1 Device and nethod for separating a flow ng nediumm xture into fractions
The invention relates to a device for separating a flow ng nedi um m xture
into at least two fractions with differing nass density, conprising
rotating neans for rotating the flowng mxture for separating. The
invention in particular relates to a qpthod for separating a flow ng
medi um m xture into at least two fractions with differing mass density. The

separation of, a ture has very. diverse a tions.
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known device of tate e preanble 1s descri 8700698.
The simple. Lar ge~scale use is made for this purpose of processes such as filtration and

screening. In the separation of fractions with a smaller difference in mass density use is
made of chemical separating techniques and/or separating techniques such as
sedimentation and centrifugation. Certainly when processing large volumes of medium
mixture, chemical separating techniques are Jess economic and usually also less
environmentally-friendly. Separating fractions by means of sedimentation requires time
and, when processing larger volumes of medium mixture, makes it necessary (0 make use
of voluminous reservoirs, which is, among other things, expensive. Another per se known
technology makes use of the differences in mass density of the fractions for separating by
applying a centrifugal force to the mixture by causing the mixture to rotate in a centrifuge
or a cyclone. This technique is not usually sufticiently selective to realize a separation of

the desired level in a short time.

A known device of the type stated in the preamble is described in NL 8700698, The
known device comprises rotating means in the form of a rotating assembly of feed
channels for rotating the flowing mixture for separating, a feed for the medium mixture to
be separated connecting to the rotating means, an outlet conneeting to the rotating means

for discharging the fractions of the separated medivm mixture. In a rotating feed channel



known device conprises rotating neans in the formof a rotating assenbly of
feed channels for rotating the flowng m xture for separating, a feed for
the nmedium m xture to be separated connecting to the rotating neans, an
outl et connecting to the rotating neans for discharging the fractions of

t he separated nmedium m xture. In a rotating feed channel the heavier
fraction of the nixture for separating is noved further outward toward the
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The invention provides for this purpose a method for separating a flowing medium
mixture into at least two fractions with differing mass density, comprising the processing
steps oft A) supplying a medium mixture for separating, B) causing rotation of the flowing
mixture for separating in rotation means provided for this purpose which comprise a
rotating assembly of feed channels, with the proviso that the flow of the medium mixture
in the feed channels is substantially turbulent, and
C) discharging at least one of the separated fractions,
wherein the rotational speed of the assembly of feed channels satisfies the condition

Q. < a{lAdy),
wherein €2 is the rotational speed, 1 represents the treatment time in the feed channel, L
and dy, represent respectively the length and the hydraulic diameter of the feed channel,
and o is smaller than 3. In the method according to the invention wherein € < €2, and
wherein €2, is given by

Q. = all/dy Yt
the separating process will generally proceed very effectively and will not be noticeably

disrupted by internal circulations. It has been found that in methods wherein € > Q)



and di, represent respectively the length and the hydraulic dianeter of the
feed channel, and a is smaller than 3. In the nethod according to the

i nvention wherein Q < 52c, and wherein Q' is given by 52,, = cc.(L/di, )/t
the separating process will generally proceed very effectively and will not
be noticeably disrupted by internal ciyrculations. It has been found that
in methods wherein Q > 52,, internal circul ations adversely affect the
process such that . .the increased yield from separation af particles as a
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The method actording to the invention is preferably performed such that during

processing step B) the Reynolds number of the flow in at least one feed channel is greater

than 2500, and still more preferably greater than 5000. The method can be performed with

a relatively small throughflow device since the separate processing steps can be carried out

at high pressures and within a very short period of time, for instance in fess than 1 second,

usually 1n less than 0.1 second or even in less than 10 or less than 5 milliseconds. As

already described above, the method is preferably performed at a pressure of at least 10

bar, and more preferably at least 100 bar, Lengthy processes, with associated devices

which are dimensioned such that they can contain large volumes, are hereby rendered

unnecessary.

The device and method according to the invention can in principle be applied for the

separation of all conceivable medium mixtures into at least two fractions. A preferred
embodiment is characterized in that at least one fraction comprises solid particles. The
best results are achieved with the invented device in the separation of such a preferred

mixture.

In another preferred embodiment of the method according to the invention there is

supplied to the device a medium mixture comprising particles, the average diameter d of



unnecessary. The device and nethod according to the invention can in
principle be applied for the separation of all conceivabl e nmedi um m xtures
into at least two fractions. A preferred enbodinment is characterized in
that at | east one fraction conprises solid particles. The best results are
achieved with the invented device in the separation of such a preferred

m xture. In another preferred enbodi nent of the nethod according to the
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than 2000, more preferably greater than 2500, still more preferably greater than 3000, and
most preferably greater than 5000. Dimensioning at least one of the feed channels for
given process conditions such that a substantially turbulent flow is created therein, and
carrying out the method of separation according to the process conditions of the invention
surprisingly achieves that the speed of separation can increase without this necessarily

* having an adverse effect on the separating capacity of the device. This is surprising since it
15 generally assumed that a turbulent flow in the feed channels excites secondary flows
therein which impede migration of the heavier fraction to the wall of the feed channels.
This 1s particularly the case for medium mixtures in which the fraction for separating
comprises particles, and in particular solid particles, with dimensions at micron and
submicron level. The device according to the invention can therefore be applied
particularly advantageously to separate such a medium mixture. A mixture to be separated
in particularly advantageous manner with the device according to the invention comprises

solid particles of a diameter varying from about 0.1 to about 5 micron,

A preferred variant of the device according to the invention comprises feed channels with
singly-connected cross-section. In a first variant this is understood to mean that each feed

channel has a cross-section extending along practically the whole length thereof which



havi ng an adverse effect on the separating capacity of the device. This is
surprising since it is generally assuned that a turbulent flowin the feed
channel s excites secondary flows therein which inpede mgration of the
heavier fraction to the wall of the feed channels, This is particularly
the case for nmedium m xtures in which tshe fraction for separating
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is 1<,commende that the number of feed Lhatmcls in radial direction amounts to at least 3,

ood to

such as for instance 15 to 1000, more preferably at feast 30 and most preferably at least 50.

The at least 5 feed channels preferably extend almost mutually parallel to the rotation axis.

It 1s noted that in the context of the invention separating of the fractions is understood 1o
mean at least partly separating the fractions such that a significant difference in the
average mass density of the two fractions results; a complete (100%) separation will be
difficult fo realize in practice. As a result of the rotation of the mixture of the fractions for
separating, the lighter fraction will migrate at least substantially to the inner side of the
rotation and the heavier fraction will migrate at least substantially to the outer side of the
rotation. A possible application is a separation which increases the options for use of at
least one of the fractions relative to the mixture. This usable (“cleaned™) fraction may still
have a part of another undesired fraction even after separation (“be contaminated with
another fraction™), but the presence of this other fraction is significantly smaller than the
presence of this undesired fraction in the original mixture. The rotating separator in the
form of a rotating assembly of feed channels has the advantage that the average distance of
the medium from a wall (in radial direction) remains limited, whereby a desired degree of

separation can be achieved in relatively short time (this corresponding to a relatively



reconmmended that the nunber of feed channels in radial direction anmounts to
at least 5, such as for instance 15 to 1000, nore preferably at |east 30
and nost preferably at |east 50. The at |least 5 feed channels preferably
extend al nost nutually parallel to the rotation axis. It is noted that in
t he context of the invention separating of the fractions is understood to
mean at | east partly separating the fractions such that a significant
differen e ss.density of the.two fractio results; a
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enbodi rreab()()c,)fwherein Re is defined by

Res= V\’()dh!’\’.,
wherein wy 1s the average axial speed of the medium mixture through the feed channels, v
represents the kinematic viscosity of the medium mixture and dj, is the hydraulic diameter
of the feed channel. The hydraulic diameter is defined by
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with Ay the surface area of the cross-section of the channel and S the circumference. The

kinematic viscosity can be calculated with
V= Wp

wherein u 1s the dynamic viscosity and p the density of the medium mixture. The

invention is based on the surprising insight that a turbulent flow may prevail in at least



t he device according to the invention therefore conprises pressure neans
for feeding the nedium m xture under pressure to the feed channel s,
preferably for a pressure which can anount to at |east 10 bar, and nore
preferably for a pressure which can anmount to at |east 100 bar. The known
device for rotating separation of a nmedium m xture conprises feed channels
whi ch are di nensi oned such that the flowin the channels is lamnar. In
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channel s, v represents the kinematic viscosity of the nmedium m xture and

di, is tHhardiadimcesionamseedingdp thaiavenion sepiathibt WbFW@“HWWalw pe fovanet er
is defi ”%%cé?l)( g}egl 1? hd%g,ﬁsscm&cé’ um&ﬂ%]é lﬁcc?{%@ il ﬁ%ﬂ% ds nﬁ'}'ﬁib%r 8@&1@3 8:'& ion of

t he channel emat |
Ca|CU|atGHLMkihﬁWOmﬁhpWWhﬁﬂepnﬂﬂtbﬁwﬁheddyﬂﬁﬁhmlEpﬁmﬂﬂhﬁylﬁmﬂdﬁnihe density

of the medj um ent hased on the surprisjng insight
that a t d?*ﬁtH’bﬂi““l’&Lf‘o‘\aF 5%9 cb?l@\? § Fg o aﬁwéaigf ¢ gamptgredn gf HCHJé<>4 Q@aﬂewanna s
W thout thi$n hﬁ"é’?{lﬂgné‘tﬁ @%’(ﬁﬁ?ﬁo?ﬁ]{ %\&Iuﬂﬂ nﬁ%x@@@ﬁélﬁn‘ t0fh ﬂso (tlth)%ndmpl'hgm

m xture into two fi-actions Wth differing mass density. The Fat least one

f eed cham@®$susmdum@nﬁunhednacmoﬂdhmg moibhe&mmvbnmpbmcﬁu@hnmhapndm
substantlallé\ﬁup ul ent C‘;‘%ow occu {ehn undgyﬁc osenrﬁroces

condi ti omé>'s BEHSFERPHRC WB?‘H%CH EFMANEP BHEE DI RSB C&YE condi ti ons
(nore pregéseiyoPmebiss 8y ekadfdAx bﬁhl 0SRRRANIM RS cHobgh FREiUDyide Yhi e

t hrough the feed channels, and on the hydraulic dianmeter di, of the feed

channel s)his windpvois detrsmisied dpm L!@uwn@dwi myxtpreofhetdimenselisurhthe kesioac (whi ch
in turn %Ju?l chgglgcﬁg%?] EéCF 1%21&1 & (cji{'t 1%1%9%? i 81%qu Eil]E]ove sga)ldd 1‘01 m%lg] ehR! Iﬁg%oiqf the at

| east one en ‘redi um
m Xt ure anghbthe chosen process condltlons, and nore

For gases the order of magnitude of pt is 107 kg/(ms). At atmospheric pressures the density
of gases is about 1 kg/m’ so that v is of the order of magnitude of 107 m™/s. In order to
ensure laminar flow in the feed channels in the known rotating particle separator, the
process conditions and the channel dimensions are chosen in practice such that the
Reynolds number is significantly lower than 2000, and generally amounts to about 1000,
In the known separating process wg will be in the order of magnitude of 5 m/s and dj, in
the order of magnitude of 2 mm. The device according to the invention can be operated at
much higher pressures and/or higher throughput speeds than the known device. When the
medium mixture - for instance a gas mixture - is brought to pressure, the density thereof
will increase while the dynamic viscosity generally changes only a little. When the
pressure is increased to for instance 10 bar, the kinematic viscosity can soon become a
factor of 10 smaller, and the Reynolds number can hereby rise to a value of 10,000, At a
pressure of 100 bar the Reynolds number can rise to a value of about 100,000 and higher.
The device according to the invention can be operated at such high pressures without the
throughflow surface of the feed channels unnecessarily having to be enlarged for this
purpose. This enhances the separating efficiency of the device. High pressures are usual in
many practical applications, including particle separation in the process industry and the

otl and gas industry.



precisely on the basis of the wi ndow of process conditions chosen for the
device. Once this windowis determned for a given nediumm xture, the
di rensions of the | east one feed channel can be readily determ ned from
t he above stated fornula for the Reynolds nunber. For gases the order of
magni tude of t is 10-' kg/(ms). At atnaspheric pressures the density of
gases i s about | kg/nB so that Vis of the order of magnitude of 10-5
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desired flarmatibh meang, htljﬁis 22088 kiaeating diidiendyh@ne Eiwicd chaa di@n@ane curve in

t he | engt hw se dlreﬁélon or,. conversely, nmake them alnost |inear. Although
not neced¥&RYOT §herrierg lsgestticalin oretigh Hlanthe browideyiccchannel s wil |
generally be formed by singly-connected walls positioned substantially

It has been found that it is advantageous when the angle §§ is chosen such that § <10 d,/L
is satisfied, wherein L and d;, represent respectively the length and the hydraulic diameter
of the feed channel. The angle p is most preferably chosen such that §§ < 2 dy/L is satisfied.
When production, mounting and operation of the assembly of feed channels (the rotating
filter element) in the rotating particle separator take place such that particularly the above
stated criteria are satisfied, the separating process will then not be noticeably disrupted,
not even at high pressures and/or in the case of small channel cross-sections and/or low

viscosity of the medium mixture for separating.

For the best possible operation it is desirable to have the mass density of the fractions for
separating differ as much as possible. If desired, the device according to the invention can
be provided for this purpose with means influencing mass density which are situated in
front of the rotation means, and are therefore disposed upstream in the flow direction of
the medium. The means influencing mass density can for instance comprise expansion
means. By means of (optionally isotropic) expansion the temperature of a medium can be
decreased within a very short time, for instance by applying an expansion cooler of the
“joule thomson™ type or a turbine. Another option is that the cooling is brought about by a

cooling medium, which is for instance expanded in a separate circulation system so as to



mutually parallel to the rotation axis of the rotation neans. In the known
device for separating a nediumm xture into at |least two fractions the
wal | s of the feed channels nmust run alnbst parallel to the rotation axis
of rotation neans. If this is not the case, the conponent of the rotation
in the plane perpendicular to the axis f the feed channel can then cause
a Coriolis force, whereby an internal eddying is created in the feed
channel er.pen |c hi s. having a
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such'a preferred applicati n 0 the method natural gas 18 supplied during processing step

A). during an additional processing step the temperature of the natural gas is lowered as a

result of expansion to a temperature lower than -50°C, or less than -60°C, whereby the

fractions of contaminated substances present in the natural gas, such as for instance CO,

and H,S, at least substantially change phase, which contaminated fractions (for instance

CO7 and H,S) are separated from the fraction of hydrocarbons during processing step B)

such that the fraction of hydrocarbons with the contaminants at least partly removed is

discharged during processing step C). Using this preterred method technically recoverable

natural gases contaminated with unwanted gascs can be separated to a sufficient extent in

economically cost-effective manner from the hydrocarbons present therein.

The method and device according to the invention can also be used to separate
condensable liquid-like constituents in natural gas, such as for instance the water vapour
present in natural gas or the heavier fractions thereof. By cooling the medium mixture for
instance prior to the separating step, such constituents condense into droplets. The thus
formed droplets are then separated from the other constituents in the feed channels.

Natural gas can thus be dried in an efficient manner. It is also possible, for instance in the



9 be thus brought to the desired | ow tenperature |l evel. The density of the
fractions is affected by tenperature decrease. Particularly favourable
effects can thus be achieved if the m xture consists of fractions with the
sane phase (for instance gas/gas mxture or a liquid/liquid mxture), at

| east one fraction of which undergoes g;phase change due to the

tenperature change such that the phases of the fractions for separating
differ from ea h .other. y fo nce a.gas/|iquid xtu e,
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phase chapgaicef a substance as a result of tenperature change is of course
a generally known phenonenon. It is however expressly noted that for the
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fromthe rocar ons pre erein. od an eV| according to
the inv eﬂctaoochng anaradve O ibticnseded mprallaacteewlth the shown preferred method in a

heat exchanger 3, for instance by means of cooling into the atmosphere. The cooled gas
flows from heat exchanger 3 as according to arrow P; to a throttle valve 4. The gas
supplied as according to arrow P; is expanded by means of throttle valve 4, preferably in
isofropic manner, to a lower pressure of between 5 and 20 Bar. As a result of the sudden
fall in pressure the temperature of the gas will fall (for instance to a temperature lower
than -50°C) such that a part of the fractions present in the gas changes phase. A
gas/vapour mixture 5 {aerosol) is created as a result. This gas/vapour mixture 5 is carried
through feed channels 6 of a rotor 7 as a result of the rotation R, whereby the vapour
condenses against the sides of feed channels 6 of rotor 7 which are remote from a rotation
shaft 8. For pressures lying between 5 and 20 bar the kinematic viscosity v of the
gas/vapour mixture 5 will be in the order of magnitude of 10°° m¥/s. Although it is
apparent that the throughfeed speed of the gas/vapour mixture 5 through feed channels 6
can be chosen within broad limits, the axial throughfeed speed wy usual for economic
operation will generally be in the order of magnitude of 5 m/s. On the basis of the normal
process conditions the diameters of feed channels 6 are chosen such that the Reynolds
number in channels 6 amounts to at least 2000. In the shown preferred variant feed

channels 6 have a hydraulic diameter of 2 mm, this corresponding to a Reynolds number



condensabl e liquid-like constituents in natural gas, such as for instance
the water vapour present in natural gas or the heavier fractions thereof.
By cooling the nmediumm xture for instance prior to the separating step,
such constituents condense into droplets. The thus formed droplets are
then separated fromthe other constituents in the feed channels. Natural
gas can thus be dried in an efficient manner. It is al so possible, for

i nstance in,t I sg the heavier, fraction is being separa to
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enbodi nents shown in the fol | ow ng fiqures. Herein: figure 1 shows a
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to 500 Bar and higher (a typical pressure anounts for 1nstance to about
250 Bar) reswhnacridedpbesatcongonénthoeaot haneer cabatin] td 0@ vehhiengas supplied as
according to arrow | is then cooled in accordance with the shown preferred
method in a heat exchanger 3, for instance by neans of cooling into the
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arrow P2 to a throttle valve 4. The gas supplied as according to arrow P2
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t he gas chan%es, hase. A gas/vapour mxture 5 (aerosol) is created as a
result. ¥THeC gad fpﬁﬁg{ﬁ:l{:’ ocyipragons. by peafueinggound waves or, preferably, by

spraying the feed channels under high pressure or by spraying with air or another gaseous

or liquid medium.

By ensuring according to the invention that during operation a substantially turbulent flow
ts created in feed channels 6, time-dependent and location-dependent fluctuations in the
velocity field will occur in addition to an average stationary axial flow. As a result the
fraction particles to be separated make a zigzag movement around the average path
corresponding to the path in laminar flow. This path is determined by the average axial
speed and the stationary path directed radially outward as a result of the centrifugal force
produced by rotor 7. In the absence of turbulence there will be a precisely 100% chance of
a particle with diameter dy, 004 being collected. During its stay in a feed channel 6 such a
particle therefore undergoes, as a result of the centrifugal force, a radial displacement
equal to the diameter of channel 6. Because according to the invention a substantially
turbulent flow is present in channels 6, it can be expected that the collection efficiency of
particles with diameter d,so00, will be lower (for instance reduced from 100% to about
80%) than in the known device, which is dimensioned such that a laminar flow prevails in
feed channels 6 thereof. Figure 2 shows the progression of the degree of separation 20 (or
collection efficiency) set out against the normalized fraction diameter 21 which, in the

context of this application, is defined as the ratio of the average diameter d;, of the fraction



t hrough feed channels 6 of a rotor 7 as a result of the rotation R whereby
t he vapour condenses agai nst the sides of feed channels 6 of rotor 7 which
are renote froma rotation shaft 8. For pressures |lying between 5 and 20
bar the kinematic viscosity v of the gas/vapour mxture 5 will be in the
order of magnitude of 10-" nR2/s. Altheygh it is apparent that the

t hr oughf eed speed of the gas/vapour mixiure 5 through feed channels 6 can
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31, the now cooled mixture flows to a turbine 32 as according {o arrow P3;. After passing
through turbine 32 the mixture, with now a greater difference in the mass density of the
fractions for separating, flows to a schematically shown rotating separator 33. A first, for
instance gaseous, fraction feaves rotating separator 33 through an outlet 34 as according to
arrow P33, A second fraction (for instance a cold liquid fraction) leaves rotating separator
33 through a second outlet 35 as according to arrow P4, The second fraction is then fed to
another turbine 36 and a rotating separator 37 connecting thereto, where a renewed
separating process takes place for the purpose of separating as according to arrow Pis a gas
fraction (which may or may not be the same gascous fraction as already separated in
rotating separator 33) remaining in the second liquid fraction, which gas fraction then
flows together with the gaseous fraction already separated in the first rotating separator 33.
The liquid fraction separated in rotating separator 37 is carried back to heat exchanger 31
through a return conduit 38 as according to arrow Py, in order to increase the efficiency of
heat exchanger 31. In heat exchanger 31 the liquid fraction coming from the second
rotating separator 37 functions as coolant before it exits device 30 via an outlet 39 as
according to arrow Piys. It is noted that instead of the second fraction (Pa4), or just as the
second fraction {P34), the first fraction (P33} leaving the rotating separator 33 can also be

subjected to a renewed separating process by means of for instance a turbine, not shown in



is created in feed channels 6, tine-dependent and | ocati on-dependent
fluctuations in the velocity field will occur in addition to an average
stationary axial flow. As a result the fraction particles to be separated
make a zi gzag novenent around the average path corresponding to the path
in lamnar flow This path is determ neg by the average axial speed and
the stationary path directed radially outward as a result of the
centrlfug? force  produced by rotor 7. In the a sence of trrb | ence there
B pigtet
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undergoes, as a result of thé centrifugal force a radi al displ acenent

equal t o thirelvdiaweuescsgpichannel 6. Because according to the invention a
substantially turbulent flowis present in channels 6, it can be expected
that the collection efficiency of particles with dianeter di,ioo%wll be
| ower (for instance reduced from 100%to about 80% than in the known
device, which is dinensioned such that a lam nar flow prevails in feed
channels 6 thereof. Figure 2 shows the progression of the degree of
separation 20 (or collection efficiency) set out against the normalized
fraction dianmeter 21 which, in the context of this application, is defined
as the ratio of the average dianmeter d,, of the fraction 12 for separating
of gas/ vapour m xture 5 and the average di ameter dl1,iooi of this sane
fraction which in a lamnar flow would be conpletely separated at the end
of feed channels 6. This average di aneter 4100% can be determ ned
experinmentally in sinple manner by for instance nodi fying the process
conditions such that a lamnar flowis created in the feed channels. It is
al so possible to reduce the channel dianeter for this purpose. Curve 22
shows the progression for the known device (lamnar flow in feed channels
6), curve 23 shows the progression for the device according to the
invention (turbulent flowin feed channels 6). In contrast to what m ght
be expected, figure 2 shows that the degree of separation 20 is not
noticeably less than for lamnar flow, despite the fact that the

t hroughf eed speed can be higher. It is noreover found that for particles
smal l er than about 0.5 di,iooi and larger than 2.5 dplOn%t he degree of
separation 20 in the



device according to the invention even lies at the same |evel as for the
known device. Figure 3 finally shows a view of a nmultiple separating
device 30 to which a m xture for separating is supplied as according to
arrow Pan. After cooling of the m xture in a cooler 31, the now cool ed

m xture flows to a turbine 32 as according to arrow P31. After passing
through turbine 32 the m xture, with now a greater difference in the mass
density oé the fractions for separating, flows to a schematically shown
rotating Eﬁﬁﬁator 33. Afirst, for instance gaseous, fraction | eaves
rotating separator 33 through an outlet 34 as according to arrow P33. A
second fraction (for instance a cold liquid fraction) |eaves rotating
separ at orl. 33 Mathoddtr wpsecandlowiigenedamasixaoe ortdinigatt owatiaowwiR34ith The
second fr ﬁ%hgp]5§\[pe?;ted t.a ygng&%erflurbine 36 and a rotating separator
37 connecting 't HEFEt G Wil B 'Y "¢ EeiNdd “''separ ati ng process takes place for
t he pur posesphlys@panbivignasuadeodcghmgng 0 arrow P35 a gas fraction (which
may or may not be the same gaseous traction as already separated in

rot ati ng Bepdpiag 69talm) ortberHpwinggnixure e sspaai inirglitian firoapt pomidedidich gas
fraction ekl stogether with th S8 fir acki Qnah L. . ar at ed
i the 117 RE SRl QAT il MG BRRREHE ARAT RlAE BRMGERT

rot at i ng tkeflawatfolic @édium raarnurt @dihededd danfeals sekahaitieruBllient hndugh a
return cond iﬁ 38 as aqcording to arrow P36 in order to increase the
efficiené&‘g$”ﬂﬁ@5imé%%h%ﬁﬁgﬁ1%%W3WHﬁH§é%m8%changer 31 the liquid fraction
comi ng f ram-LiNenSeERIMAl HOLAL RYaSERBRAIGEAhahHISLdRNS: @S cER@liapt before
it exits device 30 via an outlet 39 as according to arrow P37. It is noted
that instead of thexseconddf)raction (P34), orjust as the second fraction
(P34), the first fraction (P33) leaving the rotating separator 33 can al so
be subj evtcEdn £bisghy evdinedl e r'fattﬂprﬁ@eng%téiéé@%hwt e s theffesdoshappdt nce a

t ur bi ne, |, hown, i A3, Lk laure.. . t at 1 ng. sepatra “connecting
thereto ihah o anab spebstl s R B IR0, SRR RO

separ at ednll @skinans tgan2.optional ly al so be carried out nore than twice in
succession. 14 Cains

2. Method according to claim 1, characterized in that o 1s smaller than 1.
3. Method according to claim 2, characterized in that o is between 0.5 and 1.
4. Method according to any one of the preceding claims, wherein at least one of the

fractions comprises particles, the average diameter d of which satisfies d 2 2 dpig0e;
wherein d, o0, represents the diameter of a particle which in laminar flow would reach the
wall of the feed channel at the downstream end thereof under the influence of the

occurring centrifugal forces.

5. Method according to claim 4, characterized in that at least one of the fractions

comprises particles, the diameter d of which satisfies d = 2.5 dpj000 .

0. Method according to any one of the preceding claims, characterized in that
during processing step B) the Reynolds number of the flow in the feed channels is greater

than 2500.



| . Method for separating a flowing nmediumm xture into at |east two
fractions wwth differing nass density, conprising the steps of: A)
supplying a nedium m xture for separating, B) causing rotation of the
flowng mxture for separating in rotation neans provided for this purpose
whi ch conprise a rotating assenbly of figed channels, with the proviso that
the flow of the mediumm xture in the feed channels is substantially

turbul ent, and C) di schargi ng at |east one of the separated fractjons,
wherei n the"r oYtraARc dpeaa ot ot saRah RS BRI o ¢ e
condi t i oNzeyRoldsHuMher 8f e QolSinkinert@tdthendd geReethan KOGEPr esents the
treatnent tinme in the feed channel, L and di, represent respectively the

| ength and the hydraulic dianmeter of the feed channel, and a is snaller
than 2. 2. Method according to claim1, characterized in that a is smaller
than 1. 3. Method according to claim2, characterized in that a is between
0.5 and 1. 4. Method according to any one of the preceding clains, wherein
at | east one of the fractions conprises particles, the average dianeter d
of which satisfies d ? 2 di,io000%, wherein di,ioo%represents the

di aneter of a particle which in lamnar flow would reach the wall of the
feed channel at the downstream end thereof under the influence of the
occurring centrifugal forces. 5. Method according to claim4, characterized
in that at |east one of the fractions conprises particles, the dianeter d
of which satisfies d ? 2.5 d1,100 . 6. Method according to any one of the
preceding clainms, characterized in that during processing step B) the
Reynol ds nunber of the flowin the feed channels is greater than 2500. 15
7. Method according to claim6. characterized in that during processing
step B) the Reynolds nunber of the flowin the feed channels is greater

t han 5000.



16 Device and nethod for separating a flow ng nmedium m xture into
fractions Abstract The invention relates to a nmethod and device for
separating a flowng nediumm xture into at |east tw fractions. The
device conprises rotating neans in the formof a rotating assenbly of feed
channels for rotating the flow ng mxtype for separating, a feed for the
medi um m xture for separating connecting to the rotating neans, and an

outl et connecting to the rotating_ nmeans for dischargi ng one of the
fractions of Reyécesuisangthed frpssnaniting & fgrdne medip nHYWIF tefsstiongri zed in
that the nmedium m xture is carried throught the feed channels under
substantially turbulent flow conditions during separation belowa critical
rotational speed. [ Fi g . ] ] Abstract

The mvention relates to a method and device for separating a flowing medium mixture
into at feast two fractions. The device comprises rotating means in the form of a rotating
assembly of feed channels for rotating the flowing mixture for separating, a feed for the
medium mixture for separating connecting to the rotating means, and an outlet connecting
to the rotating means for discharging one of the fractions of the separated medium
mixture. The method is characterized in that the medium mixture is carried throught the
feed channels under substantially turbulent flow conditions during separation below a

critical rotational speed.

[Fig. 1]



