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The hydraulic power recovery turbine comprises a casing and a rotor arranged for rotation in the casing. The rotor comprises a
rotor shaft (43) and at least one impeller mounted on the rotor shaft. The rotor shaft is supported by bearings (45) arranged in
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HYDRAULIC POWER RECOVERY TURBINE WITH INTEGRATED BEARING-
CLUTCH HOUSING

DESCRIPTION

TECHNICAL FIELD

Embodiments of the subject matter disclosed herein generally relate to hydraulic
power recovery turbine systems. More specifically, the present disclosure concerns
improvements in the bearing/clutch arrangement connecting the hydraulic power
recovery turbine to an electric motor, a centrifugal pump, or a rotary equipment in

general.
BACKGROUND ART

Concerns on the environmental impact of energy production and consumption are
fostering the research for improving the energy efficiency of industrial plants, systems
and processes in various ways. In many industrial plants, energy is available e.g. in
the form of waste heat, pressure energy or fluid head or the like. In recent years
efforts have been made to exploit this kind of energy which was previously simply

dissipated.

Hydraulic power recovery turbines are used in several installations, plants and
systems for recovering energy from a flow of pressurized liquid. Generally speaking,
a hydraulic power recovery turbine is a machine used to recover power from a liquid
stream by reducing the pressure thereof. A common type of hydraulic power recovery
turbine is a reverse-rotating centrifugal pump that recovers power from a high
pressure process liquid by reducing its pressure that will otherwise be wasted across

throttle valves.

Traditionally, hydraulic power recovery turbines are used in plants where a large
amount of fluid energy is dissipated in valves or other throttling devices. Power
recovery is achieved using the fluid pressure and, more in general, a static head
available in a plant, to drive the hydraulic power recovery turbine and obtaining

useful mechanical power on the output shaft therecof. The power recovered by the

S1-



10

15

20

25

CA 02926591 2016-03-29

WO 2015/052081 PCT/EP2014/071196

hydraulic power recovery turbine is usually utilized to drive auxiliaries, such as a
pump, or to reduce power absorbed from the electric grid, e.g. by supplementing

mechanical energy to a driving shaft of an electric motor which drives a pump.

In some applications, the hydraulic power recovery turbine is utilized to drive an
electric generator, thus converting the useful mechanical power available on the

output shaft thereof into electric power.

For usefully exploiting pressure energy contained in high-pressure liquids, hydraulic
power recovery turbines are often used in combination with electric motors, in order
to exploit for example the power developed by a flow of liquid available in an
industrial system. The power generated by the liquid flow is converted into
mechanical power by the hydraulic power recovery turbine and the useful mechanical
power available on the shaft of the hydraulic power recovery turbine is used for

example to drive a load in combination with an electric motor.

Fig. 1 illustrates an installation according to the current art of a pump driven by an
electric motor in combination with a hydraulic power recovery turbine, which is

designed for recovering power from a fluid flow.

The system of Fig. 1, labeled 100 as a whole, comprises rotary equipment, for
example a pump 101, which is driven into rotation by an electric motor 103. A pump
shaft 101S is connected to a first end of a shaft 103S of the electric motor 103 through
a gearbox 105. Joints, for example flexible shaft couplings107, 109 can be provided
between the gearbox 105 and the pump 101 and between the gearbox 105 and the first
end of shaft 103S of the electric motor 103, respectively. A second end of the electric

motor shaft 103S is connected to a hydraulic power recovery turbine 111.

The connection between the hydraulic power recovery turbine 111 and the electric
motor shaft 103S requires a clutch 113, which is housed in a housing 115 supported
on a base plate 117, also supporting the remaining rotary machinery, namely the
rotary equipment or rotary load 101, the electric motor 103 and the hydraulic power

recovery turbine 111.
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A first shaft coupling119 is arranged between the electric motor shaft 103S and the
clutch 113. A second shaft coupling 121 is arranged between the clutch 113 and a
shaft 111S of the hydraulic power recovery turbine 111.

The hydraulic power recovery turbine 111 is provided with a turbine inlet 123 and a
turbine outlet 125. The turbine inlet 123 and the turbine outlet 125 are connected to a
hydraulic circuit (not shown), where through a fluid can flow. The hydraulic power
recovery turbine 111 converts the power of the fluid flowing in the hydraulic circuit

into useful mechanical power available on the turbine shaft 1118.

The operation of the system 100 is as follows. Under normal operating conditions, the
electric motor 103 generates on the electric motor shaft 103S the entire mechanical
power required for driving the rotary equipment 101 into rotation, for example for
pumping a fluid which enters the pump 101 through a suction manifold 102 and is
delivered by the pump 101 through a delivery manifold 104.

If a fluid flow is available in the hydraulic circuit connected to the turbine inlet 123
and the turbine outlet 125, said fluid flow is used for driving the hydraulic power
recovery turbine 111 into rotation. When the rotary speed of the hydraulic power
recovery turbine 111 becomes identical to the rotary speed of the electric motor 103,
the clutch 113 is engaged, so that useful mechanical power can be delivered by the
turbine shaft 111S to the electric motor shaft 103S. The mechanical power available
from the hydraulic power recovery turbine 111 reduces the electric power consumed

by the electric motor 103 for driving the rotary equipment 101.

The rotary machine arrangement provided on the baseplate 117 is particularly
cumbersome and has a long footprint, in particular due to the quite large number of
ancillary equipment arranged between each rotating machine 111, 103 and 101, in

particular shaft couplings 107, 109, 119, 121, gearbox 105 and clutch 113.
SUMMARY OF THE INVENTION

According to one aspect, the subject matter disclosed herein is aimed at least partly

alleviating the problems of the arrangements of the current art.



10

15

20

25

30

CA 02926591 2016-03-29

WO 2015/052081 PCT/EP2014/071196

The footprint of an arrangement, including a prime mover or main driver, a rotary
equipment and a hydraulic power recovery turbine, is reduced by integrating a clutch
in the bearing housing of the hydraulic power recovery turbine. This arrangement
removes the need for two separate shaft couplings between the hydraulic power

recovery turbine and the main driver, reducing the overall length of the system.

According to some embodiments, a hydraulic power recovery turbine is provided,
comprising: a casing; a rotor arranged for rotation in the casing, said rotor comprising
a rotor shaft and at least one impeller mounted on said rotor shaft; at least one drive-
end bearing housing and one non-drive-end bearing housing; at least one drive-end
bearing and one non-drive-end bearing arranged in the two bearing housings and
rotatingly supporting the rotor shaft. The drive end bearing housing comprising a
mounting flange configured to connect the drive end bearing housing to the casing. A
clutch is arranged in the drive-end bearing housing. The clutch connects the rotor
shaft to an output shaft of the hydraulic power recovery turbine, which extends from
the drive-end bearing housing for connection with the shaft of the main driver, e.g. an
electric motor, or more generally to the shaft of a rotating equipment, for transmission

of power thereto.

The impeller, or preferably a plurality of impellers, are arranged in-between the
bearings. In some embodiments the bearing housings are connected to a main body of
a turbine casing, wherein the rotor of the hydraulic power recovery turbine is

arranged, at opposite ends of the main body of said turbine casing.

In some applications, the output shaft of the hydraulic power recovery turbine is
torsionally constrained to the shaft of the main driver or prime mover, e.g. an electric
motor, and rotates at the same rotary speed as the main driver. The clutch is
configured and controlled so that the clutch engages when the rotary speed of the
hydraulic power recovery turbine reaches the rotary speed of the main driver.
Preferably, the clutch is an overrunning clutch, which automatically engages when the
two rotary speeds become identical. In this way, the hydraulic power recovery turbine
starts transmitting mechanical power to the main driver shaft when the hydraulic

power recovery turbine has reached the correct rotary speed.
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By arranging the clutch in the bearing housing, a single lubrication system can be

provided for lubricating the clutch and the drive-end bearing.

According to some embodiments, the clutch comprises an inner race and an outer
race. One of said inner race and outer race of the clutch can be torsionally constrained
to the rotor shaft and the other of said inner race and outer race can be connected to
the output shaft of the hydraulic power recovery turbine. In some embodiments, the
outer race is torsionally constrained to the rotor shaft of the hydraulic power recovery

turbine and the inner race is torsionally constrained to the output shaft.

According to a further aspect, the present disclosure further concerns a rotary
equipment driving arrangement including: a rotary equipment and a hydraulic power
recovery turbine as described, which provides power for driving the rotary equipment,
either alone or in combination with a prime mover or main driver, such as an electric

motor.

According to some configurations, the rotary equipment can be an electric generator.
The mechanical power recovered by the hydraulic power recovery turbine is thus
converted into electric power. According to other configurations, the rotary equipment
can include a load, such as a turbomachine, for example a rotary pump. In some
embodiments, a rotary equipment driving arrangement is provided, comprising a
hydraulic power recovery turbine, a prime mover, such as an electric motor, and a
driven equipment, such as a rotating load. Mechanical power recovered by the
hydraulic power recovery turbine is supplemented to the prime mover, e.g. by
connecting the output shaft of the hydraulic power recovery turbine to a through shaft
of an electric motor, arranged for driving the load into rotation. The electric power
absorbed by the electric motor is thus reduced, as part of the mechanical power

required for driving the load is provided by the hydraulic power recovery turbine.

Features and embodiments are disclosed here below and are further set forth in the
appended claims, which form an integral part of the present description. The above
brief description sets forth features of the various embodiments of the present
invention in order that the detailed description that follows may be better understood

and in order that the present contributions to the art may be better appreciated. There

-5-
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are, of course, other features of the invention that will be described hereinafter and
which will be set forth in the appended claims. In this respect, before explaining
several embodiments of the invention in details, it is understood that the various
embodiments of the invention are not limited in their application to the details of the
construction and to the arrangements of the components set forth in the following
description or illustrated in the drawings. The invention is capable of other
embodiments and of being practiced and carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed herein are for the purpose

of description and should not be regarded as limiting.

As such, those skilled in the art will appreciate that the conception, upon which the
disclosure is based, may readily be utilized as a basis for designing other structures,
methods, and/or systems for carrying out the several purposes of the present
invention. It is important, therefore, that the claims be regarded as including such
equivalent constructions insofar as they do not depart from the spirit and scope of the

present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the disclosed embodiments of the invention and
many of the attendant advantages thercof will be readily obtained as the same
becomes better understood by reference to the following detailed description when

considered in connection with the accompanying drawings, wherein:
Fig. 1 illustrates a side view of a system according to the current art;

Fig. 2 illustrates a system according to one embodiment of the present disclosure in a

side view;

Fig. 3 illustrates a section along the rotation axis of a hydraulic power recovery

turbine according to one embodiment of the present disclosure;

Fig. 4 illustrates an enlargement of the drive end side of the hydraulic power recovery

turbine of Fig. 3;
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Fig.5 illustrates a view according to line V-V of Fig.4.
DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The following detailed description of the exemplary embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify
the same or similar elements. Additionally, the drawings are not necessarily drawn to
scale. Also, the following detailed description does not limit the invention. Instead,

the scope of the invention is defined by the appended claims.

Reference throughout the specification to "one embodiment” or "an embodiment” or
“some embodiments” means that the particular feature, structure or characteristic
described in connection with an embodiment is included in at least one embodiment
of the subject matter disclosed. Thus, the appearance of the phrase "in one
embodiment” or "in an embodiment” or "in some embodiments" in various places
throughout the specification is not necessarily referring to the same embodiment(s).
Further, the particular features, structures or characteristics may be combined in any

suitable manner in one or more embodiments.

Referring to Fig. 2, the main components of a system according to the present
disclosure will be described. The system, labeled 1 as a whole, comprises a baseplate
3, whereon the rotary machinery is arranged. In some embodiments, the system 1
comprises a driven rotary equipment 5. The driven rotary equipment 5 can be
comprised of a hydraulic pump, for example a centrifugal pump. In other
embodiments, the driven rotary equipment 5 can be comprised of a compressor or any
other operating machine requiring a mechanical power to be operated. Here below

reference will be made, by way of example only, to a centrifugal pump 5.

The centrifugal pump 5 comprises a suction manifold 7 and a delivery manifold 9
connected to a hydraulic circuit (not shown). Pump 5 can be driven into rotation by a

main driver, or prime mover, ¢.g. an electric motor 11.

In some embodiments, a gearbox 13 is arranged between the electric motor 11 and the

pump 5. The gearbox 13 can be used just for reversing the direction of rotation
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between an inlet shaft 13A and outlet shaft 13B of the gearbox 13, respectively. In
other embodiments, the gearbox 13 can be used also to modify the rotary speed so that

the pump 5 and the electric motor 11 can rotate at different speeds.

The electric motor 11 is comprised of an electric motor shaft 15 having a first end
15A and a second end 15B, projecting from the electric motor casing at opposite sides
thereof. In some embodiments, the first end 15A of the electric motor shaft 15 can be

connected to the inlet shaft 13A of the gearbox 13 through a shaft coupling 17.

The outlet shaft 13B of the gearbox 13 can be connected to a pump shaft 19 through a
second shaft coupling 21.

The second end 15B of the electric motor shaft 15 is connected to a hydraulic power
recovery turbine 23. As will be described in greater detail with respect to Fig. 3, the
hydraulic power recovery turbine 23 can be a so called in-between bearings machine,
comprised of a drive end bearing housing 25, wherein a first bearing supporting a
turbine shaft and a clutch are arranged. The hydraulic power recovery turbine 23 can
be further provided with a non-drive end bearing housing 27, wherein a second

bearing supporting the turbine shaft is housed.

The hydraulic power recovery turbine 23 is further comprised of an output shaft 29,
which is connected to the turbine shaft of the hydraulic power recovery turbine 23 in a
manner which will be described in greater detail referring to Figs. 3 and 4. The output
shaft 29 projects from the drive—end bearing housing 25 for connection of the

hydraulic power recovery turbine 23 with the electric motor shaft 15.

In some embodiments, a third shaft coupling 31 is arranged between the output shaft

29 and the end 15B of the electric motor shaft 15.

The hydraulic power recovery turbine 23 can be provided with an inlet manifold 33
and an outlet manifold 35. The turbine inlet manifold 33 and the turbine outlet
manifold 35 are connected with a hydraulic circuit, not shown. A flow of fluid in the
hydraulic circuit will thus pass through the hydraulic power recovery turbine 23

producing useful mechanical power, which is made available on the output shaft 29.
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More details on the structure of the hydraulic power recovery turbine 23 are shown in
Fig. 3. The hydraulic power recovery turbine 23 is known per se, and thus only the
main components thereof will be described herein, limited to what is required for a

better understanding of the present disclosure.

In some embodiments the hydraulic power recovery turbine can be a reversible pump
and can be substantially identical to pump 5, except for the absence of a clutch at the
drive end side of pump 5. The gearbox 13 is thus used to reverse the rotary speed of
the input shaft 13A and output shaft 13B, so that both hydraulic machines 5 and 23

rotate in the correct direction.

In some embodiments the hydraulic power recovery turbine 23 comprises an outer
casing 37, wherein a rotor 39 is arranged. The rotor is usually comprised of one or
more impellers 41. In the embodiment shown in Fig. 3, a multistage hydraulic power
recovery turbine 23 is shown, comprised of ten impellers 41 mounted on a common
rotor shaft 43 in a so-called back-to-back configuration. Other impeller arrangements

are possible, depending upon the design of the hydraulic power recovery turbine.

The rotor shaft 43 is supported by bearings housed in the drive-end side bearing
housing 25 and in the non-drive end bearing housing 27. In some embodiments, the
bearings can be journal bearings as illustrated in Fig. 3. A first journal bearing 45 is
arranged in the drive end bearing housing 25 and a second journal bearing 47 is
arranged in the non-drive end bearing housing 27. A thrust bearing, not shown, is also
provided, usually in the non-drive end bearing housing 27. Different bearing

arrangements can be provided, instead.

The drive end bearing housing 25 is illustrated in greater detail in Fig. 4. In some
embodiments, the drive end bearing housing 25 can be comprised of a mounting
flange 25F, by means of which the drive end bearing housing 25 is connected to a

main body of casing 37.

In Fig. 4 a first end 43A of the rotor shaft 43 is shown, supported by bearing 45. The
end 43A of rotor shaft 43 is mechanically connectable to the output shaft 29 of the
hydraulic power recovery turbine 23 through a clutch 51.
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In some embodiments the clutch 51 is an overrunning clutch designed and arranged
for drivingly connecting the rotor shaft 43 to the output shaft 29 when the two shafts
rotate at the same rotary speed, i.e. when the rotor shaft 43 rotates at the same speed
as the electric motor shaft 15, which is torsionally constrained to the output shaft 29

through the shaft coupling 31.

As shown in Fig. 5, in some embodiments the overrunning clutch 51 is comprised of
an outer race 51A and an inner race 51B. In some embodiments, the inner race 51B of
the overrunning clutch 51 is mounted on the output shaft 29 and torsionally
constrained thereto. The outer race 51A of the overrunning clutch 51 can be
torsionally constrained to the rotor shaft 43 for rotation therewith as described here

below.

In some embodiments, a shaft hub 53 is torsionally coupled to the end 43A of the
rotor shaft 43 and to the outer race 51A of the overrunning clutch 51. The shaft hub
53 can be comprised of a cup-shaped flange 54 and a fixing ring 59. Through holes
53A are provided in the cup-shaped flange 54 and threaded holes 57 are provided in
the fixing ring 59.

The overrunning clutch 51 can be connected to the shaft hub 53 by means of bolts 55
extending through holes 53A of the shaft hub 53 and through further holes 51C
provided in the outer race 51A of the overrunning clutch 51. The bolts 55 are screwed

into the threaded holes 57 provided in a fixing ring 59.

Two bearings 61 and 63 can be mounted inside the shaft hub 53. In some
embodiments, the bearings 61 and 63 are rolling bearings, for example ball bearings.
The two bearings 61 and 63 are arranged on opposite sides of the overrunning clutch
51. The two bearings 61 and 63 can be mounted on the output shaft 29 and the outer
races thereof can be engaged with the cup-shaped flange 54 and with the fixing ring
59, respectively, in order to ensure mechanical concentricity between the two races

51A and 51B of the overrunning clutch 51.

In other embodiments, not shown, the inner race of the overrunning clutch 51 can be

torsionally constrained to the output shaft 29 and the outer race of the overrunning

- 10 -
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clutch 51 can be torsionally constrained to the rotor shaft, the shaft hub 53 being
mounted on the output shaft 29 and the bearings 61, 63 being mounted on the rotor

shaft 43.

The drive end bearing housing 25, therefore, houses both the bearing 45 supporting
the rotor shaft 43 of the hydraulic power recovery turbine, as well as the overrunning
clutch 51 and the shaft hub 53 connecting the end 43A of rotor shaft 43 to the output
shaft 29.

This arrangement results in a shorter length of the overall system 1 with respect to the
current art arrangement shown in Fig. 1, as can be best appreciated comparing Figs. 1
and 2. The overrunning clutch 51 of the arrangement shown in Fig.2 is in fact housed
within the drive end bearing housing 25 and does not require separate mounting on
the baseplate 3, as instead provided for in the embodiment of Fig. 1. Moreover, one of
the two shaft couplings 119, 121 required in the arrangement of Fig. 1 is dispensed
with, since only one shaft coupling 31 is now required between the output shaft 29 of

the hydraulic power recovery turbine and the electric motor shaft 15.

The operation of the system is as follows. When a fluid flow through the hydraulic
circuit connected to the input manifold 33 and the output manifold 35 of the hydraulic
power recovery turbine 23 is available, said flow is processed through the hydraulic
power recovery turbine 23 so that the rotor shaft 43 thereof is put into rotation. The
electric motor 11 drives into rotation the rotary equipment 5 and, being connected
through the shaft coupling 31 to the output shaft 39, said electric motor 11 also drives
into rotation the output shaft 29 at the same rotary speed. The two shafts 43 and 29 are
torsionally disconnected by the interposed overrunning clutch 51 as far as the rotary
speed of the rotor shaft 43 is lower than the rotary speed of the output shaft 29. Once
the rotor shaft 43 reaches the rotary speed of the output shaft 29, the overrunning
clutch 51 automatically engages and mechanical power generated by the hydraulic
power recovery turbine is transmitted from the rotor shaft 43 through the overrunning
clutch 51, the output shaft 29 and the shaft coupling 31 to the electric motor shaft 15,
so that the electric power absorbed by the electric motor 11 for rotating the rotary

equipment 5 is reduced and the overall efficiency of the system 1 is increased.

- 11 -
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In the arrangement of Fig.2 the hydraulic power recovery turbine 23 is connected to
the main driver, e.g. the electric motor 11. In other embodiments, not shown, the
hydraulic power recovery turbine can be directly connected to the rotary equipment 5,
¢.g. a centrifugal pump. In this case the hydraulic power recovery turbine 23 will
provide power to the rotary equipment 5 when it rotates at the same rotary speed as

the rotary equipment.

In yet further embodiments, the main driver can be omitted and the rotary equipment
will then be driven into rotation entirely by the hydraulic power recovery turbine

when power from a fluid flow is available.

If now fluid flows through the hydraulic power recovery turbine, or if insufficient
flow is available, so that the hydraulic power recovery turbine 23 cannot reach the
required rotary speed, the overrunning clutch 51 does not engage and the rotary
equipment 5 is entirely powered by the electric motor 11. If the hydraulic power
recovery turbine 23 is not running, shaft 43 is steady while shaft 29, connected to the
main driver 15, is at running speed. The overrunning clutch 51 is disengaged and the
speed differential between outer race 51A and inner race 51B of overrunning clutch

51 is sustained by the two bearings 61 and 63.

The hydraulic power recovery turbine 23 disclosed herein above can be used also in
other configurations, e.g. to drive an electric generator or other auxiliaries or rotating
equipment. The arrangement of the clutch in the drive-end bearing housing positively

affects the overall footprint of the machinery arrangement.

While the disclosed embodiments of the subject matter described herein have been
shown in the drawings and fully described above with particularity and detail in
connection with several exemplary embodiments, it will be apparent to those of
ordinary skill in the art that many modifications, changes, and omissions are possible
without materially departing from the novel teachings, the principles and concepts set
forth herein, and advantages of the subject matter recited in the appended claims.
Hence, the proper scope of the disclosed innovations should be determined only by
the broadest interpretation of the appended claims so as to encompass all such

modifications, changes, and omissions. In addition, the order or sequence of any

-12-
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process or method steps may be varied or re-sequenced according to alternative

embodiments.

- 13-
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WHAT IS CLAIMED IS:

1. A hydraulic power recovery turbine comprising:

a casing;

a rotor arranged for rotation in the casing and comprising a rotor shaft and at
least one impeller mounted on the rotor shaft;

at least one drive-end bearing housing comprising a mounting flange to
connect the drive end bearing housing to the casing;

at least one drive-end bearing arranged in the drive-end bearing housing to
rotatingly support the rotor shaft;

an output shaft extending from the at least one drive-end bearing housing;

a clutch comprising an inner race and an outer race axially aligned by at least
one pair of bearings; and

a shaft hub comprising a cup-shaped flange housing a first bearing of the at
least one pair of bearings, and a fixing ring constrained to the cup-shaped flange and
housing a second bearing of the at least one pair of bearings, wherein the outer race of
the clutch is constrained between the cup-shaped flange and the fixing ring and is
tortionally constrained to the rotor shaft or the output shaft,

wherein the clutch and the shaft hub are arranged in the at least one drive-

end bearing housing and connect the rotor shaft to the output shaft.

2. The hydraulic power recovery turbine of claim 1, wherein the clutch

is an overrunning clutch.

3. The hydraulic power recovery turbine of claim 1, further comprising

a single lubrication system for lubricating the clutch and the drive-end bearing.

4, The hydraulic power recovery turbine of claim 1, wherein the outer
race of the clutch is torsionally constrained to the rotor shaft and the inner race of the

clutch is connected to the output shaft.

5. The hydraulic power recovery turbine of claim 1, wherein the inner
race of the clutch is torsionally coupled to the output shaflt and the outer race of the

clutch is torsionally coupled to the rotor shaft.

-14 -
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6. The hydraulic power recovery turbine of claim 1, wherein the

bearings of the at least one pair of bearings are rolling bearings.

7. The hydraulic power recovery turbine of claim 6, wherein each
rolling bearing has a respective outer bearing race and a respective inner bearing race,
the respective outer bearing race is mounted in the shaft hub and the respective inner

bearing race is mounted on the rotor shaft or the output shaft.

8. The hydraulic power recovery turbine of claim 1, wherein the clutch

is arranged between the at least one pair of bearings.

9. The hydraulic power recovery turbine of claim 1, wherein the cup-
shaped flange is torsionally constrained to the rotor shaft of the hydraulic power

recovery turbine.

10.  The hydraulic power recovery turbine according to claim 1, wherein
the outer race of the clutch is torsionally constrained to the rotor shaft and the inner race

of the clutch is torsionally constrained to the output shaft.

11. A rotary equipment driving arrangement, the rotary equipment
driving arrangement comprising:

arotary equipment; and

a hydraulic power recovery turbine according to claim 1 arranged for

providing power to drive the rotary equipment.

12.  The arrangement of claim 11, further comprising a main driver,
drivingly connected to the rotary equipment, wherein the hydraulic power recovery
turbine provides supplemental power for driving the rotary equipment, thus reducing

the power required from the main driver.

13.  The arrangement of claim 12, wherein the main driver comprises an

electric motor.

14.  The arrangement of claim 12, further comprising a gear box arranged

between the main driver and the rotary equipment.
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15.  The arrangement of claim 12, wherein the main driver comprises a
driver shaft with a first end drivingly connected to the rotary equipment and a second
end drivingly connected to the hydraulic power recovery turbine through the clutch of

the hydraulic power recovery turbine.

16.  The arrangement of claim 15, further comprising at least one first
shaft coupling which connects the first end of the driver shaft to the rotary equipment
and a second shaft coupling which connects the output shaft of the hydraulic power

recovery turbine to the second end of the driver shaft.
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