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An outl et device and a centrifugal separator provided with such an
out |-et device The present invention relates to an outlet device for
a 5 centri tor that is rotatable around a rot atlo‘r&l,sn-”mm,am S
and that delimts a chanber which is formed such that a |1 quid present
therein forns upon rotation of the centrifugal rotor a liquid body
having a free liquid surface facing towards and surroundi ng the
rotational 10 axis. The outlet device conprises, firstly, an outlet
menrber which forms an outlet channel and an inlet openi ng
conmmuni cati ng t Rgr ek} (Ml S A& i _ el
centrifugal rotor, _to be turnao e around a turnlng axi s extendlng

substantial ly iﬁu%@—£“ﬁ%#§¥#ﬁ$1ﬁﬁfﬁa¥é?% rotational axis at some distance

therefrom so that the outl et nenber is novable in a directi on towards

or away fromth%@g@ag&&l@' b318h relacddIAF BN HLENGRIad A cokhg Outl et
formed suc

menber further bein erent turning p05|t|ons
around 20 Ssai FepsFhfugrhaasor tBﬂFeﬁﬁs“‘f‘Fﬁﬂb&el REOVRE 1§ FOE4APNEE

sai d chanber OUTaxtiEt énd hehdd wdmbedyapdsmﬁmr WREERI s formddhisawph said
free liquid sur gg gngigéﬁfgﬂgsgntagﬁg m% 1gyra ?eq hbO

actuate the out & V|ng at’ turning
t he outl et nenb@ﬁn251fugﬁ%nﬁﬂ}°§aﬁdliﬁv¥ﬁrRPQ§ah§VFﬁ9aadﬁ?@&nﬁ@ﬂ#lémay from

t he rotati gdglEadyi sadiing h@wﬁeﬂhraxfx&%\lrﬁdﬁh&&ngsﬂaé hadtdtdienal  outl et
menber , ag%nst %‘ge agl haﬁ%.fetf ggggg%v? é]r:‘.asel% £ir rted I%grgon by the
ro

l'i quid body rot & i ng mn Wth its
i nl et opening 3@emb§rtvk&thﬂgimsea§t°9§}Q¢yc ﬁ$ﬂpﬁeah¢cﬁnciﬁiﬁwy at varying

radial levels obpbhend'@Suirddadifyl {R€fewith and which is adapted
during operation of the centrifugal rotor to be turnable
around a turning axis extending substantially in

15 parallel with said rotational axis at some distance
therefrom, so that the outlet member is movable in &
direction towards or away from the rotational axis of
the centrifugal rotor, the outlet member further being
formed such that in different turning positions around

20 said turning axis it extends from a liquid free part of
said chamber out into the liquid body present therein
through said free liquid surface and, secondly, actua-
tion means arranged to actuate the outlet member by a
controlled force striving at turning the outlet member

25 around said turning axis in a direction away from the
rotational axis of the centrifugal rotor, so that the
outlet member, against the action of forces which are
exerted thereon by the liguid body rotating with the
centrifugal rotor, is held with its inlet opening

30 situated at least partly in the liquid body at varying
radial levels of the free liguid surface. :

An outlet device of this kind is advantageocus because
the radially movable outlet member can be brought to
35 accompany radial movements of the free liquid surface in



An outl et device of this kind is advantageous because the radially
novabl e outl et nenber can be brought to 35 acconpany radi al novenents of
the free liquid surface in WO 97/ 27946
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centrifugal MWRYR™6tomatically. If desired, this meyChsEsapeid f or
sensing of the radial position of the | iquid surface, or be used only
for mnimzing the energy consunptipn caused by the outlet menber by
its 5 contact with the rotating liquid body. The depth of

i mmersion of the outlet nmenber in the rotating |iquid body, thus, may
be mai nt ai ned unchanged i ndependent of the radial position of the

li qui d surface.the geRtrifugeroigvanvhgeaticadlly.r 3di desjredy aiilis out | et

menber | snaiyhde Uped W%eﬁ:@&n@%keﬁhérmfal”?iﬁs@%iéﬁe&f f9fe @

desi red adj ust .Qf the radial K position of said, surface.
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descri bed for eMrgyceonsuPRi®HccagSednbly the oubEe89mdibédb byA\litsar e not

designed ip a \whtEBEI $Oth the rBQﬁ%H%Q%@ibgg?ﬁugge?ﬁ%@&%drﬁgt aggs of
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a radially novabl e | et nber . 3 I !

nenbers shown g‘ﬁ'&‘eﬁﬁgﬁ? i%fg&%enoggiﬁttwkt%‘i éh th&t BAtating LigWdd fi cati ons
have a form cadoiyg thusl adydeymbangained unchaeygyd todeparidranogven if the
outl et nmenbers fhaVadial posit@bat bge{:%(%?%‘g_ddggwagé i mersion in the

rotating | iquid body. Further, previously known outl et

10 Another advantage with a radially movable outlet member
is that upon need the outlet member may be used for a
desired adjustment of the radial position of said liquid
surface.

15 Previously known outlet devices of the kind here
defined, described for instance in DE 656 125 and
DE 39 40 053-Al, are not designed in a way making
possible a maximum use of said advantages of a radially
movable outlet member. Thus, both of the two outlet

20 members shown and described in said two German patent
specifications have a form causing a relatively large
energy consumption even if the outlet members have a
relatively small depth of immersion in the rotating
liguid body. Further, the two previously known outlet

25 members are arranged in a way making them instable as
level sensing means. Thus, they will not operate
satisfactorily if sudden disturbances come up in the
rotation of said ligquid body, e.g. upon swinging oxr
pendulum movements of the centrifugal rotor. In connec-

30 tion with movements of this kind those forces exerted by
the rotating liquid body on the outlet member change
very rapidly and, given the design of the previously
known outlet members, this may mean that the rotating
liguid would press the outlet member much deeper into

35 the liquid body than is desired. This may cause too



25 menbers are arranged in a way meking theminstable as | evel
sensi ng neans. Thus, they will not operate satisfactorily if sudden
di st urbances cone up in the rotation of said liquid body, e.g. upon
swi ngi ng or endul um novenents of the centrifugal rotor. In connec- 30
tion wth nnv%ﬁ%ﬂ8§“6f this kind those forces exerted by  PCTRRYFONGE ot ng
i quid body on the outlet nenber change very rapidly and, given the
design of the previously known outl et 3nenbers, this may mean that the
rotating liquid woul d press the outlet nmenber nmuch deeper into 35

the liquid body than is desired. This may cause too MD 97/ 27946
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and which, theref gr&eg s r‘i‘éd su{-‘% \r%ealfcg%e,%léirgr&l ggtgg% t4e actual

radial posi- 5 ti ect of the
present inventi oPt I¥VE Sr 69?8%0%1@19“31 GhenEt the\ataadf r?ﬁéabeﬂ%?’a‘t ki nd

initially deginegion of thel thquid irdected with the di sadvant ages of
pre- 10 viously known outl et devices just described. Thi s obj ect
may be obtained by the invention if in an outl et device of the
initially defineBhkighiecteouthetpresenthdpyepthor if $ivapeosiéa amat during

ope{ ation o; theoxl@letrrb%%l‘:éfblﬂaﬂt:hé Eﬁé}ferlatl ﬂxhenﬁlrs;ﬂaqw ?é;tfhhﬂ&',! d free
par of sai anher e en erein
t hrough an ar ea %? (fqhemf Pes PP T rﬁlt@e%hﬁh‘? Q’%\Paé:}ages oL pre-

viously known outlet devices just described.

This object may be obtained by the invention if in an
outlet device of the initislly defined kind the outlet
member has a shape such that during operation of the

15 centrifugal rotor it extends from the liquid free part
of said chamber out into the liquid body present therein
through an area of the free liquid surface, which area
is situated downstream of a point on the free liguid
surface, which point is situated at a prolongation of a

20 straight line drawn from the rotational axis of the
centrifugal rotor through said turning axis. Said sarea,
in which the outlet member extends through the free_
liquid surface, is thus situated between said point and
- seen in the rotational direction of the centrifugal

25 rotor - & place on the free ligquid surface, situated
diametrically opposite to the said point.

Preferably, said inlet opening in the outlet member,
during operation of the centrifugal rotor, is placed

30 such that a radius extending from the rotational axis of
the centrifugal rotor through the inlet opening forms an
angle between 80° and 100°, preferably around 90°, with
-said- straight line extending through said rotational
axis and said turning axis. Hereby, it is achieved that

35 the angle, that is formed between the outlet member and



I's situated downstream of a point on the free liquid surface, which
point is situated at a prolongation of a.20 straight line drawn fromthe
rotational axis of the centrifugal rotor through said turning axis.
Sai d area, in which the outlet nenber extends through the free

li quid surf X¥R72M6t hus situated between said point and FCISESTRMER in the
rotational direction of the centrifugal 25 rotor - a place on the free

| i quid surface, situated dianetricadly opposite to the said point.
Preferably, said inlet opening in the outlet nenber, during operation
of the centrifugal rotor is placed 30 such that a radius extending from
the rotational axis he centrifu

r ot or throuah t he i nlet opening

forns an %Ilé‘qb‘éf’mﬁgﬁf’ﬁﬁ & Ithﬁna"’%ﬁﬁ{"éq A aydcePefEnty ound
90[err], wth area ofaisdidt imlehtogeniagexeehtlictiaride asghisele aot ati onal

axi s and said [ b l.8Vve ngl e,
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PCT/ SE97/ 00107the outlet member. the Iiquid
surface ofs the rotating liquid body in the area of said inlet opening,
wi Il change as,lit passible u |aI f. the liquid
surface and e ElLt'ﬁe’%t ?}é nneln%’?a‘r. R PP&F gtrggﬁxé%&?]% q"ar? the outl et
menber pref er &g yexﬁggszon sugh @lﬁ@néhanléuﬂm‘tm 1|nl ghraugh ottieng i n t hr ough

the i nl ety PRANPERING 'dl&‘i@ibe 'rﬁﬂ;.@xfx éf‘&t@@eﬁiti-%@éai qtc%r i's
forced to chan ts fl |rec 0 thg % chanqh In a way
such that, théﬁ rcgd g%c? f ow 1rectxon n the out

1 channel in a way such that thereby, a reaction force

will act on the outlet member, which strives at turning
the outlet member around said turning axis in 8 direc-
tion towards the rotational axis of the centrifugal
rotor.
i5 .
Furthermore, in a preferred embodiment of the invention
at least a part of the outside of the outlet member,
being arranged to be in contact with said ligquid body,
is inclined in relation to the direction of rotation of
20 the liquid body in a way such that the outlet member
will be actuated by the rotating liquid body by a
lifting force that is countexrdirected to said controlled
force. Preferably, said outside of the outlet member
forms an angle smaller than 10° with the free liguid
25 surface in said chamber in the area of said outside
having contact with the rotating liguid body in the
chamber.

Said controlled force should be independent of forces
30 emanating from the rotation of the liquid body. In the
most simple case the controlled force may be obtained by
means of a spring of one kind or another. Alternatively,
for instance a body (possibly the outlet member itself)
may be adapted by its weight and by means of inclined
35 surfaces to cause the outlet member to be pressed by a



will act on the outlet nmenber, which strives at turning the outl et
menber around said turning axis in a direc- tion towards the
rotational axis of the centrifugal rotor. 15 Furthernore, in a
preferred enhgg of the invention at |east a part tside
of the outl et n%ﬁ%@# bei ng arranged to be in contactﬁ%ﬁ saﬁ% l'iquid
body, isinclined inrelation to the direction of rotation of 20 t he
liquid body in a way such that the out | et nenber wi |l be actuated by
the rotating |iquid body by a lifting force that is counterdirected to
said controlled force. Preferably, said outside of the outlet nenber

form: an angl e sgpliate (haRelObarids Yok BEvkdRh) I isdagSang sur ace i

said chanber in the are sai d out si havi'ng contact with the

rotating |iqui dPBBERY idptehEhe Totapngdiquid b°dyfﬁﬁQ?QE8ﬁPgoF?eﬂ force
shoul d be i ndepgmchendr mfltbmae:wé@the epntabl dgd f forod mayr beati on of the

l'iquid body. In,the e controlled force nay be
obt ai ned by 2 éﬂishﬁgoﬁé |ng olﬁgﬁga&?nd or another. Alternatively,
for instanc® a body (possibly the outl et menber itself) may be adapt ed

by mla ts ;Nel ght ang &:ydm:a.a& aévids|ddtadhg t6 UEKaGRfren®i6AUERe thRIOUt | et
me er (0] e re
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constant predet
rotating |iqui dttbotg/l.lqazcceﬂélahgnqwnts of thetfree diuidasuntacaof

control | ed forcﬁhéﬁﬁbﬂﬁiing 1ig@fd By shadaby axeuwnmid witRagPeat
10 accuracy be kept immersed to a minimum in the liguid
body, independent of whether liquid is discharged or not
through the outlet device.

In a simple embodiment of the invention the outlet mem-

15 ber is not rotatable around the rotational axis of the
rotor. Nothing prevents, however, that the invention is
used in connection with ocutlet members rotatable around
the rotational axis of the rotor at a speed differing
from that of the rotor.

20
Within the scope of the invention the ocutlet membexr may
be formed as a paring member, i.e. so that it transforms
rotational movement of liquid in said chamber into
pressure energy, when the liquid is discharged from the

25 chamber. It does not have to be formed in this way,
however. Discharge of liquid from said chamber through
the outlet member may alternatively be accomplished only
by means of the pressure prevailing in the liguid in the
chamber and caused by the rotation of the liquid,

30
The present invention alsc concerns a centrifugal sepa-
rator comprising a centrifugal rotor and an outlet
device of the above described kind, arranged for dis~
charging ligquid out of the centrifugal rotor.

35



5 In an outlet device according to the invention the radi- ally

novabl e outl et nmenber may be automatically caused to foll ow radial
novenents of the free |liquid surface of the rotating liquid body and
all the tine with great 10 accuracy be kept imersed to a mninmnumin the
l'i quid wosmnMdadependent of whether liquid is di schar BETSEIFON6T

t hreugh the outl et device. In a sinple enbodi nent of the invention
the outlet mem 15 Dber is not rotatablegaround the rotational axis of the
rotor. Nothing prevents, however, that the invention is used in
connection with outlet nmenbers rotatable around the rotational axis of
the rotor at a speed differing fromthat of the rotor. 20 Wthin

the scope of tI®he rveehtdontie daadrébedeibetherafollowingewtth mafeas a paring
menber, i.e. SQHQAEQ:tbtthéaééédﬁﬂgiying de&@ﬁ%(”¥ﬂ WRRXBNBRE éMbddiquid in

sai d chamber into Eressure enér gy, liquid is discharged from

the 25 chanbdteny ef gBe Fryenipr 4§ pAlrdFrRedn this way, however .
Di scharge of liquid fromsaid chanber through the outlet menber may
alternatively 0 y §&§g§ Eﬁﬂ%e prevailing
in the I|q§|d ?%qﬁ$% quhé@ﬁqﬁ%ﬂi ll se Fe rotat on of the liquid.
30 The pr &R&9C P-ﬁvén%?’éﬂ#‘é*ds"d‘aéoﬁééf:ﬁ%" aaflfbrﬂ“r cufdar depke rat or
conprising a cejidordiagl tootks ARdmaocaut | et devi ce of the above
descri bed kind, arranged for dis- charging liquid out of the
centrifugal rotor. 35 WO 97/ 27946
PCT/ SE97/ 00107 Figure 2 shows an outlet part of the gentrifugal rotor

10 in figure 1 and the outlet device according to the

invention.

Figure 3 shows a part of the outlet device according to
the invention.
15
Figure 1 shows schematically a part of a rotationally
symmetric centrifugal rotor, seen in a longitudinal
section. The centrifugal rotor has a rotor body 1, that
supports within itself a distributor 2 and a partition
20 unit 3.

The distributor 2 has a plane annular part 4, an upper
conical part 5 and a lower conical part 6. The partition
unit has a cylindrical partition 7, two plane annular

25 partitions 8 and 9 and a conical partition 10. Between
the conical partition 10 and the lower conical part 6 of
the distributor is arranged a stack of frusto-conical
separation discs 11, which by means of spacing members
{not shown) are kept at some axial distance from each

30 other.

The rotor body 1, the distributor 2, the partition unit
3 and the separation discs 11 are rotatable together

around a central rotational axis 12.
35



The invention is described in the following with refe- rence to the

acconpanyi ng drawi ng, in which one enbodi - ment of the invention is

i1l ustrated. 5 Figure 1 shows schematically a part of a centrifuga
rotor in a lqngitudinal section and an outl et device | to the
I nventi on. w2 ?%@ure 2 shows an outlet part of the cen?ﬁﬁﬁ%ggﬂﬂVotor 10
in figure 1 and the outlet device according to the I nventi on.

Figure 3 shows a part of the outlet devicé according to t he inventi on.
15 Figure 1 shows schematically a part of a rotationally

symmetric centrifugal rotor, seen in a |ongitudinal section. The

centri fugal rot tor bod t hat POL .S W th| elf a

di stri butor :ﬁéng 5?¥| (ﬁP625°¥°ﬁnF?e€F is f°rme$h%P rlbh% 55 has a
pl ane annular pdﬁtba the Qﬁﬁkﬂibutor donkrand dhe QlaHQPQP#QﬁMQhGGGnﬁéaI part
6. The partitiOFormeq y@t&eé}a&hascxhanéﬁé%t&abbuyl Ny 7se§a&cauabane annul ar

25 partltlons and rtition

conical partiti (ﬁ% Tg 5n?j'il ﬂ?aqi(?&gV éﬁﬁf%%l rctyléngfmal patrﬁg.t& Pi but or
i s arrangedSa stthekeolfsf fogial axipddy betweaep:axeaanmmlakr sp}g'*tﬂj.j:iowm 8h by

means of spaci nanﬁeabsrﬁower ou&rmtt éﬂsmgar A &%B%ea{hé%‘ﬁ&ral di stance

fromeach 30 ot her. he roto distributor 2, the
partition unit Partiﬁlgﬂdpt?ﬁ???ebﬁrg??@ﬁp eflta¥% ??ﬂzﬁﬁ&bF@tPﬁgether
around a centr abodgt at annagpeaxiostldt Shamber 16.

10 The inlet chamber 13 communicates with the separation'
chamber 14 through several radially or otherwise exten-
ding channels 17. The separation chamber 14 communicates
with the lower outlet chamber 15 through an overflow
outlet 18 formed by a radially inner edge of the annular

15 partition 9, and with the upper outlet chamber 16
through several channels 19.

A stationary inlet pipe 20 extends into the rotor body 1

from above and opens at its lower end in the inlet cham-~
20 ber 13. The upper part of the inlet pipe 20 is surroun-

ded concentrically by an outlet pipe 21. The two pipes

20 and 21 form between themselves an annular outlet

channel 22. At its lower end the outlet channel 22 com-

municates with the interior of a paring member 23, which
25 is arranged in the lower outlet chamber 15,

A further outlet pipe 24 is supported by means of a
supporter 25 by the outlet pipe 21 in a way such that it
is turnable around a turning axis 26 extending in paral-

30 lel with and at some distance from the rotational axis
12 of the rotor. The outlet pipe 24 is connected to an
outlet conduit 27 in which there is arranged a closing
valve 28.
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7 Centrally in the rotor there is fornmed an inlet chanber

by the distributor 2. Around the distributor there is
this and the rotor body 1 a separation chanber

13

f ormed bet ween

14. Radially inside

the cylindriwebrastition 7 5 there is formed axially RETAEEN0IHe
er 15. Above the

annul ar partitions 8 and 9 a | ower outlet chanb

annul ar

partition 8 there is fornmed between this and the rotor

body 1 an upper outlet chanber 16. 10 The inlet chanmber 13 conmuni cates

wi t-h the separ
ext en- di

ation chanber 14 through several radially or otherw se
ng channels 17. The separati on chanber 14 communi cates

with the | onerThRitshape Rinbbe st Rigle 34 s9Rrrevbe seeguihet 18 forned
by a radially giqnefe eXlg@sobnbis, athull1wekbparpast itHeooButregngipét h the
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The two pi pes
channel 22. At

the interior ofckomaring nmenber 23, which 25
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a support

turnabl e ar ountP® B3R Ofgthe| eubke
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35

mher. 16, L hrough ver al a l,s..1
g?’ p ggﬁseffgﬁ%éeéj%tno eo%g.%? %gag"ybsef %6' f?%?n é;‘\bove and
opens at its |avwepateh@utietheenbert2g ivhch2gxtends arpun pagppef part of

the inlet giperrd dxﬁ%@tr g@ga-zl and ORE @aNeantti SpddihgdBoaBnOYts et pipe 21.
an

1 f b h I I
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is arranged in the | ower

15. A further outlet pipe 24 is supported by neans of

er 25 by the outlet‘£§fe Z%ﬁéggﬁemaﬁgfﬁ%ppggggléi

with the rotational axis 12 of the rotor supports a
spring 31. The spring 31 is formed by a spring thread
which by a number of turns surrounds the outlet pipe 24
and with its one end portion 32 is fixed to this outlet
pipe and by its other end portion 33 resiliently abuts
against the outlet pipe 21. The spring 31 in this way is
adapted to actuate the outlet pipe 24 by a known,
controlled spring force in a direction counter-clockwise
around the turning axis 26, seen from above with refe-
rence to figure 1. The spring 31 thus presses the outlet
member 29 away from the rotational axis 12 of the rotor
in the outlet chamber 16.

A stopping member (not shown) is arranged to limit the
counter-clockwise turning of the outlet member 24 so
that the ocutlet member 29 is prevented from getting into
contact with the rotor body 1 in the outlet chamber 16.
If desired, means may be arranged to limit the counter-
clockwise turning of the outlet pipe 24 at any desired
position of the ocutlet member 29, the outlet member 29,
however, then having a possibility to be moved from each
such position closer to the rotational axis 12 of the
rotor against the action of the spring 31.

Figure 3 shows the outlet member 29 in a section taken
across the rotational axis 12 of the rotor. The outlet

S

-



30 lel with and at sone distance fromthe rotational axis 12 of the
rotor. The outlet pipe 24 is connected to an outlet conduit 27 in
which there is arranged a cl osing val ve 28. WO 97/ 27946

PCT/ SE97/ 00107 8 % of the
outl et pipe 2WAHRYWest be seen in figure 2. As shown, @ﬁl Wer part
of the outlet pipe 24, which is situated in the outlet chanmber 16,
fornms an arouate outl et nmenber 29 whigh extends around part of 5

the outlet pipe 21 and has an inlet opening 30 on its si de facing away
fromthe rotational axis 12 of the rotor. The part of the

outl et pipe 24 extendi n parallel .1 Wi th the ot at i onal _axi of
the rotor supporTEaf* % h?ﬁr?n’%’ 1T%§ EBFPRYIA rsomf %bﬁeﬁr%y %ussls}zi ng

t hr ead whi cxheru;acmeldu frbdet odpenimgs 36utpothe sinteriout bét the peutlet

and wWith its on Hortion 32 is fixed to this outlet pi pe and by
its other end po t|on 33 resiliently abuts 15 agai nst the outlet pipe 21.

The spring 31 in this way is adapted to actuate the outlet pipe 24 by
a known, 5 canguwdd ddaspoi sipworihe ppsationest iorcydduadrecal | Dixdkwidse

around the t“r”'%@éﬂesagfsfoﬁﬁ&i‘ {4 ARAbaYEt! Ll rs. Therfmao figure

1. The spring 31 resses fromthe

rotational axis qﬂ?ﬁﬁiq:ﬁéerB¥E&et Chaﬂq?rtﬁé'oﬁ?4%ﬂ ﬁﬂf&ﬁb@helblquld A
st oppi ng nmenber gfurfiaceh@dn) rotates angdagt oOpkratiorn f the centnifxgad ockw se

turning of the c%@%é? aqgﬂngrtgé'fékational axis 12 in a direction that
10 is illustrated by an arrow 36.

The outlet member 29 that is turnable around the turning
axis 26 has an inner side 37 that is facing towards the
rotational axis 12 of the rotor and an outer side 38

15 facing away from the same rotational axis. The inlet
opening 30 of the outlet member is situated at said
outer side 3B.

As can be further seen from figure 3, the outlet member

20 29 has on its outer side 3B a protuberance 39 extending
into said rotating liquid body. Even the part of said
ocuter side 38, in which the inlet opening 30 is formed,
is situated radially outside the liquid surface 35. This
happens in an area situated downstream of a point P

25 (figure 3) on the liquid surface 35, that is situated on
a prolongation of a straight line drawn from the rota-
tional axis 12 through the turning axis 26 of the outlet
member 29. Upstream of the outlet opening 30 a part of
the outer side 38 of the outlet member is in contact

30 with the rotating liquid body, whereas the rest of the

- outer side 38 is situated in the liquid free part of the

outlet chamber 16. As can be seen from figure 3, the
outer side 38 in the area of its contact with the rota-
ting liquid body has a radius of curvature that only

35 insignificantly differs from that of the liguid surface



25 that the outlet nmenber 29 is prevented fromgetting into cont act
with the rotor body 1 in the outlet chanber 16. I f desired, neans nmay
be arranged to limt the counter- cl ockwi se turning of the outlet pipe
24 at any desired position of the outlet nenber 29, the outlet’ nmenber
29, 30  howwoaTMeen having a possibility to be moved frB@E/ERENI07  such
position closer to the rotational axis 12 of the rotor against the
action of the spring 31. Figure 3 gipows the outlet nmenber 29 in a
section taken 35 across the rotational axis 12 of the rotor. The outl et
WO 97/ 27946 PCT/ SE97/ 00107

9 menber 29 has a channel 34 extending fromthe previously
ment i oned i nl et 36peThig B0 thht the gjusiy mehtihpedupaxt of the puper24,

5 Figure 3 al 948 N8N ho&al?tf;ac?t QM't'hn@ﬁéCﬁiqﬁidquay, forfiyr f ace
35 forned in the out et chanb ig t?e ui d €% i,n th% out | et
chanber 16, whi 8R $R9+R Y%ﬁ?ltS& qui c 85340 VRN ng
operation of theoseattidtgalwhich isotary amalild phefem!a!ty cmllgxis 12 in a
direction that ltg?n 1§ ! 14 c]JléStcB@Lttggtbéff a’&)@rJuQ\élr?’glde 38 with&neutl et menber

29 that is Turnable aroun turnin 26 has an 1 nner zgde 37
that is facing rekartrg tHauid °P5t5¥?¥ﬁﬁﬁ W%%lSQEQeBTt?rﬂaWﬁfprmﬁ
outer side 38 lErictoohdly foxme.f Fhe dlelstmenberalonmbll He L1odkéngnl et

opening 30 of the OULLE JETREERbS] BLhHA IS AlceS850uhen pressed by

the spring 31 against the rotating liquid body.

10
The protuberance 39 which partly defines said inlet
opening 30 makes the outlet member 29 operating as a
paring member, i.e. liguid flowing in through the
opening 30 may be transported through the channel 34 and

15 further through the outlet pipe 24 partly by means of
the movement energy obtained by the liquid through its
rotation in the outlet chamber 16.

It should be noticed, however, that the present inven-
20 tion is not dependent on the outlet member 29 operating
as a paring member. Even without a protuberance 39 the
outlet member would be able to discharge liquid out of
the outlet chamber 16 through an inlet opening on the
outer side 38 of the outlet member. This would occur in
25 such a case only by means of the ligquid pressure pre-
vailing in the liquid body rotating in the outlet
chamber 16 at the depth therein where the outlet opening
30 would be situated as a conseguence of the spring 31
pressing the outlet member 29 towards and partly into
30 the liquid body.

In the following it shall be described more in detail

how the outlet device according to the invention may be

used in connection with a centrifugal rotor of the kind
35 shown in figure 1.



outer side 38. As can be further seen fromfigure 3, the outlet
menber 20 29 has on its outer side 38 a protuberance 39 extending

into said rotating |iquid body. Even the part of said outer side 38,
in which the |nlet opening 30 is forned, Is situated radially outside
the liquid suMeT g Thi s happens in an area situate Ptam of
a point P 25 (flgure 3) on the liquid surface 35, that is situated on

a prolongation of a straight [ine drawn friamthe rota- tional axis 12
through the turning axis 26 of the outl et menber 29. Upstream of the
outd et opening 30 a part of the outer side 38 of the outlet nenber is
I n contact 30 i t.h the roé _9 l.i qui d bodg whereas the rest of the
outer side 38 is situUiCEY™F 1?% |FRELICEREF S EUGRE (T RECOTAIng, q of

chamher 16. As cHigure dedn fodme fuspd €o3, théeseparamuhebfswl@ Byuidst he
area of its cont t t L Lk 0] {US of
mmg bR rEbEekO aaensities sﬂ %Tngola Qﬁ Pé%?ﬁﬁ] qq

curvature that onl I nsi gni fi cant |qU|d
surf ace \ﬁ5r§?F§7§ﬁ ed that 1n this suspenS1on a very small

PCT/ SE97/ 00807 amount of relatively heavy liquid, el@. water, 35.suBdi s neans

that the just ’"ﬂHﬂd%Be?npériafgeté%%uﬂ%tﬁk ret?F§Ué1 |?§gh§ iﬁf&il n contact

ade 35 in the

with the |iquid body, an an
rel evant c&racPitrea which is very smal |, preferably smaller 5
than 10[err]. The contact of the outer side 38 with the rotating

l'i qui d body theggg%rp|gke?$%§%£g€iog ESe¥a§£@%l%s ifar% act onagﬂﬁorce The

outl et nmenber Eﬁisurface
35 when préf9sed figal roteye sa;fr‘ieﬁ'g i%1hagabern hueughst étl‘FﬂPtgrQ#aqulO@ body. 10

preferably is charged with a predetermined amount of
previously separated relatively heavy liguid. So much
heavy liquid is introduced into the rotor that the
liquid fills out the radially outermost part of the

15 separation chamber 14 in to the outer edge of the
conical partition 10.

After that the supply of suspension through the inlet
pipe 20 is started. The suspension is conducted from the

20 inlet pipe 20 through the inlet chamber 13 and the
channels 17 into the separation chamber 14, in which it
is separated by the centrifugal force in a light liguid
and a heavy ligquid. A substantially cylindrical inter-
face layer L (figure 1) is formed in the separation

25 chamber 14 between the separated light liquid and the
separated heavy liquid. While separated heavy liquid is
collected in the radially outermost part of the sepa-
ration chamber, together with the amount of previously
supplied liquid present therein, the separated light

30 liquid is displaced radially inwardly in the separation
chamber 14.

Eventually the separated light liquid reaches radially
into the overflow outlet 18 and overflows into the
35 outlet chamber 15. The separated heavy liquid eventually



The protuberance 39 which partly defines said inlet openi ng 30 nakes
the outl et nenber 29 operating as a paring nenber, i.e. liquid flow ng
in through the opening 30 may be transported through the channel 34
and 15 further through the outlet pipe 24 partly by means of t he
movenent enerwygowimwa ned by the liquid through its r oteafirisesvootv7t he

out l.et chanber 16. It should be noticed, however, that the present

i nven- 20 tion is not dependent on the qytlet nmember 29 operating as
a paring nmenber. Even w thout a protuberance 39 the out | et menber
would be able to discharge liquid out of the outl et chanmber 16 through
an inlet opening on the outer side 38 of the outlet nmenber. This woul d
occur in 25 sweRchesaterougly e pbanselbd 1hehe) qutﬂeprehambar [i6e-

vailing in the |\Jﬂl¥bd1190€|¢¥nﬁé)t@tf'zﬁﬂ E:Plixk@rﬂ}gll ‘?sturfac raﬁ -at the
depth therein where the ggtlet openi ng woul d %e Ssituated as a

consequence of YspPrf : pressi ng the outl et nmenber 29 towards and
partly into 30 the |iquid body. In the follomﬁng it shall be

descri bed nre I.ﬁl‘ g{,@igtdnembeqp\ﬂgt Q?tgﬁégzzhnd%w CSF@fg q’f r&ro:i.%he

i nvention may be n connec n- W a cen of the
kind 35 shown isnkppgubPe the spring 31 in lmrmﬂftz?@maoutermost posi-

PCT/ SE97/ 00107 tion, prevented from moving further outwaﬂdly by a pre- It is

assuned that t h%’ %ﬁ?&gn};&?@tone%f g%O?éC r dl er cooperating Ibg}{ ;i I's to be

used for the separati
outlet pipe 24. At thls stage of the separating opera-

10 tion the valve 28 in the outlet conduit 27 is closed.

When the liguid surface in the outlet chamber 16 reaches
the outlet member 29 and continues its movement radially
inwardly, since the valve 28 is closed, the outlet

15 member will start to float or be "surfing" on the ligquid
surface and, thus, be turned clockwise around the
turning axis 26 during the continued movement of the
ligquid surface radially inwardly. The outlet member 29
will thus be subjected to a lifting force by the liquid

20 rotating in the outlet chamber 16, where the liquid hits
the inclined outer side 38 of the ocutlet member 29. This
lifting force is counteracted by the controlled force
exerted by the spring 31, so that the outlet member is
all the time kept in a desired contact with the rotating

25 liquid body.

Figure 1 illustrates by small triangles the positions of
the free liquid surfaces formed in the various chambers
of the centrifugal rotor during the separating opera-

30 tion. As can be seen, the liquid surface of the separa-~-
ted heavy liguid in the outlet chamber 16 is situated
somewhat more remote from the rotational axis of the
rotor than the liguid surface of the separated light
liquid in the separation chamber 14.

35



having different densities and form ng a suspension. It is further

assuned that in this suspension a very snall 5 anmount of relatively
heavy liquid, e.g. water, is sus- pended in a | arge anmount of
relatively light |iquid, e.g. oil. Before the
separation opgfoa? f%5M6i s started, the centri- 10 fugal FPETEF700Ufer jt
has. been brought into rotation - preferably is charged with a

pr edet er mi ned anmount of previ ousl w3separated rel atively heavy
liquid. So nuch heavy liquid is introduced into the rotor that the
liquid fills out the radiaIIy outernDst part of the 15 separation
chanmber 14 in tqg.the oyter oni cal gartitipn 10.

After that the s%l%?s&fngﬁs‘b n%"f%r}lﬂﬁ‘liauﬁl'\rﬁfée |irﬂ ghe separatifhe 20 s
started. The susghesmbesn lisisofithest ehdf posdébermingd) by ithé eposi @ hr ough

the inl et chambainel 3,386160%ut1et 18, CQﬁan,g%abrgg eddr! 58 £€ £ B0

chanmber 14, in I S separ at centrl orce in a
light. liquid s‘°neaaﬁ8°ﬁ'HﬁaﬂfjlWﬁ&ﬂdraﬁ&%lﬂuﬁ%ﬁ%ﬂaagﬁnyV?rﬁﬁ%|caI i nter-
face | ayer B (f|qyﬁmatlbhaﬁbéﬂrrﬁﬁhnlnsbb&r&ﬁ@@rrﬂquma entaﬁzng(ﬂﬁ%Eber 14

between the SeDQ%ea ahgg}d%féﬂ“ﬂiéaggpgpgrfon cﬁimbigpgﬁaiﬁ heavy 'qU|d

Wi | e separ at ed I qu ctea R the radi Shternnst
part of the sepziiescrilbed abeye orthehddmeid swgkaaednitha @‘h%l%*m)unt of

previously chambepPh 6 edls | 41501d FReesedt mb e il aLt Peispparnt.ed i ght
30 liquid is displaced radially inwardly in the separation chanber 14.
Eventually the separated light liquid reaches radially into the
overfl ow o&Pl et SE@cangepsrateb heavit dightd o6 notodepre thardsaytxis. The

separated heavy fugglli do¥£Nili@ugh the outlet pipe 24, the amount of
such separated liguid will increase in the separation
chamber 14. This leads to the consequence that the

previously mentioned interface layer L between separated

15 light liquid and separated heavy liquid will be dis-
placed radially inwardly in the separation chamber 14.
Simultaneously, for the same reason, the free liguid
surface in the outlet chamber 16 will be displaced
further radially inwardly.

20 '
When the interface layer L has reached a certain level
in the separation chamber 14, the separation in the
separation chamber will deteriorate and fractions of
heavy liquid will start to accompany the light liquid

25 out of the rotor through the outlet chamber 15 and the
outlet channel 22. This can be sensed, e.g. by means of
a dielectric constant meter arranged in the liguid flow
through the outlet channel 22.

30 Upon sensing of heavy liquid in the outlet channel 22 a
- signal automaticly goes from the control unit of the
centrifugal separator (not shown) to the valve 28 that
. is then opened and kept open during a predetermined
period of time. When the valve 28 is opened, the outlet
35 member 29 starts to conduct separated heavy liquid out
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12 . reaches through the channels 19 the outlet chanber 16,

where it fornms a free cylindrical surface noving radi- ally inwardly.
5 The outlet nmenber 29 situated in the outlet chanber 16 i s kept by
the spring 3WOI%279& radi al | y out ernost posi - tion, TGESKETHRAY from
noving further outwardly by a pre- vi ously nentioned stopping nenber
cooperating with the outlet pipe 244At this stage of the separating
opera- 10 tion the valve 28 in the outlet conduit 27 is closed.

When the liquid surface in the outlet chanber 16 reaches t he outl et
menber 29 and continues its novenent radially I nwardly, since the

val ve 28 is cl os€dthe mmtdett] ehatber hierthaoughl thet ahannel (4oandor be

“surfing” on th?uftﬂ&%(¥hroughsﬂﬁéa&ﬁ%fﬁgtpﬂﬂéUQA bs e nrftieloekniset around
t he t ur ni ng_ axi yri.n

e continued, venent of the l'iquid
surface radiall$7i FHFFCL?HERBU ?%t‘ﬁghgéﬁ will thus be subjected
toalifting force by the liquid 20 rotating in the outlet chanber 16,

phere the lgau #hdideeion ole'Rebbf! 114G L ESh %hﬁ%@&&é cdrAfneytigt member

29. This ting force is_counteract e controlled force
exerted by the §5?$?EJQ§F Hdguifatofevpdnte © ﬁb@?ﬁ?&?f fromyEpet he time
kept in a desirsepaatiaci chiatbet hkd retimhighg tB8 chanmeils USodyhe Fi gure

1 illustrates by,s Acélya gglgsﬁﬂﬁﬁers ifd QQE%QSﬁe outWataibree liquid

surfaces forned i n e var ous cha centrifugal rotor
during the separatlng opera- 30 tion. As can be seen, the |iquid surface

of the seppya- When éaesm peatpdl bfuting rhaéwexpwtéetamanmm 1&hes situated

sonewhat nore renp t ag, on o] g r than the
l'iquid surface 8? '%e sepa%ggeﬁa aéh? f%té%ékﬁe 38§QP %he &8 aratlon chanber
14. 35 situated in the v1c1n1ty of but Stlll radially 1ns;de of

the outer edge of the conical partition 10. The separa-
ting operation having continued during the whole of the

15 described course continues as before, the interface
layer L now again slowly beginning to move radially
inwardly until the valve 28 is again opened.

During the described course the ocutlet member 29, after

20 it got into contact with the liguid surface in the out-
let chamber 16, has first moved radially inwardly until
the valve 28 was opened and, then, moved radially
outwardly while separated heavy liquid was discharged
therethrough. The movement radially outwardly of the

25 outlet member 29 finished when the valve 28 was closed,
i.e. the previously mentioned stopping member did not
have to get into action, whereafter the outlet member
continued to float or be "surfing" on the liquid surface
in the outlet chamber 16. Thus, during the whole course,

30 independent of which position the liguid surface in the
ocutlet chamber 16 has had, the outlet member 29 has had
a2 substantially equally gized part of its surface in
contact with the liguid body rotating in the outlet
chamber 16. In other words, the problem coming up in

35 connection with radial movements of a liquid surface in
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13 The position of the liquid surface in the separation
chanber 14 is fixed and predeterm ned by the position of t he overfl ow

outlet 18. The arlng menber 23 is di nmen- si oned suc wil |
rapi dly di scﬁﬁ‘?%’é’ f#omthe 5 outlet chamber 15 all sepa?gwég%("h{c%

entering into this chanber fromthe separati on chanber 14. Fbmever,
as descri bed above, the liquid surfde in the outlet chanber 16
is still free to nove radially inwardly. 10 = Since separated heavy
liquid can not | eave the centri- fugal r ot or through the outl et pipe

24, the anount suc par |

ceparation  Shoputher WiphREPOIR dnch Phele"is ot bR Y pdotiRy
previ ously nment igmnodakin cftded maybert_nﬁa\hgsn sﬁpaﬁ%ded 15 light liquid
and separated heavy liquid will be dis- placed radially inwardly in

the separation cha r 14. Simul t anequs for the sa reason, the
free liquid n gﬁffaﬁﬁpqﬁ?tEHE bt?%hﬂéiaﬂgﬁb %nf Iéhﬁf pl aced
further radﬁal|ﬁnwammiam3conyzitutesV&mnoldtiomntertbﬁs&ﬂaq&ﬂcwlahas reached a

certain |evel robi&mt.-h? PRLRE bR & 4at£ éﬁélaa’ﬁfduonwhﬂcﬁhe
separation cha will deteriora

d ons id wll
start to acconp ﬁyd?ﬁ‘é ihesheny Pﬁu?ds% 1gsomi‘t“d tintﬂ@'?rbt orP% ﬂ?&éﬁhi’ ﬁajl
out | et chanber aboaed-tmeseparatedtheavxcharmﬁld 28. td s dimchargednsed, e. Q.

by means of Refh L GGLILE 1CBRSLASuRhCLnahbBEI°F Idhdifle Lbhgy! Bl ! oW
t hr ough the outlet channpel
mentioned that this problem has previously been resolved
in s different way, which is described in US 4,622,029
and which means a circulation pumping of liquid in the
area of said outlet chamber 16. A circulation pumping of
this kind is connected with certain disadvantages, which

15 do not appear when the present invention is used.

The above described separating operation is only one of

several, in which the advantages of an outlet device

according to the invention can be used. In the following
20 one further shall be briefly described.

A centrifugal rotor of the kind schematically shown in
figure 1 normally has one further outlet. Such an outlet
is situated at the radially outermost part of the rotor

25 and is intended for intermittent discharge from the
separation chamber of heavy solid particles separated
therein. A rotor having an outlet of this kind is shown
for instance in each one of said US 4,525,155 and US

4,622,029.
30 _
. In a conventional centrifugal rotor of this kind sepa-
rated heavy liquid is usually conducted - like separated
- light liquid - out of the rotor continuously, i.e. not

discontinuocusly as described above in connection with
35 figure 1. When both of the two separated liguids are



30 Upon sensing of heavy liquid in the outlet channel 22 a si gnal
autonmaticly goes fromthe control unit of the centrifugal separator

(not shown) to the valve 28 that

pr edet er m ned

35 nenber WO%EFSt s t o conduct separated heavy |iquid oURCT/SES700107

97/.27946
14 of

t hrough the outl et pipe 24 to the outlet conduit

period of time. Wen the valve 28 is opened, the

PCT/ SE97/ 00107
the outl et chanmber 16 through the channel 34 and

for such |iquid. The outflow of heavy liquid fromthe outl et

16 causes ne

uid to flowinto this chanber fromthe

is then opened and kept open during a

out | et
WO

further

27 and a recipient

chanber

separ at i on chaﬁﬁﬁgﬁﬁﬁﬁ RUSugh the TptRmacatiguopsly. radiaddyrface | ayer L

t hen novi ng raﬂmm&*gblnﬂom&udkymembéfh ddeat &aedt@eﬁtduiaﬁé bifMghgas expired
and, thus, theg 8 0 er. L |s again
S|tuated I n the i ém#ﬁpﬁﬁd% 8h?1§% BQEPkgkg é? as wbﬁ% out er

edge of the coﬁp%a?frﬁhq|h?ﬂ§hd§0151¢R$Qﬂaﬁm%§ lntermt#ﬁﬁytdweraecensmaV|ng

conti nued sluri pgaide mheimenet bhetﬂé 1i AR subedc €9 UirsS & neORbikBYes as

bef h | L owl v, b t
Caoial iy PR Rpmrerr Ve wtr et dedrotenc. Duri ng

t he descri bed
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35

course the outl et nenber 29, after
However, a problem is encountered in this respect each

time the centrifugal rotor pariphery outlet for sepa-
rated heavy particles is to be opened. In order to
avoid, namely, that too much separated light liquid gets
lost through the peripheral outlet at each such opening
ogecasion, the separation chamber ig filled, totally or
partly, with separated heavy liquid before the peri-
pheral outlet is opened. This is performed in a way such
that the outlet for separated heavy liquid is closed,
whereafter separated light liquid is displaced radially
inwardly and out through the ordinary central outlet for
light liquid by interruption of the ordinary supply of
suspension to the rotor and replacing it by supply of
only previously separated heavy ligquid.

During such a displacement of the separated light liguid
not only the interface layer between light liquid and
heavy liquid is moved in the separation chamber radially
inwardly. Also the surface of separated heavy liquid in
the outlet chamber for heavy liquid moves radially
inwardiy.

By use of an outlet device according to the invention,
instead of a conventional radially immovable outlet
device, in the outlet chamber for separated heavy liquid
it can be avoided that movements of the liquid surface
in the outlet chamber causes unneccessarily large energy
consumption for rotation of the centrifugal rotor and an

*



20 it got into contact with the liquid surface in the out- | et
chanber 16, has first noved radially inwardly until the val ve 28 was
opened and, then, noved radially outwardly whil e separated heavy

| i quid was di scharged t her et hrough. The novenent radi rdly of
the 25 outf@?’ﬂ?ﬁﬂbr 29 finished when the val ve 28 was cﬁ%%é@?ﬂbwa i . e.

the previously nentioned stopping nmenber did not have to get into
action, whereafter the outlet nenber l%ontinued to float or be
"surfing” on the liquid surface in the outlet chanmber 16. Thus, during
t he whol e course, 30 I ndependent of which position the liquid surface in

he anti ot € SBHRIBEL A0 2R A% s (e QAR TR Ln AR R | 2

substantial ly equalTy siZze g rface’in contact with the
liquid body rot&uihgfen sapargfefeheavy ligwifber 16. |In other words, the
probl em comng up in 35 connection wth radial novenents of a liquid

surface in 97/ 27946 . ... . . .
PCT/ SE97/ 00107 Figure yvghows in addition to the fui% circular léﬁeoa?let

chanber, in3whi ¢kot esk-dottedr ehgedlar rddies lcpncentric mimrablichout | et
menber, has beepngy@i &€y indicate éi‘téxtﬂét_ﬁ)%“t%g‘ékk%‘né tfo'&h%}adlﬁ?euﬁ“t i oned

that the 5 invention constltuteg?a sol ut1 on i

( this particular
probl em i n connSNFERTE Wit Hh8 SBGLeL(FRRPREFe & i on, whi ch i s described

in US 4,525,155 and in which - as descri bed above - a separated heavy
liquid is to bes@i LN ) o] | er. It
g :g shhLORA dgvfiﬁgt éﬁ&é&f‘d;ﬁoy thi OfA Adh QY %yﬁ%é&b

should al so be 1 nent 1 one IS p em has previ ousl een

resolved 10 IR & eRRFErdGRlnagtonni @1 Lfudber kb shewisin, §29uFR9
and whi ch nmeansia &inrotdext icontpuopisly ofo |digrhdrge & heeparatedaléqudd said

outl et chamber %Qomph§i56§£eétERQmBgPPi{KE(gitlet pipe 24 by means of
the spring 31 can be held against the above described
stopping member, so that the outlet member 29 while it

15 discharges liquid out of the rotor is situated all the
time at an unchanged distance from the rotational axis
of the rotor. This presupposes that there is no obstacle
for discharge of all such separated liquid entering the
outlet chamber from the separation chamber. The position

20 of the outlet member thus determines in this case the
position of the free liquid surface in the outlet
chamber. The outlet device may be provided with equip-
ment for maintaining the outlet member 29 by means of
the spring 31 in any desired position, whereby the

25 liquid surface in the outlet chamber may be maintained
at a desired level independent of the size of the flow
of liquid to the outlet chamber. An outlet device of
this kind may be used in order to, upon need, change the
position during operation of the rotor for the liquid

30 surface in the outlet chamber and the position of the
interface layer L (figure 1) in the separation chamber
of the rotor.

The invention has been described above only in combina-
35 tion with a centrifugal rotor having two central outlets



this kind is connected with certain di sadvantages, which 15 do not appear

when the present invention is used. The above descri bed separating
operation is only one of several, in which the advantages of an outl et
devi ce according to the invention can be used. In the follow ng 20
one further veinedid79dse briefly descri bed. A centri f ugeH/SESNUGR070f t he
ki nd schematically shown in figure 1 normally has one further outlet.
Such an outl et is situated at the ragially outernost part of the rotor
25 and is intended for intermttent discharge fromthe separation
chanber of heavy solid particles separated therein. A rotor having an
outlet of this kind is shown for instance in each one of said US

4,525, 155 and P6r separaBaP 10291480 An outletn dewacentéeprdingetor thegal

rotor of this i 0@:1%58@ ‘can be ruatssd H@@weé' %@l b dSsipldie eRrddet ed -
| i ke separated rotor. continuousl i.e. not -

di scont i nuousl Qeéfécﬁe%’gr? tf’eﬁi‘q:&'l}(g{'}ga?‘ nr%dfﬁﬁétat“&ﬁ @rin ope centggle 1. when
bot h of the tweustparfbed [separdsedrkiquid, It is WO SAMMARO4A s0

PCT/ SE97/ 0910786555.1319 o use fwo putlet devices acdBrding to tHgnducted out
of the rotor cOntinuously, radia i rmovabl e outl®et nmenbers do not

create probl endnyenthen 14 °‘§aﬁ§dn€%l’f% RN AGUERL REPH £97g operati on
as when og@sehatyind idffifesens depstrmtregbdiiguidsmittently, because 5
radi al novenents of the liquid surfaces in the rotor out| et chanbers
are then relatively small.



However, a problemis encountered in this respect each time the
centrifugal rotor periphery outlet for sepa- 10 rated heavy particles is

to be opened. In order to avoid, nanmely, that too nuch separated | i ght
l'iquid gets | ost through the perlpheral outl et at each |ng
occasi on, theW&AF3P4ti on chamber is filled, totally or ‘%%%? ’@9

separated heavy |iquid before the peri- 15 pheral_DuLL___Li_QEEEEQT_Th'S
is performed in a way such that the |l et for separated heavy Tiquid
is closed, whereafter separated light liquid is

inwardly and out through the ordinary central outl et m,]m"mn!! m M| quid
by interruption I he ordinary supply of 20 suspensi oh t es nd

replacing it by of only previously separated heavy |iquid.
Buring such a displacenent of the separated I|ight |iquid not only the

interface layer bet\aaerbultu.aletaéwag chan% éentr |r'o@16kd(1§ fmmedd n the
separation chanber

r.aqi.al Al sp t ace. of separated
heavy |iquid in ¥orat B\éﬂ”é? ? AR ‘%B} ﬂ’é“a%y( e%)qﬁf’g ﬁﬁ%&i?%c% ally
I nwar dl y. 580 clhmhese (36)awhiah lixt fidewedesack otldithg taguhe pmrtn on,

| nstead of a Conyetd{aNdhrhachsdd &4{&@1\5@%? B4 | Rintri fuglf 466 the

outl et chamber for arat ed heav av0|deJ:t at
nmovenents of theliqHf oy, hayirg % fﬁ%@ LhguidtswifaceaiBar faring
unneccessari |l y |eswardnangysebrourelingytpel ootdbiorall akie) ohe tdictlet

centrifugal rotog.and MWmprising WO 97/ 27946
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- an ocutlet member {(29) which forms an outlet channel
(34) and an inlet opening {30) communicating there-
with and which is adapted during operation of the
centrifugal rotor to be turnable around & turning
15 axis (26) extending substantially in parallel with
said rotational axis (12) at some distance there-
from, so that the outlet member (29) is movable in a
direction towards or away from the rotational axis
(12) of the centrifugal rotor, the outlet member
20 {29) further being formed such that in different
turning positions around said turning axis (26) it
extends from a liquid free part of said chamber (16)
out into the liquid body present therein through
said free liquid surface (35), and
25
- actuation means (31) arranged to actuate the outlet
member {29) by a controlled force striving at tur-
ning the outlet member around said turning axis (26)
in a direction away from the rotational axis (12) of
30 the centrifugal rotor, so that the outlet member,
against the action of forces which are exerted
thereon by the liquid body rotating with the centri-
- fugal rotor, is held with its inlet opening (30) at
' least partly in the liquid body at varying radial
35 levels of the free liquid surfsce (35),



unneccessarily high liquid pressure in the outlet con- duit for

separ ated heavy |i quid. Figure 3 shows in addition to the ful
circular line 35 5 two dash-dotted circular lines concentric therewth.
These only indicate alternative positions for the |iquid surface in
the outl et clveoimeyre4k6. I f an outl et device accordi ngctsedrioen7

I nvention is used 10 in a centrifugal rotor, e.g. of_the kind shown in
figure 1, in order continuously to gischarge a separated liquid

froman outlet chanber, the outlet pipe 24 by neans of yywwmu el Bwl ' 31
can- be hel d agai nst the above descri bed st oppi ng l“ﬂ“*‘“llmmluut[lnt he
outlet nmenber 29 while it 15 di scharges liquid out of £the rotor i *
situated all the h a rtane take gniuncdangead ndi stance fromthe rotationa
axi s of the rotor. This presupposes that there is no obstacle for

di scharge of all such separated |iquid entering the out | et chanber
from the separati ontR¥arfler outhet peepheryd 280 hasfa tsharsusiueh tbaber t hus

determnes in this Gasthd BPeratioPast HH cehtiheuddPardtcauiid sutéaae in the

out | et chanber . Th utlet.deyice may b royided wit ui p-
ment for mal ntaini nfgr?nh(;eth%uéf‘g’t‘lﬁgre%%eeer p?g:b??ngaﬂi ‘g?amber ?tlﬁg 8%% ng 31 in
any desired positiointaidechbjquid XBly driegeng shefeioe throupgb sntéxea chanber

may be maintained of thd rRedesigeh |RMPacendapsndaiiclarkle si ze of the
flow of liquid fo th%t chanmber. An o this

utl e url et deyice o
kind may be used i o g?wﬁi &F, 3cRIHGE {¢&a°n the §TBRi on during
operation of the rotiruidosurfiacei 36X 3Idichspeiate B isheitubted ahanber

and the pogdtion ofatdiRlongatidh &£ L &Y Gheli1{dd WhAnLE-bR the Separation
has_ been descri bed above

chamber of the rotaor. . ngil nventi on
only in conbina- 35°t&5GRAG BK LS Q% G481 ceRtoEugati AEtPRo central

outlets through said turning axis (26).

2. &an outlet device according to claim 1, in which said

15 inlet opening (30) during operation of the centrifugal
rotor is placed such that a radius extending from the
rotational axzis {(12) of the centrifugal rotor through
the inlet opening (30) forms an angle between 80° and
100°, preferably about 90°, with said straight line

20 extending through the rotational axis (12) and the
turning axis (26).

3. An outlet device according to ¢laim 1 or 2, in which
the ocutlet channel (34) has an extension such that

25 liguid flowing in through the inlet opening {(30) during
operation of the centrifugal rotor is forced to change
its flow direction in the outlet channel {34) in a way
such that, thereby, a reaction force will act on the
outlet member (29), which strives at turning the outlet

30 member around said turning axis (26) in a direction
towards the rotational axis (12} of the éentrifugal
rotor.
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18 for separated |iquids. An outlet device according to the

i nvention can be used, "however, even as a single outlet device in a
centrifugal rotor havin outlet for a separated
liquid. It i sWWsejﬂlamj mﬂﬁﬁi gﬂe to use two outl et PHEFETHRI07
according to the I n d the sane centrifugal rotor for

di scharging different separated | i qui ds. WO 97/ 27946

PCT/ SE97/ 00107 19 1. An
out-l et device for a centrifugal rotor (1) that is rotatable around a

rotational axis (12) and delimts a 5 chanber (16) which is formed such
that a liquid prekentdn outleti@ewiqe fecerdipente antt iane of cheiment3.fugal

rotor a | i giri hnzesly thavowen et fnfeaeekl aubg sag fACSUE32) siasl O:*;B),

d d h t
Egﬁgﬁlzlﬁg 13urrgﬂg%m@ggnt§u§$e t|on F (ygfht ggﬁﬁﬁ'Et gﬁd5ut??§ hannel

(34) .and an i|1Ietlﬁﬁﬁ§hﬁngaFBO9f(ﬁhﬁﬁJ@N@&rlﬁgdehkﬁﬁﬁ is inclined in re-
5 lation to the direction of rotation of the ligquid body

in a way such that the outlet member (29) on the in-
clined part of its outer side is subjected to a lifting
force caused by the rotating liquid body and directed
opposite to said controlled force.
10 o
5. Aan outlet device according to claim 4, in which said
outer side (38) of the outlet member (29) forms an angle
smaller than 10° with the free ligquid surface (35) in
said chamber (16) in the area of said outer side (38)
15 having contact with the rotating liquid body in the
chamber.

6. An outlet device according to any one of claims 1-5,
in which said controlled force is independent of forces
20 emanating from the rotation of the liquid body.

7. An outlet device according to any one of claims 1-6,

in which said actuation means (31) comprises a spring

for actuating the outlet member (29) by said controlled
25 force.

8. An outlet device according to any one of claims 1-7,
in which the outlet member (29) is supported by an out-
let pipe {24), at least part of which extends coaxially
30 with said turning axis (26) in parallel with said rota-
tional axis (12), the outlet channel (34) of the outlet
member communicating with the interior of the outlet
- pipe (24).



wi th and which is adapted during operW centri fugal
rotor to be turnable around a turning axi s (26) ext endi ng

substantially in parallel with mn ”HL,Mﬂ' axis (12) at sone
di stance there- from so that er (29) is novable in

a & oidggn towar ds or away fromthe r'bt étl onal @CTSES700107 (12)
of the centrifugal rotor, the outlet member 20 (29) further being
formed such that in different t44 ni ng positions around said
turning axis (26) it extends froma liquid free part of said
chanber (16) out into the liquid body present therein through
said free liquid surface (35), and 25 - actuation neans (31) arranged
to actuate thegouthetoutlet deviocenbecofdg hy alabmtd olireckhfichcehstri vi ng
at tur- I s [ j ' 26

in a directi Onogagé@%é&%rh:@bgt %reon ta%tq'%'g h%fi%%{agcgﬁ%%i :
centrifugal roFB’FessQP"f%&tf the evwtlet midmdrs agai nst the action
of forces which are exerted thereon by the |iquid body rotating

Whthe opntihe  » centriEgRL S8bOacd:S GLAUAD L toeddligggpeni ng (30)

at Ieasf varying ra
| evel s of the F?’é‘érlﬁhhl‘@i§br f8cEotztpble sround a TR EonElgagis

PCT/ SE97/00107¢12) and delimits a c.hamber (16) formd® in a way sGch a r a c t
eri zed: e _out | et e such

hat St 19,45 PREREDF “ERF R, FPrRaapoT A tieReRf iR
fromthe |iquideftebfygalt rotosal d) ciakisid b@)iyomwmg a free Ftnqwei@ he

liquid bogly prggerdcd hsi Fablh§UEbwaiAs®@ surrounding the rota-
tional axis {(12), characterized in that
the centrifugal separator comprises an outlet device
~according to any one of claims 1-9, arranged for dis-
charging ligquid ocut of said chamber (16}.



of the free liquid surface (35), which area is situated

downstream of a point (P) on the free liquid surface (35), which
point (P) is situated on 10 a prolongation of a straight |ine drawn
fromthe rotational axis (12) of the centrifugal rotor
t hrough sai d VOPHEMES axi s (26). 2. An outlet devi ce BRISISUINY t o
claim1, in which said 15 i nl et opening (30) during operation of the
centri fugal rotor is placed such thd¥2a radius extending fromthe
rotational axis (12) of the centrifugal rotor through the inlet
opening (30) fornms an angle between 80[err] and 100[err], preferably
about 90[err], with said straight |ine 20 extendi ng through the
rotational axis (12) and the . tuQW ng axis (298. 3. An outl et
device according to claim1 or 2, in e outlet channel (34) has
an extension such that 25 I|qU| fl ow g?&?ﬁ?gu the inlet opening
(30) during operatlon2 41cen rrfug otor forced to change
its f.low direction in the outl anPeI £é4) in a way such that,
t hereby, a reaction force wl outl et menmber (29), which
strives at turning the outF@?’SO . er ggnd said turning axis (26) in
a direction tomardfltﬂ at i éis (12) of the centrifugal
rotor. 18 21 4. An outl et
devi ce according t o] clai 3, in which the outlet nenber
(29) has an outer s dB%XSgg\\\ i 24 23 16
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arranged to be in contact with said |iquid body,

Is inclined in re-
in a way such that the outlet menber (29)

its outer side is subjected to a I|ft|ng

of this outer side (38)
rotation of the liquid body
on the in- ofpibdaed part of
force caused by t

sai«d controlled force. 10

5

25

e rotating liquid body and directed
5. An outl

in which said outer side (38) of the
angl e smal l er than 10][ ey,
sai"d chanber (16) in the giea atd outer d
wth the rotating |iggid i
devi ce according to any i 1-5,
force is independent of-forc 20 manat i fgff
| i qui d body. An outl e ey ce [accyr
I n which said actugfion neans ( nprji se
the outlet nmenmber A29) by saig@g'co |l ed 2
devi ce according o any one ¢f cl 1-17,
(29) is supporte = pi{pe
ext ends coaxi al | y§ 30 W saf d |ng a
r ot a- tionafg axis (U2),\{ he et |ch
menber conmuni cattng wit h\. t he\N or jof
WD 97/ 27946
[~ 3 ‘\“ S I
\ L
30 \
29 N
N
{
12 v N
y N
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and at | east a part
|ation to the direction of

"to

devi ce according to claim 4,
tlet member (29) fornms an

surface (35) in

(38) 1524 having contact
r. 6. An outl et
[ Ich s32d controlled
m t he i o, of the
g 0 clainms 1-6,
' actuating
3out | et
ch the oWl et nenber
at gl east part of I ch
6) /n parallel"With said
( of the outljet
out pi pef(24).
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outl et nenber

(29)

9. -An outl et device according to cl ai m@{ﬁ@%ltc% Z"héj

I's substantially tubular and consti -

tutes part of

the outlet pipe (24). 5 10. A centrifugal separator conpri! a

centrifugal rotor (1) which is rotatable around a rotati ogRaxis

(12) and delimts amber (16) formed in a way such t halloipdi qui d

present therein f upon r ot"@RYPINEGRCTUMTROPERTY ORGNRATINygal rot 1) a

l'i qui d bod j r L Gl 3 '
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(57) Abstract

comprises an outlet member
is held by 2 spring (31) pressed radi
rotor, The outlet member {20), which further forms an ontlet channel
such that the inlet opening (30) is situated downstream of said turning

An outlet device for dischaxging Hquid from a chamber (16) in a centrifugal rotor, that is rotatable around a rotational axis (12),
(29), This outlet mcml_:cr is turnable around a turning axis (26) in paralle] with said rotational axis {12) and
ally outwardly in the chamber (16) against and partly into 2 liquid body rotating with the centrifugal

(3:1) and an inlet opening (30) communicating therewith, is shaped
axis (26} during operation of the centrifugal rotor,




