arm
80 is located adjacent a free end of an ogg*ating button 90a of a switch
90. Arm 78 is connected, at its end renpte Tromshaft 76, 10 to a tension

spring 92. Spri 92.|s ar n 0 nornma b 78 and shaft 76 t a
posi tien such téﬁ% ggsgﬁegﬁFhﬁlﬁﬁsbélonggﬁg%ngkn 639@'8féfrhhlch
the arm80 is pmmiimm@edeaﬂ axthﬂnttHespapeeB&wa;xte@&btﬂg bddwh@f the
swi tch 90. kLow .9 he..s 2y fly
bi ased away fr((a}?nf)é)% é) ngJI? ?Eg %WIE ﬁg g Ph%g %%E s con(? %léonel%l s at
an extreme extexgowh anonnaewb@qy extendst Beseradaut mdlaﬂﬂe' $ ttdte 90 i s
closed. It gwil ldbfeeeieﬁ bEOBKELAN! 65 £hkOBipkNal L NAVaRe Bhilcr Ahd, S0

| ocated relative to shaft 76 th under

t f g t he
vane does not e&?%ﬁﬂ 7ﬁ Pﬁﬁ EYPaFaéFFéCFTHﬁ aﬁétﬁgngh&|0m§%9ﬁﬁéu”e ©

angul arly di Sp'@ﬁ?d.,ieéayl tRetBELOMQ. bl&ehersot H.% qaedltbuoradqfad‘érwvd hr ough
pi pe 34, the 25

rotated to the E’Bﬁﬁl ?P§n°ght8§%n85ﬁ\égé§6§g ey 'i - (a#h?elﬁg{%qt%ﬁ \t/\ﬁi Eﬁ
occurs agai nst Rpmi 7§ hbasonhespedngaﬁz1tmhendrmﬂ&@ﬁesﬂnamnﬁhaﬁt)b@ar on
L o 0" 5,8, ARk RISl gy APl 22 o
_ normally bias arm 78 anu shaft 76 to a position such
that arm 80 assumes the position shown. in Figure 8 at \wf
&hich the arm 80 is positioned at a limit distance
away from the body of the switch 90. The operating -
15 button 90a of the switch 90 is resiliently blased awvay
from the body of the switch and thus, at this
condition, is at an extreme extension from the body.
Under this condition, the switch 90 is closed. It
_ will be noted from Figure §, too, that the vane 74 is
20 so located relative to the shaft 76 that under the
condition of Figure 8 the vane does not extend in the
‘axial direction of the shaft 34 but is angularly
displacéd relative thereto.

Under the condition of flow through pipe 34, the
25 flow so acts on vane 74 as to cause the shaft 76 to be
rotated to the condition shown in Figure 7. During
this rotation, which occurs against spring bias of
spring 92, the arm 80 is brought to bear on the button
90a so as to axially move the button towards the body



arranged to be open. As shown in Figure 9, the'switch 90 is arranged in an
electric ehrcuit .94 so that when closed it 5 operates to effect
emergization of a relay coil 94a froma | ow voltage source 96; Electric
contacts 95b associated with a relay coil 95a are |ikew se arranged in an
electric circuit 98 so that when closed the conE%cts ensure energi zation of
the wi ndi ng 50b of 10 eIectronagnet 50 froman<lectric source 100. The
arramgenment is such t nor na| .condi tiqQns of flow1througghp| e 34,
$wi t¥h 90 is not act® t§H1 F 99aﬁ§ Yy l& GRPAGERE 558 SWdkCoh '42
Flgure 7. Under condatkrangedf tbl be bpeakage however,; there will 15 be

i educed flow through pipe 34 with the result that there is insufficient
fIU|d pressure to maintain the vane 74 in the generally axial direction of
nhe pi pe 34, against the Bsashofnspmni Fdgosze Bherthgpewittieh $Pr iilsg s8Zanged
perates as just desgpi Qﬂdeflgcft%%t %1&'&%1%%94“%%“ ‘tll%‘i WLt *&%.o%?e &fff ect

I05|ng of switch 90. Resultant operation o ect romagnet 50 causes
t hdrawal of t plﬂﬁgeﬁtsﬁat°56¢ééﬁ&1ﬁQﬁ¥9i§ﬁﬂ%§nn§5h§ r2lay SR5kin

igure g t<2)5permt cfeamaagefﬁf vb*l%a%'eo%‘@ﬁ%h e Afg.er M@ﬁﬁ@%&&aﬁ@\@d n £30)

i gure resunption Q ow.t hrou e Wi cur, an e
dpparatus will be coftEPPFIAEEIaYH %Fﬁé' Gﬁﬁﬂfi%? Wise arFapIRG
o facilitate reversu.nnahaeﬂ.eb&rube cdaediit ®8 ado it mhén idlosedodse bl e
0 modi fy the circui b gh,Bguie 9,10 Jgle A P e WA 1409 SBans .

guch that the contac
10 electromagnet 50 from an electric source 100. The

L arrangement is such that, under normal conditions of
flow through pipe 34, switch 90 is not actuated, the
vane 74 assuming the position shown in Figure 7. \

Under conditions of flow.blockage however, there will
15 be reduced flow through pipe 34 with the result that
there is insufficient £luid pressure to maintain the
vane 74 in the generally axial directicn of the pipe
34, against the bias of spring 92, whereupon the
spring 92 operates as just describedé to rotate the
- 20 shaft 76 and thereby effect closing of switch 90.
. Resultant operation of the electromagnet 50 causes
: withdrawal of the piunger S50a, so conditioning the
_ ' means 23 as shown in Figure 8 to permit clearance of
~/ - the blockage. After clearancs as shown in Figure 8,
25 resumption of flow through the pipe 34 will occur and
the apparatus will be conditioned again to the
condition of Figure 7. . In order to facilitate
reversion back to the condition of Figure 7, it is
possible to modify the circuit of Figure 9 to include-
30 timing and resetting means such that the contacts 95a

~




remain clgsed only for a predetermined tine foliowing an initiation of
cI05|ng pursuant to closing of switch 90. Referring nowto Figure<10, a
nodi fied area 5 varying neans 124 is shown for use in conjunction with an
outl et pipe 120 of a cyclone separator 110. The separator 110 is, aside
fromthe different formof the area varyingzoeans simlar to the
separator 10 previously described, the outlet pipe 120 10 corresponding.in
function gener alleyhali®, Hi%s@é |dﬁlup'ﬂ2f*3a4 é‘a@%%é@sem@efbmwmg -

ext endi ng away fron1an out | et 0 i n enerall perform

function as the38utattiGm zéi?%iﬂﬁ %P%&% Q kP s 4me "t sw?ﬁﬁgglpe
120 has a nnvabBe.portlon 128 mhlch fornms one segnent of the total

peri phery of the pipe and which is pivotally secured-to the renai nder 130

of the pipe. Remainder 130 is secured, such as by welding, to the end wall
125 of the separatorﬂaﬁﬂnnimg)nqu#ﬂrﬁﬁgumb 1PoraimediPBedsapeaot ed, at a

| ocation d st t gpg? e 1
coaxi al p|8%? pﬁﬁggk%? %g ﬂﬁzﬁitﬁﬁé roug n?u%%L%§&$L&§§E§ﬁ %&gnzlpe
remai nder. At |@<smqua'd§taca%rk RE o%tcmlq!m seprrateni hies 13be25 and

pi pe portion 12&epaaHordarmey ad y @ém@t&&e%hg%ﬂff@ﬁe%eﬂoyﬁewdthe
cross-section, fittin toq}ther i nthe oper ﬁtlve position of the ans

124, in.the fasi®*&? ¥ es 10 r 1 §° JEhe n2eR2EabSFarlial 1y
circular cross- paeviowdly |desgqpibed prthe o¥let pipe 120 .
10 corresponding in function generally to the ocutlet pipe
34 previously descrlbed, and extending away from an W

outlet opening 122 generally performing the same
functlon as the outlet cpening 34a previously
described.

15 The pipe 120 has a movable portion 128 which
forms one segmént of the total periphery of the pipe
and which is pivotally secured to the remainder 130 of
the pipe. Remainder 130 is secured, such as by
welding, to the end wall 125 of the sepdrator, about

20 opening 122. Portion 128 is pivoted, at a location
downstream of Qpeniﬂg 122, to the rewmainder 130 of
pipe 120 by coaxial pivot pins 127, 129 which extend
through lugs 131, 133 on the pipe remainder. At -
locations adjacent-the outlet 122, the remainder 130

25 and pipe portion 128 are of generally arcuate

_configuratibn when viewed in cross~section, fitting
togéther, in the operative position of the means 124,
in the fashion shown in Figures 10 and 11 to define a.
substantially circular cross-sectioned £flow path for

-



fluid flow fromoutlet %¥22. +As shown in.Figure 12, however, the portion

- 128 |s swi figapl &€ ‘about the common axis of the pins 127, 129 so that,
adjacent t he opening 122, the portion 128 is swung outmardly to 5

I ncrease the space betmeen the portion 128 and remai nder 130 of pipe 120 so
i ncreasing the outflow area and pernitting cl ee2lance of bl ockages. A I|ight
helical tension spring 135 is provi ded between the | ower end of portion 128
and)a@n outer flow 10£fdulideciliony friope otBededRsd As sdgwmatior Risgurel 25§ n
coaxX¥al spaced rel at ar, 1 I

resilient bias so di ngtégggas t?%ng’g%lﬁ%glégzusseé?ﬁglg‘g]%agg %?ﬁztrgessﬂcn%mn
t he open condition. &#é#noin thiegpdast 127 134 &0 thathoaddiadent theh L5
fluid flow through ogpl@iing?23 2t QHé"%d%HﬁleZLQS tie sRirlg %tl?a(?rdﬁy hed d

biased in its clgsed osi tiaon gﬁfssure force actin <Aever
47, Lever 147 has t #5CIFRSeLASe BPAGK ARTMRRMEhS B9 r&ft porti on
)f the | ever. The | eremaindeirvat3d lof mipd PP Gd aridmeamm Itdte adut fibdw
entral portion by S 5 on the
nterior surface of n?%eggplg%gaf%g%lk '{Efﬁé%engg ﬁ 1ali?q:isky egsa'l nst the .

| ow. di rection in pipe 130 fron1p|n 153 to an outer end which engages the

xterior of portion 128 23 tsi Ve I 4t o
lbout pins 127, 129. Arm 1 9 ext iéHl Vﬁéso%lsrgﬁg? 11‘€|5r ?'u%?éraﬁé ed
| earance slot 159 | Ref¥eenothe %t 38 and AR QYtar r HLew

AN ~ N O M —h = O

he interior of 10e Riol2ebiinkripigR 148 s:éi&drém tJ&E’se?gr&Hi& el noips 450

f 30 the pipe. qoaxzal spaced relationship around pipe 120. Spring

N _f35 provides a resilient bias so directed as to tend

' to cause the portion 128 to assume the open condition
shown in Figure 11. However, in normal use, with

15 £luid flow through cutlet 122 into the pipe 120, the
portion 128 is held biased in its closed position by
£luid préssure force acting on a lever 147. Lever 147
has two arms 149, 151 each radiating from a central
portion of the lever. The lever is pivotally mounted

20 to the-pipe 145 at that central portion by means of a
pin 153 passing through lugs 155 on the interior
surface of the pipe 145. Arm 151 extends generally
against the flow direction in pipe 130 from pin 153 to
an outer end which engages'the exterior of portion 128

25 at a location well away .from its pivot axis about pins
127, 129. Arm 149 extends away from pin 153, through
a clearance slot 159 in portion 128 and thence
generally transversely across the interior of the pipe
120 between the portion 128 and the remainder 130 of

30 the pipe. |

\
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-25- | n the absence of flow fromoutlet 122 through’pi pe 120, |lever 147 is
positioned .as shown in Figure 12, with the free end of the arm 151 agai nst,
the exterior surface of portion 128. However, when flow 5 occurs through
the pipe 120 the flow i npi nges upon the arm 149 of |ever 147 thus
subjecting it to a pressure force which i%?#“ rected away fromthe opening

122 in the direction of flow of ‘the |iqui -hrough pi pe 120. The force+s

arranged to be suffi girPRind QUG e fMEEBfim But De af 22 148raaght huswof
the |lever 147 so that _the lever is_ pjvoted in the clockw se, direcfion from

the position asPR®ut 3% Bgfif% 4b7 13 RISIIFRED 2T EREVP 0FRF AEVFRg on
arm 149 is trangfgr rectH i drdd eendves tite abh V151 fagatnet the opposite

end 15 thereof, nanely at the free end_ of m 151, agai nst portion 128
Chus causi ng ¢ hEXIRRIdR T4 HAP%] hRe =57 ol Lt  APEREFRG BhEBt SOHovanent
of the | eveb 14bcdu;sﬂtnmou4h§gha)p&pew&ﬁntthsFﬁﬂ¢¢oﬁmgiﬁgaadupba_the

renai nder .130. | S t il CiL.Q00 i . v i on
128 fromthe co-rgﬁ i]'o‘!a9 S] .omsflél‘lrené. |%ﬁr£eﬁ‘1% %‘gbi%éla?léﬁog\hg ?zr% Ei eggggg&é
agai nst the bi afarceprhirh 185 dimgcted savennfromntheropeniisg, 1€8eiporti on

128 is maint ai nqthe | O5Rsh+ 108 Yo OPENGRIoENERE £OGdLAT PR-YhGhepifEe 100,
bl ockage, there is no flow 25 through the ptpe_ 120 whereupon the pressure
force acting on EenIQRFe 15 AKERCED tRLexFRAEIcHARt hR SBHSARg 135 can

operate to hobas ridensit iof dRE apenl4Ihand athasoefethehdevile 1advaat age
o2, ™2 s el 8RS adul e dRoRRnL R LYo, allebRbc0 |
the fluid under fromkeye position as shown in Figure 12, so that the -
ﬁressure force acting on arm 149 is transferred '
through the lever to apply'a force at the opposite end
15 thereof, namely at the free end of arm 151, against
portion 128 thus causing the portion to be pivofed,
with corresponding pivotal moveménf of the lever 147,
to close the gap between the portion 128 and the
remainder 130. That is to say, the action is thus to
20 move the portion 1z8 from the con&ition”shown in
Figure 12 to that shown in Figure 11, against the bias -
of spring 135. By this-means;'in ncrmal use, the
portion 128 is maintained closed, only opening under
condition where, due to blbckage, there is no flow
25 through the pipe 120 whereupon the pressure force
acting on arm 149 is reduced to the extent that the
- spring 135 can operate to dias the portion 128 open.
This arrangement has the'adVantége that it has no
elecﬁrical parts and is mechanically simple, whilst
30 nevertheless operating aufomatically to increase the
area for outflow of the fluid under blockage

~



126- conditions and to agai n+decrease the area for outflow to a nornal

condi tion. en clearing the bl ockage. Referring nowto Figures 13 to 17, the
medi fied area varying means 224 shown therein is for use in 5 conj unction
yﬁth an outlet pipe 220 of a cyclone separator, such as the separator 10.
The outlet pipe 220 perforns the function of éae earlier described outl et

Di pe 34. The area varying neans 224 ‘has a ciftdlar plate 221 adapted for
secyrenment to a 10 transverse end_ wal |- of the separator so that an outl et
bpefiPhg 222 t hr ough GARd it ianrs Bnd kR 2¢34M ndecoease theerrea 6pripvtfilpe
P20 then perforns the faned il Mordibt D6RVORUSL ¥a HE8§T ERE D, PYEKEEOPENI NG
B4a. Pipe 220 has a renovable portion 228 which forns 15 one segirent of the
otal periphery of the pipe and which is pivotaltly secured to the renainder
P30 of the pipe. The pivRefermeing et to SFEgheeselll byoneapsthé hvaifiegad

P33, 235 secured to Lon, 228_and. pj v d.t he. pi pe renai nder. 230
by nmeans of pivot~Z§£§%E¥§égﬁpgu$%iﬁzdzg% gﬁ%%ﬂngﬂég?ﬁg-gﬁ-é?ﬁeuEFV&P axi s
bn t he remai ndeP 23GOMikngt jon 220tmagn aputhetr pbpebd2@ eoft endiysdcheom
ppeni ng 222 to an o 206t 7 h t pi r f

bl ate 221. As best g%gﬁi ron1t?%ﬁﬁ%s&ﬁgégédgﬁgggﬁ?érbggé hggetégeggt pipe
sections, a |arger dA2hReriggne thetfwncbienaafathat eapbiprgdesgribeds
esser di aneter sectgwEled Spope 3£t BRET AHES 83&5%!3@%99@%2201@% Ri pe

S . : : : : ,
RIS RNC T IEELE T ST ERE S S ot TR I
10 transverse end wall of the separator so that an outlet

U Qpening 222 through the plate 221 and leading to the
interior of the pipe 220 then performs the function of
“the previously described outlet opening 34a. ' \

Pipe 220 has a removable portion 228 which forms
, 15 one segment of the total periphery of the pipe and
which is pivotally secured to the remainder 230 of the
pipe. The pivotal securement is effected by means of
two lugs 233, 235 secured to the portion 228 and
pivoted to the pipe remainder 230 by means of pivot
20 pins 237 arranged on a common side-to-side pivot axis
on the remainder 230. The pipe 220 has an interior
bore extending from opening 222 to an outlet aperture
271 at the end of the pipe remote froﬁ-plate 221. As
best seen from Figures 16 and 17 this bore has two
_ 25 sections, a laréer diameter bore section 273 adjacent'
y opening 222-and a lesser diameter section 275 adjacent
aperture 271. Remainder 230 of pipe 220 is formed
with léngthwise extending surfaces 279, 281 which are
' disposed to opposite sides of bore section 275 and

-~




-27- portion 228 has correspondi ng | engt hw se extending surfaces 283, 285
which, inthe closed condition of the area varying neans, sealingly engage,
t he respecflve surfaces 279, 281. The bore section 275 5 is, for one

| engt hwi se extending half thereof, defined wi thin remainder 230 and for the
ot her | engthw se extending half, defined within portion 228. At a portion
of the | arger dianeter bore section 273 ﬁﬁTacent the junction between -.
sections 273 and 275, 10- the portion 230 has a transverse, plapar, ‘vl
sonmewhat U—shapQQISQDﬂaé@3283$MQQ§¥Q§RQ&@$§9z%ﬁ&ﬁﬂhﬂﬂ&%a%ﬁﬁﬁﬂ@#nghat

surface, to meeLucespge! g3 ,008s Ahidie W LT IVELAUbABI 250 Shence

ext ends obllquelé to the top of the out’er surface of the renai nder 230 as
15 viewed in th eséé’?iao?@rﬂﬂ-nlq FEES L eI NEAY enERae Hded

ggnf IT ﬁur ation otgggeﬁ&uv‘ea@@r%%&@amﬁmow?aer fm Wgc,evCﬁqe?&tﬁibrferM Fi ?ur ecI
e porgion as _a _si,m sha surfa ich.in,the close

position ofgt he‘ﬁr‘egc’ﬂ'fal"%end' fg‘g%eﬂﬁ‘}r %&fétﬁq%%of%?d gf‘%?g 221

carries a generwiithib- xlemaedxdmacﬁ&& 226D foul mesrwﬁheﬁ%mtm:lsebet ween

t he opposed arm QEEE?.‘?;% [Rp feofd éds W& rpeégoégeérg §o agetQ be freely

rotatabl e about “an axia exten I ng ransverse y e 220 and
general |y paral PeFtien o€ fhendaxgraidiangtrr fhees szemtuzm 7%haft 292 has

secur ed theretoaﬁ@%c@h&ﬂ%ﬁéfjﬁﬂE%ééﬁlbé@ﬁ%éﬁ“éébé&%ﬁ%“b?@wﬁhérQﬂBthe shaf t
to free end posntloned over th«?} end of %ge 220 reppte from ogenl ng 222 A
plate 297 i 030 h§eé’&1‘é’d~% 43% has @ SrANSVerSRy RIANSYDY 99BeY

U-shaped surface 287 which extends, at opposite ends -
of that surface. to meet respect;ve ones of the d
surfaces 279 and 281 and thence extends obliquely to
the top of the outer surface of the remainder 230 as ‘|
15 wviewed in the sections of Figures 16 and 17. The
U-shaped configuration of the surface 287 can,
however, be appreciatéd from Figure 15. The portion
228 has a similar U-shaped surface 289 which in the
closed position of the area varying means engages with
20 surface 287. y |

Plate'221'carrie5'a generally U-shaﬁéd bracket

290 and a shaft 292 extends between the opposed arm
portions thereof and is retained therein so as to be {;)
freely rotatable about an axis extending transversely

25 of the pipe 220 and generally parallel to the plahe
containing surfaces 279, 281. Shaft 292 has secured
thereto two elongate arms 294, 296 which extend away
from the shaft to free ends positicned over the end of
pipe 220 remote from opening 222. A pléte 297 is

.30 secured to the free ends of the arms 294, 296 and



128- extends generally transversely t hereto to the directions of ext ent of
qhe arms. I ntermediate the ends of the shaft 292, the shaft is provi ded

kith & downwardly dependi ng cam el ement 298 which is secured 5 for
jotation with the shaft. Camelenent 298 has a | ower cam surface 298a

ich is of arcuate form and which co-operateg-.wi th an arcuately curved cam
iﬂrface 300a on a projection 300 extending upwardly from portion 228. 10

In normal operation Hfeddifs PPf Ehen Dot O 228 PEEYPESSERBE position
howr i n Figures 13 and 16 ere the ortion 228 |s engaged with t

t he
enmai nder 230 so as FF NIRRT RV IMRE (% R 2EBSt | ohREermeddate theqyid
l eavi ng the cg%onefﬁar@% O&h@aﬂsﬁﬁt liszt{mmggt%)penw Qaala@@naﬁfhhaough
ore section an en ou ore section via aperture
71. The bore sectuﬂ?%ﬁﬁ?ﬁiyxﬁé%Qﬁ%é+$%l@aﬁn%}?m%?én%fir ?bc%rbg SECBF Gfer
peration of th& se;ﬁaatmtaumlmﬁgrmsls@«ftom@qmreh«:meﬂﬁlzssmkssa
AL e 20T 206 End Shler | Sl rphcd 0366a BT ERN: L CoBLIBLLYe CBUSE LR

rms 294, 296 to pivot, su that t ate away fromt
perture 271, as shdWhiGh qeePerates %‘alératthalscveeﬁemenrveﬂeceerrsynﬁﬁsee

98a on el enent 298 FyWAGHS &ags& ée£6n39@o eﬂteeaihenugé%&ram%%roﬁuch a
ashion as to cause force ex§#%§ by the egressing liquid on the plate 296

nd transferred thr ®RRYA 294, 296 to the elenment 298, to press on
he portion 228 so nalntalnlng it in the position of Figures 13 and 16.

inder the_condihbon, hcW\Efﬁ”normal operation of the device 224 the portion
228 occupies the position shown in Figures 13 and 16
where the portion 228 is engaged with the remainder
230 so as to fully define the two bore secticns 273,
- 275. Liquid leaving the cyclone separator passes
15 through opening 222 thence through bore section 273
and then through bore section 275 to exit via aperture
271. The bore section 275 is of relatively small
diameter to provide proper operation of the separator.
Liquid egressing from aperture 271 strikes plate 297
20 and exerts sufficient force thereon to normally cause
5 R the arms 294, 296 to pivot such that the plate 257 is
i' held away from the aperture 2/1, as shown in Figure
; 13. Under this condition, the cam surface 298a on
‘ O/ element 298 engages cam surface .300a on portion 228 in
25 such a fashion as to cause force exerted by the
egressinq liquid on the plate 296 and transferred -
through the arms 294, 296 to the element 298, to press
on the portion 228 so maintaining it in the position
of Figures 13 and 16. Under the condition, however,
30 where blockage of outlet 222 occurs and there is

O
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30 where bl ockage of outlet 222 occurs and there is’ -29- reduced flow
t hrough-t ha bore sections 273 and 275, the force exerted by liquid ener gi ng
fromaperture 271 will be insufficient to maintain the plate 297 clear of

t he aperture whereupon arns 294, 296 pivot 5 cl ockwi se as shown in Figure
13 so that plate 297 noves downwardly as %%emed in Figure 13. This causes
the cam surface 298a to be noved, by corr®spondi ng cl ockwi se pivoting of-

el enent 298, a r ()cg,@ﬁ prlenetl) S | agai et
10 pivoting o:‘/\@%éhfg;%(r)ar t%({)gr‘f'sﬁ{g E;out eﬁéé!)-(éfsé of pclhf’.l% %ﬁl M%dg?s this '

condition, then¥he; 4??mﬁ§§ﬁﬁ%9|hYt Wit SRARTIRA DI r@peBERFC adainst

the portion 228wurnsuuéh indaidiens €® zﬁéﬂe@ananﬁne Cﬂmé;kw 3¢7ptyeiicng of

portion 228 as VI WE in Figure 13 so as to brlgg g rtlon 228 to the
condi ti on shown S B FRETPSH WPIhRETT faths % ,P3¥GTand 287 on

remai nder 280 othmq&yiga)aawshnwd xﬂeﬁﬁgmtérbm1$methatrpspbedzag surfaces
283, 285 and 28 ' p. sybst anit al

t her ebet ween, suc (Hg&e‘f{) el nlé(l ndi ca?&%d {& ?‘é:r‘g%cg?nune;r%s Sggges
Figure 17. Thus theptcan gurfaes kP& bt@ch@geovedt hley coersespopding be

readily cleared b uiiddpilot ity &t L& onde [ DOG, gapayoes—emseam cl earance

has occurred, the portion 228 may revert to the. |n|t|a condition 25 shawn
in Figure 16 uncfé’rrfg?%/l31%&4on"é?u%clf?%‘h"l%ﬁc%ﬂ%ﬁF%HnEyaﬁPbeﬁﬁ se rotation

about the axps %\faﬁx@r&f@e éér@'ﬂéﬁfﬂﬂe aBo@ﬁdenet gxhacofi pihe the

return action, az_r7e5| ldl’?éj nSI on_ s {{l

is con Xhen, liquid pressure in

the bore section 273 may bear against the portion 228 C;F
in such a fashion as to effect anti-clockwise pivoting
of'portion-ZZB as viewed in Figure 13 so as to bring

15 portion 228 to the condition shown in Figure 17
whereupon the surfaces 279, 281 and 287 on remaihder
230 of pipe 220 are well cleared from the
corresponding surfaces 283, 285 and 289 on portion
228, so as to preéent a substantial gap therebetween,

20 such gap being indicated by reference numeral 295 in
Figure 17. Thus, material causing a blockage in the
outlet 222 may be readily cleared by'outflow of liquid
through that gap. Once such clearance has occurred,
the portion 228 may revert to the initial condition

25 shown in Figure 16 under gravitational action,
accompanied by clockwise rotation about the axis of
the pins 237. 1If desired, in order to faéilitate the

return action, a resilient tension eprzng may be
provided acting between portlon 228 and remainder 230.

30 Alternatively, in order to facilitate the action of

the cam surface 298a, a spring may be prd&ided between

~



provi ded acting between portiron 228 and remai nder 230. 30 Alternatively, in
order to faciljtate the action of the camsurface 298a, a spring may be
provi ded bétweeh -30- the projection and say, the plate 221 to lightly
ias the el ement 298 for clockw se rotation about- the axis of shaft 292. In
rder to inprove sealing between portion 228 5 and remai nder 230 of pipe
20, the surfaces 279, 281 and 287 thereof mayOhave suitable seal ant strips
posi.tioned therein. Two such strips, designated by.respective reference
hume¥al s 301, 303, atmespnmmecu16Mgmné sdjastbetplate 2alf &oedizhgly2®ias

rhe strips 10 may b@héofﬁf@ﬂengoi%’x eloeﬁwmeep{:steﬁuﬁhgu;pgu%ltﬁlaowéué

odi fied overfl ow outl et pi 4- usuabl e I nstea e overtlow outl et
Di pe 34 in the constQEicERBRE 02 ?rgure 1. In this case the pipe has a
5t epped i nterior -bore Ieadlng fromoutlet 15 opening 32. Mre

particularly, the bore h rst goit on: 34" g acent outlet 3
Hi anet er equal to the dia t%? F b9t tRPE9¥e, RG24 0E BREVESM: POX ‘gn AR
romoutlet 32 &f Iesnérrdmannﬂer 2BaAnofopéppokl0entBd’ suBdreezora7iogn 284

ey be of dianeter i 2 e o 0.47
tinmes the dianeter d?%rr Ehégggg S%% ﬁFb?hgugggg?%tgg igb* %é@£é£3 Bor e
portion 34" may be opoaiuneneu dhersgine . mgopsutbraQI}PSOZQGSGgﬂﬁﬁad:ﬁﬁés

{he dianeter d of p%%sga@cégvgf ;E?Sréﬁ@ér ahhegaseamr 323, Thge2ShoWdgldS
pf the bore -portions
Figure 14 as set into surfaces 279, 281. The strlps .

10 may be formed, for example, of neoprene.

) Figure 21 shows a modified overflow outlet pipe
‘34 usuable instead of the overflow outlet pipe 34 in '\
the construction of figure 1. 1In this case the pipe
has a stepped interior bore leading from outlet

. 15 opening 32. More particularly, the bore has a first

portion 34' adjacent outlet 32 of diameter equal to
the diameter of outlet 32 and a second portion 34"
away from outlet 32 of lesser diameter than bore
portion 34'. Bore portion 34' may be of diameter in

20 the range0.125 to 0.625 preferably 0.017 to 0.47 times
the diameter d, of porticd 12 of the separating
chamber 25. Bore portion 34" may be of diameter 0.015
to .05 preferably .025 to .035 times the diameter d1
of portion 12 of the separating chamber 25 The

25 " lengths of the bore portions 34°* and 34" are not

. important. '

Figures 22 to 24 show an arrangement of sixteen
separators 10 and 10' in a bank 370. These are

~
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Figures 22 to 24 show an arrangenent of sixteen separators 10 and 10" in a
bank 370. *These are -31- arranged in two vertical rows 372, 374 of wight
separators each. A single nmain inlet feed pipe 376 is provided, this having
three upright parallel secondary feed pipes 378, 380, 382 extending -
therefrom at spaced 5 | ocations along the Iength thereof. The inlet,

pi pes 26, 28 of four of the separators, s®parators 10, in row 372 are -

connected respectively to, pipes 378 and, 380 whjl st i pl et pipes 26, 98
of four of the §Eﬂ§¥5¥%?s%£zﬁ%ﬂ)¥ﬁﬁ%&%ﬁ5r§°ﬁ%,£+ ?r%€ﬁ39 ﬁFggfo ‘connect ed
respectively to semaatdid edf. Thesirgbe atnais iNledr Eeadr piged3f76urisi n
each of the two, . P12, 4 ee b n. each, adj pai.r .
separators 10 iré#%ﬁ}é%ﬁ% dﬁ%l%négg % egﬁﬁggu%gggﬁ%gtb%gg?%egagﬁcgéﬁérfhe
separators 10' dfeedrpipred3¥hi h388, 3B2i exberdéngehlierefroieirt spacesns 16
opposi tely girecigshdfond h&’f@n%";ﬁﬁé‘f%ﬁﬁ?éﬁaiﬁé%%?:. T&ﬁﬁgeggt@%t Pipekd and

10" in this case are not_provi ourth p I ons are agrranged
with the third 26, 28 of £purj@hsthe 8EPRRAtBELENet §ePATALRESE0r AR is

best seeg L r OB1 f&&wmﬁ{h:*h@oﬁ@%&%eas::éﬁpeét}waweaar 9% 353 3@8?@@:#
connecte y br e e es, to.the et, .pi_pe , t he
separators 10'.%ﬂﬁ?ﬂﬂ§8t§ eég? fﬂzeEpBéPﬁﬁskgfh%éeogeggpﬁt8%§t%§ in each 25
row 372, 374, thseparators, alsopsepapatéfisolOgaih eowedd4 are t he

associ at ed Boanchse fPgk! PEsPalei 019 WY pERRE Yobl) HB3.I Nl et pipe 26 of

t he separato

T

The separators 10° are arranged four in each of the o/
Ewo rows 372, 374, three between each adjacent pair of
separators 10 in the row and one above the uppermost \
10 in each row. The separators 1l0' are arranged with

15 their odtlet ends of their portions 16 gppositéiy
directed to those of the separators 10.

The separators 10 and 10' in this case afe not
provided with fourth portions 18 but are arranged with
the third-. portions 16 at the outlets
20  thereof.
aAs is best seen from figure 24, the portions 18 of the i;l
separators 10 are connected by branched pipelines 390
to the inlet pipes 26, 28 of the separators 10'. 1In
_thé case of the uppermost three separators 10 in each
25 row 372, 374, the portion 16 of each
extends via the associated branched pipeline 390 to
- ébmmunicate with the inlet pipe 26 of the separator
- 10° immediately above and the inlet pipe 28 of the

-~



10" imredi ately above and the inlet pipe 28 of the -32- separator 10

i mredi ateby doel pw. The |owernopst separator 10 in each row provides

cemuni cation via the pipeline 390 thereof with the inlet pipe 20 of the
separator 10" inmediately above and with the inlet 5 pipe 28 of the

upper nost separator 10'. The last nentioned pi eline 390 for each rowis
thus | onger than the renaining pipelines 390. e outlets at portions 16 of

~separators 10" in row 372 are connected to a common'outlet |ine 398. A 10
si mM¥ar outlet |ine SRRAEEQY chhhebimediately | Relow: pbhei beweIBost

SeparatoastIO th rcubéﬁ?beﬁwiimefﬁ sw&hefowlpﬁ@vﬁéasaedmﬁeﬁlaafﬁba vzﬁ

connect ed t oget her shown dh_no

pi pes 34 of all of t 7%&%ﬁs§§€ %re? %?% {Bﬁslﬁg hagiBﬁ 28 % ?b&

ig a comon |ine. IrseparaﬁorthbaanedDately abovee andtu19h|3héednﬂetthe
ininlet feedgpip hﬁg& S f egd p| 380,

$82 to the separatoﬁ%ﬁ%% ?ﬂq%%c grégﬁg ggg&ﬁggﬁr f? %%oms 20

hrough separators Metieagd ﬁbﬂkllcﬂe3ﬁﬁlf°§fe?ﬁb §@Hai§t§buﬁaﬂ@ﬂger

ronmponent from each @@@@f@ﬁgrréﬁalﬁpﬁga§i§g1gheghgggutIet of portion 16, is
hen fed to a separator 10" in that row, whilst the again separated water

romthe separators 10' is taken from 25 the bank via the lines 398, 400.
bepar at ed oi | - emer giTige fowtlébs acppontLofisle 3€' sepacakbest @d'sudhrew i n

| single collector pipsling. cBindblga®tbR9eBRAbA Shkil! Finll $o8° W
similar outlet line 400 interconnects the outlets at
o ' portlons 16 of separators 10' in row 374 and these
outlet lines 398 and 400 may be connected together as
shown. Although not shown, for clarity, the outlet
pipes 34 of all of the separators 10, 10' in both rows
15 may be connected to a common line. '

e W L Y — . ]

In use of the bank 370, oil-water mixture is fed to
the main inlet feed pipe 376 and thence via the '
secondary feed pipes 378, 380, 382 to the separators
. 10 in each of the rows 372, 374. This then flows

20 through separators 10 of each bank. One half of the
separated water compornent from each separator 10,
appearing at the outlet of portion 16, is then fed to
a separator 10' in that row, whilst the again
_separated water from the separators 10' is taken from

25 ﬁhe bank via the lines 398, 400. Separated oil
emerging from the separators 10, 10' is collected such
as in a single collector pipeline. By this
arrangement, oil-water mixture is passed in succession

P08 o

through to separators before reaching the water outlet

~




t hrough to separators before reaching the water outflet -33- fromthe
bank." Thi § .arrangenent has been found to be very satisfactory in <use. :In
the descri bed arrangenent, although no specific provision is provided to
generate back pressure in the 5 separators 10, 10' so as to cause flow
constriction, such back pressure and flowzsestriction is provided, for the
separators 10, by the separators 10' thensél ves which are connected to the
portions 16 of geBAr #hel bahR. ThAds G¥radnzRmeaRahAObeek) found e B
outlet lines 398, 400 which are syitably dinmensioned for the purpose. If
necessary, homeVﬁF?'éaﬁéﬁgﬂﬁtPF&Nﬁﬂmﬂﬁ i ction device could be inserted at
an outlet pipe providing connection to both of |ines 398, 400. Patent
Application GB 872 6 4l A} 5 - -..C d S 1. A
cycl one separatgg ;g% F?%&g?ﬁﬁgg%%¥3? %ggﬂﬁﬂiiﬁﬁﬁﬁégg)%&xéﬁéﬁ%;%ﬁnnre
dense conponent pEpYksioneds pReyddashfongrnendhedRck presayre atnrthevi ng
a_separ at org chaghgh GRER's 3000 10 Ho PG EaHYE (Hld SEHELHOUSoROT L i ONS
of circular cross-section and having an overflow out]et for the | ess dense

conponent at t h&YERdbaCk RESSSURe fd i W FRAEHG RN NS RXSHEAPDr ¢ i on

and an underf | owoUithe! dePardtar® D Jdas e mupmiteds tie' end of the

third ' ' ' ' . .
por 1 on 1 gt e LD U3 POYY BSiAdlka S @Bl ls 1E sgparater

decreasing _ _ =
separators 10, and, for the separators 10', by the
10 outlet lines 398, 400 which are suitably dimensiocned
for the purpose. If necessary, however, a common flow (;?
constriction device could be inserted at an outlet

pipe providing connection to both of lines 398, 400.

Patent . Application (B 8522346 i3 divided herefrom. .-
15 - .

.
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fromthe first portion to the>second portion and fromth to
the third portion, the first portion conprising an inl etﬂmmnjlmr WMII '
plurality of tangentral ly directed feed inletJ4proxi mate to Said dversf| ow
outlet, the second oAt enstapering over the whole of its Iength and the
underflowoutlet |ng arr nge rovd de |sta

t heret hrough from he g‘"%aorg ﬁg%rr?lgsgc °q ﬁgetat?ﬁ% % F' %t g}%q?jhdq to

undeg 1 ow out | et e%ﬁ?ﬁé%f@ed weadmecemmgenf éiroh & 1299 deMrc@mW@mrt] thereof,
repreésents the reSéa&uCJé?:QrLé&NhLW&UQmépﬁ?aw}d%ﬁianQW %lr%ir%nguuter Edcond
represents the flow fromthe outlet” of the third portion in the absence of
any restriction to‘“ﬁ’l B%rldnc?'ﬁégﬁr?ﬁfePPF'b‘wnéu?q étreylpgscrgiseniactipe andnbavioe

from10 to 93% 2.an okmsbmlee%&atm 13§§(Ued‘sé‘g:ohﬁo&|n€|£ﬂ he Wi 6F Nerlehe
al f angl e of thepéecond rt ion |i

| he range of from 20
A cycl one segdrat AOTht¥brarest g"é‘]‘ aﬁhf’n $ecopd ROZFHED ang,An, EPﬁs'F ﬁé" Sde e
estriction to fl dori shepmowe dledsd \coapbrantt &t p:(hétemoﬁft!ﬁesﬁﬂ’ddCbﬂiidhaﬂ‘mbeé
onpared with the | at t f t t or hat,the ratio
f the m ni num di ﬂ%e& ogé%‘a %rt}qtc' Inl%'retrioar'r'gf t°|t§| age ert ofdetcrea?i‘rﬁgrd
ortion at its outﬂrem ﬂ@xpiwseelr%tgnatmsr\eemcagé polrt ton andtmmrmeg@ecﬂndf rom
3 1/3 10 80% 4. porfiéyebotie TREA aspaoacceredr?%é Bofdi%hg%osngrw bR fi8e

aid ratio, expressed as a percenta les in range 3 1/3 to 66

/3% 5. A cycl shenkempuish éer'b@égBYrﬂj tengensisdly 'éﬁfreerad fegd iderein

ai d flourt ht porti %okﬁm&@nflﬁ(‘sfaﬂi J\Q&ﬁtvﬁo{l@létq kaf’d’hdb o&ifohuggﬁmg -o¥er-
oni cal section. cye ar at or, accor 0 C

aid resi stance td:hFI '61'\'/91 %)35% g’é‘% B ralifs“f‘gﬁ%qP‘ésq“&%ﬁrcgé%%a‘rﬁaWth he

ndeffl ow outl et . pi'pvidebracyedienmeeeparﬁatowr thereohrhiugly fromctlee whird \poetitm
he underfl ow

SN Q D DNV T O O = (DT

such that the flow through the underflow outlet expressed as a
petcéntage%%qzlod, where f; represents the restricted flow through\
the underflow outlet and f, represents the flow from the outlet of
the third portion in the absence of any restriction to flow in the
underflow outlet, lies within the range of from 10 to 932.

2. A cyclone separator according to claim 1, wherein the half

angle of the second portion lies in the range .of from 20' to 1°.

3. A cyclone éeparétor according, to claim 1 or claim 2, wherein

the restriction to flow is provided by a fourth portion of

N restricted diameter compared with the outlet diameter of the third
portion such that the ratio of the minimum diameter of the fourth
portion to t\e diameter of the third portion at its outlet,

expressed as E:percentage, lies in the range of from 33 1/3 to 80%.

4, A cyclone separator according to claim 3, wherein the said
ratio, expressed as a percentage, lies in the-range of 33 1/3 to
.66 2/3%.

5. A cyclone separator according to claim 3 or claim 4, wherein

said fourth portion is connected-to said third portion by a frusto



outlet is provided wwth flow inhibiting baffles mmu\ml stance
el ements. 8. A cycl one separator according to F‘“imr“ml the. ..
underflow outlet is provided with a flexiBe wall *i nca % ubul & portion
thereof with gharglfddecr€s®rti ng external pressure on the wall to effect

def ormati on thereof whereby the resistance to flowis variable within said
range. 9. A cycl one separator ‘according to claim8, wherein control neans
are provi ded 6or secyiloge |sepurakoprr assurding ot bkniayt] omersmpaatd or and fqy

VArVng (e degistefl LESHMANPDeOLILON TRSRONTILE JQ MincoRasd BRCSSUT e,

10. A cyclone separator accor to c whérei n the con neans are
responsi ve t othRegndexfdor| augleesi st ance Wnen there is arisein sensed
pressure and to increase flow resi stance when there is a drop in sensed
pressure. A cycl gne separat or accqrdi n to . any one of clains 1 to 10,
wher ei n the IEhgt A oiclone seRap#hPrpBFIATding & a?lﬂié‘aZt whgrefnyshe jynde RELOMm
di ameter. 12. mkmycis)rpeosmarmm fAG£ANRiBIGihe REY1EN@rodfehelrafIeew 1 to 11,
wherein ;- [er 41 1 tereln dierr] is the dianmeter of the first
portion at the& 3v%'f°e FLeRE8Facq | nl et s, dlerr] is the maximum di aneter of
the second portion and d is the diameter of the third portion at its -

outlet, 12 isgthe,lang %,,He O{epLE&o?GQQ&%PR% telo081 ARy %Jhek?ihé Rfie lﬂ{d@Lf o try

cross-sectiondl afed o cod TSt SonEastr et At
into the sepatthliefgiepippidednwithne flexihle walbtinf potpbular Mré%ﬂ &hereof

separat or acceiwhi ReardsO £6¢ Axdrithg WRES BN presbffd bn the wall to effect

deformation thereof whereby the resistance to flow is variable g;;
within said range.

9. A cyclone seﬁerator according to claim 8, wherein control meanéx
are provided for sensing liquid pressure in the cyclone separator
and for varying the degree of resistance to flow responsive to the

sensed pressure.

'10. A cyclone separator according to claim 9, wherein the control
means are responsive to decrease flow resistance when there is a
rise in sensed pressure and to increase flow resistance when there

is a drop in sensed pressure.

11. A cyclone separator according to any one of claims 1 to 10, et
‘wherein the length of the second portion is at least 10 times its

maximum diameter.

12, A cyclone separator according to any one of claims 1 to 11,

wherein :-

10 ¢ 12/d2< 25
0.04 ¢ 48,/ Ma § < 0.0
4 >d,
dy 5 ds



wherein d['érr] I's the di amét er of said overflow outl ét. |Immmuﬂwlll
separ & or according to any preceding claim wherein th el iIs
proovi ded with means sel ectively operable to.agy.the cross-sectional area

of the outlet for yRefdtinttd NGsCliAULMErQE S8 RhOCKALE RFEUEK 'a@gtﬂen 1EU§1 of the
outlet. 15. A cyclone separator according to claim 14, wherein

sensitive means i £e84 dlefsy, dpoks £herMeFinwpy dipamates| of fthe %fé?é@:tﬂ%@i%[‘ and d,

decregse in flow Hbrﬂughiaﬂtdrodft leRé @mddfwrtﬁaeraatwbgoseaéd ar éisV@Ké’ll@Sgch
nmeans f or i ncreasipg the crass-sectional , area g

cyclone separ at or *aceor ar Ft B8R s, A r'é‘i‘% tgg?a]d °5&Tﬁ'§?°'f‘s°“ia% T‘F?é Porm
of an outlet pipeadhdhehteay daletscuedsumed atr che vatytngf nearg bomprhses a

nmechani sm i ncl udi Qgn &R Phd | RGmS ;,anhvyau, e thRePEDRR, Which is so novable
as to open the si de of the pipe t e exterior thereof. 17. A cyclone

separator according to claim 16, wherein said portion is a side segnent of
the pi pe which isi18DVabkgeldnkvedpdyeVaycdrddfi e cl Al Ademepdid Re pi pe
under influence of said mechani sm -37- 18. A cycl one separator
according to claim16 or claim 17, wherein said nmechani smincludes an

2| ect romagnet and the said flow sensitive means operates-to apply electric
urrent to said electromagndt. for effecti ng novenent of the wall portion
way fromthe renmai nde«l o& -ée g [»25n said detecting of decrease in flow
;9., A cyclone separator accosding to claim 16, wherein the pipe wal |
portion is pivotally novable away fromthe remai nder of the pipe. 20. A
g¢ycl one separator according to claim 19, wherein the pipe wall portion is
arranged to be subject, in use, to a bias towards a position effecting said

(péﬁ’ll ng of the si ¢grefdfint ﬁloe iR Pe dRafbtei 6f said overflow outlet.

l4. A cyclone separator according to any preceding claim, wherein \
‘the overflow outlet is provided with means selectively operable to
vary the cross—sectional area of the outlet for permitting clearing

of a blockage occﬁrring in the outlet, -

15. A cyclone separator according to claim 14, wherein flow
sensitive means is provided, positioned and operable for detecting a
decrease in flow through said outlet and for operating said area
varying means for increasing the c;oss-sectional area for said

clearing.

16, A cyclone separatct according to claim 15, wherein said outlet
is in the form of an 6qt1eﬁ pipe and the Croes-eectional area

varying means comprises a mwechanism including a portion of the wall
of the pipe which is so movable as to open the side of the pipe to

the exterior thereof.

17. A cyclone separator according to claim 16, wherein said portion
is a side segment of the pipe which is movable outwardly away from

the remainder of the pipe under influence of said mechanism. _




row ﬂmlj nﬂﬂw&uﬂs positioned to be nornal Fy acted upon directly by
fFow to inpart a force thereon which is directed-against 4
t he outl et p| pe wal | portion to maintaim P{ <l osed, said force, however,

bei ng reducedi8n theycl»ae s¥parechicedcddddngtdor olgim tlbeorpicpeindué' tvduelnlamkage
wher eby the af ned, bi e t [ e

pi pe. 21. A cy {‘gggg‘éaenqar ajtnCIa‘z%coE‘dgieSCt?PMagﬁgp anfotpg%giéartﬁhéhgeq}s% i
sensitive. neansa!@omrta;fyes to pPRbit &Ile¢"e'\ﬁér¢¢fé'\¢rlhg€°t ﬁbi%@ﬁsc%fﬁﬁ“éﬁ%ﬁtnéﬁrOWa

| ocation at V‘@ffé&&ﬂé nlowﬁéntl of Rineot a1 tpertsi%dawﬁmmﬁheoéenﬁ@h@hrpbpe one
sai d arm bei n% formed with neans in use subject to flow thereonto from

t he separ at or FBhPIPRLTOERE dehestdinggod I4§°§°oﬂsﬁ b fdofal | portion. 22. A
cycl one separator according to any one of clains 1 to 21, wherein said

overfl ow out | pr,esents a ste with a,fi or adJ acent
the first porﬁ qé’“%fsed’raég{) aaf %éf'%rmt ﬁ%\?li“gém %‘of‘é rp i on
t hereof furt h!!allf rpgmitchei$ misrptpk:lm movablg3awax fxan the tsspardatroof adbeor di ng

to claim 22, ein said first bore portion is of a dianeter in the range
0.125 to 0.625 of the dianmeter d[err]. 24. A cyclone separator according to
claim22 or claim 23, wherein - 38 - said second bore portion is of

di aneter 0. 0130} 0 A0l ohk FepatBordiaafdidhg HLblidin 29, Met¥Gl RRE prpRAr at or

according to cI im1,  substantial] as described herein with reference to
the draw ngs." PRFEARD § ﬁe"§éb%ﬁ'da¥8r be, subiffity BHMERT Li%nf PiAG EQHATHRCR

separators i npmbdadﬁfecv\iﬂmssidaloﬁbﬂir&r bﬁﬂ@ﬁdsid’b SErtheS pivd, hahdnesamaderf

| ow outl et of f|r arat ec | east eof the inlets..
of the secondfis"e‘fjgr Ator Kavd ee'mésecor?asy':ni gtor °\ﬂ"ﬁﬁs¥ g d %P st ance W

flow fromt hedinrmnflh)wfécn |tdrough the n‘irpasto iepwtataofqrce thereon which is
directed against the outlet pipe wall portion to maintain it closed,
said force, howevg;, being reduced in the case of reduced flow \
through the pipe due .to blockage whereby the aforementioned bias

effects movement to open.the-side'of the pipe.

21l. A cyclone separator according to claim 20, wherein the flow
sensitive means comprises a pivoﬁal lever having two arms extending
from a loc#tion at which the lever is pivotal to said rerainder of
said pipe, one said arm being formed with means in use subjected to
flow thereonto from the separator'?nd the other engaging the said
pipe wall portion.

22. A cyclone separator according to any one of claims 1 to 21,
wherein said overflow dutlet presents a stepped bore with a first

bore vortion adjacent the first portion being of greater diameter
than a second bore portion thereof further from the first portion.

23. A cyclone separator according to claim 22, wherein said first
bore portion is of a diameter in the range 0.125 to 0.625 of the

diametér-dl.

24, A c&clone separator according to c¢laim 22 or claim 23, wherein
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7. A cyclone separator assenbly according to claim 2\(/3“ ﬂ | el S
escribed kRerein with reference to Fig. 20 of the dra 'm ﬂuﬁm Mne
gparator bank conprising a plurality of cyclone separatorts itn acc ce
ith claim1 arranged in a plurality of rows%f#f separators, a nmain feed
iinl et pi pe and asgidusedontybarfe gertdioal is/ offadicdneekr IRCINAar §.06 Nt Aiespithe S
xtendi ng fromtheapin4 nlet pipe at spaced |ocations along the |ength
tthereof , the rows of sepdfators |ying between adjacent pairs of secondary
iinl e\T/pi pes with one inlet of each separator being connected to one

decondary inlet z¥§,pea apd1dde s@pd1akok Heebr HingCes 196N, 2508s AGE NG 1G0RgECt ed
to the other seconda{ééllpnl et pipe of ‘the adjacent pair of secondary Inlet

pi pes. 29. A cyde§hE BPERTGr vHdn ke ERTEBF I 49y LR ATPuings28, including a
plurality of rows of second separators, the underflow outlet of each first
separator being Jranched, with one branch I ng connected to _one inlet of a
second separ ator'RéndAthﬁgl% ehg?pﬂfraé?lﬁl‘?sﬁﬁf'gﬁ' 68‘?’5‘?’(‘&&1% T8 OHEOPRISEPATATOLN
adj acent second igepeeadence whech sdebnd separgatiols seriwsi di thg thaiwhdeeSidi ance
to flow fromth el t ' ratqors.. 30, cl one
.$eparat or bank goggcﬂ)ggioﬁggl\t%oqgF‘Léiér%eg%fatéégbés%%%%'fé;f?g %s 5%sstcr° f‘%e°§ %g? ein

i th reference ti#lprgyPfovhe gegopdyseparatdravihagsecond separator providing said

resistance to flow from the underflow outlet of the first separator.

—_—

27. A cyclone separator assembly according to claim 26,
s substantially as described herein with reference to Fig. 20 of the
drawings.

28. A cyclone separator bank comprising a plurality of cyclone
separators in accordanée with claim 1 arranged in a plur#lity of

- ' rows of separators, a main feed inlet pipe and a plurality of
generally parallelISecondary inlet pipes extending from the main
inlet pipe at spaced locations along the length thereof, the rows of

separators lying between adjacent pairs of secondary inlet pipes

' - : with one inlet of each separator being connected to one secondary
. inlet pipe and the other inlet of each separator being connected to
the\other secondary inlet pipe of the adjacent pair of secondary

inlet pipes.

29. A cyclone separator bank accar&ing-to claim 28, including a
plurality of rows of second separators, the underflow outlet of each
first separator being branched with one branch being connected to

one inlet of a second separator and the other branch being connected |
to one inlet of an adjacent second separator, the second separators
providing said resistance to flow from the'underflow outlet of the

first separators.

30. A cyclone separator bank according to claim 28, subscanfially
as described herein with reference to Figs 22 to 24 of the drawings.




