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Description

[0001] The present patent application for industrial in-
vention refers to a washing method for centrifugal sepa-
rators, known as "disk centrifugal separators" for sepa-
ration of mixtures composed of two liquid phases and
solid and non-solid sediments according the pre-charac-
terising portion of claim 1.

[0002] The said separators are normally used to sep-
arate mixtures composed of two liquids with different spe-
cific weight, which are respectively the "light phase" and
the "heavy phase"; the heavy phase is sometimes the
residual product obtained from processing with respect
to the more valuable light phase.

[0003] A typical application of the said separators is
found in oil industry, where the liquid to be separated,
normally known as "oil wort", is centrifugated to extract
the valuable oil component depurated from aqueous
phase and solid sediments.

[0004] Separation takes place because of the different
specific gravity of the two liquid phases that, because of
centrifugal acceleration, tend to be positioned on two ra-
dial layers, whose interface theoretically coincides with
a cylindrical surface on which the heavy phase is collect-
ed externally, and the light phase is concentrated inter-
nally.

[0005] Inorderto understand the solutions and advan-
tages offered by the washing method of the invention,
this description continues illustrating the operating prin-
ciples of centrifugal separators with vertical axis, which
are basically composed of a feed conduit with vertical
axis ending into a column distributor, being an integral
part of a drum that rotates around the said conduit and
supports a stack of diaphragms with spacers, consisting
in a closed and overlapped series of lamellar disks with
truncated-conical profile, which make separation of the
two liquid phases easier, favouring the formation of a
laminar flow through the spaces of the stack of dia-
phragms.

[0006] During processing a preferably constant
amount of mixture is dropped or introduced continuously
in the feed conduit by means of a feed pump, goes
through the distribution column and inundates the drum,
including the area with lamellar disks.

[0007] The solid sediments and the heavy phase strat-
ify in the peripheral area of the drum because of centrif-
ugation and the light phase occupies the internal area.
[0008] The product continues phase separation while
passing through the area with lamellar disks.

[0009] More precisely, the heavy phase and the solid
sediments migrate towards the peripheral area, sliding
on the lower surface of the lamellar disks, and the light
phase occupies the centre of the drum, sliding on the
upper surface of the lamellar disk, thus forming three
layers inside the rotating drum: one external layer made
of solid sediments, one intermediate layer made of the
heavy phase and one internal layer made of the light
phase, being the three phases separated by two inter-
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faces, theoretically composed of two vertical cylindrical
surfaces coaxial with the drum.

[0010] The two liquid phases formed inside the drum
are divided by a partition positioned on the opposite side
with respect to the side where the product is introduced
in the drum from the bottom of the distribution column
and basically composed of a bell that rotates with the
drum, whose peripheral border creates a reverse over-
flow with is overridden by the heavy phase directed to-
wards the annular area formed by the bell.

[0011] The bell divides the drum in two sections, thus
creating two communicating vessels: the heavy phase
on one side, the heavy phase on the other side and the
light phase inside.

[0012] The solid sediments stratify on the bottom of
the vessels, which corresponds to the peripheral area of
the drum.

[0013] Because of radial stratification of the two liquid
phases, the liquid phases can be extracted from the drum
by means of annular openings, with straight and free
overflow, separated and positioned on top of the drum in
external position with respect to the feed conduit with
vertical axis; more precisely, the heavy phase is extract-
ed continuously through a first opening and the light
phase is extracted continuously through a second open-
ing situated at a lower distance from the drum rotation
axis with respect to the first opening.

[0014] In other words, it can be said that the two over-
flow openings are situated at two different radial levels
to intercept the free surfaces of the two liquid phases that
are positioned on completely different radial levels due
to a more intense centrifugal field than the gravity field.
[0015] The drum is normally provided with peripheral
openings with sub-radial direction that are normally
closed and opened during the rotation of the drumin order
to eject the solid sediments with the liquid mass inside
the drum by centrifugation.

[0016] This structure of the drum is particularly used
in applications where the product to be separated con-
tains a considerable quantity of solid sediments; this ver-
sion of the drum is defined as "automatic discharge"
drum.

[0017] When the drum is not provided with the said
openings, the drum is defined as "manual discharge"
drum, meaning that sediments can be only removed by
stopping the separator and dismounting the drum.
[0018] In both types of drums, before performing the
automatic ejection or manual removal of sediments, the
valuable liquid phase must be extracted from the drum,
in order not to waste it.

[0019] Inparticular, during manual discharge (i.e. drum
without openings), manual cleaning is completely per-
formed on the drum and on each lamellar disk.

[0020] The automatic discharge (i.e. drum with open-
ings) is performed to restore the best operating condi-
tions of the separator. Therefore, once sediments are
ejected, periodical cleaning is required to remove all sed-
iments (normally dirtying agents) that are not automati-



3 EP 1712 289 B2 4

cally discharged and are trapped in the small gaps of the
drum and of the stack of lamellar disks.

[0021] In order to ensure complete cleaning, the "au-
tomatic discharge" drum is periodically opened (at the
and of working day or week, according to the dirtying
characteristics of the product being processed) to clean
each diskmanually, as in the case of drums without open-
ings.

[0022] This operation requires considerable labour
and machine shutdown.

[0023] The need to periodically perform complete
cleaning of the drum has no other solution, with the type
of disk centrifugal separators in which the liquid phases
(or the heavy phase only) are ejected by means of free
overflow openings.

[0024] This type of machine does not permit the wash-
ing procedure known as CIP (cleaning in place), which
allows to wash the drum without dismounting it, while the
machine is in operation, because the lamellar disks are
not subjected to the washing flow.

[0025] The CIP ofthe drum, either of automatic or man-
ual discharge type, is a complete cleaning operation of
the drum, with special reference to the lamellar disks,
performed introducing a washing liquid flow, possibly with
added detergent, or an alkaline or acid solution into the
feed conduit.

[0026] The mechanical washing action because of hy-
draulic turbulence is possibly associated with a chemical
action based on the agents used.

[0027] Normally, It is performed with recirculation of
the washing liquid, with final cleansing in order to guar-
antee a good result.

[0028] The essential condition for CIP is that the wash-
ing flow goes through the lamellar pack; this condition,
however, cannot be achieved if the overflow opening of
the heavy phase, that is to say the furthest one from the
drum axis, is open, thus creating a preferential exit for
the washing liquid, which cannot raise to wash the lamel-
lar disks.

[0029] Anincrease oftheinletcapacityinordertowash
the disks would also cause an Increase of capacity
through the preferential exit, with great energy waste and
no success.

[0030] Moreover, it must be noted that the capacity of
the inlet flow is limited because of the reduced "radial
jump" between the feed conduit and the position of the
light phase opening; the said jump needs to be consid-
erable to compensate the inevitable great load losses
associated with a considerable flow through the drum,
which would be however small and insufficient through
the lamellar disks.

[0031] Javanese patent No. JP03181348 A describes
a method cleaning of the drum by switching a high-flow-
rate cleaning in which a cleaning solution discharged
from a water outlet is directly returned to a raw liquid inlet
and a low-flow-rate cleaning in which the cleaning solu-
tion is circulated between a centrifugal separator and a
cleaning solution tank.
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[0032] WO 89/0325 discloses a cleaning method of a
centrifugal separator similar to the one of the
JP03181348.

[0033] The centrifugal separators disclosed in WO
89/0325 and JP03181348 comprise a first opening for
the exit of heavy phase and a second opening for the exit
of light phase. Both the first and second openings are
connected to respective output devices which are cen-
tripetal pumps.

[0034] The purpose of the present invention is to pro-
vide a solution to all aforementioned disadvantages, in-
troducing a new effective washing method of CIP type.

[0035] In order to achieve the object above, a method
according to the invention is defined by the features of
claim 1.

[0036] According to the method of the invention, wash-
ing is performed in two phases, regardless of their se-
quence, a first washing phase dedicated to clean the in-
ternal peripheral areas of the drum, where sediment and
heavy phase are stratified, and a second washing phase
dedicated to clean the central areas, and particularly the
lamellar disks.

[0037] According to the method of the invention, the
washing phase dedicated to clean the internal peripheral
areas of the drum is performed keeping both overflow
openings open; evidently, the washing liquid flows off
from the overflow opening situated at the furthest dis-
tance from the rotation axis of the drum.

[0038] According to the new method of the invention,
the washing phase dedicated to clean the central areas
of the drum is performed keeping the overflow opening
situated at the furthest distance from the rotation axis of
the drum closed and keeping the overflow opening situ-
ated at the closest distance from the rotation axis open,
in such a way that the washing liquid is forced to go
through the small spaces of the lamellar disks in centrip-
etal direction and exit from the second overflow opening.
[0039] Evidently, the washing method of the invention
requires the introduction of means used to Intercept the
flow exiting the overflow opening situated at the furthest
distance from the rotation axis of the drum while the ma-
chine is in operation.

[0040] Any interception means can be used, such as
cocks, gates or obturating disks of the type used in some
models of centrifugal separators to favour the correct
emptying of the drum and recuperate the light phase con-
tained in the drum, before the periodical removal of the
sediments laid against the walls of the drum.

[0041] Inorderto understand the solutions and advan-
tages offered by the washing method of the invention,
the following description of a preferred embodiment con-
tinues lllustrating the operating principles of a centrifugal
separator with vertical axis, which is basically composed
of a feed conduit with vertical axis ending Into a column
distributor, being an integral part of a drum that rotates
around the said conduit and supports a stack of dia-
phragms with spacers, consisting in a closed and over-
lapped series of lamellar disks with truncated-conical pro-
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file, which make separation of the two liquid phases eas-
ier, favouring the formation of a laminar flow through the
spaces of the stack of diaphragms.

[0042] During processing a preferably constant
amount of mixture is dropped or introduced continuously
in the feed conduit by means of a feed pump, goes
through the distribution column and inundates the drum,
including the area with lamellar disks.

[0043] The solid sediments and the heavy phase strat-
ify in the peripheral area of the drum because of centrif-
ugation and the light phase occupies the internal area.
[0044] The product continues phase separation while
passing through the area with lamellar disks.

[0045] More precisely, the heavy phase and the solid
sediments migrate towards the peripheral area, sliding
on the lower surface of the lamellar disks, and the light
phase occupies the centre of the drum, sliding on the
upper surface of the lamellar disk, thus forming three
layers inside the rotating drum: one external layer made
of solid sediments, one intermediate layer made of the
heavy phase and one internal layer made of the light
phase, being the three phases separated by two inter-
faces, theoretically composed of two vertical cylindrical
surfaces coaxial with the drum.

[0046] The two liquid phases formed inside the drum
are divided by a partition positioned on the opposite side
with respect to the side where the product is introduced
in the drum from the bottom of the distribution column
and basically composed of a bell that rotates with the
drum, whose peripheral border creates a reverse over-
flow with is overridden by the heavy phase directed to-
wards the annular area formed by the bell.

[0047] The bell divides the drum in two sections, thus
creating two communicating vessels: the heavy phase
on one side, the heavy phase on the other side and the
light phase inside.

[0048] The solid sediments stratify on the bottom of
the vessels, which corresponds to the peripheral area of
the drum.

[0049] Because of radial stratification of the two liquid
phases, the liquid phases can be extracted from the drum
by means of annular openings, with straight and free
overflow, separated and positioned on top of the drum in
external position with respect to the feed conduit with
vertical axis; more precisely, the heavy phase is extract-
ed continuously through a first opening and the light
phase is extracted continuously through a second open-
ing situated at a lower distance from the drum rotation
axis with respect to the first opening.

[0050] In other words, it can be said that the two over-
flow openings are situated at two different radial levels
to intercept the free surfaces of the two liquid phases that
are positioned on completely different radial levels due
to a more intense centrifugal field than the gravity field.
[0051] The drum is provided with peripheral openings
with sub-radial direction that are normally closed and
opened during the rotation of the drum in order to eject
the solid sediments with the liquid mass inside the drum
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by centrifugation.

[0052] This structure of the drum is particularly used
in applications where the product to be separated con-
tains a considerable quantity of solid sediments; this ver-
sion of the drum is defined as "automatic discharge"
drum.

[0053] Before performing the automatic ejection or
manual removal of sediments, the valuable liquid phase
must be extracted from the drum, in order not to waste it.
[0054] The automatic discharge (i.e. drum with open-
ings) is performed to restore the best operating condi-
tions of the separator. Therefore, once sediments are
ejected, periodical cleaning is required to remove all sed-
iments (normally dirtying agents) that are not automati-
cally discharged and are trapped in the small gaps of the
drum and of the stack of lamellar disks.

[0055] Inorderto ensure complete cleaning, the wash-
ing procedure known as CIP (cleaning in place) is a com-
plete cleaning operation of the drum, with special refer-
ence to the lamellar disks, performed introducing a wash-
ing liquid flow, possibly with added detergent, or an al-
kaline or acid solution into the feed conduit.

[0056] The mechanical washing action because of hy-
draulic turbulence is possibly associated with a chemical
action based on the agents used.

[0057] Normally, it is performed with recirculation of
the washing liquid, with final cleansing in order to guar-
antee a good result.

[0058] The essential condition for CIP is that the wash-
ing flow goes through the lamellar pack; this condition is
achieved by the washing method according to the inven-
tion by a second washing phase dedicated to clean the
internal central areas of the drum, and specifically the
stack of lamellar disks, in which the first overflow opening
situated at the furthest distance from the rotation axis of
the drum is kept closed with ordinary interception means
and the second overflow opening situated at the closest
distance from the rotation axis of the drum is kept open,
in such a way that the washing liquid flow is forced to go
through the small spaces of the lamellar disks in centrip-
etal direction and exit from the second overflow opening
situated at the closest distance from the rotation axis of
the drum.

Claims

1. Washing method for centrifugal separators of mix-
tures composed of two liquid phases with different
specific gravity, and solid and non-solid sediments,
of the type comprising a rotating drum with a stack
of lamellar disks used to separate the liquid phases,
one being a "heavy" phase and one being a "light"
phase, which are continuously extracted through a
first and a second overflow openings situated re-
spectively at a further and closer distance from the
rotation axis of the drum,
method comprising:
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-atleastafirstwashing phase dedicated to clean
theinternal peripheral areas of the drum in which
both overflow openings are kept open,

characterised by the fact that

- a second washing phase is dedicated to clean
the internal central areas of the drum, and spe-
cifically the stack of lamellar disks,

at least the first overflow opening used for the exit
of the heavy phase is a free overflow opening; and
in the second washing phase the first overflow open-
ing, situated at the furthest distance from the rotation
axis of the drum, is kept closed with ordinary inter-
ception means and the second overflow opening sit-
uated at the closest distance from the rotation axis
ofthe drumis keptopen, in such a way that the wash-
ing liquid flow is forced to go through the small spac-
es of the lamellar disks in centripetal direction and
exit from the second overflow opening situated at
the closest distance from the rotation axis of the
drum.

Washing method as defined claim 1, characterised
in that the interception means are closed during the
drum rotation.

Washing method as defined in claim1 or claim 2,
characterised in that during the washing phase il-
lustrated the first claim under b), the overflow open-
ing situated at the furthest distance from the rotation
axis of the drum is closed by means of the same
obturating disk, normally used in some centrifugal
separators of known type to favour the correct emp-
tying of the drum, recuperating the light phase con-
tained in the drum, before performing the "manual
discharge" or "automatic discharge" phase of the
sediments laid against the internal walls of the drum.

Patentanspriiche

1.

Reinigungsverfahren fir Zentrifugen zur Trennung
von Mischungen, die aus zwei fliissigen Phasen mit
unterschiedlichem spezifischem Gewicht sowie aus
festen und nicht festen Sedimenten bestehen, um-
fassend eine Drehtrommel, die einen Stapel von La-
mellenscheiben zur Trennung der flissigen Phasen
umfasst, wovon eine "schwer" und die andere
"leicht" ist, die Uiber eine erste und eine zweite Uber-
lauféffnung kontinuierlich extrahiert werden kdnnen,
die jeweils ndher oder weiter von der Rotationsachse
der Trommel entfernt angebracht sind,

Verfahren umfassend:

-mindestens ein erstes Reinigungsstadium, das
fur die Innenreinigung der Trommel in den peri-
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pheren Bereichen bestimmt ist, wahrend dem
alle beiden Uberlauféffnungen offen gelassen
werden,

dadurch gekennzeichnet, dass

ein zweites Reinigungsstadium fiir die Innenreini-
gung der Trommel in den zentralen Bereichen und
insbesondere im Bereich des Stapels der Lamellen-
scheiben bestimmt ist,

mindestens die erste Uberlauféffnung, die flir den
Auslass der schweren Phase verwendet wird, eine
freie Uberlauféffnung ist, und

wahrend des zweiten Reinigungsstadiums die erste,
weiter von der Rotationsachse der Trommel entfern-
te Uberlauféffnung mittels tiblicher Verschlussmittel
geschlossen gehalten wird, wahrend die zweite, na-
her bei der Rotationsachse der Trommel befindliche
Uberlauféffnung offen gelassen wird, damit die ge-
samte Reinigungsflissigkeit gezwungen wird, durch
samtliche Spalte des Scheibenstapels in Zentripe-
talrichtung hindurchzuflieRen, um anschlieRend aus
der zweiten, naher an der Rotationsachse der Trom-
mel befindlichen Uberlauféffnung herauszuflieRen.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass es vorsieht, dass die Verschlussmit-
telwahrend der Rotation der Trommelin Verschluss-
stellung gebracht werden.

Reinigungsverfahren nach Anspruch 1 oder 2, da-
durch gekennzeichnet, dass wahrend des Reini-
gungsstadiums gemalR Punkt b) des ersten An-
spruchs der Verschluss der weiter von der Rotati-
onsachse der Trommel entfernten Uberlauféffnung
unter Verwendung derselben Verschlussscheibe er-
folg, die bereits in einigen Zentrifugenmodellen be-
kannten Typs vorhanden ist und verwendet wird, um
eine richtige Entleerung der Trommel unter Rickge-
winnung der gesamten darin enthaltenen, leichten
Phase zu erméglichen, bevor die Phase der "manu-
ellen Entleerung" oder die Phase der "automati-
schen Entleerung" der im Innern der Trommel ange-
sammelten Sedimente durchgeflhrt wird.

Revendications

Méthode de lavage pour appareils centrifuges pour
la séparation de mélanges composés de deux pha-
ses liquides, ayant un poids spécifique différent, et
de sédiments solides et non, du type comprenant un
tambour rotatif, contenant une pile de disques lamel-
laires (ou scourtins) de séparation des dites phases
liquides, I'une ainsi dite "lourde", I'autre ainsi dite "|&-
gere", qui peuvent étre extraites en continu a travers
une premiére et une seconde ouverture a déborde-
ment, étant respectivement la premiére et la secon-
de ouverture positionnées plus loin et plus prés par
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rapport a I'axe de rotation du tambour,
cette méthode comprenant

- au moins un premier stade de lavage dédié au
nettoyage interne des zones les plus périphéri-
ques du tambour, pendant lequel les deux dites
ouvertures a débordement sont maintenues
ouvertes ;

caractérisée en ce que

- un second stade de lavage est dédié au net-
toyage interne des zones les plus centrales et,
dans notre cas spécifiquement, a la dite pile de
disques lamellaires (ou scourtins),

au moins la premiére ouverture a débordement uti-
lisée pour la sortie de la phase ainsi dite lourde est
une ouverture a débordement libre; et

pendant le second stade de lavage, la premiére
ouverture a débordement, celle en position la plus
éloignée par rapport a I'axe de rotation du tambour,
est maintenue fermée par le biais de moyens d’ob-
turation habituels et la seconde ouverture a débor-
dement, celle la plus proche par rapport a I'axe de
rotation du tambour, est laissée ouverte, de maniére
a ce que tout le liquide de lavage est obligé de tra-
verser, en direction centripéte, tous les interstices
de la dite pile de disques lamellaires, pour ensuite
sortir de la dite seconde ouverture a débordement,
c'est-a-dire celle la plus proche de I'axe de rotation
du tambour.

Méthode de lavage selon la revendication 1, carac-
térisée en ce qu’elle prévoit que les dits moyens
d’obturation sont amenés en position fermée pen-
dant la rotation du tambour.

Méthode de lavage selon la revendication 1 ou 2,
caractérisée en ce que pendant le stade de lavage
dont au poste b) de la premiére revendication, la
fermeture de 'ouverture a débordement positionnée
le plus loin de I'axe de rotation du tambour s’effectue
par le biais du disque obturateur déja présent et uti-
lisé sur certains modéles de séparateurs centrifuges
du type connu, afin de favoriser le vidage correct du
tambour, avec larécupération de toute la phase ainsi
dite Iégére contenue dans le tambour méme, avant
de procéder a la phase de "déchargement manuel"
ou a la phase de "déchargement automatique" des
sédiments qui se sont accumulés dans le tambour.
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