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A cross-flow separator comprises an assembly of plates

arranged at mutually equal distances, between which

plates passages for pgssing a liquid to be treaped are
defined, the flow direction of said liquid being
transverse to the direction of largest inclination of
said plates, the plates having profiles defining
cbllecting guttersﬁfor the components separated from
said 1liquid, and extending substantially in the
direction of the greatest inclination. These
collecting gutters open into collecting spaces for the

separated components., .

Currently used cross-flow separators mainly comprise
sinusoidally-corrugated plates, the wave amplitude
being larger than'thefEVerage plate spacing. The
eorrugétion crests and troﬁghs respeéti#ely are, then,
superposed. A 'consequence _6f the oscillating
movement which the liquid is forced to follow is that
the flow velocity at which the liquid changes from the

laminar into the turbulent condition is lower than in



2 the case of arectilinear flowin a plate’ assénbly<mdth t.he same
average pl ate spaci ng. Moreover, the degree of turbulence'will, then,
“increase faster than i.n the case of rectilinear flow. A drawback of - such

assenbl | f corrugated plates is that the streanli-ned shape of the
corruga rests and troughs wij | encourage the separated particles to
be re-e med by the liquid, and the capacity of the collecting gutters .
defi ned he corrugations will be small. The drawback of cross-flow -

separators with plane plates, which have been known for a |onger tine,
through  tHe cleagee of iajwettilllisiwar T1owsuhskaniplaltley a@@kmblyear, is,
however, that the separated particles which can slide dowwards al ong the
i nclined pitthesthe. |dameoravartagehllatguispaeiag.t he MovleovRlrgt e ther f ace, so
that the probability of being entrained again by the liquid wll

accor di ngldeayeehiafhdurbuliencieay iddgondhemyariacr egiset falstesephaat i on ef f ect

of corrugq?ed plates is better than that of plane plates, but,
n the case of rectilinear flow.

A drawback of such assemblies of.corrqgaﬁed plates is
that the streamlined Shape_of the corrugation crests
and troughs will encourage the separéted particles to
be re-entrained by the liquid, and the capacity §f the
collecting gutters defined by the corrugations_will be .

small,

The drawback of ocross-flow séparatohs with plane
plates, which have been known for_ a longer time;
though which the 1liquid flow is substantially
rectilinear, is, hdwever, that the separated particles
which can slide downwards along the inclined plates
will contact the liquid over the whole plate surface,
. 80 that the probability of being entrained again by
the liquid will accordingly be higher. It has become
apparent that the separation ~effect of corrugated
plates 1is better than that of plane plates, 5ut,
nevertheless, this effect can be. still | further

improved.

According to the present.invention_theré is prbvided



Eevertheless,__ this, effect. can be still further inproved. According
to the present invention there is provided a cross-flow separator
conprising an assenbly of equally-spaced, generally parallel plagesy
whi ch plates are i nclined to the horizontal, neans for i nt roduci hg g 3;=
contam nated liquids to flow paths between opposed pairs of said p\dte
whi.ch fl ow paths extend in directions tyansverse to the direction o
-max¥mum inclination of the plates, outlet -neans for renoving the treated
liquid fromsaid flow paths; each said plate defining gutters extending
substantially in the dlrﬁition of 9 Eatest |nc*|nat|on and theﬂgﬁtt€¥8 of
adj acent plated BEPAF-FhOBppBSRAraFer at FOMBHE B 81 " ar? 2BRYERENt Dei ng
such that the cant n fr,om ters
and col | ected i i3 8%&?2 F%%ﬁegpaéénggg%gz F %f%gfmf?%k€%§9%£€§ thﬂ#%
gutters may be EPE"Fflc?X &hdﬂgstﬁﬁsh%ﬂwﬂtﬁom he&n B! POLSLHEF 68udi kg
substantially nutua |gne T | so p055|b e to use corrugated
plates, the CorEBQ%TehQ'Bﬁteﬁf 13dudaent tBl 2166 phehsY betweesedopposed
pairs of said plates which flow paths extend in
directions transverse to the direction of maximum
inclination of the plates, outlet means for removing
KJ} the treated 1liquid from Said flow paths; each said
plate defining gutters extending substantially in the
direction of greatest inclination and the gutters of
adjacent plates being in opposed relationship, - the
arrangement being such that the contaminants from the
liquid are accumulated in the gutters and collected in

collecting spaces communicating with the gutters.

The 'gutters may be formed by ridges upstanding from
the plates which are substantially mutually aligned.

It 1is alsé possipie to use corrugated plates, the
corrugations. of adjacent plates being arranged in
phase 6ppositioﬁ, i.e. so that the ‘gutters 1lie
opposite one another, the corrugations_ prefekably

having a substantially trapezoidal eroSs-section._

For 1liquids having a low_viscosity which do not tend

to follow the éontour of the gutters, the gutter



phase opposition, i.e. so that the gutters. lie opposite one
another, the corrugations preferably having a substantially trapezoidal
cross-section. For liquids having a | ow viscosity, which do not tend-to

e contour of the gutters, the gutter . 4 vol ume, -which can be
as a |ost space, wllybe kept as snmall "as possible. - More
fquids follow the gutter contour, so that, deeper gutters are
sO as to screen the separated material, and, at the same ‘we
time, the velocity of the liquid is reduced. The inventlon will - now
be descyébuane, byhiNaycaof bexcompsider ef t&s tel astospaey; ngilkl agr ammati c
drawing, in which: Fig. 1 is a cross-section of a portion of tw plates of
a currenP?yk39§|?&bF@ak¥o§§ PO &3i BEPar at HOr &iYisgops a &owkespondi ng

cross-segl] P °tnd £ﬁ£€er contour, so that, deeper gutters are

preferable so as to screen the separated material,
and, at the same time, the vélocity of the liquid is

reduced,



enbodi ment of . separate platés according to the invention; Fig. 3 1is
a cross-section corresponding to Fig. 2 of -slightly nodified plates and

Fi g. 4 is a _corresponding cross-section of a nodification
the . plates of Flg 3 for a +high viscosity liquid. In Fig. 1 port
of two successive corrugated plates 1 and 2 of a cross-flow

separator of current construction aréd shown, in which the |
flow extends transversely to the generatrices of t he corrugations
of -plates 1 and 2 These corrugati ons consi st of alternating troughs

iﬁcﬁ”dot er, in Toenornvanbaed il Cohon o o E SRR S A 219G
ther.
Phe. corugat on t PRRES, " ott FRGHAL, &ded by ¥ A e’ i, o

col | ected partlclgg @hpghng dependent wupon the velocity at which
the particles slide domnmards along the inclined plates,

Fig. 1 is a cross-section of a portion of two plates

| of a'currently aﬁailable eross-flow separator;

K,j ' Fig, 2 is a corresponding cross-section of a -first
embodiméht of separate plates according to the

invention;

Fig. 3 is a cross-section corresponding to Fig. 2 of

slightly'mbdified plates; and

Fig. 4 is a corrésponding cross-section of a
modification of the plates of Fig. 3 for a high
viscosity liquid. .

In Fig. 1 portions of two successive corrugated plates
1 and 2 of a cross-flow separator of current
construction érel'éhown,_'in which the 1liquid flow
"éxtends transversely ﬁo the generatrices of the
corrugations of plates 1 and 2. These cbrrugations'
consist of alternating troughs 4 and crests S
'respectivély, which, in adjacent ﬁlates, always face

each othef,' in other words all. corrugations are



and on the supply of particles separated from the |iquid.. The sane

applies in the opposite sense for floatating lighter- particles which

col l ect, as indicated at 7, beneath the corrugation crests 5. For liquids .
havi Hq ow viscosity, such as water, it has been found that the transfer
vel od gt which the flow changgs from the laninar into the

turbu condition is considerably lower than in a rectilinear flow,

whi ch 'S caused by the oscillating novenent of the flow 3. Behi nd ‘e
the corrugation troughs and crests turbulence will be forned even at a

| ow vel ocsulystamtl albly ain uphid®e. i ncreasing flow velocity, the flow will
consi st conpletely of turbul ences. "As the viscosity increases, also the
velocity at which the flow beconmes turbulent wll - increase. The

roughs HSMBY RATIAE &8 TRAImenRebung TAR50nd 1343 e oH: Aed agai .

for 11 qui S 27 RSB e r Tibdont)® A Team 1 ime

shape of ¢ heg téfSknds of the layer of collected particles 6.
being dependent upon thé;_veloﬁity at; which .:the
particles slide downwérds along the inclined plates,
and on the shpply_of particles separéted from the
liquid. The same applies in the opposite sense for
floatating 1lighter partic;es which collecﬁ, as

indicated at 7,_beneath'the corrugation crests 5,

For 1i§uids having a low viscosity, such as water, it
"has been found that the transfer.velocity.at which the
flow changes from the laminar_ into the turbulent
condition is considerably lower than in a_recti;inear
flow, which is caused by the oscillating movemént of
the flow 3. | Behind the corrugation troughs and o
crests turbulence will be formed even at a low
velocity, and, at a further increasing flow velocity,
the flow will consist compléteiy of tprbulences;' As
the viscosity increases, also the velocity at which
the flow becomes turbulent will increase. :The
consequence of such turbulence is that the particles
collected in the troughs 4 and/or crests 5 will be

whirled up and are entrained again, which unfavourably



t he corrugation t.roughs. 4 " and crests 5, I's unfavourable in as
far as the separated particles 6 and 7 are often re-entrained. The

t hi ckness of the {fayer of _particles reduces the flow cross-section
area, so that the rom1veIOC|ty near the separated particles is increased,
and, therefore, also the probability of turbulences: and re-entrain
of previously deposited particles. A furfflher draw back of this
céwrugation shape is that the capacity for particle retention of the
gutters defined by the corrugation crests and troughs is relatively

small, and that the surface area of the particle assenbly contacting
t he I|qU|d i s reﬂ&ﬁf&ﬂﬂ%/ﬂhﬁrg@PaWBﬁéﬁnaﬁgﬁeFﬁchaEBg S?HérﬁFéBability of
re-entrained particles, in particular by snmall turbulences which may

be generated by friction phenonena at the boundary surface with the

flow ng .iQUid"%°&ﬁFLg%kB§§%H2§§Saqghig p@hcgss?ﬁp gﬁoggeQthrQMthe%;s

wi |l be overcone“ca as suc si npl est manner

Hgagie?f PLgne Rlialcds1 tyhichia Qﬁ¥@aﬂ§§@nKnQH@pEOBfath@ngghtﬁgrS, Sipee.
' the corrugation troughs # and crests 5, is
unfavourable in as far as the separated particles 6

and 7 are often re-entrained. The thickness of the

C

layer of particles reduces the flow cross-section
area, so that the flow velocity near the separated
'particles is 1increased, -and, therefore, also the
probability of turbulences and re-entraining of
previously deposited particles., . A further draw-back
of this corrugation shape is that the capacity for
particle retention of thé gutters defined by the
cofrugétion crests and'troughs 15 relatively small,
and that the surface area of the particle assembly
contacting'the liquid is relatively large, which also
increases the probability bf re-entrained particles,
in particular by small turbulences which may be
generated by. friction phenomena at the boundary

surface with the flowing liquid.

'A rectilinear passage in which some of these draw-
‘backs will be overcome can be obtained, as such, 4in
the simplest manner by means of plane plates which

‘have been known for a long time, Sincé, however, the



particles sliding downwards along the inclined plates are contacting the

flowing liquid over the full plate surface, t he probabilify of

al ready separated particles being entrained is very high. - This'is the
very/i/weason that corrugated plates have = been introduced, by neans
of t he separated conponentsbcan be kept out ‘of the influence of the
flo iquid as far as possible” The invention provides an inprovenment in
the known corrugated plate separators in which the main liquid flow canwss
nove substantially rectilinearly. In the enbodinments of the plates

for an inpaptedlescpdidifg acwawar89 aléng heneé NVl i 9éd shyvaxds the
drawi ng the sane ref erence nuner al s are used for parts
correspondreg tonpactingftheofldwihg dl iqid stwvoers tite efMikili pieate of pl at es
for the case of liquids havi ng a low viscosity, in whi ch a
subst ant i ahrfacegti | thear probabil bk aiofed, almkadie sesapartakkedmateri al
remai ns outside the flow region. Plane plates 1 and 2 are used which are

‘provi ded BErbbehesi being; entraipedilscvertygese®. and Thisvkethg e nutual ly
aligned, _and also_the rgdges of ad'aiﬁnt | ates are aligned. Thus
col T ecti n§®hit t eF€§38°8ng ¥hak o FRRFNER ifb]‘nEI ?redff t Pase crests 4
and introduced, by means of which the separated components
can be kept out of'the influence of the flowing liquid

as far as possible. _ N Q)

The invention provides an improvement in the known
corrugated plate separators in which the main 1liquid
flow can move substantially_rectiiinearly. | In the
embodimenté of the plates for an improved separator
according to the invention shoﬁn in the drawihg. the
same reference numera;s are used for parts

corresponding to parts of Fig. 1.

Fig. 2 shows an embodiment of plates for the case of ot
liquids having_ a- low viscosity, in which a
substantially regtilinear flow is obtainéd, and the
separated material remaihs outside the flow region.
Plane plates 1 and 2 are used which are provided at
both sides with respective ridges 8 and 9, which afe
mutually aligned, and also the ridges of adjacent
plates are aligned., Thus collecting gutters 4 and 5

are provided which correspond to the crests 4 and

d‘_‘



troughs 5 of corrugated pl ates such as shown in Fig. 1, which gutters,
now, -in contrast to the case of Fig. 1, are facing each other in pairs at
el ther side of the:liquid passage 3. The hei ght of these ridges is such
t hat a. sufficiently wde passage 3 for the liquid remains free.
indicated in Fig. 2, the liquid flow 3 will extend mainly rectilin
bet-ween ‘the extremties of the ridges. 9 At the begi nning of the
op&fation, when the gutters have not vyet been filled by se ted
particles, turbulences wll develop in these gutters as shown at 10,

whi ch turbul ences oweyer can enhanc he separati.on. ' t he
gutters become ?FPPEE? ¥h8§e°?ﬁ'r"5§ﬁ ﬁ%e&ﬂéﬁ?e’é‘é 1 as spowNn sje'barﬁge’d
particles can al gso sp ed, in LW d, .l i cular in the
case of light fl 3@&‘3‘%‘%528@%2& g&.‘_gt hjélll gﬁ‘%{%%ﬂﬂﬁ %%gua%écr%gsﬁs%ct i on
i's, furthermore, qt hagreat rgof hESOLBHI Hen &k MERSHOISs 461 tiée idt ask
solids capacity iS larger than in the case of sinusoidally corrugated
plates of Fig. 1lghei DéGuid pusbagen®[e, Thécheigh€lUof tHé ¢ ridgesmisly

' Such_ that a sufficiently wide passage 3 for the

liquid remains free.

U | "As indicated in Fig. 2, the liquid flow 3 will extend
mainly reétilinearlﬁ between the extremities of the
ridges. At the beginning of the operation, when the
gutters have. not yet been filled by separated
particle;, tunbulences 'will develop in these gutters
as shown at 10, which turbulences, however, can
enhance the separation. As the gutters become
filled, these turbulences decrease, ‘The -separated
particles can also be removed suspended in the liquid,
in particular in the case of light flocs,

An - advantaée of the gutters with square cross-section
is, furthermore, that, at corresponding dimensions,
their accumulated solids capacity is larger than in
the caée of sinusoidally cdrrugated blates of Fig. 1.
Since, - furthermore, the 1liquid flow is mainly
rectilinear, the flow components directed towards the
surface of the accumulated layers 6 and 7, which are

ﬁreseht in the oscillating flow according to Fig. 1



rectilinear, the flow conponents directed towards the surface of the
accunul ated lrayers 6 and 7, which are present in the oscillating flow
to Fig. 1 and have a washing-out effect, will be absent. Fig.

3 sho “enbodi nent whi ch, fundanmentally, corresponds to Fig. 2, in
- whi ch ver, corrugated pIateg 1 and 2 are used having corrugatlons mnth
atra dal cross-section n the case of so-called pile planks.

plates are arranged in phase opposition, so that the gutters 4 andf
5 at either side of a liquid passage 3 are always facing each other. Fig. 4

shows anagAbRAY eCa! wadhi ARRBNY %FbetF' @112 BE'aB¥hEd ch | onger

wave- | ength and hei ght ate”corrugations, h enbodi nent is

designed for a liquid with a higher viscosity, e.g. oil. At flow

velocities suitable for separation, no turbulences will be generated in

the gutt&ig, Andshkesliguni dehbodimeht swhithpti fuhgahehtawdype contour of

the plate profiles; this isin contrast to liquids with a |ower viscosity.

It is feeonespPBdshse Fdguse2,a inowbéehyakeweeens hcandugatedt than in the

enbodlneni gf Fi
and 2 are used having corrugations with a

trapezoidal cross-section, as in the case of so-called

pile plaﬁks. Adjacent plates are arranged in phase

opposition, so that the gutters 4 and 5 at either side o J

of a 1liquid passage 3 are alwaYs facing each other,

Fig. 4 shows an embodiment corresponding to Fig. 3 but
having a longer wave-length and height of_ the plate
corrugations, whi#h embodiment is designed for a
liquid with a higher viscosity, e.g. oil. At flow
velocities suitable for separation, no turbulences
will be generated'in the gutters, and the liquid flow
will ‘substantially follow the contour of the plate _
profiles; this is in contrast to liquids with a lower ' \'j
viscosity. It is.favoqrable then to use a 1longer
wave-length and height than in the embodiment of Fig.
3.

As a gutter § £fills with separated particles 6 (e.g.
water droplets), .the superposed flow becomes  more
rectilinear.  Since opposite each gutter 4, an

inverted gutter 5 is situated which is filled by the



3. As a gutter 4 fill.s with.separated particles 6 (e.g. water droplets),

"the superposed Tlow becones nore rectilinear. Since opposite _each
gut t-er 4, an inverted gutter 5 is situated which is filled by th
liquid flow, ~the flowvelocity in the central part will  becomg>.
| ower, so that the probability of particles bei ng entrai ned—w | |

becone smal I'er accordingly. A further advantage is that in the _
coastrictions of the flow passage beyond the w dened parts at the opposed
gutters 4 and 5 a certain flow acceleration will take place again which, as

soon as the next jWqde@edrRak!, Otnkhelbliowepatitpasnbere reastresh vwpdrtagain
change into a deceleration, but can then exert a certain directional effect

on the flow Insydad of beleemer apewergal | Yocothapat eNepl piebab il btes 4f 2
provided with ridges 8,9 of Fig. 2 can be used also for flow conditions

envi saged for Fi garticdes, tbedngtheentdahnedndwilkbt hsbeé¢omee gsmakkerwil |

be accordingly increased.
. accordingly.

A further advantage is that in the cohstrictions of
the flow passage beyond the_uidened parts at the
| i,} opposed gutters 4 and 5 a certain flow acceleration
will take place again which, as soon as the next
widened part of the flow path has been feached, will
‘again change into a deceleration, but can then exert

a certain directional effect on the flow.

Instead of'the trapezoidélly-corrugated plates, plates
1,2 provided with ridges 8,9 of Fig. 2 can be used
also  for flow conditions envisaged for Fig. 4, and,
then, the widths and depths of the gutters will be

— : | accordingly increased.

If substantially sinusoidally corrugated plates are
used, an improvement of the operation can be obtained
if, with a suitable adaptation of the wave-length and

height, the plates'are arranged in phase opposition.

An example of use of such a cross-flow separator for a

liquid with a high viscosity is the treatment of fuel



If substantially sinusoidally corrugated pl ates are used,

of the

particular according to Fig. 4, can be advantageously used as a

an

| mprove of the operation can be obtained if, with a-suitable adaptation
- of the 3l ength and height, the plates are arranged in phase opposition.

An exa f use of such a cross-flow separator for ‘a liquid with a high

Vi scosi s the treatnent of fuql oil for marine engines contani nated

by water, rust, sand, undesiréh distillation products (such as .

asphal tenes) and so on. On board ships centrifuges are currently ‘s

present which serve to renove such contam nations fromthe oil. In view

6l NOF6r Imd¥i he e ndinés sbrtiniired by Usaatded§s puis,i ed, and
therefore cheaper, fuel oil, but this will lead to a rapid deterioration
and wear sdnéuch wsdésifedes. difstsiifatlion grodutitey t(@udhe | msention, in

pr e- separasphal tengs th ad A Pront alfmbnarchshies cented filuged t he oi |l t hat

it can be treated thereafter

usef ul

contaminations from the oil. In view of the. rising
oil prices it is advantageous to use less purified,
and thereforg éheaper, fuel oil, but this will lead to
a rapid deterioration and ﬁear of such centrifuges.

A separator according to the invention, in particular

according to Fig.' 4, can be advantageously used as a

pre-separator in which so much contaminant can be
removed from the oil that it can be treated thereafter
in a centrifuge without detrimeht to the useful life
of the latter.

in a centrifuge without detrinent to the
| | aRe ofeunentky orpresent which serve to remove such

.
-



“13 CLAIMS 1. _ A cross- f|OMISEEQL@LQL.QQHPFPSFHQ—QH assenbl y of
equal | y- spaced, generally paral l el plates mh“ &\ ates are inclined to_the
A

dorizontal’, neans -for .introducin M| (‘m} uids to flow path

bet ween opposed pairs of- sai d plgd ths extend in di y&Stidons
transverse to the direction of maxtmm |ncI|nat|on of the plates,

means for renoving the treated l'i quid flBom said flow paths; each said plate
defining gutters extending substantially in the direction of greatest
inclination and the gutters of adjacent plates being in opposed

rel ati onshi p, the arrangenent being su;ﬁ@#yﬁ the contam nants fromthe
liquid are accunulated in the gutters | ected in collecting spaces
comuni cating with the gutters. 2. A separator according to claim1,

in which the gutters are defined by ridges which are upstanding fromthe
pl anes of said pf pl & afrosaifd ow d@garadiold donPriddagahnbasisembdys off the

pl ates and bei ng substantially aligned with correspondi ng ridges of
adj acent -pl at esequally-spaced, generally parallel plates which plates
| are inclined to the horizontal, means for introducing
contaminated liquids to flow paths between opposed
pairs of said plates 'which_flow .paths extend in
\ directions transverse to the direction of maximum
inclination of the plates, outlet means for removing
the treated liquid from said flow paths; each said
plate defining gutters extending substantially in the
diréction of greatest inclination and the gutters of
adjacent plates being in opposed relationship, the
arrangement being such that the contaminants from the

liquid are accumulated in the gutters and collected in

collecting spaces communicating with the gutters.

2. A separatbr_according to claim 1, 1in which the
gutters are defined by ridges which are upstanding
from the planes of said of plates, said ridges being
provided at both sides of the plates and being
substantially aligned with corresponding_ ridges of

adjacent plates.

3. A separator according to claim 1, in which the

gutters are formed by corrugations in the plates, the



3. A separator according to claim1, in which-the gutters are forned
by cor/akytlons in the plates, the 14 corrugations I'n adj acent pl ates
bei ngf arxanged i n phase opposition.

3, the corrugations have a substa 'Cr 0Ss-
secti § / An assenbly conprising a se I m ance w th any
one of e preceding clains the dbt1 et nea at or

comuni cates with the inlet of an oil purifying centrifuge.

corrugations in adjacent plates being arranged in

phase opposition.

4, A separator according to claim 3, wherein the
corrugations have a substantially-tfapezoidal cross-

- section,

5. An assembly comprising a separator in accordance
with'any-one of the'preceding claims the outlet means
of which separator communicates with the inlet of an

oil purifying centrifuge.

ding to claim

T

t
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