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The present invention is concerned with a centrifugal separator for
separating the constituent components of blood (aphaeresis) or other bio-
logical fluids, which is to be integrated, for example, into equipment
used for the recovery and the sterile filtration of blood before and after
an operation, in view of a possible autotransfusion.

In the type of apparatus mentioned, the blood recovered is sucked from
the operative. field, mixed with an anticoagulant solution and then tempo-
rarily stored in a filtering container. This blood is subsequently pumped
into the bowl of a centrifuge where the red blood cells separate and accu-
mulate under the effect of the high rotational speed attained (approxima-
tely 6,000 rpm). When the bowl is full, the red blood cells are washed
with a sterile solution and the other components are collected into a re-
covery bag. At the end of the washing operation, the red blood cells are
transferred into a reinfusion bag for a possible later use on the pa-
tient.

CENTRIFUGAL SEPARATOR

Centrifugal separators for use in such equipment are already known, -
for instance those described in the US patents 4,300,717, 4,795,419 and
4,889,524, which include a central body-' mounted in a rotatable bowl. These
separators suffer however several drawbacks, in particular in the manner
in which the bowl is mounted in the separator and driven in rotation, both
being relatively complicated and expensive. Accordingly, one objective of
the present invention is to provide a centrifugal separator of a simpler
and less expensive construction than those already known, while making it
possible to achieve similar effectiveness. A further objective is to im-
prove the conditions of recovery of the components after separation.

The centrifugal separator according to the invention is designed for
meeting the above objectives and has the characteristic features set forth
in claim 1.

The annexed drawing illustrates schematically and by way of example an
embodiment of the centrifugal separator according to the invention.

Figure 1 is a general vertical cross=sectional view.

Figure 2 is a vertical cross-sectional view of a portion of the upper
part of the separator, at an enlarged scale. '

Figures 3 and 4 are horizontal cross-sectional views of the rotatable
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bowl, taken respectively along lines III-III and IV-IV of figure 1.

Figure 5 is a partial vertical cross-sectional view of a variant of
the separator shown in figure 1, in which the bowl and its dmvmg cup are
cylindrical. '

Figure 6 is a partial vertical cross-sectional view of a modified ver-
sion of the separator of figure 5.

Figures 7 and 8 are respectively a partial perspective view and a bot-
tom view of the lower part of the centrifugal bowl of yet another modified
version. :

The centrifugal separator according to the invention, as illustrated
by way of example in figure 1, comprises a housing formed of two parts 1a
and ib, connected together via an elastic means 2 acting to prevent vibra-
tions from propagating between these two parts. Inside this housing, there
is mounted a conical driving cup 3 which extends downwards as a driving
shaft 4, in turn driven in rotation by a motor (not illustrated). The hou-
sing 1a and 1b, and the driving cup 3 are preferably made from a metal
such as aluminium and they form the permanent nondisposable part of the
centrifugal separator, which is to be mtegrated for example, . into a
blood processing equipment,

The operative component of the cehtrifugal separator aécording to the
invention is a céntrifugal bowl 5 made of an elastomeric material, prefe-
. rably produced by extrusion blow-moulding of a synthetic resin. This bowl
S is of a generally conical shape, with a diameter increasing upwardly; in
its lower part, the bowl has an narrowed section forming an annular bead 6
inside the bowl close to the bottom 7 which is also slightly conical. As
to the upper part of the bowl 5, it has first a section 8 of oppositely
oriented taper extending upwardly into a slightly tapered neck 9, and fi-
nally into an open end portion 10 widening upwardly. '

In the operative position illustrated in figure 1, the centrifugal
bowl S is provided at its upper end 10 with a cover 11, for example made
of stainless steel, with an intermediate part 12 for fastening the cover
11 to said bowl 5 and providing a seal between these two components (fi-
gure 2). The fastening of the intermediate part 12 to said end 10 of the
bowl 5 is achieved for example by ultrasonic welding.

The centrifugal bowl 5 further exhibits an integrally-formed upper an-
nular bead 14, through which extend the vertical passages 14’ used as
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“overflows” (for example 4 such passages are provided) spaced regularly
along the periphery of said bead (see figure 4). Also, the lower internal
bead 6 exhibits two vertical diametrally opposed passages 15, as shown in
figure 3. .

The centrifugal separator according to the invention is closed at its
upper end by a cover 16 which is fastened removably by a conventional
bayonet type locking system to the upper part 1a of the housing and which
is provided on its internal face with a resilient rotatable seal 17, made
for example from an elastomer and cooperating in the operative position
-with the upper surface of the bowl cover 11 for ensuring tightness during
the rotation thereof inside the static housing. This cover 16 of the sepa-
rator is further provided with openings 18 for allowing a ventilation of
the contact area between the rotating seal 17 and the bowl cover 11 and
also of the bowl 5. Incidentally, the bowl cover i1 and the bowl 5 form
the disposable part of the device.

This disposable part also includes a supply tube 21 extending verti-
cally through the cover 16 and integral theréwith, its lower open end
being located in the operative position close to the bottom 6 of the cen-
trifugal bowl 5, as well as two conical circular components 28, 28’ for-
ming two suction lips and a discharge conduit 19 in communication with the
space between said suction lips. Finally, mixing blades 22 are provided
inside the bowl 5, which are preferably made integral with the wall of the
bowl 5 by blow moulding.

The placing of the bowl 5 can inside the separator and the locking of
the cover 16 can be carried out with one hand. The bayonet type locking
mechanism makes it possible to lower the [cover 16 - bowl 5 - cup 3] as-
sembly by pressing via a stop 20 against the resiliency of the suspension
2, and then allow the assembly to move upwards and be locked in the posi-
tion illustrated in figure 1. At this moment, the stop 20 is out of
contact with the cover 11 of the bowl 5, while the cover 11 remains enga-
ged with the rotatable resilient seal 17.

One of the main features of the present invention is the particular
geometry of the centrifugal bowl 5. Firstly, the generally conical shape
of the bowl (a taper of about 2 to 10 degrees) makes possible a perfect
centering thereof inside the cup 3 and ensures it is effectively driven by
the cup. The bowl 5§ is pressed inside the conical cup 3 with a force of
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about 20 Newton. The bottom 7 of the bowl 5 is not in contact with the
bottom of the cup 3, to ensure the vertical tolerance needed for the pro-
per functioning of the resilient rotatable seal 17.

In known centrifugal separators, the rotatable bowl is associated with
a core which is designed for increasing the rate of introduction of the
fluid, while preventing the turbulence created by this introduction. Owing
to the speciall geometry of the separator according to the invention, and
in particular to that of the centrifugal bowl thereof, it is now possible
 to delete this core altogether, because the annular bead 6 close to the
bottom 7 of the bowl 5 acts as a barrier stabilising the flow of fluid to
be treated entering from the lower end of tube 21, and decreases the per-
turbations over the entire separation surface. As to the two vertical pas-
sages provided 15 in this lower bead 6, their purpose is to create an area
of turbulence useful in the washing step. An additional feature of the
geometry of the bowl S is the presence of the vertical passages 14’ exten-
ding fhrough the upper bead 14 and spaced regularly at the periphery the-
 reof, which act to spread the outflowing fluid evenly around the bowl pe-
riphery and avoid any eccentricity related complications. Finally, the two
disks 28, 28’, which are integral with the supply tube 21 and the
separator cover 16 have preferably a slightly different taper so that the
distance of the two lips decreases in the direction of their periphery,
which makes it possible to reduce the high tangential speed of the fluid
to be sucked up (due to the centrifugal force) and thus ensures a turbu-
lence free evacuation towards the center and then into the discharge
conduit 19.

Concerning the operation of the centrifugal separator according to the
invention, it is carried out in two phases, as follows :
a) Filling : the mixture to be treated (for example blood) is introduced
via the tube 21 at the bottom 7 of the centrifugal bowl 5, so that this
fluid first meets the lower bead 6 and flows only through the two supply
channels 15, and this without disturbing the separation layer, i. e. the
flow remains as close to laminar as possible. The bowl 5 being driven in
rotation at a speed of about 10,000 rpm, the red blood cells 23 are trap-
ped against the wall of said bowl and the supernatant 24 (plasma) exXists
from the top of the bowl 5 through the regulating outflow passages 14’ and
is discharged from the system for recovery through the discharge conduit



I Thls ‘Sheet Has Beén R

S llllIHIIIHHlHIHIII

The control of the level of the fluid inside the bowl 5 is achieved

for example by means of a light beam travelling through the upper portion
9 of said bowl (immediately beneath the upper bead 14), between an emitter
26 and a receiver 27 provided in the upper part 1a of the separator and
slightly offset with respect to the supply tube 21, to avoid interference
therefrom. The passage of the first red cells produces an interruption of
the light beam and hence indicates when the bowl 5 is full of red cells.
The rotational speed of the bowl is then reduced to about one half until a
second detection of red blood cells indicated by the interruption of the
light beam stops the supply of blood. At this stage, the hematocrit rea-
ding in the bowl 5 is about 80%. The thickness of the plasma being low
(see figure 2), the process does not cause hemolysis.
b) Washing : the washing consists in mixing physiological saline, introdu-
ced trough tube 21, with the red blood cells and in discharging the super-
natant loaded with contaminants and various debris. Contrary to the pre-
vious phase, the washing, to be effective, is not to be carried out under
conditions of laminar flow; advantage is taken of the small area of
controlled turbulence where the two supply channels 15 open into the bowl
and where the two fluids mix together and to which the red blood cells are
brought back at regular intervals of time by the combined effect of short
braking operations applied to the centrifuge and the presence of the two
mixing blades 22. These short braking operations obviously unsettle momen-
tarily the layered red cells and therefore the washing pump must be stop-
ped a short time before, to avoid loosing too much of the red cells.

In the variant of the separator according to the invention as illus-
trated partly in figure 5, the main wall of the bowl 35 has a cylindrical
shape, and so has the driving cup 36. This bowl 35 has also an upper peri-
pheral shoulder 37, which is situated immediately beneath the reversed co-
nical part 8 of the bowl, and which is designed for holding vertically the
bowl 35 in the cup 36, so that the bowl does not touch the bottom of the
~cup. Further, centering studs 38, 39 are provided along the periphery of
respectively upper and lower sections of the cylindrical wall of bowl 35
(an average of four studs spaced regularly along the periphery).

Further, in the version illustrated in figure 6, there is also provi-
ded a bowl of which the main wall 35’ is of a generally cylindrical shape,
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as well as a matching driving cup 36’ and resilient lower centering studs
39’. As to the upper part of the bowl of figure 6, it differs from that
of figure 5 by a conical guiding portion 40 widening upwardly and acting
both as a stop means and as a means for holding the bow! inside the cup,
in cooperation with a matching upper portion 41 of said cup.

Further, and in order to improve the washing operation, i. e. ensure
an efficient mixing of the physiological saline with the red blood. cells
without loss of the latter, the lower part of the centrifugal bowl was mo-
dified as illustrated in figures 7 and 8. In this version, the operation
. described in relation with figure 1 of applying the brake to the centri-
fuge is avoided. The lower part 42 of the bowl has an annular channel 43
formed by moulding a bead, which is designed for stabilizing the pulsa-
tions of the supply pump. Further, this lower part 42 includes one radial
channel 44 connecting the annular channel 43 to the cylindrical part of
the bowl, which is designed for discharging at increased speed the was-
hing liquid fed into the annular channel 43 from the tube 21 as a compact
jet enterin‘g the layer of red blood cells deep enough to reach the peri-
pheral wall of the bowl; the flow being turbulent, the washing liquid can
mix thoroughly with the red blood cells. _

The radial channel 44 has further a curved .portion 45 at its outer pe-
riphery (in the direction of rotation of the bowl), so as to transform the
radial jet into a tangential jet causing the mixture to flow in an ascen-
ding spiral.

Finally, a horizontal blade 46 is dlsposed above the radial channel 44
which makes it possible to limit the vertical speed and avoid too rapid a
discharge which would result in a loss of red blood cells. A second blade
47 similar to the first one can be provided above the first one, but in a
position diametrally opposite, and having the same purpose. These two bla-
des 46, 47 are preferably also integral with the body of the bowl.

In addition to the obvious simplification of the device due in parti-
cular to the total absence of the core inside the centrifugal bowl and
hence the lower manufacturing cost, the centrifugal separator according to
the invention offers the following advantages over known devices, for
example those described in the patents cited in the introductory part :
- The geometry of the centrifugal bowl makes it possible on the one hand
to separate the constituent components of blood, for example with a high
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-through flow, owing to the laminar nature of the flow of the fluid sup-
plied, and on the other hand to carry out the rinsing of red blood cells
in an effective manner under conditions of turbulent flow. Further, al-
though this bowl is designed rather for relatively small volumes of red
blood cells (approximately 100 to 150 mi), the high through flow at which
the fluid can be treated makes it possible to use this highly effective
device practically in any circumstances, even when the volumes to be trea-
ted are important.

- The small depth of the layer of fluid due to its small volume further
offers the further advantage of limiting the pressube, brought about by
the centrifugal force, to which the red blood cells are sizbje_cted : accor-
dingly, the rotational speed of the bowl can be increased to about 10,000
rpm. whereas in known devices this speed is generally in the order of
6,000 rpm.

- The rotational speed given above can also be reached owing to an impro-
ved ventilation of the rotatable joint and of the bowl cover : actually,
the rotation of the [bowl cover - bowl - cup] assembly produces an intake
of air from above (through the orifices 18), which air is expelled at the
bottom (through the orifices 25) of the separator, thus creating a draught
which cools said assembly; further, the cover of the bowl is made of
stainless steel of a high thermal conductivity whi_ch assists in transfer-
ring the heat to the outside of the bowl, to be evacuated by ‘the convec-
tion resulting from the high peripheral speeds.

- The flexible rotatable elastomeric seal is frictionally engaéed with the
cover of the bowl and ensures the tightness' needed, both efficiently and
at a much lower cost that the seals used in known devices, which generally
consist of two members of graphitized rigid resih, ‘which must be machined
very carefully to be perfectly planar.

- Lastly, the above described system for the control of the passage of the
first red cells using an optical fibre instead of detecting a colour
transition between the red cells and the plasma which is used in known de-
vices, makes it possible to obtain high hematocrit readings, in the order
of 80% instead of the 40 - 60% achieved with known devices. This further
offers the advantage that the volume needed for the washing can be lowered
and hence that the consumption thereof can be reduced.
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1. A centrifugal separator for fluids, characterized in that it comprises
a housing inside which is mounted a rotatable driving cup, as well as a
disposable centrifugal bowl made of an elastomeric material which has an-
external shape matching that of the cup and which is press fitted before
operation inside said driving cup, in that this centrifugal bowl has two
annular beads, respectively an upper one and a lower one, each one being
provided with vertical passages, in that the bowl is closed at its peri-
pheral upper end by a metallic bowl cover, and in that it has a further
cover cooperating with the housing to close the same above said bowl, a
flexible rotatable seal integral with this cover of the separator being in
contact with said bowl cover, a tube for supplying the fluid to be trea-
ted being positioned vertically inside said bowl, extending through the
removable cover and integral therewith so that its open end be located
close to the bottom of said centrifugal bowl, and carrying two conical
circular components acting as suction lips with the space between them
being in fluid communication with a discharge conduit.

2. A separator according to claim 1, characterized in that the driving
cup and the centrifugal bowl have a generally conical shape w1denmg up-
wardly. -

3. A separator according to claim 1, characterized in that the driving
cup and the centrifugal bowl are of a generally cylindrical shape, and in
that the bowl has on its outer cylindrical wall structures for ensuring
its vertical positioning and centering and for cooperating in the opera-
tive position with the internal cylindrical wall of said cup.

4. A separator according to one of claims 1 to 3, characterized in that
the housing is formed of two superposed parts connected together by resi-
lient means acting as a vibration damper.

5. A separator according to one of claims 1 to 4, characterized in that
the centrifugal bowl has a bottom which is slightly conical, a main por-
tion which is either conical and widens upwardly, or cylindrical, two ad-
joining conical portions narrowing upwardly and a second conical portion
widening upwardly, with the upper bead being located between the second
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conical narrowing portion and the second widening conical portion.

6. A separator according to claim 5, characterized in that the cover of
the bowl is fastened at its periphery to the open end of said second coni-
cal portion by means of an intermediate ring fastener.

7. A separator according to one _of claims 1 to 6, characterized in that
mixing blades integral with the bowl are provided inside the centrifugal
bowl.

8. A separator according to one of claims 1 to 6, characterized in that
the lower part of th_e bowl is provided with an annular channel and with a
radial channel connecting the annular channel to the upper part of the
bowl, the peripheral end portion of this radial channel being curved in
the direction of rotation of the bowl.

9. A separator according to claim 8, characterized in that at least one
horizontal blade is positioned above the radial channel and in that the
annular channel, the radial connecting channel and the horizontal blade or
blades are integral with the bowl. '

10. A séparator according to one of claims 1 to 9, characterized in that
the cover of the separator includes fastening means of the bayonet type
designed for cooperating with matching means provided on the upper part of
the housing of the separator and in that ventilation openings are provided
in this cover.

11. A separator according to one of claims 1 to 10, characterized in that
it includes a control device with a light beam travelling horizontally
between an emitter and a receiver, immediately beneath said upper bead of
the bowl and slightly offset with respect to the bowl axis.

12. A separator according to one of claims 1 to 11, characterized in that
said circular conical components acting as suction lips have different an-
gles of taper, so that the distance between these two components decreases
in the direction of their periphery.



