SEPARATI NG DEVI CES This invention relates to devices for separating one or
nor e ‘'substances for a fluid to be admnistered to a patient. The s lF '"1(
i nvention provides a device for separating one or nore substances fg%ga ES
fluid to be adnministered to a patient, the device conprising a housing
including aminlet and an outlet and defining a fluid flow path between the
i nl et and Hf? outl et and a separating el enent di sposed within the housing
across the uid flowpath and including a downstream surface, wherein the
inl et communi cates with the housigipareariNd @rwIdEsN of the housing and
upstream from the separating elenment and wherein the housing further
I ncl udes passage neans for allowing air in the fluid to separate fromthe
flyid the passage neans being di sposed downstream from the separating
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within the housing across the fluid flowpath and including
a downstream surface, wherein the inlet communicates with
the housing near the bottom of the housing and upstream
from the separating element and wherein the ‘housing
further includes passage means for allowing air in the
fluid to separate from the fluid the passage means being
disposed downstream from the separating element and
communicating with the outlet near the top of the housing,
‘the housing including a wall facing the downstream surface
of  the separating element and defining a plenum and
including a passage means having a slot disposed in the
wall and communicating between the plenum and the outlet.

The slot may be deeper than the plenum. The wall can
include a plurality of concentric circular grooves which
communicate with the slot. The slot can extend from the
bottom to the top of the housing and the depth of the slot .
can increase from the bottom to the top of the housing.
The slot length can be from 50 to 80% of the inner

- diameter of the housing, and the slot can extend to the
top of the housing. The slot depth can increase towards
the top of the housing. The housing can have a generally
circular configuration and the slot can extend from the
top of the housing along at 1least a portion of the
vertical inner diameter of the housing.



2 The following is a nore detailed description of an embodi ment of the

I nvention, by way of exanple, reference being made to the acconpanyi ng
drawi ngs, in which:- Figure 1 is a cross sectional view of an exenplary
depl eti on device enbodyi ng the present,invention. Figure 2 is an elevation
view of the inside surface of the inl e% section of the depletion device
shown in Figure 1. Figure 3 is an elevation view of the inside sg(;fﬁce of
the outlet section of the depletion device shown in Figure 1. Figare 4 is
a Cross secti-pl?lgl £619%wiing lhgsoq; gﬂbfgtepdé@%ﬁﬁé%\gnaéfg,ﬂ%?ﬁ,aﬁ?f/%nshown
in Figure : an e ar depl etion devi

conpr i gese“s'téo‘}%%&? nfE %?‘G%J%Ifq 1 PY oYY RE ﬁ§§@%gy Fefenanghusi ng
11 has arbeim@tmd®e atol theoattempidyind debwitgsg finumthifldmwpat h bet ween

the inlet 13Fi<$’1£zge thg 5 oyt °ssl4sef"ﬁgg?‘?&;‘i‘l'{ee‘}r'|- %\j\fpg{,ﬁﬂex%sq%elrgbrl%r 12 is

di sposed within housing 11 acrossS I"d ves

to sepdieRketiomncdeyihee cenbedyingethespsrsentgdnyenttdiongl obul es,

aggregates, anghderkogytigh, ah! ele¥altiénd. vHee ho@sS the U§H§ﬂ§b°%u¥fa§%\°ﬂkggs
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cylindri asdqdy@isi ngs. Housings can be designed to. accept a variety
of shapes o% fiJter-adsorber assenblies. ~One such is, for

section shown in Figure 3. . L

As shown in 'Figures' 1—4; an *ekemplary depletion
device 10 generally compriSes a- housing 11 and a
filter-adsorber assembly 12. The housing 11 has an inlet
13 and an outlet 14 and defines a fluid flowpath between
the inlet 13 and the outlet 14. . The filter-adsorber
assembly 12 is disposed within the housing 11 across the
fluid flowpath and serves to ‘separate undesirable
-substances, such as géls, fat globules, aggregates, and
leukocytes, from a fluid, such as a suspension of packed
red cells, flowing through the housing'll; ' '

Two sizes of. depletion devices: have been  tested,

differing only with respect to the area 'thro_u.gh which the o/

packed red cell suspension is pa'ssed. -‘The smaller,
defined as the pediatric size, has an effective area of 32
cmz., and the larger, defined as the adult size, has:  an
effective area ' of 62 ocm?. 1In -b’dth, disc-shaped

filter-adsorber - . assemblies 12 are -accommodated . in
cylindrical housings. _ ' '
Housings can be designed to accept a variety bf
. shapes of filter-adsorber assembliés. One such is, for
example, a square. Those and other possible forms would
in principle all be  functional, provided . that adequate
flow area is provided. ' '

Figure 4 1is a: cross sectional- view of the outlet \_J
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exanpl e, .a square. Those and other possible forms would in principle all
be functional, provided that adequate fLoy area is provided. 3 A square
filter-adsorber assenbly would in theory allow nore econom cal use of
material, but would be l-ess reliable if an interference fit seal is used in
the manner gescribed bel ow for housings fitted with disc shaped 5
filter-adsof b r assemﬁqxfa&-e |ff115t&'£-lmdr$>e&'bfa@9ﬁd>]lw migbdcmptnecrpn
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housi ngs are designed to w_thstand nornmal_abuse durin serV|ce as. wel |l as
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15 material. For example, the housing may preferably be
| fabricated from a transparent or translucent polymer, such
as an acrylic or polycarbonate resin, by injection
molding. Not only is such a housing easiiy and
- economically fabricated, but it also allows observation of
20 the passage of the fluid through the housing. The
housings are designed to withstand normal abuse during
service, as well as internal pressures up to about 3 psi
(0.2 kg/cm?). This permits light construction, which is a
desirable feature of this invention made possible by the
25 use of preformed filter-adsorber assemblies. The force
required to compress the fibers of an efficiently designed
‘filter-adsorber assembly by packing of fibers into a
housing is as high as 68 kilograms for a 62 cmz disc, or
about 1.1 kg/cm?, requiring heavier, bulkier, and more
30 costly housing construction.

While the housing may be fashioned in a variety of
configurations, the housing 11 of the exemplary separation
device 10 is preferably fashioned in two sections, i.e.,
an inlet section 15 and an outlet section. 16. The inlet

T 35 section 15 includes a circular inlet plate 20, and the



30 costly housing construction. Wile the housing may be fashioned in.a
variety of configurations, the housing 1l of the exenplary separation
device 10 is preferably fashioned in two sections, i.e., an inlet section
15 and an outlet section 16. The inlet 35 section 15 includes a circular
inlet plate 20, and the -4- inside surface of the circular inlet plate
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15 in use, is positioned with the diametrical axis A oriented
' generally vertically. = The upper end of the inlet ridgé
23 may be fashioned as a socket for receiving a hollow
spike'24 which is used to pierce the bottom of a bag -
containing the fluid, e.g., a blood bag. The inlet 13 !
20 further includes an inlet passageway 25 which opens at the
upper end of the hollow spike 24, -extends through the
hollow spike 24 and the. inlet ridge 23, and communicates
with the inlet plenum 22 at the bottom of the inlet
section 15. _ : :
25 The wall 21 of the circular inlet plate 20
- includes a plurality of generally:concentric circular . \_J'
- ridges 26 which define concentric circular grooves 27.
 The ridges 26 abut the upstream surface of-the
filter-adsorber=assemb1y,12.- As shown-in:Figure 2, the
30 ridges 26 terminate in the 10wér.portion of the inlet
section 15, defining a passageway or .access 30. The
access 30 extends between the inlet passageway 25 and
each circular groove 27, allowing fluid to flow from
the inlet passageway 25 to the circular grooves 27.
35 Collectively, the circular grooves 27 and thehaccgss 30 a 4



ri dges 26 which define concentric circular grooves 27. The ridges 26 abut
the upstream surface of the filter+adsorber assenbly 12. As shown in Figure
2, the 30 ridges 26 termnate in the lower portion of the inlet section
15, defining a passageway or access 30. The access 30 extends between the

I nl et passqgemay 25 and each circular grodve 27, allowing fluid to flow
fromthe |§HS passageway 25 to the circular grooves 27. 35 Collectively,
the circul grooves 27 and: the access 30 5 define the inlet plenum 22,
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circular outlet plate 31 and a cylindrical collar 32 which
extends from the periphery of the circular outlet plate 31
to the periphery of the circular inlet plate 20. The .
cylindrical collar 32 is preferably integrally formed with
the circular outlet plate 31 and joined to the circular
inlet plété 20 in any suitable manner, e.g., by an
adhesive or by sonic welding.
‘The inside surface of the circular outlet plate 31
defines a wall 33 which faces the downstream surface of
the filter-adsorber assembly 12. The wall 33 includes a
plurality of generally concentric circular ridges 34 which
. define concentric circular grooves 35. The ridges 34 abut
~ the downstream surface of the filter-adsorber assembly
12. The circular grooves 35 collectively define an outlet
plenum 36 which collects the £fluid passing through the
filter-adsorber assembly 12. - The depth of the outlet
plenum 36 is made as small as possible to minimize hold-up
volume within the housing 11 without unduly restricting
fluid flow.
. ' The wall 33 further includes a passageway in the form
of a slot 40 which communicates with the outlet 14 at or
near the top of the outlet section 16. The slot -



define concentric circular grooves-3% -The ridges 34 abut the downstream
surface of the filter-adsorber assenbly 12. The circular grooves 35

col l ectively define an outlet plenum 36 which collects the fluid passing
through the filter-adsorber assenbly 12. The depth of the outlet
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The outlet 14 may be variously conflgured.
However, the outlet 14 of the exemplary depletlen
.d_ev.Lce 10 1_nc1_udes a. longlt_udlnal outlet rld_ge 41 whi_ch.
extends along the o}.t_t_side_sur-f'aee_ of the outlet plate
20 31 parallel to the vertical axis A. The lower end of
the outlet ridge 41 may be fashioned as a tubing
connector or as a socket for receiving a tubinq- .
connector or other apparatus. The outlet 14 further
includes an outlet passageway 42 which communicates
25 with the. slot 40 at or near the top of the housing 11,
extends. through the outlet ridge 41, and opens at the _
. lower end of the outlet ridge 41. : T o’
As blood starts to flow through the apparatus, - '
filling it from the bottom and emptying at the top, air is
30 displaced and flows-_towar_ds and out of outlet passageway
42.: By careful design of the exemplary apparatus- it has.
been possible to reduce, but not to el:.minate completely,
the situation. in which some liquid reaches the area 43
‘adjacent to the outlet passageway 42 before all of the air v
- 35 is cleared from the inner parts of the housing assembly.



connector or as a socket for receiving a tubing connector or other
apparatus. The outlet 14 further includes_an.outlet passageway 42 which
comuni cates 25 with the slot 40 at or “nedr T he top of the housing 11,

ext ends through the outlet ridge 41, and opens at the lower end of the

out | et rid§L6 . As blood starts to fIOM/through t he apparatus, filling it
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high, 0.73 centlmeters wide, 0.2 centimeters deep at the
15 bottom, and 0.33 centimeters deep at the top, the residual
volume of air passing through the outlet after 1 or 2 cc
of blood has passed through the outlet is estimated to be
less than 0.1 cc. _
- In order to understand the importance of the slot
20 and the flow passage configuration, the equivalent
. operation of a conventional leukocyte depletion unit
will be described.
In conventional units, fluid enters at the top of
the housing and exits at the bottom. The housing of - .
25 such a unit is typically connected by plastic tubing
(N - between a blood bag upstream from the conventional
housing and a transparent drip chamber downstream from
the conventional housing and thence to the patient.
During priming,'the housing along with the drip chamber
30 is inverted and blood is forced through the .
conventional housing into the drip chamber. . This has
the disadvantage that some pressure head is lost, but,
. more seriously, fluid reaches the exit of the
conventional housing and enters the drip chamber while

iy 35 as much as 1 to 2 cc or more of air is still trapped in
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In order to understand the inportance of the slot 20 and the fl ow passage
configuration, the equivalent operation of a conventional |eukocyte
depleti-on unit will be described. In conventional units, fluid enters at
the top of the housing and exits at tQF bottom The housing of .25 such a
unit is typically connected by plastic” tubing between a blood bag upstream
fromthe conventional housing and a transparent drip chanber downstjfeam
fromthe conventional housing and thence to the patient. Eurlng p ’nlng,
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| agging air Spl aces arr
enter thawagmivalent volume of fluid 1n the reservoir: of the drip \J

chamber. However, ‘the reservoir must be large enough to
‘ensure that the lagging air néver totally displaces the
fluid. Otherwise, the air may enter the vein 'of the
. patient. T S R
Systems which permit a Significant"VOlume of air,
e.g.,. 1 to 2 cc, to reach the drip chamber afte: it has
been returned to its normal position, tend to ‘do so
non-reproducibly. Thus, the larger'the volume of ‘lagging
air, the 1larger the volume of fluid which must be
collected in the reservoir of the drip chamber. At the
end of the administration, much of that volume is left in
the drip chamber and, hence, is wasted. Because many of
the fluids administered to a patient, e.g., - fluids v/
- containing blood components such asired=cells,=are often
difficult to obtain and exceedingly expensive, wasted
‘fluid can be very costly. By-maximizingiaif*CIearance and
thereby allowing the use of a smaller reservoir in the
drip chamber, ' the depletion device according to' the
present invention significantly reduces ~the : amount of
. fluid wasted ‘during admlnlstratlon.- o . '
The filter-adsorber ‘assembly 12 preferably comprises
a number of individually preformed layers, ' ' g

o



patient..Systens which pernit a significant volune of air, e.g., 1 to 2
cc, to reach the drip chanber after. it has been returned to its nornal
position, tend to_do so non-reproducibly. Thus, the |arger the vol une
of lagging air,. the larger the volune_ of fluid which nust be
collected iR the reservoir of the drip chdnber. At the end of the

adm ni stra"i on, nmuch of that volune is left in the drip chanber and, hence,
i s wast ed. ecause many of<:the fluids admnistered to a pati ent,

e.g., flui d%@%} "Eh &é\%}g gﬂgﬂe @&égs .5?“3‘.?&“%% G@E:le&c@ﬁ@tf?ﬁéeéd

difficult to tain: an excee expen can pe ver
costly. By f®4 ni ¥BS§iREr cVBEF nce’-%ﬂ?fé?"eﬁﬂ/ altlb(ﬁm nBaFH€ ustrberaal

shmal | er reserd&ifrlgu”ratﬁieuﬂrw?gbﬁﬂblea 1‘a|b§:vd£p| a%wn favi cadtdei mgete .
the present _inve t|on si.gni ficant uces,,t he te
during adm nive ﬂfetq'h | t%5F pa?f)s/torbei? asstérh%l y %M?%?abléy ses
a nunber of |ﬁ1dmeni-taﬂ5qrbmef essenblyyers In &hbsriway i hétdasas omsuible
stage,  housidgs YELE CITLEIChARoTEr | s Vlemchvakgfiﬂa 3t edgordite

basi c i nternal ~configuration escri tlon Wer e
vari abl e V\AQMCkﬂﬁ.ﬂsﬁa}ectIn each cpge, ttmecmess%ance)fbetwwﬁh@e?laﬂs%ﬁ ber

assenbl y. Huétmag\é@y 26} 3000 wed! enlot tasd ofudlteehr aé&e&bas ‘was

assenbl i es ot al kn h di st
bet ween t he tqa‘{p;é/"%%q HeP r ﬂg@guﬂg %ﬁ’ 8’?‘% h'ém?’rﬂ‘if '%1901%38 u'ftl' ek'é%%? ?‘g et]{’\%s
adj ust ed t o i tmmiadsorber ragsemdly ot al t hi ckness of the filter-adsorber

assenbly, To brovile anediker La eRee Eubobel M4 Id¢ Snadepivet aaserBly 12

wi thin the housing 1 sor el enen
preconpr essed@ssemhly 012 within the housing 11, the f11ter-adsorber

elements were cut from large precompressed slabs to a
‘diameter 0.1 to 1% larger-than the inside diameter of the
cylindrical collar 32. The filter-adsorber elements were
cut in such a manner as to maintain true right cylindrical
form at their outer edges. This, coupled with the slight
oversiéing', provides good edge sealing, i.e.,. an
- interference fit, between the outer ~ edges of  the
- filter-adsorber assembly 12, made up of the various
- filter-adsorber elements, and the inner periphery of the
housing 11, with 100% utilization of the full area and
volume of +the filter-adsorber assembly 12, thereby
. minimizing hold-up volume. :
A ' The edge sealing obtained by the interference fit has
been shown on its own to be adequate, however,  the
importance of providing high reliability in production
units is such that an auxiliary seal may be considered
desirable. Such a seal can comprise a pair of inwardly
facing flanges 1 to 1.5 millimeters wide, dimensioned such
as to compress the filter medium between these peripheral
> flanges by 20 to 60%. Assemblies with and without this
-auxiliary seal have been used in the development of this
invention.
This application has been divided from U.K. Patent
Application No. 8824581 which is directed to a device for
the depletion of the leukocyte content of a blood product



dianmeter 0.1 to 1%l arger than the i nsi de di ameter of the cylindrical .
collar 32. The filter-adsorber elenents were cut in such a manner as to
mai ntain true right cylindrical .format their outer edges. This, coupled

wi th the slight over.si zing, provi des good edge seal i ng; i.e.,

an interference fit, between the outer edges of the filter- adsorber

assenbly 12, nmade up of the various filter-adsorber el enents, and e i nner

peri phery of the housing 11, with 100% utilization of the fuI I a and
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. Q0BT said fibers having a modified CWST of from greater than 53
dynes/cm- and to a device -for the depletion of leukocytes
from a: blood .-p-r.oduét. comprising at least one element: in
which a fibrous  -medium has been .radiation-grafted and
thereafter hot compressed to form a coherent filter
element with a CWST of from greater than 53 to less than

. 90 dynes/cm and to -a device for filtering a blood pr:.oduct'
comprising at least .three porous elements, - the first
. element composed at least in part of a needled fibrous
web, the second element having a smaller pore size than
- the first, and the third element having a CWST of from
greater than 53 to less than 90 dynes/cm and to. methods of
depleting the leukocyte content of a blood product using
such devices. '

. renovi ng elkementyt preformesd passynbhetihcr of therent thes l?é‘é?rfatﬁﬁﬂfloéd t o\a/ |

"



of fromgreater than 53 dyn.es/cmto | ess than 90 dynes/cmand t0

for the depletion of the | eukocyte content of a bl ood produ deSl N
at |least one integral element preformed of synthetic fi bers,ﬂ"iﬂﬂ”ﬂﬁ‘ﬂ”ﬂ ﬁ"l
of said fibers having a nodified CWST ofqfrom greater than 53*dynes/t s
to a devicefor the depletion of |eukocytes froma blood product conprising .
at |east oQe el ement in which a fibrous mediumhas been _

radi at i on-g?‘éfted and thereafter hot conpressed to f-orma coherent filter
element with a CWST of fromgreater themag¥sto | ess than 90 dynes/cmand to
‘a device for filtering a blood product conprising at |east three porous
elenments, the first elenent conposed at least in part of a needled:
fisbrous web, 1t he Asefewvice! foenseparatdng <ms lcr more substaheest ficom rast,

and the thir mept. hgvin %I rop),gr eat 53 | e :han 90
dynes/cm andgggllrsn?t ttl:tgds%c?f gae%!ue |r_1tgé){?|ée_lg{3ko§y.t g%éon ent o#ﬂg blﬁc%c‘)'é%
product usi ngompchsdngi Geshousimy AiRE1ludingdan cinkeh ardasnt PH§leke amd

nore substangggihiag aaf ltid OshewadphehSt BeeHebn atwat i filet ! mdlednes
conprising a housing including an in] et ang an outl et and_defi.,n n%ea fluid
flow path BUEdEEn aPfe 3 nRRPATLAKANG ncelgPeRE AA4SROSEHar a’tlithd I t

di sposed wit housihg hacgzosg athess fidd | i Xbw | opatiat handd including aa

downst ream syrf er gl [ ica it | hg
t he bottom oa%'ﬁ%%ﬁshg@i n%ﬁgfn%g% sf%hgéarn%%aehei@g%gﬂr a%'ﬁr{'gﬁ’e erreén glﬁ%@{
wher ei n t he bbesihepsing eear ntheddoptemagd nthes howsingl camdgu@strieam he

fluid to seppighe itheM idipdddtihg { E1dmer@ICai2NanBeel JithROS Hbusing

downstream fromthe separating el’enent and conmuni Ci%q wi th,the, outl et
neaxt he t opfBFthRE yles t RaSKALS NPePREI g2 P9 aBifg e the

downstream sglhade to separate from the fluid, the passage means being
‘disposed downstream from the separating element and
.communicating with the outlet near the top of the housing,
the housing including a wall facing the downstream surface
- of the separating element and defining a plenum, and the
passage means including a slot disposed in the ‘wall and

- communicating between the plenum and the outlet.

. 2. - The device of claim 1 wherein the slot is deeper than
. .the plenum.

_ 3. The device of claim 2 wherein the wall includes a
o/ plurality of concentric circular grooves which communicate
with the slot.

4. . The device of claim 2 wherein the slot extends from
the bottom to the top of the housing.

5. The device of claim 2 wherein the slot length is 50 to
. 80% of an inner diameter of the housing, and the slot
extends to the top of the housing. .



I sposed in the wall and communi cating between the plenum

{\B\‘!ﬂ mm!(“ The device of claim 1l wherein the slot _is deeper than
errum® 3° The device of claim

Separ athﬂia enent and defining a plenum and the passage neans

wherein the wall includes a
pIurallty of concentric circular gr& es which conmunicate with the slot.
The device of claim2 wherein the slot extends fromthe bott o the
top of the housing. 5. The device of claim2 wherein the slot | ent is 50

to 80% ofs an m‘r{weéexﬁiégehff 9fa il *Wfié% Esl éf@tsééﬁtﬁxiﬂﬂgéakest he top

of the hou5| evice 0O I'm 5 wherein the slot depth
i ncrease§°ﬁ“@ﬁ%ﬁd§%eﬁqm§%ftlﬁé‘m%g 7. The device of claim 2
wherein the housing ‘has -a generally circular configuration and the

sl ot extends he. t op hou | ong at_.l ea ti of the
verti cal %I ‘nnef {lﬁl SRYE eofo% hehﬁ% ?g g’é'% % %‘evftgéa fcii?)u%épg'a ?’%g tE)’ne or
nor e subgemeced fyr cm ecdlar dconﬁlgbeatadm aindt dthed slat extgn@sefirom t he

device R | 3bR00e? WRSIhBLLYnGY d1ihg cale usLea | B6LUgbRY o LRbel and

an outle frnin h between the Tnlet and the outlet
and a di g@rﬁiﬁédmahm?@’érfbﬁtt}éﬁ BTG t hi n t he housing and havi ng
upstream and - downst ream surfaces, wherein the housing :further

i ncl udes _an t section facin the upstream surfac f t at.i ng
el ement &nd d%f FVAgeafam PP AT PRE PRI BPTS A %%"ge?lg?%&'eétendl ng
"~ vertical If)hﬁld)ng:d hebext admdnistetried i oct aecpad:neartd a thasagewagewhi ch

opens at ?@r&%‘?&r@ %hegéHLFBi;i&dﬁlﬁiﬁgi@él”}{ %T;iélhu%tlhdd dgg.  and

comuni c&t t he t he ot ousi ng, and
an out | etindedt jamd farcioutlefe and- def1n1ng a fluid flow path between '

the inlet and -the ‘outlet' and a disc shaped separation
element disposed: v#i-i:hin the housing "-'and' “having upstream
‘and downstream ~surfaces, wherein the housing further .
includes an inlet section facing the upstream surface : of
the separating element and defining an inlet plenum, the
inlet inéluding -a ridge extending vertically- along the
exterior of the inl'et section  and a passageway which opens
at' the top of the inlet ridge, extends through the inlet
ridge, and communicates with the ' inlet plenum at the
bottom of the housing, ‘and an outlet section facing “the
downstream surface of the separating element and defining
an outlet plenum and including a slot which is deeper than
the outlet plenum and which communicates between the
outlet plenum and the outlet, the outlet including a ridge
extending vertically along the exterior of the outlet
section and a passageway which opens at the bottom of the
outlet ridge, extends through the outlet - ridge, -and
communicates with the slot near the top of the housing.

9. 'The device of claim 8 wherein the inlet  section
includes a plurality of concentric circular '-gtooves_ and an
access extending between the inlet pasSagewa_y and each
circular groove, the circular grooves | and the access



domnstrean1surface of the separating elenment and defining an o

and including a slot which is deeper than the outlet pl en tﬁ“‘ﬁ“ﬂﬁmﬂm
communi cates. between the outlet plenumand the outlet,

including a ridge extending vertically aftdng the- exterior of “the outl et
section and a passagevay whi ch opens at the bottom of the outlet ridge,
ext ends ugh the outlet ridge, and comrunicates with the slot near
the top of he housi hg. 9. Jhe device of claizm:8 wherein the inlet
section i nceoddeckivealyal |defnfurg)ndﬂrd riimlet CLpll?afmgu ocamd dthie animbetss
extendlng bet t e g ng. e ul o]
circul ar ogglgﬂ'an tfhl{H a%:cgg?%% %@gily?}gc??vggrga%%%% [ nﬁggﬁg ‘b%t et

pl enum andth?hQOW&ﬂﬂ& qﬂiﬁuﬁhQH%nlﬁfz?&ﬁﬂﬁgﬁWMﬁ<ﬁ1|s gr eat est at t he
bottom of the hou5|ng near the inlet passageway. 10. The device of
claim 8 wherein_the ﬁutLet secti n i ncl udes a plur%%Ltg i concentric
circul ar grd8vesThAi cHE¥ARBUNP at‘é ™MPh § hFNGRRI, L fhG, OuF et hSeFhion
extends frotnedadesha hplioal byt b€ lwmsernt tic t bEréwpapf griooedsoushigh and
has a great U op t ho n t e The
device of c gf“ﬁ‘h g‘t‘L\%ere ﬂgf'h l?‘Ijsgr]\lebt Hﬁ?h%’r’ﬁlgﬁg lSldettslne QQF ggxt}é?ds
col l ar di spézem apedr tihe pbﬂt‘-pn@rwfof thae hftusinghaped tchﬁ)altm offel thent ,
the disc shapedingPadrd | RRsCheyRRathy 3&@@'@9 tRet BBpCYE NHd HouSLhd ar

by an int erf%r ence fit between them 111
at the bottom.

" -11. The device of claim 8 wherein the housing further
‘includes a cylindrical collar disposed about the periphery
of the disc shaped separation element, the disc shaped
separation element being sealed to the cylindrical collar
by an interference fit between them.
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