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Description
FIELD OF THE INVENTION

[0001] The present invention relates to positive-dis-
placement turbines and pumps and, more particularly, to
turbines and pumps having a fluid-driven rotor mounted
in a rotor casing or stator.

BACKGROUND OF THE INVENTION

[0002] Many industrial and consumer processes re-
quire an energy input, such as a fuel or other fluid (liquid
or gas) at a relatively high energy state, and also produce
a waste fluid (liquid or gas) at a lower energy state, but
which still contains usable energy. There are known ma-
chines or processes for capturing some of the remaining
energy inthe waste fluid, and to use this energy to elevate
the energy level of the input fluid in order to yield an over-
all increase in process efficiency. For example, a com-
bustion engine may be fitted with a turbopump (also
known as a turbocharger) that is driven by residual en-
ergy in exhaust gases, to increase the fluid pressure in
the combustion chambers and yield a higher energy out-
put of the engine than would otherwise be possible. In a
similar fashion, energy recovery devices can be em-
ployed on reverse osmosis water purification systems,
refrigeration processes, steam processes, and chemical
refining processes.

[0003] Sliding-vane prime mover technology is gener-
ally known for use in positive-displacement devices that
function by changing chamber volume. The change in
chamber volume is accomplished by a sliding vane
mounted to a rotor and following a cam-style surface of
a rotor casing, which changes the chamber volume as
the rotor spins and the sliding vane or vanes are driven
along the cam-style surface. Such devices may be driven
by an outside power source to produce a pumping or
compressing effect, or the pressure or flow energy may
be extracted to produce a turbine or expander effect. For
example, such devices may be used in hydraulics, cry-
ogenics, industrial fluid transfer, and the like. FR22034 34
discloses a positive-displacement unitary pump and tur-
bine having the features of the preamble of claim 1.

SUMMARY OF THE INVENTION

[0004] The present invention provides an energy ex-
changing unitary pump and turbine device capable of
transferring energy from one fluid to another fluid, where
the fluids may be liquids, gases, or combinations thereof.
The device utilizes a pump and turbine rotor mounted in
a rotor casing having a contoured or cam-like wall that
cooperates with the rotor to form a plurality of lobes. The
arrangements of the lobes relative to one another, and
the introduction and exhausting of a charging or working
fluid and a separate feed fluid, are such that the rotor is
substantially radially balanced (i.e., zero net radial force
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acting on the rotor during operation), and which has a
relatively low parts-count and is readily accessible and
serviceable without removing the rotor casing from the
overall system in which it is used. The device may use
sliding vanes along the rotor to operate as a positive dis-
placement turbine/expander and pump/compressor,
which are integrated into a single-rotor unitary pump and
turbine.

[0005] According to one aspect of the present inven-
tion, there is provided a positive-displacement unitary
pump and turbine as claimed in claim 1. The rotor cham-
ber has a contoured or cam-like wall forming a plurality
of lobes, which include at least first, second, third, and
fourth lobes. The contoured wall has an inlet port and an
outlet port defined at each of the lobes, for introducing
and discharging fluids during operation of the unitary
pump and turbine. The vanes are mounted at the rotor
and are spaced circumferentially around an outer rotor
surface, the vanes having respective distal ends or end
portions that slidably engage the contoured wall of the
rotor casing. The rotor is rotatably drivable by a charging
fluid that is introduced into the first and second lobes at
a higher energy state, via the respective inlet ports, and
by discharging or exhausting the charging fluid at a lower
energy state via respective outlet ports of the first and
second lobes. The rotor is operable to elevate the energy
state of a feed fluid from a lower energy state upon en-
tering the third and fourth lobes via respective inlet ports,
and subsequently exiting the third and fourth lobes at a
higher energy state via respective outlet ports.

[0006] The lobes, the inlet and outlet ports, and the
vanes are arranged so thatduring operation of the unitary
pump and turbine, the higher energy charging fluid, the
lower energy charging fluid, the lower energy feed fluid,
and the higher energy feed fluid, act in combination on
the rotor to apply a net radial force of substantially zero
to the rotor, so that the rotor is substantially radially bal-
anced during operation.

[0007] The first lobe may be positioned directly across
from the second lobe, and the third lobe is located or
positioned substantially directly across from the fourth
lobe.

[0008] The unitary pump and turbine may further in-
clude first and second high energy charging fluid con-
duits, first and second low energy charging fluid conduits,
first and second low energy feed fluid conduits, and first
and second high energy feed fluid conduits. The first high
energy charging fluid conduit has a downstream end in
communication with the first lobe at its inlet port, and the
second high energy charging fluid conduit has a down-
stream end in communication with the second lobe at its
inlet port. The first low energy charging fluid conduit has
an upstream end in communication with the first lobe at
its outlet port, and the second low energy charging fluid
conduit has an upstream end in communication with the
second lobe at its outlet port. The first low energy feed
fluid conduit has a downstream end in communication
with the third lobe at its inlet port, and the second low
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energy feed fluid conduit has a downstream end in com-
munication with the fourth lobe at the inlet port. The first
high energy feed fluid conduit has an upstream end in
communication with the third lobe at its outlet port, and
the second high energy feed fluid conduit has an up-
stream end in communication with the fourth lobe at its
outlet port.

[0009] Optionally, the rotor casing is unitarily formed
with the high energy charging fluid conduit, the low en-
ergy charging fluid conduit, the low energy feed fluid con-
duit, and the high energy feed fluid conduit to form a one-
piece pump and turbine body.

[0010] Therotorchambermay be configured to receive
the charging fluid and the feed fluid in the form of respec-
tive compressible fluids or gases, so that each of the
lobes forms a compression-expansion chamber.

[0011] According to another embodiment of the
present invention, a positive-displacement unitary pump
and turbine energy exchanger includes a rotor casing
defining a rotor chamber, a rotor positioned in the rotor
chamber, a plurality of sliding vanes mounted at the rotor,
a high energy charging fluid conduit, a low energy charg-
ing fluid conduit, a low energy feed fluid conduit, and a
high energy feed fluid conduit. The contoured wall of the
rotor casing forms at least four lobes of the rotor chamber,
with a first lobe positioned substantially across from a
second lobe, and a third lobe positioned substantially di-
rectly across from a fourth lobe. Each of the lobes has
at least one inlet port and at least one outlet port defined
in the contoured wall. The rotor has an outer rotor surface
that is spaced inwardly from the contoured wall at the
four lobes, and the sliding vanes are spaced circumfer-
entially around the outer rotor surface, with proximal end
portions received in the rotor and distal end portions con-
figured to engage the contoured wall. The high energy
charging fluid conduit has a first outlet in communication
with the first lobe at its inlet port, and a second outlet in
communication with the second lobe at its inlet port. The
low energy charging fluid conduit has a first inlet in com-
munication with the first lobe at its outlet port, and a sec-
ond inlet in communication with the second lobe at its
outlet port. The low energy feed fluid conduit has a first
outletin communication with the third lobe at its inlet port,
and a second outletin communication with the fourth lobe
atits inlet port. The high energy feed fluid conduit has a
first inlet in communication with the third lobe at its outlet
port, and a second inlet in communication with the fourth
lobe at its outlet port. The rotor is rotatably drivable by a
charging fluid entering the first and second lobes at a
higher energy state via the high energy charging fluid
conduit, with the charging fluid exiting the firstand second
lobes at a low energy state via the low energy charging
fluid conduit. The rotor is operable to convert a feed fluid
entering the third and fourth lobes at a lower energy state
via the low energy feed fluid conduit into a higher energy
state upon exiting the third and fourth lobes via the high
energy feed fluid conduit.

[0012] The rotor casing may be unitarily formed with
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the high energy charging fluid conduit, the low energy
charging fluid conduit, the low energy feed fluid conduit,
and the high energy feed fluid conduit. Optionally, the
rotor casing and the various fluid conduits identified
above are unitarily formed from a cast metal alloy. For
example, the high energy charging fluid conduit has sep-
arate conduit sections corresponding to respective ones
of the first and second inlet ports of the first and second
lobes, where the separate conduit sections of the high
energy charging fluid conduit are in fluid communication
with one another at an upstream end thereof. Similarly,
the low energy charging fluid conduit includes separate
conduit sections corresponding to the respective outlet
ports of the first and second lobes, where the separate
conduit sections are in fluid communication with one an-
other at a downstream end. The low energy feed fluid
conduit includes separate conduit sections in fluid com-
munication with the inlet ports of the third and fourth
lobes, with the separate conduit sections being in fluid
communication with one another at an upstream end
thereof. The high energy feed fluid conduit includes sep-
arate conduit sections in fluid communication with re-
spective outlet ports of the third and fourth lobes, where
the separate conduit sections are in fluid communication
with one another at a downstream end thereof.

[0013] The various fluid conduits identified above may
be bifurcated into separate conduit sections for simulta-
neously feeding fluid to (or receiving fluid from) corre-
sponding cross-chamber pairs of lobes.

[0014] The contoured wall of the rotor casing may form
exactly four chamber lobes, and there are exactly ten of
the sliding vanes spaced evenly along the outer rotor
surface for sliding engagement with the contoured wall.
[0015] The rotor and the sliding vanes may be config-
ured so that the sliding vanes are independently movable
inwardly and outwardly in a radial direction as the rotor
is rotatably driven in the rotor chamber. Optionally, the
sliding vanes are substantially rigid and are generally rec-
tangular in shape.

[0016] The unitary pump and turbine energy exchang-
er may include a fluid dynamic bearing and bearing hous-
ing, which are coupled to the rotor casing, and with the
bearing housing at least partially covering or enclosing
the rotor chamber. The bearing rotatably supports the
rotor at the bearing housing. The rotor and vanes may
be removable from the rotor chamber upon removal of
the bearing housing from the rotor casing. Optionally, the
bearing housing has an outer surface that forms an out-
ermost surface of the unitary pump and turbine energy
exchanger.

[0017] The at least four lobes of the chamber, the inlet
and outlet ports, and the sliding vanes, may be arranged
so that each of (i) the higher energy charging fluid, (ii)
the lower energy feed fluid, (iii) the lower energy charging
fluid, and (iv) the higher energy feed fluid, acting in com-
bination on the rotor, apply a net radial force of substan-
tially zero to the rotor during its operation.

[0018] According to a further aspect of the present in-
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vention, there is provided a method for operating a pos-
itive-displacement unitary pump and turbine as claimed
in claim 14. The method includes rotatably drivinga pump
or turbine rotor by introducing a charging fluid at a higher
energy state into first and second lobes of a rotor cham-
ber, where the firstand second lobes are located opposite
one another and are defined between a contoured wall
of a rotor casing and the rotor, which has a plurality of
vanes mounted at that or along an outer surface thereof,
where the charging fluid is exhausted at a lower energy
state out of the firstand second lobes. The method further
includes energizing a feed fluid with the pump or turbine
rotor by introducing the feed fluid at a lower energy state
into third and fourth lobes of the rotor chamber, the third
and fourth lobes located opposite one another and de-
fined between the contoured wall and the rotor, and then
discharging the feed fluid at a higher energy state out of
the third and fourth lobes.

[0019] Thus, the positive-displacement unitary pump
and turbine of the present invention provides a single-
rotor energy exchanger that is radially balanced and is
operable to transfer energy from a charging fluid stream
to a feed fluid stream, in order to elevate the energy state
ofthe feedfluid stream, such as by increasingits pressure
and/or temperature. The rotor may be fitted with a plu-
rality of sliding vanes, and the rotor chamber is designed
with an even number of lobes that may be circumferen-
tially spaced so that the rotor is radially balanced during
operation. The resulting unitary pump and turbine has a
relatively small number of parts and is readily serviceable
in the field simply by removing a cap or cover to access
the rotor and vanes, and associated bearings or the like.
[0020] Theseandotherobjects, advantages, purposes
and features of the present invention will become appar-
ent upon review of the following specification in conjunc-
tion with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

FIG. 1 is a perspective view of a unitary pump and
turbine energy exchanger in accordance with the
present invention;

FIG. 2 is an exploded perspective view of the unitary
pump and turbine energy exchanger of FIG. 1;

FIG. 3 is a front elevation of the unitary pump and
turbine energy exchanger, with cap removed, and
showing internal structure including fluid paths in
phantom lines;

FIG. 4 is a front elevation depicting the fluid paths
through the unitary pump and turbine energy ex-
changer;

FIG. 5 is a side sectional elevation of the unitary
pump and turbine energy exchanger, taken along
section line V-V in FIG. 1; and

FIG. 6 is a side sectional elevation of the unitarily-
formed rotor casing and fluid conduits of the unitary
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pump and turbine energy exchanger, taken along
section line VI-VI in FIG. 2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] Referring now to the drawings and the illustra-
tive embodiment depicted therein, a positive-displace-
ment single-rotor unitary pump and turbine 10 is config-
ured for use as a fluid energy exchanger. Unitary pump
and turbine 10 includes a pump or turbine body 12 which,
in the illustrated embodiment, is formed as a unitary cast-
ing including a rotor casing or stator 14, a bifurcated high
energy charging fluid conduit 16, a bifurcated low energy
charging fluid conduit 18, a bifurcated low energy feed
fluid conduit 20, and a bifurcated high energy feed fluid
conduit22 (FIGS. 1-3). As will be described in more detail
below, each fluid conduit is in fluid communication with
a respective chamber lobe formed in rotor casing 14, so
that unitary pump and turbine 10 is operable to elevate
an energy state of a feed fluid 24 using energy from a
charging fluid 26, such as shown diagrammatically in
FIG. 4.

[0023] Turbine 10 includes a generally cylindrical rotor
28 thatfits into a rotor chamber 30 defined in rotor casing
14, such as shown in FIG. 2. A bearing cover or cap 32
encloses rotor chamber 30, and is held in place with a
plurality of threaded fasteners 34 that are received in
respective threaded bores 36 formed in an outer rim 38
of rotor casing 14. An O-ring gasket 40 is seated between
bearing cover 32 and outer rim 38 (FIGS. 2 and 5) to seal
off rotor chamber 30 from the outside environment. Op-
tionally, bearing cover 32 includes a central bore 32a and
an outboard bore 32b, which may be used to introduce
lubrication or cleaning fluids, or pressurized gas or fluid,
into rotor 28 and rotor chamber 30, for example. Rotor
28 has a generally cylindrical outer surface 42 in which
is formed a plurality of radially-aligned slots for receiving
respective sliding vanes 46 that engage a cam-like con-
toured wall 48 that defines an outer periphery of rotor
chamber 30.

[0024] As bestshownin FIGS. 3 and 4, rotor chamber
30 has four lobes including a first lobe 50 located gener-
ally at the three o’clock position as viewed in FIGS. 3 and
4, a second lobe 52 located at the nine o’clock position
across from first lobe 50, a third lobe 54 located generally
at the twelve o’clock position, and a fourth lobe 56 located
generally at the six o’clock position opposite third lobe
54. Each lobe includes a respective fluid inlet 58 and fluid
outlet 60 defined in contoured wall 48, with each fluid
inlet 58 and each fluid outlet 60 being in fluid communi-
cation with a respective one of the fluid conduits 16, 18,
20, 22, as will be described below.

[0025] Intheillustrated embodiment, each fluid conduit
16, 18, 20, 22 is bifurcated into two separate conduit por-
tions (designated with ’a’ and ’b’ suffixes) that come to-
gether and are in fluid communication with one another
at locations spaced distally from rotor casing 14. High
energy charging fluid conduit 16 includes a first conduit
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portion 16ain fluid communication at its downstream end
with first lobe 50 at its inlet 58, and a second high energy
charge fluid conduit portion 16b having a downstream
end that is in fluid communication with second lobe 52
atitsinlet 58. Bifurcated low energy charging fluid conduit
18includes afirst conduit portion 18a having an upstream
end in fluid communication with first lobe 50 at its fluid
outlet 60, and a second conduit portion 18b having an
upstream end in fluid communication with second lobe
52 at its fluid outlet 60. Low energy feed fluid conduit 20
includes a first conduit portion 20a having a downstream
end in fluid communication with third lobe 54 at its fluid
inlet 58, and a second conduit portion 20b having a down-
stream end in fluid communication with fourth lobe 56 at
its fluid inlet 58. Bifurcated high energy feed fluid conduit
22includes afirst conduit portion 22a having an upstream
end in fluid communication with third lobe 54 at its fluid
outlet 60, and a second portion 22b having an upstream
end in fluid communication with fourth lobe 56 at its fluid
outlet 60.

[0026] The first and second conduit portions 16a, 16b
of high energy charging fluid conduit 16 join and are in
fluid communication with one another at a high pressure
charging fluid fitting or inlet 62. The first and second con-
duitportions 18a, 18b of low energy charging fluid conduit
18 join and are in fluid communication with one another
at a low pressure charging fluid outlet or fitting 64. The
first and second conduit portions 20a, 20b of low energy
feed fluid conduit 20 join and are in fluid communication
with one another at a low energy feed fluid inlet or fitting
66. The firstand second conduit portions 22a, 22b of high
energy feed fluid conduit 22 join and are in fluid commu-
nication with one another ata high energy feed fluid outlet
for fitting 68.

[0027] This arrangement of fluid conduits permits feed
fluid 24 and charging fluid 26 to be directed into their
respective portions (lobes) of rotor chamber 30 at oppo-
site sides thereof, so that the radial pressure applied to
rotor 28 is balanced by substantially equal fluid pressures
in first lobe 50 and second lobe 52, and by substantially
equal fluid pressures in third lobe 54 and fourth lobe 56.
This results in a balancing of forces because first lobe
50 is located directly across from second lobe 52, and
third lobe 54 is located directly across from fourth lobe
56. In addition, the locations of fluid inlets 58 and outlets
60, as well as the number (ten are shown) and spacing
of sliding vanes 46, may be selected so that respective
vanes 46 that are directly opposite from one another are
positioned at corresponding locations in their respective
lobes as rotor 28 turns (FIGS. 3 and 4), so that the vol-
umes of high and low pressure charging fluid 26 in first
lobe 50 are equal to the volumes of high and low pressure
charging fluid 26 in second lobe 52, and so that the vol-
umes of high and low pressure feed fluid 24 in third cham-
ber 54 is equal to the volumes of high and low energy
feed fluid 24 in fourth lobe 56. Thus, during normal op-
eration of rotor 28, the rotor experiences little or mechan-
ically negligible net radial force, which reduces wear and
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facilitates the efficient and low-maintenance operation of
the pump or turbine. The use of single inlets 62, 64, 66,
68 for bifurcated fluid conduits also permits single cou-
plings for separate conduit portions, while ensuring that
the fluid pressure in each conduit portion is equal to that
in the corresponding conduit portion, thus also ensuring
substantially equal fluid pressures in the respective lobes
50, 52, and 54, 56 that are located directly across from
one another.

[0028] Turbine body 12, including rotor casing 14 and
fluid conduits 16, 18, 20, 22 and fluid fittings 62, 64, 66,
68, may be unitarily formed as a one-piece unit, such as
via a casting process utilizing ferrous or non-ferrous alloy,
such as steel or aluminum alloys. However, it is further
envisioned that non-metals may be used, such as ther-
moplastics, fiber-reinforced thermoplastics, thermoset
plastics, and fiber-reinforced thermoset plastics. It is fur-
ther envisioned that the fluid conduits and rotor casing
may be made from plastics or relatively weaker materials,
with a hardened insert (such as a metal liner) used to
form contoured wall 48, which may be integrated with
outer rim 38 to form wear-resistant and strong bores 36.
[0029] Optionally, and as shown, pump or turbine body
12 includes a pair of base brackets 70 and an upper
bracket 72, such as shown in FIGS. 1-3, to facilitate
mounting unitary pump and turbine 10 in a desired loca-
tion within a system. Finishing steps on pump or turbine
body 12 may be completed by machining male threads
at each fluid fitting 62, 64, 66, 68, by machining outer rim
38 and bores 36, and by machining contoured wall 48 of
rotor chamber 30 to achieve desired tolerances and sur-
face finishes. Optionally, finishing steps on unitary pump
and turbine body 12 may be completed by machining the
various fluid fittings with other common fluid piping con-
nections, such as grooved style fittings, pipe flanges, or
the like.

[0030] As noted above, rotor 28 includes sliding vanes
46 that engage and slide along contoured wall 48 of rotor
chamber 30 as the rotor spins within the rotor chamber.
Sliding vanes 46 each include a proximal edge portion
46a that is received in a respective slot 44 along an outer
surface 42 of the rotor 28, and a distal edge portion 46b
that slides along contoured wall 48. In the illustrated em-
bodiment, vanes 46 are generally rectangular in shape
and are made of a substantially rigid material, such as
metal or reinforced plastic. However, it is envisioned that
flexible vanes may be suitable for some applications, in-
cluding flexible vanes that could be integrally formed with
a rotor body, without departing from the spirit and scope
of the present invention. Vanes 46 are substantially free
to slide radially inwardly and outwardly as they follow the
contoured wall 48, including the lobes 50, 52, 54, 56.
[0031] Although itis envisioned that rotor 28 may spin
at sufficient speed so that centrifugal force urges vanes
46 radially outwardly into contact with contour wall 48, it
is further envisioned that, optionally, biasing members
such as resilient springs or the like may be inserted into
radially-aligned bores 74 (FIG. 5) that are open to slots
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44 and used to bias the vanes 46 radially outwardly to
help ensure contact with contoured wall 48 even at low
rotational speeds of rotor 28. Optionally, a pressurized
gas or liquid (e.g., hydraulic fluid) could be introduced
into a hollow central region of rotor 28, such as via central
bore 32a of bearing cover 32 (FIG. 5), to pressurize slots
44 via bores 74 and thus urge vanes 46 radially outward-
ly, assuming sufficiently tight tolerances of vanes 46 in
slots 44.

[0032] To operate unitary pump and turbine 10, high
pressure charging fluid inlet or fitting 62 is coupled to a
high energy charging fluid source, low energy charging
fluid fitting or outlet 64 is coupled to a conduit or other
component for receiving low energy charging fluid 26,
low energy feed fluid inlet or fitting 66 is coupled to a
source of low energy feed fluid 24, and high energy feed
fluid outlet or fitting 68 is coupled to a conduit or other
device configured to receive the high energy feed fluid
22. Referring to FIGS. 3 and 4, high energy charging fluid
26ais introduced into the high energy charging fluid con-
duit 16, whereupon it divides or bifurcates into first portion
16a and second portion 16b for routing to the respective
fluid inlet 58 at first lobe 50 and second lobe 52. High
energy charging fluid 26a acts upon the vane or vanes
46 that are exposed to high energy charging fluid 26a,
which begins to drive rotor 28 in a clockwise direction as
viewed in FIGS. 3 and 4. As rotor 28 continues to rotate,
the high energy charging fluid 26a loses some of its en-
ergy (e.g. fluid pressure) to the driving of rotor 28, and is
subsequently vented or discharged as low energy charg-
ing fluid 26b out of first lobe 50 and second lobe 52
through the respective fluid outlets 60, once the fluid out-
lets are exposed to low energy charging fluid 26b by the
position of vanes 46. Two streams of low energy charging
fluid 26b flow away from rotor chamber 30 via respective
low energy charging fluid conduit portions 18a, 18b until
rejoining at low energy charging fluid fitting 64. As noted
above, because first lobe 50 is located directly across
from second lobe 52, the radial forces applied to rotor 28
by charging fluid 26 are balanced across the rotor.
[0033] As rotor 28 is being rotationally driven by the
charging fluid 26, low energy feed fluid 24a is introduced
through low energy feed fluid inlet 66 whereupon it is
bifurcated and directed to the respective fluid inlets 58
of third lobe 54 and fourth lobe 56 via first conduit portion
20a and second conduit portion 20b until a charge of low
energy feed fluid 24ais closed offin each lobe by adjacent
vanes 46, after which further rotation of rotor 28 causes
the feed fluid 24 to be compressed and/or pressurized
as itapproaches and eventually exits the respective fluid
outlets 60 of third lobe 54 and fourth lobe 56, whereupon
the feed fluid 24 is at a higher energy state 24b and travels
through first conduit portion 22a and second conduit por-
tion 22b to eventually rejoin at high energy feed fluid out-
let for fitting 68. As noted above, because third lobe 54
is located directly across from fourth lobe 56, the radial
forces applied by the feed fluid 24 to rotor 28 are balanced
across the rotor.
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[0034] Accordingly, unitary pump and turbine 10 oper-
ates continuously to exchange energy from charging fluid
26 to feed fluid 24 utilizing a single rotor 28 turning in a
single rotor chamber 30 having at least four lobes, with
two lobes 50, 52 dedicated to charging fluid 26, and two
lobes 54, 56 dedicated to feed fluid 24. Rotor 28 is radially
balanced during operation, and is readily accessible for
service or maintenance via a single cover that may also
support a fluid dynamic rotor bearing or the like. Unitary
pump and turbine 10 is readily serviceable in a system
in which it is mounted, often without need for removing
the casing from the system, and even without discon-
necting the casing from the various fluid sources or con-
duits to which it is coupled. While unitary pump and tur-
bine 10 can be made highly efficient with minimal energy
loss, it will be appreciated that the energy drop between
low energy charging fluid 26b and high energy charging
fluid 26a will necessarily be greater than the energy gain
between low energy feed fluid 24a and high energy feed
fluid 24b, due to frictional losses, flow energy losses in
the conduits, and the like.

[0035] Although the unitary pump and turbine energy
exchanger of the illustrated embodiment has exactly four
lobes 50, 52, 54, 56 and exactly ten vanes 46 that are
evenly spaced circumferentially around rotor 28, it will be
appreciated that a unitary pump and turbine energy ex-
changer may be configured with different numbers of
lobes and different number of vanes, without departing
from the spirit and scope of the present invention. For
example, substantially any even number of lobes, four
or greater, may achieve substantially the same balanced-
force effect as the four-lobe embodiment that is primarily
described herein. In the case of a six-lobe variant, for
example, three lobes would be spaced at 120-degree
intervals for receiving and discharging the charging fluid,
while three other lobes would be interspersed at 120-
degree intervals (i.e., one lobe every 60-degrees) for
handling the feed fluid, while still permitting balanced ra-
dial forces along the rotor. Itis further envisioned that the
charging fluid conduits and feed fluid conduits could be
eliminated or substantially shortened, such as to reduce
complexity and cost of casting molds, so that the fluids
would be introduced and discharged from the rotor cham-
ber via separate conduits that are coupled directly to the
rotor casing, or to respective short conduits associated
with the casing.

[0036] Changes and modifications in the specifically-
described embodiments may be carried out without de-
parting from the scope of the appended claims.

Claims

1. A positive-displacement unitary pump and turbine
(10) comprising:

a rotor casing (14) defining a rotor chamber (30)
having a contoured wall (48) forming a plurality
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of lobes (50,52,54,56) of said chamber, said
lobes comprising at least a first lobe (50), a sec-
ond lobe (52), a third lobe (54) and a fourth lobe
(56);

an inlet port (58) and an outlet port (60) defined
in said contoured wall (48) at each of said lobes
(50,52,54,56);

a rotor (28) positioned in said rotor chamber
(30), said rotor (28) having an outer rotor surface
(42) spaced inwardly from said contoured wall
(48) atsaid atleastfour lobes (50,52,54,56); and
a plurality of vanes (46) mounted at said rotor
(28) and spaced circumferentially around said
outer rotor surface (42), said vanes (46) having
distal end portions (46b) configured to slidably
engage said contoured wall (48);

wherein said rotor (28) is rotatably drivable by a
charging fluid (26) at a higher energy state (26a)
entering said first and second lobes (50,52) at
respective ones of said inlet ports (58) and the
charging fluid (26) exiting said first and second
lobes (50,52) at a lower energy state (26b) via
respective ones of said outlet ports (60);
wherein said rotor (28) is operable to convert a
feed fluid (24) at a lower energy state (24a) en-
tering said third and fourth lobes (54,56) via re-
spective ones of said inlet ports (58) into a higher
energy state (24b) upon exiting said third and
fourth lobes (54,56) via respective ones of said
outlet ports (60); characterised in that said
lobes (50,52,54,56), said inlet and outlet ports
(58,60), and said vanes (46) are arranged so
that each of (i) the higher energy charging fluid
(26a), (ii) the lower energy feed fluid (24a), (iii)
the lower energy charging fluid (26b), and (iv)
the higher energy feed fluid (24b), acting in com-
bination, apply a net radial force of substantially
zero to said rotor (28) during operation thereof.

The positive-displacement unitary pump and turbine
of claim 1, wherein said first lobe (50) is located sub-
stantially directly across from said second lobe (52),
and said third lobe (54) is located substantially di-
rectly across from said fourth lobe (56).

The positive-displacement unitary pump and turbine
of any preceding claim, further comprising:

a first high energy charging fluid conduit (16a)
having a downstream end in communication
with said inlet port (58) of said first lobe (50), and
a second high energy charging fluid conduit
(16b) having a downstream end in communica-
tion with said inlet port (58) of said second lobe
(52);

a first low energy charging fluid conduit (18a)
having an upstream end in communication with
said outlet port (60) of said first lobe (50), and a
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second low energy charging fluid conduit (18b)
having an upstream end in communication with
said outlet port (60) of said second lobe (52);

a first low energy feed fluid conduit (20a) having
a downstream end in communication with said
inlet port (58) of said third lobe (54), and a sec-
ond low energy feed fluid conduit (20b) having
a downstream end in communication with said
inlet port (58) of said fourth lobe (56); and
afirsthigh energy feed fluid conduit (22a) having
an upstream end in communication with said
outlet port (60) of said third lobe (54), and a sec-
ond high energy feed fluid conduit (22b) having
an upstream end in communication with said
outlet port (60) of said fourth lobe (56).

The positive-displacement unitary pump and turbine
of claim 3, wherein said rotor casing (14) is unitarily
formed with said firstand second high energy charg-
ing fluid conduits (16a,16b), said first and second
low energy charging fluid conduits (18a,18b), said
first and second low energy feed fluid conduits
(20a,20b), and said first and second high energy
feed fluid conduits (22a,22b).

The positive-displacement unitary pump and turbine
of any preceding claim, wherein said rotor chamber
(30) is configured to receive the charging fluid (26)
and the feed fluid (24) in the form of respective com-
pressible fluids, and wherein each of said lobes
(50,52,54,56) comprises a compression-expansion
chamber.

The positive-displacement unitary pump and turbine
of claim 4, wherein said rotor casing (14), said first
and second high energy charging fluid conduits (16),
said first and second low energy charging fluid con-
duits (18), said first and second low energy feed fluid
conduits (20), and said first and second high energy
feed fluid conduits (22) are unitarily formed of cast
or injection molded material.

The positive-displacement unitary pump and turbine
of claim 3, wherein:

said high energy charging fluid conduit (16) com-
prises a bifurcated conduit having separate con-
duit sections (16a,16b) corresponding to re-
spective ones of said first and second inlet ports
(58) of said first and second lobes (50,52),
wherein said separate conduit sections of said
high energy charging fluid conduit (18) are in
fluid communication with one another at an up-
stream end thereof;

said low energy charging fluid conduit (18) com-
prises a bifurcated conduit having separate con-
duit sections (18a,18b) corresponding to re-
spective ones of said first and second outlet
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ports (60) of said first and second lobes (50,52),
wherein said separate conduit sections
(18a,18b) of said low energy charging fluid con-
duit (18) are in fluid communication with one an-
other at a downstream end thereof;

said low energy feed fluid conduit (20) compris-
es a bifurcated conduit having separate conduit
sections (20a,20b) corresponding to respective
ones of said third and fourth inlet ports (58) of
said third and fourth lobes (54,56), wherein said
separate conduit sections of said low energy
feed fluid conduit (20) are in fluid communication
with one another at an upstream end thereof;
and

said high energy feed fluid conduit (22) compris-
es a bifurcated conduit having separate conduit
sections (22a,22b) corresponding to respective
ones of said third and fourth outlet ports (60) of
said third and fourth lobes (54,56), wherein said
separate conduit sections of said high energy
feed fluid conduit (22) are in fluid communication
with one another at a downstream end thereof.

The positive-displacement unitary pump and turbine
of any preceding claim, wherein said contoured wall
(48) forms exactly four lobes (50,52,54,56) of said
chamber (30), and wherein exactly ten of said sliding
vanes (46) are spaced evenly along said outer rotor
surface (42).

The positive-displacement unitary pump and turbine
of any preceding claim, wherein said rotor (28) and
said sliding vanes (46) are configured so that said
sliding vanes (46) are independently moveable in-
wardly and outwardly in a radial direction as said
rotor (28) is rotatably driven in said rotor chamber
(30).

The positive-displacement unitary pump and turbine
of claim 9, wherein said sliding vanes (46) are sub-
stantially rigid and have a generally rectangular
shape.

The positive-displacement unitary pump and turbine
of any preceding claim, further comprising a bearing
housing (32) and bearing coupled to said rotor casing
(14), said bearing housing (32) at least partially cov-
ering said rotor chamber (30), and wherein said bear-
ing rotatably supports said rotor (28) at said bearing
housing (32).

The positive-displacement unitary pump and turbine
of claim 11, wherein said rotor (28) and said vanes
(46) are removable from said rotor chamber (30) up-
on removal of said bearing housing (32) from said
rotor casing (14).

The positive-displacement unitary pump and turbine
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of claim 12, wherein said bearing housing (32) com-
prises an outer surface that forms an outermost sur-
face of said unitary pump and turbine (10).

14. A method of operating a positive-displacement uni-

tary pump and turbine (10), said method comprising:

providing a rotor casing (14) defining a rotor
chamber (30) having a contoured wall (48) form-
ing a plurality of lobes (50,52,54,56) of said
chamber, the lobes comprising at least a first
lobe (50), a second lobe (52), a third lobe (54)
and a fourth lobe (56), wherein an inlet port (58)
and an outlet port (60) are defined in the con-
toured wall (48) at each of said lobes
(50,52,54,56);

providing a rotor (28) in the rotor chamber (30),
the rotor (28) having an outer rotor surface (42)
spaced inwardly from said contoured wall (48)
at said at least four lobes (50,52,54,56);
providing a plurality of vanes (46) mounted at
the rotor (28) and spaced circumferentially
around the outer rotor surface (42), the vanes
(46) having distal end portions (46b) configured
to slidably engage the contoured wall (48);
rotatably driving the rotor (28) by:

introducing a charging fluid (26) at a higher
energy state (26a) into first and second
lobes (50,52) of a rotor chamber (30), the
first and second lobes (50,52) located op-
posite one another and defined between a
contoured wall (48) of a rotor casing (14)
and the rotor (28), and the rotor (28) having
aplurality of vanes (46) mounted at an outer
surface thereof; and

discharging the charging fluid (26) atalower
energy state (26b) out of the first and sec-
ond lobes (50,52); and

energizing a feed fluid (24) with the rotor (28) by:

introducing the feed fluid (24) at a lower en-
ergy state (24a) into third and fourth lobes
(54,56) of the rotor chamber (30), the third
and fourth lobes (54,56) located opposite
one another and defined between the con-
toured wall (48) and the rotor (28); and
discharging the feed fluid (24) at a higher
energy state (24b) out of the third and fourth
lobes (54,56).

Patentanspriiche

Einheitliche Verdrangerpumpe und Turbine (10), die
Folgendes umfasst:
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ein Rotorgehause (14), das eine Rotorkammer
(30) mit einer konturierten Wand (48) definiert,
die mehrere Fligel (50, 52, 54, 56) der Kammer
bildet; wobei die Fligel mindestens einen ersten
Flugel (50), einen zweiten Fliigel (52), einen drit-
ten Flugel (54) und einen vierten Flligel (56) um-
fassen;

eine Einlasso6ffnung (58) und eine Auslassoff-
nung (60), die in der konturierten Wand (48) an
jedem der Fllgel (50, 52, 54, 56) definiert sind;
einen Rotor (28), der in der Rotorkammer (30)
positioniert ist, wobei der Rotor (28) eine aulRere
Rotorflache (42) aufweist, die von der konturier-
ten Wand (48) an den mindestens vier Fligeln
(50, 52, 54, 56) nach innen beabstandet ist; und
mehrere Schaufeln (46), die an dem Rotor (28)
angebracht sind und in Umfangsrichtung um die
aulere Rotorflache (42) beabstandet sind; wo-
bei die Schaufeln (46) distale Endabschnitte
(46b) aufweisen, die so konfiguriert sind, dass
sie verschiebbar in die konturierte Wand (48)
eingreifen;

wobei der Rotor (28) durch ein Ladefluid (26) in
einem Zustand hoherer Energie (26a), das in
die ersten und zweiten Fligel (50, 52) an den
jeweiligen Einlassoéffnungen (58) eintritt, und
das Ladefluid (26), das den ersten und zweiten
Flugel (50, 52) in einem Zustand niedrigerer En-
ergie (26b) Uber die jeweiligen Auslassoéffnun-
gen (60) verlasst, drehbar angetrieben werden
kann;

wobei der Rotor (28) dafiir ausgelegt ist, ein Zu-
fuhrfluid (24) in einem Zustand niedrigerer En-
ergie (24a), das Uber die jeweiligen Einlassoff-
nungen (58) indendritten und vierten Fligel (54,
56) eintritt, in einen Zustand hoherer Energie
(24b) beim Verlassen des dritten und vierten
Flugels (54, 56) Uber die jeweiligen Auslassoff-
nungen (60) umzuwandeln; dadurch gekenn-
zeichnet, dass die Fligel (50, 52, 54, 56), die
Einlass- und Auslassoéffnungen (58,60) und die
Schaufeln (46) so angeordnet sind, dass jeweils
(i) das Ladefluid mit héherer Energie (26a), (ii)
das Zufuhrfluid mit niedrigerer Energie (24a),
(iii) das Ladefluid mit niedrigerer Energie (26b)
und (iv) das Zufuhrfluid mit héherer Energie
(24b) in Kombination wahrend des Betriebs der-
selben eine Nettoradialkraft von im Wesentli-
chen Null auf den Rotor (28) ausiiben.

Einheitliche Verdrangerpumpe und Turbine nach
Anspruch 1, wobei sich der erste Fligel (50) im We-
sentlichen direkt gegeniiber dem zweiten Flligel (52)
befindet und sich der dritte Fliigel (54) im Wesentli-
chen direkt gegentiber dem vierten Fligel (56) be-
findet.

Einheitliche Verdrangerpumpe und Turbine nach ei-
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nem der vorhergehenden Anspriiche, die ferner Fol-
gendes umfasst:

eine erste Hochenergie-Ladefluidleitung (16a)
mit einem stromabwartigen Ende in Verbindung
mit der Einlasséffnung (58) des ersten Fligels
(50) und eine zweite Hochenergie-Ladefluidlei-
tung (16b) mit einem stromabwartigen Ende in
Verbindung mit der Einlass6ffnung (58) des
zweiten Flugels (52);

eine erste Niedrigenergie-Ladefluidleitung
(18a) mit einem stromaufwartigen Ende in Ver-
bindung mit der Auslassoffnung (60) des ersten
Flugels (50) und eine zweite Niedrigenergie-La-
defluidleitung (18b) mit einem stromaufwartigen
Endein Verbindung mit der Auslasséffnung (60)
des zweiten Flugels (52);

eine erste Niederenergie-Zufuhrfluidleitung
(20a) mit einem stromabwartigen Ende in Ver-
bindung mit der Einlass6ffnung (58) des dritten
Fligels (54) und eine zweite Niederenergie-Zu-
fuhrfluidleitung (20b) mit einem stromabwaérti-
gen Ende in Verbindung mit der Einlasséffnung
(58) des vierten Fligels (56); und

eine erste Hochenergie-Zufuhrfluidleitung (22a)
miteinem stromaufwartigen Ende in Verbindung
mit der Auslassoéffnung (60) des dritten Fligels
(54) und eine zweite Hochenergie-Zufuhrfluid-
leitung (22b) mit einem stromaufwartigen Ende
in Verbindung mit der Auslasséffnung (60) des
vierten Fligels (56).

4. Einheitliche Verdrangerpumpe und Turbine nach

Anspruch 3, wobei das Rotorgehause (14) einheit-
lich mit der ersten und zweiten Hochenergie-Lade-
fluidleitung (16a, 16b), der ersten und zweiten Nied-
rigenergie-Ladefluidleitung (18a,18b), der ersten
und zweiten Niedrigenergie-Zufuhrfluidleitung (20a,
20b) und der ersten und zweiten Hochenergie-Zu-
fuhrfluidleitung (22a, 22b) gebildet ist.

Einheitliche Verdrangerpumpe und Turbine nach ei-
nem der vorhergehenden Anspriiche, wobei die Ro-
torkammer (30) dafur konfiguriert ist, das Ladefluid
(26) und das Zufuhrfluid (24) in Form von jeweils
komprimierbaren Fluiden aufzunehmen, und wobei
jeder der Flugel (50, 52, 54, 56) eine Kompressions-
Expansionskammer umfasst.

Einheitliche Verdrangerpumpe und Turbine nach
Anspruch 4, wobei das Rotorgehause (14), die erste
und die zweite Hochenergie-Ladefluidleitung (16),
die erste und die zweite Niedrigenergie-Ladefluidlei-
tung (18), die erste und zweite Niedrigenergie-Zu-
fuhrfluidleitung (20) und die erste und zweite Hoch-
energie-Zufuhrfluidleitung (22) einheitlich aus ge-
gossenem oder spritzgegossenem Material gebildet
sind.
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Einheitliche Verdrangerpumpe und Turbine nach
Anspruch 3, wobei:

die Hochenergie-Ladefluidleitung (16) eine ge-
gabelte Leitung mit getrennten Leitungsab-
schnitten (16a, 16b) umfasst, die den jeweiligen
Abschnitten der ersten und zweiten Einlassoff-
nung (58) des ersten und zweiten Fligels (50,
52) entsprechen, wobei die getrennten Lei-
tungsabschnitte der Hochenergie-Ladefluidlei-
tung (18) an einem stromaufwartigen Ende da-
von in Fluidverbindung miteinander stehen;
die Niedrigenergie-Ladefluidleitung (18) eine
gegabelte Leitung mit getrennten Leitungsab-
schnitten (18a, 18b) umfasst, die den jeweiligen
Abschnitten der ersten und zweiten Auslassoff-
nung (60) des ersten und zweiten Fligels (50,
52) entsprechen, wobei die getrennten Lei-
tungsabschnitte (18a,18b) der Niedrigenergie-
Ladefluidleitung (18) an einem stromabwartigen
Ende davonin Fluidverbindung miteinander ste-
hen;

die Niedrigenergie-Zufuhrfluidleitung (20) eine
gegabelte Leitung mit getrennten Leitungsab-
schnitten (20a, 20b) umfasst, die den jeweiligen
Abschnitten der dritten und vierten Einlassoff-
nung (58) des dritten und vierten Fllgels (54,
56) entsprechen, wobei die getrennten Lei-
tungsabschnitte der Niedrigenergie-Zufuhrfluid-
leitung (20) an einem stromaufwartigen Ende
davon in Fluidverbindung miteinander stehen;
und

die Hochenergie-Zufuhrfluidleitung (22) eine
gegabelte Leitung mit getrennten Leitungsab-
schnitten (22a, 22b) umfasst, die den jeweiligen
Abschnitten der dritten und vierten Auslassoff-
nung (60) des dritten und vierten Fllgels (54,
56) entsprechen, wobei die getrennten Lei-
tungsabschnitte der Hochenergie-Zufuhrfluid-
leitung (22) an einem stromabwartigen Ende da-
von in Fluidverbindung miteinander stehen.

Einheitliche Verdrangerpumpe und Turbine nach ei-
nem der vorhergehenden Anspriiche, wobei die kon-
turierte Wand (48) genau vier Fliigel (50, 52, 54, 56)
der Kammer (30) bildet und wobei genau zehn der
Gleitschaufeln (46) gleichmaRig entlang der dulie-
ren Rotorflache (42) beabstandet sind.

Einheitliche Verdrangerpumpe und Turbine nach ei-
nem der vorhergehenden Anspriiche, wobei der Ro-
tor (28) und die Gleitschaufeln (46) so konfiguriert
sind, dass die Gleitschaufeln (46) unabhangig von-
einander in radialer Richtung nach innen und auf3en
beweglich sind, wenn der Rotor (28) in der Rotor-
kammer (30) drehbar angetrieben wird.

10. Einheitliche Verdrangerpumpe und Turbine nach
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1.

12.

13.

14.

Anspruch 9, wobei die Gleitschaufeln (46) im we-
sentlichen starr sind und eine allgemein rechteckige
Form aufweisen.

Einheitliche Verdrangerpumpe und Turbine nach ei-
nem der vorhergehenden Anspriiche, die ferner ein
Lagergehaduse (32) und ein Lager umfasst, die mit
dem Rotorgehause (14) gekoppelt sind, wobei das
Lagergehaduse (32) die Rotorkammer (30) zumin-
destteilweise bedeckt, und wobei das Lager den Ro-
tor (28) am Lagergehause (32) drehbar tragt.

Einheitliche Verdrangerpumpe und Turbine nach
Anspruch 11, wobei der Rotor (28) und die Schaufeln
(46) beim Entfernen des Lagergehduses (32) vom
Rotorgehause (14) aus der Rotorkammer (30) ent-
fernbar sind.

Einheitliche Verdrangerpumpe und Turbine nach
Anspruch 12, wobei das Lagergehause (32) eine Au-
Renflache umfasst, die eine duRerste Flache der ein-
heitlichen Pumpe und Turbine (10) bildet.

Verfahren zum Betreiben einer einheitlichen Ver-
drangerpumpe und Turbine (10), wobei das Verfah-
ren Folgendes umfasst:

Bereitstellen eines Rotorgehduses (14), das ei-
ne Rotorkammer (30) mit einer konturierten
Wand (48) definiert, die mehrere Fligel (50, 52,
54, 56) der Kammer bildet; wobei die Fligel min-
destens einen ersten Fliigel (50), einen zweiten
Flugel (52), einen dritten Fltgel (54) und einen
vierten Fligel (56) umfassen, wobei eine Ein-
lasso6ffnung (58) und eine Auslasséffnung (60)
in der konturierten Wand (48) an jedem der Fli-
gel (50, 52, 54, 56) definiert sind;

Bereitstellen eines Rotors (28) in der Rotorkam-
mer (30), wobei der Rotor (28) eine duflere Ro-
torflache (42) aufweist, die von der konturierten
Wand (48) an den mindestens vier Fliigeln (50,
52, 54, 56) nach innen beabstandet ist;
Bereitstellen mehrerer Schaufeln (46), die an
dem Rotor (28) angebracht sind und in Um-
fangsrichtung um die duRere Rotorflache (42)
beabstandet sind; wobei die Schaufeln (46) dis-
tale Endabschnitte (46b) aufweisen, die so kon-
figuriert sind, dass sie verschiebbar in die kon-
turierte Wand (48) eingreifen;

drehbares Antreiben des Rotors (28) durch:

Einflhren eines Ladefluids (26) in einem
Zustand héherer Energie (26a) in den ers-
ten und zweiten Fllgel (50, 52) einer Rotor-
kammer (30); wobei der erste und der zwei-
te Fligel (50, 52) einander gegentiberliegen
und zwischen einer konturierten Wand (48)
eines Rotorgehauses (14) und dem Rotor
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(28) definiert sind, und wobei der Rotor (28) faible (26b) par le biais d’orifices respectifs des-
mehrere Schaufeln (46) aufweist, die an ei- dits orifices de sortie (60) ;
ner Aulenflache davon angebracht sind; ou ledit rotor (28) peut fonctionner pour convertir
und un fluide d’alimentation (24) a un état d’énergie
Entladen des Ladefluids (26) in einem Zu- 5 plus faible (24a) entrant dans lesdits troisieme
stand niedrigerer Energie (26b) aus dem et quatrieme lobes (54, 56) par le biais d’orifices
ersten und zweiten Fligel (50, 52); und respectifs desdits orifices d’entrée (58) en un
Erregen eines Zufuhrfluids (24) mitdem Ro- état d’énergie plus élevée (24b) lors de la sortie
tor (28) durch: desdits troisieme et quatrieme lobes (54, 56) par
10 le biais d’orifices respectifs desdits orifices de
Einfihren des Zufuhrfluids (24) in ei- sortie (60) ; caractérisées en ce que lesdits lo-
nem Zustand niedrigerer Energie (24a) bes (50, 52, 54, 56), lesdits orifices d’entrée et
in dritte und vierte Fligel (54, 56) der de sortie (58, 60) et lesdites aubes (46) sont
Rotorkammer (30); wobei der dritte und agenceés de telle sorte que chacun parmi (i) le
der vierte Fligel (54, 56) einander ge- 15 fluide de charge d’énergie plus élevée (26a), (ii)
genuberliegen und zwischen der kon- le fluide d’alimentation d’énergie plus faible
turierten Wand (48) und dem Rotor (28) (24a), (iii) le fluide de charge d’énergie plus fai-
definiert sind; und ble (26b) et (iv) le fluide d’alimentation d’énergie
Ablassen des Zufuhrfluids (24) in ei- plus élevée (24b), agissant en combinaison, ap-
nem Zustand hoéherer Energie (24b) 20 plique une force radiale nette sensiblement nulle
aus dem dritten und vierten Fligel (54, audit rotor (28) pendant le fonctionnement de
56). celui-ci.

2. Pompe et turbine unitaires a déplacement positif se-

et deuxieme lobes (50, 52) au niveau d’orifices
respectifs desdits orifices d’entrée (58) et le flui-
de de charge (26) sortant desdits premier et
deuxiéme lobes (50, 52) a un état d’énergie plus

1"

Revendications 25 lon la revendication 1, ou ledit premier lobe (50) est
situé sensiblementdirectement en face duditdeuxie-
1. Pompe etturbine unitaires a déplacement positif (10) me lobe (52), et ledit troisieme lobe (54) est situé
comprenant : sensiblement directement en face dudit quatrieme
lobe (56).
un carter de rotor (14) définissant une chambre 30
de rotor (30) ayant une paroi profilée (48) for- Pompe et turbine unitaires a déplacement positif se-
mant une pluralité de lobes (50, 52, 54, 56) de lon I'une quelconque des revendications précéden-
ladite chambre, lesdits lobes comprenant au tes, comprenant en outre :
moins un premier lobe (50), un deuxieme lobe
(52), untroisieme lobe (54) et un quatrieme lobe 35 un premier conduit de fluide de charge d’énergie
(56) ; élevée (16a) ayant une extrémité aval en com-
un orifice d’entrée (58) et un orifice de sortie (60) munication avec ledit orifice d’entrée (58) dudit
définis dans ladite paroi profilée (48) au niveau premier lobe (50), et un deuxieme conduit de
de chacun desdits lobes (50, 52, 54, 56) ; fluide de charge d’énergie élevée (16b) ayant
un rotor (28) positionné dans ladite chambre de 40 une extrémité aval en communication avec ledit
rotor (30), ledit rotor (28) ayant une surface de orifice d’entrée (58) dudit deuxiéme lobe (52) ;
rotor externe (42) espacée vers l'intérieur de la- un premier conduit de fluide de charge de faible
dite paroi profilée (48) au niveau desdits au énergie (18a) ayant une extrémité amont en
moins quatre lobes (50, 52, 54, 56) ; et communication avec ledit orifice de sortie (60)
une pluralité d’aubes (46) montées au niveau 45 dudit premier lobe (50), et un deuxiéme conduit
dudit rotor (28) et espacées circonférentielle- de fluide de charge de faible énergie (18b) ayant
ment autour de ladite surface de rotor externe une extrémité amont en communication avec le-
(42), lesdites aubes (46) ayant des parties d’ex- dit orifice de sortie (60) dudit deuxieme lobe
trémité distale (46b) configurées pour venir en (52) ;
prise de maniére coulissante avec ladite paroi 50 un premier conduit de fluide d’alimentation de
profilée (48) ; faible énergie (20a) ayant une extrémité aval en
ou ledit rotor (28) peut étre entrainé en rotation communication avec ledit orifice d’entrée (58)
par un fluide de charge (26) a un état d’énergie dudittroisiemelobe (54), et un deuxiéme conduit
plus élevée (26a) entrant dans lesdits premier de fluide d’alimentation de faible énergie (20b)
55

ayant une extrémité aval en communication
avec ledit orifice d’entrée (58) dudit quatrieme
lobe (56) ; et

un premier conduit de fluide d’alimentation
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d’énergie élevée (22a) ayant une extrémité
amont en communication avec ledit orifice de
sortie (60) dudit troisieme lobe (54), et un
deuxiéme conduit de fluide d’alimentation
d’énergie élevée (22b) ayant une extrémité
amont en communication avec ledit orifice de
sortie (60) dudit quatrieme lobe (56).

Pompe et turbine unitaires a déplacement positif se-
lon la revendication 3, ou ledit carter de rotor (14)
est formé d’'un seul tenant avec lesdits premier et
deuxiéme conduits de fluide de charge d’énergie éle-
vée (16a, 16b), lesdits premier et deuxieme conduits
de fluide de charge de faible énergie (18a, 18b), les-
dits premier et deuxiéme conduits de fluide d’alimen-
tation de faible énergie (20a, 20b), et lesdits premier
etdeuxieme conduits de fluide d’alimentation d’éner-
gie élevée (22a, 22b).

Pompe et turbine unitaires a déplacement positif se-
lon I'une quelconque des revendications précéden-
tes, ou ladite chambre de rotor (30) est configurée
pour recevoir le fluide de charge (26) et le fluide d’ali-
mentation (24) sous la forme de fluides compressi-
bles respectifs, et ou chacun desdits lobes (50, 52,
54,56) comprend une chambre de compression-dé-
tente.

Pompe et turbine unitaires a déplacement positif se-
lon la revendication 4, ou ledit carter de rotor (14),
lesdits premier et deuxiéme conduits de fluide de
charge d’énergie élevée (16), lesdits premier et
deuxiéeme conduits de fluide de charge de faible
énergie (18), lesdits premier et deuxieme conduits
de fluide d’alimentation de faible énergie (20), et les-
dits premier et deuxiéme conduits de fluide d’alimen-
tation d’énergie élevée (22) sont formés d’un seul
tenant en matériau coulé ou moulé par injection.

Pompe et turbine unitaires a déplacement positif se-
lon la revendication 3, ou :

ledit conduit de fluide de charge d’énergie éle-
vée (16) comprend un conduit bifurqué ayant
des sections de conduit séparées (16a, 16b)
correspondant a des orifices respectifs desdits
premier et deuxieme orifices d’entrée (58) des-
dits premier et deuxieme lobes (50, 52), ou les-
dites sections de conduit séparées dudit conduit
de fluide de charge d’énergie élevée (18) sont
en communication fluidique les unes avec les
autres au niveau d’une extrémité amontde celui-
ci;

ledit conduit de fluide de charge de faible éner-
gie (18) comprend un conduit bifurqué ayantdes
sections de conduit séparées (18a, 18b) corres-
pondant a des orifices respectifs desdits premier
et deuxieme orifices de sortie (60) desdits pre-
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mier et deuxiéme lobes (50, 52), ou lesdites sec-
tions de conduit séparées (18a, 18b) dudit con-
duit de fluide de charge de faible énergie (18)
sont en communication fluidique les unes avec
les autres au niveau d’'une extrémité aval de ce-
lui-ci ;

ledit conduit de fluide d’alimentation de faible
énergie (20) comprend un conduit bifurqué
ayant des sections de conduit séparées (20a,
20b) correspondant a des orifices respectifs
desdits troisieme et quatrieme orifices d’entrée
(58) desdits troisieme et quatrieme lobes (54,
56), ou lesdites sections de conduit séparées
dudit conduit de fluide d’alimentation de faible
énergie (20) sont en communication fluidique
les unes avec les autres au niveau d’une extré-
mité amont de celui-ci ; et

ledit conduit de fluide d’alimentation d’énergie
élevée (22) comprend un conduit bifurqué ayant
des sections de conduit séparées (22a, 22b)
correspondant a des orifices respectifs desdits
troisieme et quatrieme orifices de sortie (60)
desdits troisieme et quatrieme lobes (54, 56),
ou lesdites sections de conduit séparées dudit
conduitde fluide d’alimentation d’énergie élevée
(22) sont en communication fluidique les unes
avec les autres au niveau d’'une extrémité aval
de celui-ci.

Pompe et turbine unitaires a déplacement positif se-
lon I'une quelconque des revendications précéden-
tes, ou ladite paroi profilée (48) forme exactement
quatre lobes (50, 52, 54, 56) de ladite chambre (30),
et ou exactement dix desdites aubes coulissantes
(46) sont espacées régulierement le long de ladite
surface de rotor externe (42).

Pompe et turbine unitaires a déplacement positif se-
lon I'une quelconque des revendications précéden-
tes, ou ledit rotor (28) et lesdites aubes coulissantes
(46) sontconfigurés de telle sorte que lesdites aubes
coulissantes (46) sont indépendamment mobiles
vers l'intérieur et vers I'extérieur dans une direction
radiale a mesure que ledit rotor (28) est entrainé en
rotation dans ladite chambre de rotor (30).

Pompe et turbine unitaires a déplacement positif se-
lon la revendication 9, ou lesdites aubes coulissan-
tes (46) sont sensiblement rigides et ont une forme
généralement rectangulaire.

Pompe et turbine unitaires a déplacement positif se-
lon I'une quelconque des revendications précéden-
tes, comprenant en outre un logement de palier (32)
et un palier couplé audit carter de rotor (14), ledit
logement de palier (32) couvrant au moins partielle-
ment ladite chambre de rotor (30), et ou ledit palier
supporte en rotation ledit rotor (28) au niveau dudit
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logement de palier (32).

Pompe et turbine unitaires a déplacement positif se-
lon la revendication 11, ou ledit rotor (28) et lesdites
aubes (46) peuvent étre retirés de ladite chambre
de rotor (30) lors du retrait dudit logement de palier
(32) dudit carter de rotor (14).

Pompe et turbine unitaires a déplacement positif se-
lon la revendication 12, ou ledit logement de palier
(32) comprend une surface externe qui forme une
surface la plus a I'extérieur desdites pompe et turbi-
ne unitaires (10).

Procédé de fonctionnement d’'une pompe et d’une
turbine unitaires a déplacement positif (10), ledit pro-
cédé comprenant :

le fait de fournir un carter de rotor (14) définis-
sant une chambre de rotor (30) ayant une paroi
profilée (48) formant une pluralité de lobes (50,
52, 54, 56) de ladite chambre, les lobes com-
prenant au moins un premier lobe (50), un
deuxiéme lobe (52), un troisi€me lobe (54) et un
quatrieme lobe (56), ou un orifice d’entrée (58)
et un orifice de sortie (60) sont définis dans la
paroi profilée (48) au niveau de chacun desdits
lobes (50, 52, 54, 56) ;

le fait de fournir un rotor (28) dans la chambre
de rotor (30), le rotor (28) ayant une surface de
rotor externe (42) espacée vers l'intérieur de la-
dite paroi profilée (48) au niveau desdits au
moins quatre lobes (50, 52, 54, 56) ;

le fait de fournir une pluralité d’aubes (46) mon-
tées au niveau du rotor (28) et espacées circon-
férentiellement autour de la surface de rotor ex-
terne (42), les aubes (46) ayantdes parties d’ex-
trémité distale (46b) configurées pour venir en
prise de maniére coulissante avec la paroi pro-
filée (48) ;

le fait d’entrainer en rotation le rotor (28) par :

le fait d’introduire un fluide de charge (26)
a un état d’énergie plus élevée (26a) dans
des premier et deuxieme lobes (50, 52)
d’'une chambre de rotor (30), les premier et
deuxiéme lobes (50, 52) étant situés a 'op-
posé I'un de I'autre et définis entre une paroi
profilée (48) d’un carter de rotor (14) et le
rotor (28), et le rotor (28) ayant une pluralité
d’aubes (46) montées au niveau d’une sur-
face externe de celui-ci ; et

le fait d’évacuer le fluide de charge (26) a
un état d’énergie plus faible (26b) hors des
premier et deuxieéme lobes (50,52) ; et

le fait d’énergiser un fluide d’alimentation (24)
avec le rotor (28) par :
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le fait d’introduire le fluide d’alimentation
(24) a un état d’énergie plus faible (24a)
dans des troisieme et quatrieme lobes
(54,56) de la chambre de rotor (30), les troi-
sieme et quatrieme lobes (54,56) étant si-
tués al'opposé l'un del'autre et définis entre
la paroi profilée (48) et le rotor (28) ; et

le fait d’évacuer le fluide d’alimentation (24)
a un état d’énergie plus élevée (24b) hors
des troisieme et quatrieme lobes (54,56).






FIGURE 2
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