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Description

Background of the Invention

Most positive displacement pumps - i.e., pumps
which have a variable volume pump chamber that in-
cludes a movable displacement element - admit and
discharge the fluid through ports opening to the
chamber through a non-movable chamber wall. The
inlet and outlet ports ordinarily have one-way valves,
such as ball check valves or flap valves. Because of
limited space available for the ports and the fact that
the limiting factor in pumping capacity is ordinarily in
the piping to and from the pump rather than in the
pump itself, the inlet and outlet ports are relatively
small. The small size of the ports restricts intake and
delivery flow rates, creates pulsating inflow and out-
flow and consumes energy in the form of dynamic flu-
id friction and turbulence losses. Also, the relatively
small size of the inlet ports in most pumps requires a
relatively high pressure difference between the inlet
and the pump chamber to ensure filling during the in-
take stroke.

The inventor of the present invention has done
considerable work for several years on the develop-
ment of blood pumps for replacing or supplementing
the anatomical heart in pumping blood through the
vascular system. There are several characteristics re-
quired for blood pumps that are not easily met. For
one thing, it is desirable that a mechanical blood
pump be capable of taking in blood essentially contin-
uously, preferably with a minimum amount of pulsa-
tion. Second, a mechanical blood pump should have
the ability to adjust its output automatically to
changes in input over a fairly wide range. Third, a
blood pump, including the valves, must be as free as
possible from "dead spaces", spaces where there is
litlte or no flow and where, consequently, blood can
collect and form clots; the blood must be kept moving
throughout the pump at all times. Fourth, a blood
pump must be sterile and free of toxic materials when
put into use and must remain so as long as it is in use.

Mechanical blood pumps for temporary use, such
as during open heart surgery or to assist a damaged
heart for a short time while it heals, are being used in-
creasingly. The mechanical heart pumps in current
use only partly meet the recognized requirements.
For example, they have little ability to adjust automat-
ically to changes in the body’s requirements for blood
and, instead, have to be closely monitored and con-
trolled. Present mechanical blood pumping systems
require that a relatively large amount of the patient’s
blood flow outside the body, and an amount of blood
equal to that outside the patient’s body must be add-
ed, which is undesirable.

Lundbéack U.S. Patent No. 4,648,877 (March 10,
1987) describes and shows a blood pump that meets
very effectively the above-mentioned requirements.
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The pump of that patent has a supply (atrium) cham-
ber and a pump (ventricle) chamber joined by a short
passage containing a one-way valve. The chambers
are formed of a flexible, substantially non-extensible
material and can be made relatively inexpensively
and thus can be replaced in cases of use by different
patients outside the body. Adrive ring is driven in a di-
rection to reduce the volume of the pump chamber,
i.e., to pump blood from the pump chamber, and is
moved in the opposite direction for intake of blood in
response to inflow of blood from the supply chamber.
The design of the pump of the Lundbéack patent is
such that there are no dead spaces where the flow
is relatively quiescent and blood can collect and form
clots. While restrictions on flow are minimized, the
pump has three relatively small ports, two of which
have a one-way valve.

DE-C-875 142 discloses an air pressure driven
membrane pump that includes means defining a sup-
ply chamber for receiving the fluid to be pumped,
means defining a variable volume pump chamber, an
inlet passage through which the fluid is conducted
from the supply chamber to the pump chamber, an
outlet through which the fluid is discharged from the
pump chamber, a displacement membrane associat-
ed with the pump chamber and movable in opposite
directions such as to move through a variable dis-
placement zone of the pump chamber to increase and
decrease alternately the volume of the chamber, and
inlet valve means for closing the inlet passage to
block fluid backflow out of the pump chamber through
the inlet passage. The supply chamber surrounds the
pump chamber.

This pump, which is especially adapted to be im-
mersed in a liquid body within a reservoir or other ves-
sel for emptying it, has a supply chamber of fixed
volumetric capacity. The supply chamber accordingly
always contains a constant volume of the liquid being
pumped so that the pump chamber can only be filled
as rapidly as the inflow to the supply chamber per-
mits. Moreover, all of the liquid contained in the sup-
ply chamber and in any conduit through which the
supply chamber is filled has to be accelerated and de-
celerated in each pump cycle.

The pump disclosed in DE-C-875 142 therefore
has almost all of the limitations and disadvantages
mentioned initially.

Summary of the Invention

One object of the present invention is to provide
a positive displacement pump that has small hydraul-
ic flow losses. Another object is to minimize the pres-
sure drop across the pump intake and thereby ensure
rapid flow to the pump chamber, even with a very low
differential pressure across the inlet to the pump
chamber. Ancillary to the latter object is a minimizing
of pulsation in the flow upstream from the pump, both
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when the intake is closed (a back-pressure pulsation)
and when it is open (an induction pulsation). In this re-
spect, it is desired that one-way valves which are ca-
pable of closing reliably substantially without having
to be subjected to, and without causing, backflow
should be provided, so that shocks resulting from
backflow are avoided. It is also intended to simplify
and to minimize the costs of replaceable components
of a pump, i.e., all conduits, chambers and valves
through which the blood (or other fluid) flows and
which are preferably, therefore, not reused. Still an-
other object is to provide a pump that automatically
adjusts its output to the input and that requires a mini-
mum quantity of fluid within the pump.

The foregoing and other objects are attained, ac-
cording to the invention, by a positive displacement
pump that, like the pump of the aforementioned Lund-
back patent, includes a supply chamber for receiving
the fluid to be pumped, a variable volume pump
chamber, an inlet passage through which the fluid is
conducted from the supply chamber to the pump
chamber and an outlet through which the fluid is dis-
charged. Adisplacement member associated with the
pump chamber is movable in opposite directions
along a predetermined path such as to move through
a variable displacement zone of the pump chamber to
increase and decrease alternately the volume of the
chamber. A drive mechanism moves the displace-
ment member in at least a direction to decrease the
volume of the pump chamber. An inlet valve closes
the inlet passage to block fluid backflow out of the
pump chamber through the inlet passage.

According to the present invention, the supply
chamber is disposed generally laterally of and sub-
stantially surrounds the displacement zone of the
pump chamber, and the inlet passage is substantially
coextensive with the supply chamber and opens to
the pump chamber through an elongated gap-like
opening in a bounding wall of the pump chamber lo-
cated laterally of the displacement zone, whereby flu-
id may enter the pump chamber through the inlet pas-
sage substantially without any pressure drop. Prefer-
ably, the pump chamber includes a movable wall
member that is engageable by the displacement
member on the delivery stroke and disengageable
from the displacement member during the intake
stroke so that the stroke volume of the pump is estab-
lished by the inflow of the fluid through the intake
passage. It is usually advantageous to make the
pump chamber generally round (circular or oval) with
a diameter substantially greater than the height.

According to another aspect of the invention, one
wall of the pump chamber transverse to the direction
of movement of the displacement member is formed
of aflexible material and is engaged and deflected by
the displacement member through the displacement
zone to decrease the volume of the chamber. One
wall of the inlet passage may also be of flexible ma-
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terial and, preferably, be integral with the transverse
wall of the pump chamber. One form of inlet valve in-
cludes a movable pinch valve member that engages
and moves the flexible wall at the inlet passage
across the inlet passage into engagement with the
opposite wall, or with a flap valve, thereby closing the
opening. Alternatively, the inlet valve may be aflap of
flexible material attached at one of its edges to one
wall of the inlet passage and having its other end free
such that it responds to fluid flow and/or pressure by
opening on the intake stroke of the pump chamber
and closing on the pumping stroke by engaging the
other wall of the passage or by engaging a similar
flexible flap attached to the other wall of the inlet pas-
sage.

In some embodiments, the pump chamber has an
outlet in the form of a port, and an outlet valve for the
outlet port makes use of the flexible pump chamber
wall and a movable valve member that displaces the
flexible wall into engagement with the outlet port,
thereby closing it. Other forms of valves, such as flap
valves, can be used on the outlet from the pump
chamber. It is also possible to omit an outlet valve al-
together.

Advantageously, the supply chamber, inlet pas-
sage and pump chamber are defined by two sheets
of flexible material supported by such rigid back-up
members as are required for carrying weight and sus-
taining forces due to pressure. The sheets of material
are pre-formed to define the walls of the pump cham-
ber, supply chamber and inlet passage and are joined
in sealed relation at their outer perimeters. The rigid
back-up members define the shapes at maximum vol-
umes of the chambers and shape the inlet opening to
the pump chamber.

The preferred annular and circular forms of the
supply chamber and pump chamber provide for de-
flections of the pump chamber flexible wall with a
minimum of wrinkling and provide for uniformity of flu-
id flow radially into the pump chamber. With an outlet
disposed axially opposite the displacement member,
uniform outflow, radially and then axially, is ensured.
In the circular form, the flow through the pump occurs
atlow levels of turbulence, but at relatively high veloc-
ities, with no quiescent regions.

The invention also includes embodiments having
a second stage variable volume chamber that re-
ceives fluid from the pump chamber during the deliv-
ery stoke of the latter. Part of the fluid delivered by
the pump chamber during its delivery stroke passes
through the second stage chamber to a discharge
passage while the rest is inducted during the intake
stroke of the second stage chamber, which preferably
operates in phase opposition to the pump chamber. In
this way, fluid is discharged from the pump substan-
tially continuously, i.e., during both the intake and de-
livery strokes of the second stage, and pulsations in
the delivery are reduced.
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The preferred chamber element - pre-formed
sheets of flexible material joined together in sealed
relation at their perimeters - can be produced at low
cost and is easy to install in a support structure. It is,
therefore, economically and practically advanta-
geous for the chamber element to be a disposable
component.

For a better understanding of the invention, refer-
ence may be made to the following description of ex-
emplary embodiments, taken in conjunction with the
figures of the accompanying drawings.

Description of the Drawings

Figs. 1A to 7A are generally diagrammatic cross-
sectional views of seven embodiments of single
stage pumps shown in their configurations during
the intake stroke;
Figs. 1B to 7B are generally diagrammatic cross-
sectional views of the respective embodiments of
Figs. 1A to 7A shown during their delivery
strokes;
Fig. 6C is a plan view of the chamber element of
the embodiment of Figs. 6A and 6B;
Fig. 7C is a diagrammatic cross-sectional view of
the embodiment of Figs. 7A and 7B at the end of
the intake stroke;
Figs. 8a and 8B are diagrammatic cross-sectional
views of a two-stage pump embodying the inven-
tion at different stages of its operation;
Figs. 9A and 9B are views similar to Figs. 8A and
8B showing a modified two-stage pump;
Figs. 10A and 10B are diagrammatic cross-
sectional views of a further two-stage pump em-
bodying the invention at different stages of its op-
eration, corresponding to the stages shown in
Figs. 8A, 9A and 8B, 9B, respectively; and
Fig. 10C is a plan view of the chamber element
of the embodiment of Figs. 10A, 10B.
Corresponding parts of all of the embodiments
are designated by the same reference numerals fol-
lowed by a hyphen (-), and a number following the hy-
phen corresponding to the Figure number, which
makes the complete numeral distinctive to the partic-
ular embodiment.

Description of the Embodiments

In all of the embodiments shown in the drawings,
the surfaces contacted by the liquid being pumped
are the internal surfaces of a discoid, generally circu-
lar or partly circular disposable chamber element hav-
ing an inlet and an outlet and made of a flexible but
substantially non-extensible material, such as poly-
ethylene, polyurethane or other plastic film. In other,
non-disclosed embodiments some or all of these sur-
faces may, however, be surfaces of stationary and
movable pump elements of metal, for example, which
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are permanent parts of the pump. Also, the chamber
element does not have to be circular.

As shown in Figs. 1A,1B, the pump has a housing
comprising a fixed base member 10-1 and a remov-
able or hinged top member 11-1. The discoid chamber
element is designated 12-1 and is interposed be-
tween the base member and the top member. At its
perimeter the chamber element 12-1 has an inlet con-
nection 13-1, and at its center it has an upstanding ax-
ial outlet connection 14-1.

The element 12-1 has an annular supply chamber
15-1 into which the inlet connection 13-1 opens. With-
in the supply chamber is a pump chamber 16-1 which
communicates along its lateral bounding wall portion
with the supply chamber 15-1 through an inlet pas-
sage 17-1 in the form of an endless annular gap-like
opening between the opposed element walls. The
pump chamber 16-1 communicates with the central
outlet connection 14-1 through an outlet passage 18-
1 which is also formed by an endless annular gap.

The element 12-1 may be made of any flexible
material possessing the properties required for the
specific use of the pump in each particular case. Nat-
urally, the material should be compatible with the lig-
uid to be pumped and sufficiently flexible, durable
and difficult to extend to endure the pressure and the
mechanical and, as the case may be, thermal stress
imposed on it.

The housing base member 10-1 supports various
movable components on which the element 12-1
rests and which bring about the pumping by their re-
petitive or cyclical movements. These components
comprise a centrally positioned outlet valve member
20-1 which serves to open and close the outlet pas-
sage 18-1 to permit flow between the pump chamber
16-1 and the outlet connection 14-1. The outlet valve
member is movable vertically parallel to the central
pump axis 21-1 so as upon its upward movement to
pinch the opposed element walls against the housing
top member 11-1 and thereby close the outlet pas-
sage 18-1, and so as upon its downward movement
to allow the element walls to move apart so that the
outlet passage is opened. The movements of the out-
let valve member 20-1 are derived from a lever 22-1
which in turn is actuated by a cam or other suitable
drive member (not shown) and associated motor.

There is also an inlet pinch valve member 23-1
which operates in a manner similar to the outlet valve
member 22-1 to open and close the inlet passage 17-
1. The inlet valve member 23-1 is annular, and its up-
ward and downward movements are derived from a
lever 24-1 which in turn is actuated in synchronism
with the lever 22-1 by a motor-driven cam (not
shown).

Between the valve members 20-1 and 23-1 and
opposite the pump chamber 16-1, an annular dis-
placement member 25-1 is provided which is moved
vertically up and down by means of a lever 26-1 and
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a motor-driven cam (not shown) in a manner similar
to the valve members, and in synchronism therewith.
The displacement member 25-1 serves upon its up-
ward movement to displace positively the lower pump
chamber wall to thereby reduce the volume of the
pump chamber 16-1 and upon its downward move-
ment allow the pump chamber to expand as fluid
flows into the pump chamber.

In the embodiments of Figs. 1A and 1B there is
also a pair of rollers 27-1 which are positioned below
and in engagement with the supply chamber 15-1 of
the element 12-1. In operation of the pump, these roll-
ers, which may be more than two in number, are orb-
ited circumferentially along the supply chamber by
means not shown to keep all liquid in the supply
chamber in constant movement. Such agitation of the
liquid may be necessary or advantageous in certain
applications, e.g. when the liquid is blood.

In operation of the pump, the supply chamber 15-
1 acts as a reservoir, the volume of which is changed
in dependence on the inflow and which continuously
receives liquid under relatively low pressure through
the inlet connection 13-1. In the phase of the pump
cycle shown in Fig. 1A, where the inlet passage 17-1
is open and the displacement member 25-1 is moving
downwardly or has just reached its lowermost posi-
tion, liquid flows from the supply chamber 15-1 into
the pump chamber 16-1 through the inlet passage
17-1. Filling of the pump chamber may take place
very rapidly, because the inlet passage is very long,
i.e. has a very large circumferential extent, and can
readily be opened over a relatively substantial height.
In other words, the inlet passage can readily be
opened to present a very large cross-sectional area
to the flow. Also, because the supply chamber and in-
let passage surround most or all of the perimeter of
the pump chamber and fluid enters radially from all di-
rections, the filling length, i.e. the distance the liquid
has to flow to fill the pump chamber, is short and
straight, whereby the flow into the pump chamber can
take place very rapidly and with virtually no pressure
drop. Pumps with annular chambers can have large
capacities and still have shortfilling times because of
the large area of the inlet passage and the shortfilling
length.

Filling of the pump chamber 16-1 takes place
substantially "passively" - it takes place essentially
only under action of the hydrostatic head pressure ex-
isting in the supply chamber 15-1 at the inlet passage
17-1, because within the pump chamber no suction is
produced as a direct consequence of the downward
movement of the displacement member 25-1; the dis-
placement member has no force-transmitting connec-
tion with the element 12-1 which is effective in the di-
rection of expansion of the pump chamber (down-
wardly).

It is within the scope of the invention to exert an
influence on the filling by causing the pressure within
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a body of gas surrounding the pump chamber to vary
in a particular way during the pump cycle. It is also
possible to exert an influence on the filling by subject-
ing the inlet or the supply chamber to an external
pressure.

As shown in Fig. 1B, the inlet passage 17-1 is
then closed by an upward movement of the inlet valve
member 23-1, and the outlet passage 18-1 is opened
by a downward movement of the valve member 20-1.
Then the displacement member 25-1 is moved up-
wardly to displace the lower wall of the pump cham-
ber upwardly and thereby expel the liquid in the pump
chamber 16-1 through the outlet passage 18-1 and
the outlet connection 14-1. Meanwhile the supply
chamber 15-1 is replenished from the inlet connection
13-1. The outlet passage 18-1 is then closed, the dis-
placement member 25-1 is retracted downwardly, and
the inlet passage 17-1 is opened again so that an-
other pump cycle can be carried out.

A feature of the described pump resides in the
combination of the annular inlet passage 17-1, the
annular outlet passage 18-1 and the short filling
length, which permit a very rapid filling of the pump
chamber, even when the pressure on the inlet side is
very low, and a very rapid emptying of the pump
chamber. The pump can therefore pump a large vol-
ume of liquid per unit of time with small internal losses
and, accordingly, with a very high efficiency. As long
as the inflow to the pump does not exceed the flow
rate which corresponds to the product of the maxi-
mum stroke volume and the stroke rate, the pump, by
virtue of its self-regulation, adapts the volume pump-
ed for each stroke to the inflow. Within a fairly wide
range of inflow rates through the inlet connection 13-
1, therefore, the pump accommodates continuous in-
flow free of pressure pulses and interruptions. If the
inflow should exceed the flow rate corresponding to
the aforesaid product, the speed or stroke rate of the
pump may be increased. Because of the small inter-
nal losses, the stroke rate can be raised to high levels.

A further feature, which is present in the descri-
bed pump as well as in the pumps to be described and
which contributes to rapid filling of the pump chamber
16-1, resides in the provision of a volumetric capacity
of the supply chamber 15-1 which is sufficiently large
- preferably substantially larger than that of the pump
chamber 16-1 - to ensure filling of the pump chamber
16-1 without any substantial replenishment of the
supply chamber 15-1 being necessary during the fill-
ing of the pump chamber. Thus, all of the liquid which
enters the pump chamber 16-1 during the filling
phase of the pump cycle, is immediately available
close to the inlet passage 17-1 when the filling phase
commences.

The element 12-1 is arranged in the pump hous-
ing 10-1/11-1 in a manner such that the supply cham-
ber 15-1 can expand and contract freely within wide
limits in dependence on, respectively, the inflow of
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liquid to the supply chamber and the outflow of liquid
from the supply chamber to the pump chamber 16-1.

The embodiment of Figs. 2A and 2B differs from
that of Figs. 1A and 1B only in that the rollers 27-1 are
omitted and the supply chamber 15-2 is open to the
atmosphere. Thus, the pressure under which the fill-
ing of the pump chamber 16-2 takes place is deter-
mined by the difference in level between the inlet
passage 17-2 and the free liquid surface in the supply
chamber.

In the embodiment of Figs. 3A and 3B the supply
chamber 15-3 is open as in Figs. 2A and 2B. Non-re-
turn or one-way flap or lip-type valves 23-3 and 20-3
are provided in, respectively, the inlet passage 17-3
and the outlet passage 18-3. Accordingly, the mov-
able pinch valve members in the first two embodi-
ments are replaced by portions of the housing mem-
ber 10-3 which support the chamber element and de-
fine the passages 17-3 and 18-3. Each valve 23-3,
20-3 is formed of a pair of annular, axially opposed
flaps of flexible material (e.g. plastic), which may also
be slightly elastic, the outer edges of which are seal-
ingly attached (e.g. by heat sealing), to the respective
opposite element walls in the inlet passage 17-3 and
which are free to deform and can thereby displace up-
wardly and downwardly at their inner edges.

When liquid is flowing inwardly in the inlet pas-
sage or in the outlet passage, the flaps are held in
spaced relation without appreciably resisting the flow
of liquid, but as soon as there is a tendency for the lig-
uid to flow in the opposite direction, the flaps close
the passage to block the flow. Insofar as the flaps are
elastic, their elasticity is not so high that they are not
capable of reliably withstanding the occurring pres-
sures and there is, therefore, no danger of the flaps
turning in the wrong direction. When the operating
pressure of the pump is high, the flaps can be rein-
forced with a suitable material, such as glass fibers,
to prevent them from inverting.

The flaps may be designed such that they con-
tribute, by virtue of their elasticity, initial shape, or
otherwise, to accelerate the flow of liquid as they are
opened. Moreover, they may be somewhat biassed
towards closed or open position.

In a modified embodiment, which is not shown,
one of the valves or both may combine a pinch valve
of the type shown in Figs. 1 and 2 with a flap. In such
case, the pinch valve preferably is arranged to close
the associated passage only incompletely, leaving it
to a flap to complete the closing.

As shown in Figs. 3A and 3B, the flap valves are
formed by a flap element separate from the chamber
element walls. However, the flaps may advanta-
geously also be formed of a fold in the sheet or film
material of which the element is made, the forming of
this fold taking place during the fabrication of the
chamber element. The last-mentioned design lends it-
self to production by means of known techniques for

10

15

20

25

30

35

40

45

50

55

the manufacture of elements and other objects of
plastic (vacuum forming and blow moulding). The
same design may also be adopted in the embodi-
ments described hereinafter.

The embodiment shown in Figs. 4A and 4B is sim-
ilar to that of Figs. 1A and 1B except in that the outlet
valve is in the form of a non-return or one-way valve
20-4 of the flap or lip type disposed in the outlet con-
nection 14-4 and in that the displacement member
25-4 is disc-shaped or plate-shaped (mushroom
shape). In this case, the pump chamber 16-4 is disc-
shaped in plan view, rather than annular as in the
foregoing embodiments. Also, the outlet passage 18-
4 (Fig. 4B) is formed only near the end of the pumping
stroke, which is somewhat different in form and func-
tion from the previous embodiments.

The embodiment shown in Figs. 5A and 5B differs
from that of Figs. 4A and 4B in that the rollers for the
agitation of the liquid in the supply chamber 15-5 are
omitted, in that the inlet valve 23-5 comprises a single
annular flap of flexible material which is attached
along its outer edge to the lower element wall and
movable to a position in sealing engagement with the
upper element wall under action of pressure within
the pump chamber 16-5, and in that the valve in the
outlet duct is omitted.

It has been found that a valve that closes to block
backflow in the outlet duct is not required in certain
cases, namely, when the pump operates at high
stroke rates. In such cases, the momentum of the out-
going liquid stream is sufficient to permit filling of the
pump chamber 16-5 through the inlet passage 17-5,
even though the pump chamber is open on the outlet
side during intake.

Figs. 6A, 6B show an embodiment which is simi-
lar to that of Figs. 5A, 5B except in regard to the pos-
itioning and design of the outlet passage 18-6, the
outlet connection 14-6 and the associated outlet
valve 20-6.

The outlet connection 14-6 is radial in this case
and is positioned in diametrically opposed relation to
the inlet connection 13-6. Accordingly, it has its up-
stream end at the perimeter of the pump chamber 16-
6, and like the inlet connection 13 6 it extends radially
outwardly. Consequently, a portion, but only a por-
tion, of the circumference of the element is not used
for the supply chamber 15-6 and the inlet passage 17-
6 but the latter can still be very long.

In this embodiment, the outlet valve 20-6 is aflap
or lip similar to the inlet valve 26-3, and like the latter
it is secured to one wall of the outlet passage 18-6
which is located at the junction between the pump
chamber 16-6 and the supply chamber 15-6 (see Fig.
6C which is a plan view of the chamber element 12-
6).

It may be advantageous in the embodiment
shown in Figs. 6A, 6B, 6C to block or close the region
of the supply chamber 15-6 adjacent the outlet con-
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nection. The wall of the supply chamber should then
be shaped such that no pockets are formed in which
the liquid being pumped may become stagnant or
forced to undergo abrupt changes of its direction of
flow in order to reach the outlet passage.

The outlet connection 14-6 of the embodiment of
Figs. 6A, 6B, 6C need not necessarily be aligned with
the inlet connection but may include a smaller or larg-
er angle therewith. If desired, the two connections
may even be disposed side by side and substantially
parallel. It is essential, however, that the inlet pas-
sage 17-6 and its valve extend over the major portion
of the circumference of the pump chamber.

Figs. 7A, 7B and 7C show an embodiment in
which part of the annular supply chamber 15-7 is lo-
cated closer to the center of the element than the
gap-like inlet passage 17-7. In this case, the drive
mechanism of the displacement member 25-7 is a
ball-bearing screw-spindle mechanism - not shown in
detail - the screw-spindle of which has a rotationally
fixed connection with the rotor 28-7 of an electric mo-
tor disposed in the base member 10-7 of the pump
housing.

As is evident from a comparison of Figs. 7A, 7B,
7C with one another, the movement of the displace-
ment member 25-7 of this embodiment has a direct in-
fluence on the shape and volume of the supply cham-
ber. Thus, as the displacement member moves down-
wardly ("drops"), see Fig. 7A, the volume of the sup-
ply chamber decreases, because the displacement
member collapses the supply chamber, see Fig. 7C.
The liquid in the supply chamber then flows into the
pump chamber 16-7 together with the liquid entering
the pump through the inlet connection 13-7. As the
displacement member is driven upwardly and thereby
reduces the volume of the pump chamber, see Fig.
7B, the supply chamber is enlarged and at the same
time the inlet valve 23-7 is closed. The liquid which
then enters by way of the inlet connection is accom-
modated in the supply chamber and then, upon the
following downward movement of the displacement
member, flows into the pump chamber as described.

The embodiment shown in Figs. 7A, 7B, 7C also
has an outlet valve 20-7 that prevents backflow into
the pump chamber 16-7 from the outlet connection
14-7. As shown in the figures, the outlet connection
is parallel to and positioned diametrically opposite the
inlet connection, but other orientations and positions
can be envisaged.

The outlet valve 20-7 is an annular flap valve, one
circumferential edge of which is secured to the top
member 11-7 of the pump housing and the other, free
circumferential edge of which is provided with a bead
ring 29-7. This bead ring strengthens the free flap
edge and in the closed position of the valve (Fig. 7C)
sealingly engages the interior wall of the top member
11-7 of the housing. As an alternative to the illustrated
design of the outlet valve, a spring-biassed vertically
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movable valve member may be provided which seals
against an annular wall portion where the pump
chamber merges with the horizontal outlet connec-
tion.

The inlet valve 23-7 of the embodiment shown in
Figs. 7A, 7B, 7C is also an annular flap valve, which
is secured to the displacement member and thus
moves together with it. This arrangement results in a
favourable flow pattern of the liquid flowing from the
supply chamber into the pump chamber, but it is with-
in the scope of the invention to secure the flap to the
pump housing and arrange for its movable portion to
cooperate with the displacement member.

As in the other illustrated and described embodi-
ments in which the inlet valve is a lip or flap valve, the
inlet passage 17-7 is opened to permit flow into the
pump chamber with a very small pressure drop as
soon as the pressure upstream from the valve only
slightly exceeds the pressure on the downstream
side. Similarly, the inlet passage is immediately
closed when the pressure in the pump chamber only
slightly exceeds the pressure on the upstream side of
the valve. The rapid opening and closing of the flap
valves is attributable to the annular configuration and
the consequent large surface area of the valve over
which the pressure acts. For the same reason, the
outlet valve 20-7 and, accordingly, the outlet passage
18-7 are closed immediately when the pressure inthe
outlet connection 14-7 exceeds the pressure in the
pump chamber at the beginning of the intake stroke.

Figs. 8A, 8B show a pump in which there are two
displacement members 25-8A, 25-8B which operate
in phase opposition to reduce the volumes of different
sections of the pump chamber at different times.

One displacement member 25-8A resembles the
displacement member shown in Figs. 4-6 and serves
to reduce the volume of a central second stage cham-
ber section 16-8A, which is similar to the pump cham-
ber of Figs. 4-6 and communicates with a central out-
let connection 14-8.

The other displacement member 25-8B is annu-
lar and concentric with the first-mentioned, central
member. This annular, outer member serves to re-
duce the volume of an annular, outer variable volume
pump chamber section 16-8B which is concentric with
the central second stage variable volume chamber
section 16-8A.

At its radially inner side the outer pump chamber
section 16-8B communicates with the central second
stage chamber section 16-8A by way of an annular
passage 30-8 in which a one-way flap valve 31-8 re-
sembling the flap valve of Figs. 3 and 5 is provided to
open to permit flow into the pump chamber section
16-8A. This passage constitutes both an inlet pas-
sage of the central pump chamber section 16-8A and
an outlet passage of the outer pump chamber section
16-8B.

At its radially outer side the outer pump chamber
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section 16-8B communicates with an annular supply
chamber 15-8, which is similar to the supply chamber
of Figs. 2 and 3, by way of an annular inlet passage
17-8 having a one-way flap valve 23-8 which opens
to permit flow into the outer pump chamber portion
16-8B and which likewise resembles the flap valve
23-3 and 23-5 of Figs. 3 and 5.

The two displacement members 25-8A and 25-
8B are actuated substantially in phase opposition by
mechanisms resembling the mechanisms employed
for actuating the displacement member and pinch
valve of Fig. 4. The maximum volumes of the pump
chamber sections and the movements of the two dis-
placement members are chosen such that the stroke
volume of the outer pump chamber section 16-8B is
approximately twice that of the central pump chamber
section 16-8A.

Fig. 8A shows a phase of the operating cycle of
the pump in which the outer displacement member
25-8B is moving downwardly and the outer pump
chamber section 16-8B is being filled from the supply
chamber 15-8 by way of the inlet passage 17-8 with-
out any appreciable pressure drop across the latter,
whereas the central second stage displacement
member 25-8A is moving upwardly to expel liquid from
the central second stage chamber section 16-8A, the
flap valve 31-8 being held in closed condition by the
pressure in the central chamber section.

In the phase shown in Fig. 8B, the state of affairs
is reversed. Accordingly, the outer displacement
member 25-8B is moving upwardly to expel liquid
from the outer pump chamber section 16-8B into the
central second stage chamber section 16-8A by way
of the passage 30-8, whereas the central displace-
ment member 25-8A is moving downwardly, allowing
the central chamber section 16-8A to expand under
action of the pressure the liquid exerts on its walls.

The volume of liquid expelled from the outer
pump chamber section during the upward movement
of the outer displacement member is larger than the
increase of the volume of the central second stage
chamber section. Consequently, liquid will be dis-
charged through the outlet connection 14-8 also in
this phase (Fig. 8B) of the operating cycle of the
pump. Whereas inflow to the pump chamber takes
place only in the phase in which the outer pump
chamber section is expanding, the discharge of the
pump takes place substantially continuously, albeit
with some pulsation.

The embodiment shown in Figs. 9A, 9B is similar
in structure and operation to that shown in Figs. 8A,
8B, except in that the externally powered mechanism
for positively actuating the inner displacement mem-
ber 25-9A in the upward direction is replaced with an
adjustable spring mechanism 26-9A constantly urging
this displacement member upwardly. During the up-
ward stroke of the outer displacement member 25-9A,
the central second stage displacement member 25-
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9A is moved downwardly under action of the fluid
pressure within the central second stage chamber
section 16-9A, thereby compressing the spring
mechanism 26-9A, as shown in Fig. 9B. During the
downward movement of the outer displacement
member 26-9B, the energy stored in the spring mech-
anism moves the central displacement member up-
wardly as shown in Fig. 9A.

Figs. 10A, 10B are cross-sectional views corre-
sponding to Figs. 8A, 8B and 9A, 9B of a further em-
bodiment of a two-stage pump embodying the inven-
tion, and Fig. 10C is a plan view of the chamber ele-
ment of this further embodiment.

The pump shown in Figs. 10A, 10B, 10C compris-
es two displacement members 25-10A and 25-10B
which operate as described with reference to Figs.
9A, 9B. Accordingly, the displacement member 25-
10B is associated with an externally powered drive
mechanism for positively, or substantially positively,
actuating it in the upward direction, whereas the dis-
placement member 25-10A is associated with an ad-
justable spring mechanism 26-10A constantly urging
it upwardly.

The two displacement members 25-10A and 25-
10B and the associated pump chamber sections 16-
10A and 16-10B of chamber element 12-10 are hori-
zontally offset from one another, and the inlet valve
23-10 and the valve 31-10 between the pump cham-
ber sections are flap valves similar to the valves 23-
6 and 20-6 of Figs. 6A, 6B, 6C. Moreover, as shown
in Fig. 10C, the inlet connection 13-10 and the outlet
connection 14-10 are disposed side by side and sub-
stantially parallel.

Except for the different flow pattern resulting
from the horizontally offset disposition of the cham-
ber sections, the pump of Figs. 10A, 10B, 10C oper-
ates in substantially the same way as the pump of
Figs. 9A, 9B.

In the embodiments illustrated and described
above by way of example, the pump chamber 16 and
the supply chamber 15 of the chamber element are
circular or shaped as a circular ring and as is readily
appreciated, the mechanical pump components have
a corresponding shape. This shape is normally pre-
ferred, having regard to both fluid flow and manufac-
turing aspects, but it is within the scope of the inven-
tion for the pump to have a different configuration,
such as a more or less oval or otherwise elongate
configuration. An elongated configuration may be
contemplated especially in the case shown in Figs.
BA, 6B, 6C where the inlet and the outlet are aligned.

Moreover, in the embodiments shown in Figs. 8A,
8B and Figs. 9A, 9B, the central displacement mem-
bers 25-8A, 25-9A, may be annular like the outer
members 25-8B, 25-9B. The open space within the
central annular displacement member may then ac-
commodate elements of the pump drive mechanism,
for example, or may be used for other purposes. If in
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such a case the drive mechanism for the two dis-
placement members 25-8A and 25-8B of Figs. 8A, 8B
is designed such that the members can be actuated
in unison, with a selected phase displacement (e.g. in
phase opposition or push-pull fashion), or individually
(only one of the parts is actuated), as desired, inter-
esting possibilities of varying the features of the
pump in respect of stroke volume and output flow
characteristics are offered.

In some cases, such as when the pump is used
as a blood pump, the displacement member may suit-
ably be connected with the pumping mechanism such
that some resilient yielding of the displacement mem-
ber relative to the pumping mechanism under action
of the pressure in the pump chamber is possible so
that there is some "lagging" of the displacement
member during the pressure or delivery stroke. The
motion of the displacement member which is initially
lost as a consequence of the "lagging" is "recovered"
at the end of the pressure stroke and may be utilized
to ensure that the liquid does not become stagnant in
the pump chamber, e.g. beneath the valve flap 31-8
of Figs. 8A, 8B. Such an arrangement may also be
utilized to suppress any pressure waves tending to
develop at the end of the delivery stroke.

A pump of the type of Figs. 8A, 8B with two or
more displacement members and pump chamber
sections, which preferably are annular, is also useful
as a two-stage (multistage) compressor, particularly
for the purpose of compressing large amounts of air
to a relatively low pressure. A feature of compressors
constructed in this manner is that only a single valve
is required between the stages; each valve functions
both as an outlet valve of a radially outer or lower
stage and as an inlet valve of a radially inner or higher
stage. The other embodiments are also useful as
compressors or air (or other gas) pumps, but they are
believed in practice to be best suited as liquid pumps.

As is apparent from the drawings, a feature of the
pump according to the invention is that the liquid be-
ing pumped has a favourable flow pattern, because it
can pass through the pump without any abrupt
changes of direction having to be imposed on it. Par-
ticularly advantageous in this respect are the embodi-
ments of Figs. 1-6 and 8-10 where the height of the
pump chamber is very small in comparison with the
diameter and the liquid accordingly flows substantial-
ly horizontally up to the outlet connection. The gener-
ally low or flat shape of the pump chamber also per-
mits a short length of stroke, meaning that the stroke
rate may be high. In conjunction with the large flow
cross-sectional area that the inlet passage and the
outlet passage may have, this feature ensures a very
low internal flow resistance of the pump.

In the embodiments of Figs. 5-10, the use of sin-
gle-flap valves which are attached to the lower wall of
the chamber element 12 and which are movable up-
wardly, in the direction of the fluid expelling move-

10

15

20

25

30

35

40

45

50

55

ment of the displacement member, to a position in
sealing engagement with the upper wall is advanta-
geous in that the flow of fluid produced by the dis-
placement member sweeps the lower side of the
flaps. This sweeping flow minimizes the danger of
any portion of the fluid being pumped becoming stag-
nant below or behind the valve flaps. Accordingly,
those embodiments are particularly suitable for
pumping blood, because they meet the very impor-
tant requirement of blood pumps of being free of stag-
nant regions.

In the embodiments through which the invention
has been exemplified in the drawings, the displace-
ment member and its drive mechanism are positioned
beneath the pump chamber. This positioning is pre-
ferred in most cases, especially when, as in the illu-
strated embodiments, a separate, readily replaceable
chamber element of plastic film or sheet provides the
surfaces which the fluid being pumped contacts dur-
ing its passage through the pump. However, in some
cases it may be preferred that the displacement
member constitutes, or acts on, the top wall of the
pump chamber and that the drive mechanism is posi-
tioned above the pump chamber. Moreover, it is con-
ceivable to have a common drive mechanism for two
opposed pumps stacked one above the other and op-
erating in phase opposition. It is also possible to have
two drive mechanisms for a single pump chamber,
one drive mechanism on each side, working in oppo-
sition.

The chamber 16-10A and the spring-biased dis-
placement member 25-10A of the embodiment of
Figs. 10A, 10B, 10C can be used in conjunction with
the outlets of single stage pumps of other designs as
a one-way valve and as a device for smoothing the
pulsating outflow of the pump. In the case of blood
pumps, such an arrangement provides a one-way
outlet valve free of stagnant regions and a compliance
volume downstream from the valve.

Claims

1. A positive displacement pump that includes
means defining a supply chamber (15) for receiv-
ing the fluid to be pumped, means (12) defining
a variable volume pump chamber (16), an inlet
passage (17) through which the fluid is conduct-
ed from the supply chamber (15) to the pump
chamber (16), an outlet (14) through which the
fluid is discharged from the pump chamber, a dis-
placement member (25) associated with the
pump chamber (16) and movable in opposite di-
rections along a predetermined path such as to
move through a variable displacement zone of
the pump chamber (186) to increase and decrease
alternately the volume of the chamber, drive
means (22) for moving the displacement member
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(25) in at least a direction to decrease the volume
of the pump chamber, and inlet valve means (23)
for closing the inlet passage (13) to block fluid
backflow out of the pump chamber (16) through
the inlet passage (17), characterised in that the
supply chamber (15) *) is disposed generally lat-
erally of and substantially surrounds the dis-
placement zone of the pump chamber (16) and in
that the inlet passage (17) is substantially coex-
tensive with the supply chamber (15) and opens
to the pump chamber (16) through an elongated
gap-like opening in a bounding wall of the pump
chamber (16) located generally laterally of the
displacement zone, whereby fluid may flow from
the supply chamber (15) into the pump chamber
(16) through the inlet passage (17) substantially
without any pressure drop.

A pump according to claim 1, characterised in
that the pump chamber (16) includes a movable
wall member that is engageable by the displace-
ment member (25) on the delivery stroke and dis-
engageable from the displacement member dur-
ing the intake stroke so that the stroke volume of
the pump is established by the supply of fluid
from the supply chamber (15).

A pump according to claim 1 or 2, characterised
in that the pump chamber (16) is generally round.

A pump according to any one of claims 1 to 3,
characterised in that the dimensions of the
pump chamber (16) transverse to the direction of
movement of the displacement member (25) are
substantially greater than the dimensions in said
direction of movement.

A pump according to any one of claims 1 to 4,
characterised in that the outlet (14) is located
substantially in the center of a transverse station-
ary walll of the pump chamber (16) opposite from
the displacement member (25).

A pump according to any one of claims 1 to 5,
characterised in that the supply chamber (13) is
adapted toreceive a continuous inflow of the fluid
being pumped and to discharge at least a portion
of its contents into the pump chamber (16)
through the inlet passage (17) when the inlet
valve means (23) is open while collecting a reser-
voir of the fluid when the inlet valve means is
closed.

A pump according to claim 2, characterised in
that the movable wall member of the pump cham-
ber (16) is formed of a flexible material and is de-
formed and displaced by the displacement mem-
ber (25) during at least a portion of the delivery
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stroke of the pump.

A pump according to claim 7, characterised in
that the movable wall member forms a part of the
laterally bounding wall of the pump chamber (16)
and defines one wall of the inlet passage (17),
and wherein the valve means includes a pinch
valve member (23-1,23-2) engaging said laterally
bounding wall part and movable so as to move
said bounding wall part across the opening and
thereby close the inlet passage, and drive means
(24-1,24-2) for periodically moving the pinch
valve member across the opening.

A pump according to claim 3, characterised in
that the inlet valve means includes a substantially
annular flap (23) of flexible material fastened
along one edge to a wall of the inlet passage (17)
and having its other edge free for movement to an
open position to allow inflow of fluid into the pump
chamber (16) and to a closed position in engage-
ment with the other wall of the inlet passage to
stop backflow of fluid from the pump chamber
through the inlet passage.

A pump according to claim 3, characterised in
that the inlet valve means (23-3) includes a first
annular flap of flexible material fastened along
one edge to one wall of the inlet passage (17-3)
and a second annular flap of flexible material fas-
tened along one edge to the other wall of the inlet
passage, both flaps having their other edges free
for movement to an open position to allow inflow
of fluid into the pump chamber (16-3) and to a
closed position in engagement with each other to
stop backflow of fluid from the pump chamber
(16-3) through the inlet passage (17-3).

A pump according to any one of claims 1 to 10,
characterised in that the supply chamber (15)
and pump chamber (16) are defined by first and
second spaced-apart and superposed wall mem-
bers, at least one of which wall members is
formed of a flexible material and includes a first
portion engageable and displaceable by the dis-
placement member (25) to vary the volume of the
pump chamber (16) and a second portion that de-
fines one wall of the inlet passage (17).

A pump according to claim 11, characterised in
that the valve means includes a pinch valve
member engaging said second portion of said
one wall member, drive means for cyclically mov-
ing the pinch valve member only part way across
the inlet passage, and a flexible flap valve strip
attached to the other wall of the inlet passage
and having a free edge movable for engagement
with said second portion of said one wall member
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in response to fluid pressure in the pump cham-
ber.

A pump according to claim 11, characaterised in
that the lateral bounding wall of the pump cham-
ber (16) is generally round and the supply cham-
ber (15) is generally annular and entirely sur-
rounds the pump chamber.

A pump according to claim 11, characterised in
that both the supply chamber (13-1,13-2,13-
3)and pump chamber (16-1,16-2,16-3) are annu-
lar and the outlet from the pump chamber is an
annular opening (18-1,18-2,18-3) located at an
internal boundary of the pump chamber generally
laterally of the displacement zone.

A pump according to claim 14, characterised by
an outlet valve that includes a movable valve
member (20-1,20-2) engaging a third portion of
the flexible wall member and drive means (22-
1,22-2) for moving the valve member reciproca-
bly to displace said third portion of the flexible
wall member into and out of engagement with an
opposite edge of the outlet opening (18-1,18-2) to
close and open it.

A pump according to claim 11, characterised in
that the lower of said spaced-apart and super-
posed wall members is flexible and in that the
pump further comprises means (10,27) for sup-
porting an additional portion of the flexible wall
member, the additional portion forming the lower
wall of the supply chamber (15).

A pump according to claim 16, characterised in
that the means for supporting the additional por-
tion of the flexible wall member includes one or
more rollers (27-1,27-4) and means for rotating
the tollers in an orbital path along the supply
chamber (15-1,15-4) to agitate continuously the
fluid in the supply chamber.

A pump according to claim 16, characterised in
that the means for supporting the additional por-
tion of the lower wall member is a rigid stationary
member (10).

A pump according to any one of claims 1 to 18,
characterised in that there is an outlet valve
means (20) in the outlet (14).

A pump according to any one of claims 1 to 19,
characterised by a second stage variable vol-
ume chamber (16-8A,16-9A,16-10A) in commu-
nication with the outlet (14-8,14-9, 14-10) from
the pump chamber (16-8B 16-9B,16-10B) so that
it receives fluid discharged from the pump cham-
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ber, a one-way valve (31-8,31-9,31-10) in the
outlet from the pump chamber to block fluid back-
flow from the second stage chamber into the
pump chamber, a discharge passage leading
from the second stage chamber, a second stage
displacement member (25-8A,25-9A,25-10A)
movable to increase and decrease alternately the
volume of the second stage chamber, and drive
means (26-8A,26-9A,26-10A) for moving the
second stage displacement member in at least a
direction to decrease the volume of the second
stage chamber.

A pump according to claim 20, characterised in
that the drive means includes a source of exter-
nal energy.

A pump according to claim 20, characterised in
that the drive means for the second stage dis-
placement member is a spring that stores energy
when the volume of the second stage chamber is
increased by inflow of fluid from the pump cham-
ber and releases the sotred energy when there is
no inflow from the pump chamber into the second
stage chamber.

A pump according to any one of claims 20 to 22,
characterised in that the stroke volume of the
pump chamber (16-8B,16-9B,16-10B) is about
twice the stroke volume of the second stage
chamber (16-8A,16-9A,16-10A).

A pump according to any one of claims 20 to 23,
characterised in that the pump chamber (16-
8B,16-9B) is substantially annular and the sec-
ond stage chamber (16-8A,16-9A) is substantial-
ly round and is located generally laterally of and
is surrounded by the pump chamber.

A pump according to any one of claims 20 to 24,
characterised in that the supply chamber (15-
10) is substantially annular, the pump chamber
(16-10B) is substantially round, the outlet is a
passage leading generally laterally from the
pump chamber and the second stage chamber
(16-10A) is substantially round and is disposed
laterally of and proximate to the pump chamber.

A pump according to any one of claims 1 to 25,
characterised in that the volumetric capacity of
the supply chamber (15) is at least as large as
that of the pump chamber (16).

Patentanspriiche

1.

Eine Verdrédngerpumpe mit Mitteln zum Begren-
zen einer Zufuhrkammer (15) fiir die Aufnahme
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des zu pumpenden Fluids, Mitteln (12) zum Be-
grenzen einer volumenvariablen Pumpenkam-
mer (16), einer Einlalpassage (17), durch welche
das Fluid von der Zufuhrkammer (15) zur Pum-
penkammer (16) gefihrt wird, einem AuslaR (14),
durch welchen das Fluid aus der Pumpenkammer
abgegeben wird, einem Verdrangerglied (25), zu-
geordnet der Pumpenkammer (16) und in einan-
der entgegengesetzten Richtungen l&ngs eines
vorbestimmten Weges derart beweglich, dal es
sich durch eine variable Verdrédngungszone der
Pumpenkammer (16) bewegt zum alternierenden
VergréRern und Verkleinern des Kammervolu-
mens, Antriebsmitteln (22) fiir das Bewegen des
Verdrangergliedes (25) in zumindest eine Rich-
tung zum Verringern des Volumens der Pumpen-
kammer, und EinlaRventilmitteln (23) fiir das Ab-
sperren der EinlaRpassage (13) zum Blockieren
von Fluidriickstrdmung aus der Pumpenkammer
(16) durch die EinlaBpassage (17), dadurch ge-
kennzeichnet, daR die Zufuhrkammer (15) ein
Reservoir ist, das variable Volumina des zu pum-
penden Fluids aufnehmen kann und generell seit-
lich der Verdrangungszone der Pumpenkammer
(16) angeordnet ist und diese im wesentlichen
umschlieRt, und dall die EinlaBpassage (17) im
wesentlichen koextensiv ist mit der Zufuhrkam-
mer (15) und sich zur Pumpenkammer (16) durch
eine langgestreckte, spaltartige Offnung in einer
Begrenzungswandung der Pumpenkammer (16)
offnet, positioniert generell seitlich der Verdrén-
gungszone, wodurch Fluid aus der Zufuhrkam-
mer (15) in die Pumpenkammer (16) durch die
EinlaBpassage (17) im wesentlichen ohne ir-
gendwelchen Druckabfall strémen kann.

Eine Pumpe nach Anspruch 1, dadurch gekenn-
zeichnet, dal die Pumpenkammer (16) ein be-
wegliches Wandungsglied umfalt, das von dem
Verdrangerelement (25) bei dem Auslahub kon-
taktierbar ist und von dem Verdrangerglied wéh-
rend des EinlaRhubes I6sbar ist, so daf® das Hub-
volumen der Pumpe durch die Zufuhr von Fluid
aus der Zufuhrkammer (15) bestimmt wird.

Eine Pumpe nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dal die Pumpenkammer (16)
allgemein rund ist.

Eine Pumpe nach einem der Anspriiche 1 bis 3,
dadurch gekennzeichnet, daR die Abmessungen
der Pumpenkammer (16) quer zur Bewegungs-
richtung des Verdrangergliedes (25) wesentlich
groBer sind als die Abmessungen in der genann-
ten Bewegungsrichtung.

Eine Pumpe nach einem der Anspriiche 1 bis 4,
dadurch gekennzeichnet, daf® der Auslak (14) im
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wesentlichen im Zentrum einer stationaren Quer-
wandung der Pumpenkammer (16) gegeniiber
dem Verdrangerglied (25) positioniert ist.

Eine Pumpe nach einem der Anspriiche 1 bis 5,
dadurch gekennzeichnet, daR die Zufuhrkammer
(13) ausgebildet ist zur Aufnahme eines kontinu-
ierlichen Einstroms des zu pumpenden Fluids
und zur Abgabe mindestens eines Teils ihres In-
halts in die Pumpenkammer (16) durch die Ein-
laBpassage (17), wenn das EinlaRventilmittel
(23) offen ist, wahrend ein Reservoir des Fluids
gesammelt wird, wenn das EinlaBventilmittel ge-
schlossen ist.

Eine Pumpe nach Anspruch 2, dadurch gekenn-
zeichnet, dal das bewegliche Wandungsglied
der Pumpenkammer (16) von einem flexiblen Ma-
terial gebildet wird und deformiert und verlagert
wird durch das Verdrédngerglied (25) wahrend zu-
mindest eines Teils des Auslalhubes der Pumpe.

Eine Pumpe nach Anspruch 7, dadurch gekenn-
zeichnet, dal das bewegliche Wandungsteil ei-
nen Teil der seitlichen Begrenzungswandung der
Pumpenkammer (16) bildet und eine Wandung
der EinlaBpassage (17) begrenzt und bei der das
Ventilmittel ein Klemmventilglied (23-1,23-2) um-
falt, das mit dem seitlichen Begrenzungswan-
dungsteil in Kontakt tritt und so beweglich ist, daf
dieser Begrenzungswandungsteil {iber die Off-
nung bewegt wird und dadurch die EinlalBpassa-
ge absperrt, und Anfriebsmittel (24-1,24-2) um-
falt fir das periodische Bewegen des Klemm-
ventilgliedes tber die Offnung.

Eine Pumpe nach Anspruch 3, dadurch gekenn-
zeichnet, dal® das EinlaRBventilmittel eine im we-
sentlichen ringférmige Klappe (23) aus flexiblem
Material umfalit, befestigt |angs einer Kante an ei-
ner Wandung der EinlaRpassage (17) und mit ih-
rer anderen Kante frei fir Bewegung in eine offe-
ne Position zum Ermdglichen des Einstrémens
von Fluid in die Pumpenkammer (16) bezie-
hungsweise eine geschlossene Position in Anla-
ge an der anderen Wandung der EinlaBpassage
zum Blockieren von Riickstromung des Fluids
aus der Pumpenkammer durch die EinlalRpassa-

ge.

Eine Pumpe nach Anspruch 3, dadurch gekenn-
zeichnet, dall das EinlaBventilmittel (23-3) eine
erste ringférmige Klappe aus flexiblem Material
umfaBt, Iangs einer Kante an einer Wandung der
EinlaBpassage (17-3) befestigt, und eine zweite
ringférmige Klappe aus flexiblem Material um-
falt, befestigt IAngs einer Kante an der anderen
Wandung der EinlaBpassage, wobei beide Klap-
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pen an ihren anderen Kanten frei sind zur Bewe-
gung in eine offene Position, die das Einstrémen
von Fluid in die Pumpenkammer (16-3) ermég-
licht beziehungsweise eine geschlossene Positi-
on in Anlage aneinander zum Blockieren der
Riickstrémung von Fluid aus der Pumpenkam-
mer (16-3) durch die EinlaBpassage (17-3).

Eine Pumpe nach einem der Anspriiche 1 bis
10, dadurch gekennzeichnet, dal die Zufuhr-
kammer (15) und Pumpenkammer (16) be-
grenzt werden von ersten beziehungsweise
zweiten beabstandeten und iiberlagerten Wan-
dungsteilen, wobei mindestens eines der Wan-
dungsteile aus einem flexiblen Material gebildet
ist und einen ersten Abschnitt umfafdt, der in An-
lage an das Verdrangerglied (25) bringbar und
von diesem verlagerbar ist zum Verandern des
Volumens der Pumpenkammer (16), und einen
zweiten Abschnitt umfalt, der eine Wandung der
EinlaBpassage (17) begrenzt.

Eine Pumpe nach Anspruch 11, dadurch gekenn-
zeichnet, dall das Ventiimittel ein Klemmventil-
glied umfalit, das den zweiten Abschnitt des ge-
nannten einen Wandungsteils kontaktiert, An-
triebsmittel fir das zyklische Bewegen des
Klemmventilgliedes nur Giber einen Teil des We-
ges quer zur EinlalRpassage und einen flexiblen
Klappenventilstreifen, angebracht an der ande-
ren Wandung der EinlaBpassage und mit einer
freien Kante, die bewegbar ist fiir Anlage an dem
zweiten Abschnitt des genannten einen Wan-
dungsteils im Ansprechen auf Fluiddruck in der
Pumpenkammer.

Eine Pumpe nach Anspruch 11, dadurch gekenn-
zeichnet, dal die seitliche Begrenzungswandung
der Pumpenkammer (16) generell rund ist und die
Zufuhrkammer (15) generell ringférmig ist und
die Pumpenkammer vollstédndig umschlieft.

Eine Pumpe nach Anspruch 11, dadurch gekenn-
zeichnet, dall sowohl die Zufuhrkammer (13-
1,13-2,13-3) als auch die Pumpenkammer (16-
1,16-2,16-3) ringférmig sind, und der AuslaR von
der Pumpenkammer eine ringférmige Offnung
((18-1,18-2,18-3) ist, positioniert an einer inter-
nen Begrenzung der Pumpenkammer generell
seitlich der Verdrédngungszone.

Eine Pumpe nach Anspruch 14, gekennzeichnet
durch ein AuslaBventil, das ein bewegliches Ven-
tilglied (20-1,20-2) umfalit, das in Kontakt bring-
bar ist mit einem dritten Abschnitt des flexiblen
Wandungsteils, und Antriebsmittel (22-1,22-2) fir
das Bewegen des Ventilgliedes hin- und herge-
hend zum Verlagern des dritten Abschnitts des
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flexiblen Wandungsteils in und aufRer Kontakt mit
einer gegeniberliegenden Kante der AuslaRéff-
nung (18-1,18-2), um diese zu schlielfen bezie-
hungsweise 6ffnen.

Eine Pumpe nach Anspruch 11, dadurch gekenn-
zeichnet, dal® das untere der genannten
beabstandeten und lberlagerten Wandungsteile
flexibel ist, und dal die Pumpe ferner Mittel
(10,27) umfalt fiir das Abstiitzen eines zusatzli-
chen Abschnitts des flexiblen Wandungsteils,
welcher zusétzliche Abschnitt die untere Wan-
dung der Zufuhrkammer (15) bildet.

Eine Pumpe nach Anspruch 16, dadurch gekenn-
zeichnet, daf die Mittel fiir das Abstiitzen des zu-
sétzlichen Abschnitts des flexiblen Wandungs-
teils eine oder mehrere Rollen (27-1,27-4) umfaldt
und Mittel fir das Rotierenlassen der Rollen in ei-
nem Orbitalweg langs der Zufuhrkammer (15-
1,15-4), um kontinuierlich das Fluid in der Zufuhr-
kammer zu bewegen.

Eine Pumpe nach Anspruch 16, dadurch gekenn-
zeichnet, daf die Mittel fiir das Abstiitzen des zu-
séatzlichen Abschnitts des unteren Wandungsteils
ein starres, stationares Glied (10) ist.

Eine Pumpe nach einem der Anspriiche 1 bis 18,
dadurch gekennzeichnet, da im Auslal (14) ein
AuslaBventilmittel (20) vorgesehen ist.

Eine Pumpe nach einem der Anspriiche 1 bis 19,
gekennzeichnet durch eine volumenvariable
Zweitstufenkammer (16-8A,16-9A,16-10A) in
Kommunikation mit dem Auslall (14-8,14-9,14-
10) von der Pumpenkammer (16-8B,16-9B,16-
10B), so daf sie aus der Pumpenkammer ausge-
tragenes Fluid aufnimmt durch ein Einwegventil
(31-8,31-9,31-10) in dem Auslall von der Pum-
penkammer zum Blockieren der Fluidriickstrd-
mung aus der Zweitstufenkammer in die Pum-
penkammer durch eine Auslalpassage, die von
der Zweitstufenkammer wegfiihrt, ein Zweitstu-
fenverdrangerglied (25-8A,25-9A, 25-10A), das
beweglich ist zum alternierenden Vergréfern und
Verkleinern des Volumens der Zweitstufenkam-
mer, und durch Antriebsmittel (26-8A, 26-9A,26-
10A) fiir das Bewegen des Zweitstufenverdrang-
ergliedes in zumindest einer Richtung zum Ver-
ringern des Volumens in der Zweitstufenkammer.

Eine Pumpe nach Anspruch 20, dadurch gekenn-
zeichnet, dall die Antriebsmittel eine Quelle ex-
terner Energie umfassen.

Eine Pumpe nach Anspruch 20, dadurch gekenn-
zeichnet, dald die Antriebsmittel fir das Zweitstu-
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fenverdringerglied eine Feder ist, die Energie
speichert, wenn das Volumen der Zweitstufen-
kammer durch Einstrdbmen von Fluid aus der
Pumpenkammer erhéht wird und die gespeicher-
te Energie freisetzt, wenn kein Einstrom von der
Pumpenkammer in die Zweitstufenkammer er-
folgt.

Eine Pumpe nach einem der Anspriiche 20 bis 22,
dadurch gekennzeichnet, daR das Hubvolumen
der Pumpenkammer (16-8B,16-9B,16-10B) etwa
das zweifache Hubvolumen der Zweitstufenkam-
mer (16-8A,16-9A,16-10A) ist.

Eine Pumpe nach einem der Anspriiche 20 bis 23,
dadurch gekennzeichnet, dal die Pumpenkam-
mer (16-8B,16-9B) im wesentlichen ringférmig ist
und die Zweitstufenkammer (16-8A,16-9A) im
wesentlichen rund ist und generell seitlich von
der Pumpenkammer angeordnet ist und von die-
ser umgeben ist.

Eine Pumpe nach einem der Anspriiche 20 bis 24,
dadurch gekennzeichnet, daR die Zufuhrkammer
(15-10) im wesentlichen ringférmig ist, die Pum-
penkammer (16-10B) im wesentlichen rund ist,
der AuslaB eine Passage ist, die generell seitlich
von der Pumpenkammer wegfihrt,und die Zweit-
stufenkammer (16-10A) im wesentlichen rund ist
und seitlich von und nahe der Pumpenkammer
angeordnet ist.

Eine Pumpe nach einem der Anspriiche 1 bis 25,
dadurch gekennzeichnet, daR die volumetrische
Kapazitat der Zufuhrkammer (15) mindestens so
groB ist wie jene der Pumpenkammer (16).

Revendications

Pompe a déplacement positif qui comprend un
moyen formant une chambre d’alimentation (15)
pour recevoir le fluide & pomper, un moyen (12)
formant une chambre de pompe a volume varia-
ble (16), un passage d’'entrée (17) par lequel le
fluide est conduit de la chambre d’alimentation
(15) a la chambre de pompe (16), une sortie (14)
par laquelle le fluide est déchargé de la chambre
de pompe, un organe de déplacement (25) asso-
cié a la chambre de pompe (16) et se déplagant
dans des directions opposées le long d’une tra-
jectoire prédéterminée de maniére a traverser
une zone de déplacement variable de la chambre
de pompe (16) pour augmenter et réduire alterna-
tivement le volume de la chambre, un moyen
d’entrainement (22) pour déplacer I'organe de dé-
placement (25) dans au moins une direction pour
réduire le volume de la chambre de pompe, et un

10

15

20

25

30

35

40

45

50

55

14

26

moyen de soupape d’entrée (23) pour fermer le
passage d’entrée (13) de maniére a empécher le
reflux de fluide hors de la chambre de pompe (16)
via le passage d’entrée (17), caractérisée en ce
que la chambre d’alimentation (15) est un réser-
voir pouvant loger des volumes variables de flui-
de & pomper et est disposée généralement laté-
ralement alazone de déplacementde la chambre
de pompe (16) et entoure sensiblement ladite
zone et en ce que le passage d’'entrée (17) est
sensiblement dans le prolongement de la cham-
bre d’alimentation (15) et s’ouvre sur la chambre
de pompe (16) via une ouverture en forme d’es-
pace allongée dans une paroi limite de la cham-
bre de pompe (16) située généralement latérale-
ment a la zone de déplacement, de maniére que
le fluide puisse s’écouler de la chambre d’alimen-
tation (15) a la chambre de pompe (16) via le pas-
sage d’entrée (17) sans pratigquement aucune
chute de pression.

Pompe selon la revendication 1, caractérisée en
ce que la chambre de pompe (16) comprend un
élément de paroi mobile qui peut étre engagé par
I'organe de déplacement (25) lors de la course de
distribution et dégagé de l'organe de déplace-
ment lors de la course d’aspiration de maniére
que le volume déplacé de la pompe soit créé par
I'alimentation en fluide depuis la chambre d’ali-
mentation (15).

Pompe selon la revendication 1 ou 2, caractéri-
sée en ce que la chambre de pompe (16) est gé-
néralement ronde.

Pompe selon l'une quelconque des revendica-
tions 1 & 3, caractérisée en ce que les dimensions
de la chambre de pompe (16) transversalement a
la direction de déplacement de I'organe de dépla-
cement (25) sont légérement supérieures aux di-
mensions dans ladite direction de déplacement.

Pompe selon l'une quelconque des revendica-
tions 1 a 4, caractérisée en ce que la sortie (14)
est située sensiblement au centre d’'une paroifixe
transversale de la chambre de pompe (16) al’op-
posé de I'organe de déplacement (25).

Pompe selon l'une quelconque des revendica-
tions 1 & 5, caractérisée en ce que la chambre
d’alimentation (15) est adaptée a recevoir un ap-
port continu de fluide étant pompé et a décharger
au moins une portion de son contenu dans la
chambre de pompe (16) via le passage d’entrée
(17) lorsque le moyen de soupape d’entrée (23)
est ouvert tout en servant de réservoir de fluide
lorsque le moyen de soupape d’entrée est fermé.
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Pompe selon la revendication 2, caractérisée en
ce que I'élément de paroi mobile de la chambre
de pompe (16) est fait d’'un matériau flexible et est
déformé et déplacé par I'organe de déplacement
(25) durant au moins une partie de la course de
distribution de la pompe.

Pompe selon la revendication 7, caractérisée en
ce que I’élément de paroi mobile est une partie de
la paroi limite latérale de la chambre de pompe
(16) et forme une paroi du passage d’entrée (17),
et dans laquelle le moyen de soupape comprend
un élément de soupape a étranglement (23-1, 23-
2) engageant ladite partie de paroi limite latérale
et mobile de maniére & déplacer ladite partie de
paroi limite en travers de I'ouverture et donc fer-
mer le passage d’entrée, et un moyen d’entraine-
ment (24-1, 24-2) pour déplacer périodiquement
I'élément de soupape a étranglement en travers
de 'ouverture.

Pompe selon la revendication 3, caractérisée en
ce que le moyen de soupape d’entrée comprend
un volet sensiblement annulaire (23) de matériau
flexible fixé le long d’'un bord a une paroi du pas-
sage d’entrée (17) et dont I'autre bord est libre
pour se déplacer jusqu'a une position ouverte
pour permettre I'apport de fluide dans la chambre
de pompe (16) et jusqu’a une position fermée en
engagement avec I'autre paroi du passage d’'en-
trée pour empécher le reflux de fluide depuis la
chambre de pompe via le passage d’entrée.

Pompe selon la revendication 3, caractérisée en
ce que le moyen de soupape d’entrée (23-3)
comprend un premier volet annulaire de matériau
flexible fixé le long d’'un bord a une paroi du pas-
sage d’entrée (17-3) et un second volet annulaire
de matériau flexible fixé le long d’'un bord a l'autre
paroi du passage d’entrée, les deux autres bords
des volets étant libres pour se déplacer jusqu’a
une position ouverte pour permettre I'apport de
fluide dans la chambre de pompe (16-3) et jus-
qu’a une position fermée en engagement mutuel
pour empécher le reflux de fluide depuis la cham-
bre de pompe (16-3) via le passage d’entrée (17-
3).

Pompe selon l'une quelconque des revendica-
tions 1 a 10, caractérisée en ce que la chambre
d’alimentation (15) et la chambre de pompe (16)
sont formées par un premier et un second élé-
ment de paroi espacés et superposés, au moins
un élément de paroi étant fait d’'un matériau flexi-
ble et comprenant une premiére portion pouvant
étre engagée et déplacée par I'organe de dépla-
cement (25) pour faire varier le volume de la
chambre de pompe (186) et une deuxiéme portion

10

15

20

25

30

35

40

45

50

55

15

12.

13.

14.

15.

16.

17.

28

qui forme une paroi du passage d’entrée (17).

Pompe selon la revendication 11, caractérisée en
ce que le moyen de soupape comprend un élé-
ment de soupape a étranglement engageant ladi-
te deuxiéme portion de ladite une paroi, un
moyen d’entrainement pour déplacer de maniére
cyclique I'élément de soupape a étranglement sur
une partie seulement en travers du passage d’en-
trée, etune soupape a volet flexible fixée al'autre
paroi du passage d’entrée et ayant un bord libre
mobile de maniére a s’engager avec ladite
deuxiéme portion de ladite une paroi en réponse
a la pression de fluide dans la chambre de pom-

pe.

Pompe selon la revendication 11, caractérisée en
ce que la paroi limite latérale de la chambre de
pompe (16) est généralement ronde et la cham-
bre d’alimentation (15) est généralement annulai-
re et entoure complétement la chambre de pom-

pe.

Pompe selon la revendication 11, caractérisée en
ce que la chambre d’alimentation (13-1, 13-2, 13-
3) etla chambre de pompe (16-1, 16-2, 16-3) sont
annulaires et la sortie de la chambre de pompe
est une ouverture annulaire (18-1, 18-2, 18-3) si-
tuée a une limite interne de la chambre de pompe
généralement latéralement a la zone de déplace-
ment.

Pompe selon la revendication 14, caractérisée
par une soupape de sortie qui comprend un élé-
ment de soupape mobile (20-1, 20-2) engageant
une troisieme portion de I'élément de paroi flexi-
ble et un moyen d’entrainement (22-1, 22-2) pour
faire aller et venir I'élément de soupape afin de
déplacer ladite troisieme portion de I'élément de
paroi flexible pour I'engager avec un bord opposé
de I'ouverture de sortie (18-1, 18-2) et la dégager
dudit bord pour la fermer et 'ouvrir.

Pompe selon la revendication 11, caractérisée en
ce que I'élément de paroi inférieur desdits élé-
ments de paroi espacés et superposés est flexi-
ble et en ce que la pompe comprend un moyen
(10, 27) pour supporter une portion supplémen-
taire de I'élément de paroi flexible, la portion sup-
plémentaire formant la paroi inférieure de la
chambre d’alimentation (15).

Pompe selon larevendication 16, caractérisée en
ce que le moyen pour supporter la portion supplé-
mentaire de I'élément de paroi flexible comprend
un ou plusieurs rouleaux (27-1, 27-4) et un moyen
pour faire tourner les rouleaux selon une trajec-
toire orbitale le long de la chambre d’alimentation
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(15-1, 15-4) pour agiter de maniére continue le
fluide dans la chambre d’alimentation.

Pompe selon la revendication 16, caractérisée en
ce que le moyen pour supporter la portion supplé-
mentaire de I'élément de paroi inférieur est un
élément fixe rigide (10).

Pompe selon I'une quelconque des revendica-
tions 1 a 18, caractérisée en ce qu’'un moyen de
soupape de sortie (20) est disposé dans la sortie
(14).

Pompe selon I'une quelconque des revendica-
tions 1 4 19, caractérisée parune chambre de vo-
lume variable de second niveau (16-8A, 16-9A,
16-10A) en communication avec la sortie (14-8,
14-9, 14-10) de la chambre de pompe (16-8B, 16-
9B,16-10B) pour recevoir le fluide déchargé de la
chambre de pompe, une soupape a une voie (31-
8, 31-9, 31-10) dans la sortie de la chambre de
pompe pour empécher le reflux de fluide de la
chambre de second niveau ala chambre de pom-
pe, un passage de décharge depuis la chambre
de second niveau, un organe de déplacement de
second niveau (25-8A, 25-9A, 25-10A) mobile
pour augmenter et réduire alternativement le vo-
lume de la chambre de second niveau, et un
moyen d’entrainement (26-8A, 26-9A, 26-10A)
pour déplacer I'organe de déplacement de se-
cond niveau dans au moins une direction pour di-
minuer le volume de la chambre de second ni-
veau .

Pompe selon la revendication 20, caractérisée en
ce que le moyen d’entrainement comprend une
source d’énergie externe.

Pompe selon la revendication 20, caractérisée en
ce que le moyen d’entrainement pour I'organe de
déplacement de second niveau est un ressort qui
emmagasine I'énergie lorsque le volume de la
chambre de second niveau est augmenté par
I'apport de fluide depuis la chambre de pompe et
libére I'énergie emmagasinée lorsqu’il n’y a pas
d'apport de fluide de la chambre de pompe a la
chambre de second niveau.

Pompe selon I'une quelconque des revendica-
tions 20 a 22, caractérisée en ce que le volume
déplacé de la chambre de pompe (16-8B, 16-9B,
16-10B) est égal a deux fois environ le volume dé-
placé de la chambre de second niveau (16-8A,
16-9A, 16-10A).

Pompe selon I'une quelconque des revendica-
tions 20 a 23, ca ractérisée en ce que la chambre
de pompe (16-8B, 16-9B) est sensiblement annu-

10

15

20

25

30

35

40

45

50

55

16

25,

26.

30

laire et la chambre de second niveau (16-8A, 16-
9A) est sensiblement ronde et est située généra-
lement latéralement a la chambre de pompe et
est entourée par ladite chambre de pompe.

Pompe selon I'une quelconque des revendica-
tions 20 a 24, caractérisée en ce que la chambre
d’alimentation (15-10) est sensiblement annulai-
re, la chambre de pompe (16-10B) est sensible-
ment ronde, la sortie est un passage générale-
ment latéral depuis la chambre de pompe et la
chambre de second niveau (16-10A) est sensi-
blement ronde et est disposée latéralement a la
chambre de pompe et prés de celle-ci.

Pompe selon I'une quelconque des revendica-
tions 1 a 25, caractérisée en ce que la capacité
en volume de la chambre d’alimentation (15) est
au moins égale a celle de la chambre de pompe
(16).
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