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(57) A pressure control device (1) comprises a hy-
draulic turbine (10) and a generator (12) operationally
connected to the hydraulic turbine (10) to recover and
store energy from the thermal jump operated by the hy-
draulic turbine (10). The hydraulic turbine (10) comprises
a volute (4) suitable for receiving water in the axial direc-

tion and transmitting it to the impeller (102) of the turbine
in the radial direction.

A water distribution system (9) comprises a pressure
control device (1) according to the invention.

Also forming the subject matter of the invention per
se are a fitting (2’), a delivery tube (2") and a volute (4) .
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Description

Field of application

[0001] The presentinvention relates to a hydraulic tur-
bine for a pressure control device, and a pressure control
device suitable for installation in-line in a water transport
or distribution network, for pressure and/or flow control
and for clean power generation.

[0002] In the hydroelectric sector, and particularly in
the water distribution sector and in water treatment
plants, it is necessary to provide for the use of pressure
control devices that allow the pressure and flow rate ex-
iting a main duct to be regulated to serve secondary ducts
or utilities.

[0003] This, for example, is required in aqueducts,
wherein it is essential to obtain a pressure and flow rate
at the outlet of the main supply that meets the needs of
the end user, i.e., to serve each private, residential, and
industrial water system.

[0004] Known systems provide for the use of control
valves placed along the water mains, which are adapted
to control or alter the pressure or flow of fluid within a duct.
[0005] Disadvantageously, in applications whereinitis
necessary to drastically reduce the pressure inside the
duct (i.e., in the case of large pressure jumps and small
flow rates, or vice versa, in the case of large flow rates
and limited pressure jumps), the dissipation of a certain
amount of energy in the form of heat and vibration is
unavoidable.

[0006] Also, disadvantageously, such systems are
particularly bulky and difficult to access for maintenance.
[0007] According to a further disadvantage, a massive
change in pressure in such systems may cause fluid cav-
itation orwater hammer. Such effects are unpleasantand
resultin wear and damage to the mechanical parts of the
entire fluid circuit.

Solution of the invention

[0008] Therefore, there appears to be a significant
need to provide a pressure control device capable of
overcoming the drawbacks typical of the state of the art.
[0009] In particular, the object of the present invention
is to provide a pressure control device suitable for recov-
ering the energy otherwise dissipated due to pressure
jump and making it available for further applications.
[0010] A further object of the present invention is to
provide a compact, space-saving hydraulic turbine.
[0011] Atthe same time, a further object of the present
invention is to construct a pressure control device that is
adaptable to various applications and insertable into ex-
isting water distribution and conveyance systems.
[0012] A further object of the present invention is also
to construct a water distribution system that allows high
reliability and ensures the operation of the system even
under conditions of blockage of the pressure control de-
vice.
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[0013] Such requirementis metby a hydraulic turbine,
apressure control device, and a water distribution system
according to the attached independent claims. The
claims dependent thereon describe preferred or advan-
tageous embodiments of the invention, comprising fur-
ther advantageous features.

Description of the drawings

[0014] The features and advantages of the hydraulic
turbine, of the pressure control device and of the distri-
bution system will become apparent from the description
below of a number of preferred embodiment examples,
given by way of non-limiting example, with reference to
the attached figures, wherein:

- Fig. 1 is a perspective view of a pressure control
device according to an embodiment of the present
invention;

- Fig. 2 is a side view of a pressure control device
according to an embodiment of the present inven-
tion;

- Fig. 3 is a longitudinal sectional view of a pressure
control device according to an embodiment of the
present invention;

- Fig. 4 is a perspective detail view of a hydraulic tur-
bine of a pressure control device according to an
embodiment of the present invention;

- Fig. 5 is a perspective view of an inlet duct and a
volute of a pressure control device according to an
embodiment of the present invention;

- Fig. 6 is a side view of an inlet duct and a volute of
a pressure control device according to an embodi-
ment of the present invention;

- Fig. 7 shows some significant views (7A, 7B, 7C, 7D,
7E) of a fitting of an inlet duct for a pressure control
device according to an embodiment of the present
invention;

- Fig. 8 shows some significant views (8A, 8B, 8C, 8D)
of a delivery tube of an inlet duct for a pressure con-
trol device according to an embodiment of the
present invention;

- Fig. 9 shows some significant views (9A, 9B, 9C, 9D)
ofavolute of a hydraulic turbine for a pressure control
device according to an embodiment of the present
invention;

- Fig. 10a shows a water distribution system compris-
ing a pressure control device according to an em-
bodiment of the present invention;

- Fig. 10b shows a water distribution system compris-
ing a pressure control device according to a further
embodiment of the present invention.

Detailed description

[0015] With reference to the aforesaid figures, refer-
ence number 1 has been used to indicate collectively the
pressure control device with energy recovery. In the re-
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mainder of the present discussion reference is made suc-
cinctly to a pressure control device or simply a device, in
the interest of descriptive clarity.

[0016] According to the invention, the pressure control
device 1 comprises a hydraulic turbine 10, preferably a
Francis-type hydraulic turbine 10.

[0017] The hydraulicturbine 10 comprises a distributor
101 and an impeller 102, having a rotation axis X, and a
volute 4.

[0018] The term "volute" is known in the industry to
refer to the casing that houses the distributor 101 and
the impeller 102. It is evident that the internal volume
identified by the volute 4 is not entirely occupied by the
impeller and distributor, but comprises a passage cavity
for the treated fluid, suitable for allowing the flow of an
incoming fluid through the distributor 101 and into the
impeller 102.

[0019] Furthermore, the pressure control device 1
comprises a generator 12 operationally connected with
the hydraulic turbine 10 and suitable for extracting (and
storing) a portion of the energy produced by the pressure
reduction operated on the water.

[0020] Itis evident that a subject matter of the present
invention is also a hydraulic turbine 10 per se, even when
not associated with a generator 12 in a pressure control
device 1.

[0021] In one embodiment, the hydraulic turbine 10
comprises a water inlet duct 2 upstream of the volute 4
and a water outlet duct 3 downstream of the volute 4.
[0022] The references "upstream" and "downstream"
in this discussion are taken to refer to the flow of water
from the inlet duct 2 to the outlet of the turbine 10.
[0023] That is, the volute 4 is arranged between the
water inlet duct 2 and the water outlet duct 3.

[0024] Such volute 4 is shaped to direct the inlet water
flow from the water inlet duct 2 to the distributor 101 so
that such distributor 101 directs the water to enter the
impeller 102 of the hydraulic turbine 10 radially with re-
spect to the rotation axis X.

[0025] Thatis, the distributor 101 is shaped to vary the
direction of water flow entering the volute 4 to direct it
radially toward the impeller 102.

[0026] The volute 4 comprises an internal wall 40 that
determines an internal volume of the volute. In particular,
the volute 4 houses the distributor 101 and the impeller
102 in such internal volume.

[0027] According to one embodiment, the volute 4
comprises an impeller seat 400 suitable for accommo-
dating the impeller 102 in such a way that the rotation of
the impeller 102 in the volute 4 about said rotation axis
X is allowed.

[0028] Preferably, the impeller seat 400 is a through
cavity obtained in the volute 4.

[0029] As known, Francis type turbines commonly in-
clude a volute with an inlet duct with an annular geometry
and a circular cross section. In other words, the water
inlet duct develops like a ring around the axis of rotation
of the impeller.
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[0030] These volutes comprise a receiving mouth po-
sitioned in a tangential direction with respect to the axis
of rotation of the impeller. In other words, in common
Francis turbines the receiving mouth is equipped with a
tangential section with respect to the axis of rotation of
the impeller which allows the entry of water into the volute
directly in a radial/tangential direction with respect to the
axis of rotation of the impeller.

[0031] Differently from what occurs for common Fran-
cis type turbines, according to the invention, the volute
4 comprises a receiving mouth 410 suitable for receiving
incoming water along an injection axis Y upstream of the
distributor 101. Said injection axis Y is substantially par-
allel to the rotation axis X of the impeller 102.

[0032] In other words, the receiving mouth 410 is suit-
able for receiving directly the water flow in a direction
parallel with respect to the rotation axis X of the impeller
102 and to the exit direction.

[0033] That is, according to the invention, the turbine
10 is shaped so that the water enters the volute through
the receiving mouth 410 along a direction parallel to the
rotation axis X (i.e., along the axial direction), is diverted
by the volute 4 and the distributor 101 to enter tangentially
toward the impeller 102, and exits along the axial direc-
tion.

[0034] In other words, the receiving mouth 410 identi-
fies an axial injection direction Y with respect to the ro-
tation axis X.

[0035] Preferably, there are no elements interposed
between the inlet duct 2 and the receiving mouth 410.
[0036] In other words, the volute 4 is shaped so that
the water flow is axial directly upstream of the distributor
101 and is radial downstream of the distributor 101 and
upstream of the impeller 102.

[0037] The expression "directly upstream" or "directly
downstream” in this discussion refers to direct connec-
tions, occurring without any section interposed.

[0038] Thatis, just before encountering the distributor,
the water flow is axial, and is gradually transformed into
radial properly thanks to the action of the distributor
blades.

[0039] Preferably, the volute 4 comprises an elbow
manifold 45 directly downstream of the receiving mouth
410 and upstream of the distributor 101, suitable for di-
verting at least part of the water flow by varying its direc-
tion from the injection direction Y axial with respect to the
rotation axis X, to a radial/tangential direction with re-
spect to the rotation axis X.

[0040] In other words, the manifold 45 has a geometry
suitable for changing the flow direction from axial with
respect to the direction of rotation of the impeller 102 to
radial/tangential with respect to the direction of rotation
of the impeller 102.

[0041] Thatis, the elbow manifold 45 cooperates with
the distributor 101 to cause the diversion of the incoming
water flow axially to reach the impeller 102 of the turbine
10 tangentially/radially.

[0042] In other words, contrary to that which is com-
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monly known about Francis turbines - in which the volute
terminates in a receiving mouth tangential (having tan-
gential inlet) with respect to the rotation axis of the im-
peller - in the present invention, the volute 4 is specially
shaped so that the turbine inlet (i.e., the water inlet zone
directly upstream ofthe distributor) is situated inthe same
direction as the outlet, i.e., the axial direction.

[0043] Inanembodiment, the volute 4 is a single piece,
i.e. the body of the volute in which the receiving mouth
410 and the elbow manifold 45 are made are made in
one piece and are solidal with each other.

[0044] It is evident to the person skilled in the art that
"axial direction" means the direction containing the rota-
tion axis X of the impeller 102 and that "radial direction"
with respect to the rotation axis X means any direction
contained in a transverse plane and comprising a point
on the rotation axis X.

[0045] In an advantageous embodiment, the volute 4
has an asymmetrical frontal section - a frontal section is
defined as a section taken in a plane orthogonal to the
rotation axis X - and the impeller seat 400 is obtained off-
center from said volute 4.

[0046] In other words, the volute 4 develops eccentri-
cally about the impeller seat 400.

[0047] This shape makes the volute 4 and the distrib-
utor 101 suitable for diverting the incoming water through
the receiving mouth 410 along an essentially spiral fluid
path to enter radially towards the impeller 102.

[0048] Inoneembodiment, the distributor 101 compris-
es stator blades 51, 52, preferably protruding from the
inner wall 40 of the volute. That is, the stator blades 51,
52 are part of the volute 4, preferably made in one piece
with the volute 4.

[0049] In an advantageous embodiment, the stator
blades 51, 52 develop into a first series 51 and a second
series 52 of stator blades.

[0050] Said first series 51 runs directly about the im-
peller seat 400 - and thus the impeller 102 - in an at least
partially concentric manner, i.e., the first series 51 of sta-
tor blades surrounds the impeller 102 at least partially.
[0051] The second series 52 runs more externally with
respect to the first series 51 in the radial direction, i.e.,
they are further from the rotation axis X of the impeller
with respect to the first series 51. Preferably, the stator
blades of the second series 52 are larger in size with
respect to the stator blades of the first series 51.

[0052] The stator blades 51, 52 are suitable for divert-
ing the incoming water flow along the injection direction
Y through the receiving mouth 410 to allow the radial inlet
thereof toward the impeller 102.

[0053] Inone embodiment, the turbine 10 further com-
prises movable blades 55 arranged circumferentially
about the impeller 102 and suitable for providing addi-
tional directionality to the flow towards the impeller 102.
[0054] Such movable blades 55 are arranged between
the first series 51 of stator blades and the impeller 102.
[0055] The waterinletduct2 extends between an entry
end 20 and a connection end 21. In particular, at such
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inlet end 20 and connection end 21, the water inlet duct
2 is delimited respectively by an inlet mouth 200 and a
respective injection mouth 210.

[0056] The water inlet duct 2 is therefore suitable for
being penetrated by water entering from the inlet mouth
200 and toward the injection mouth 210.

[0057] The water inlet duct 2 is suitable for being con-
nected to a reservoir, a water basin, a water supply de-
vice, or a tubing by connection at said inlet end 20.
[0058] The waterinletduct2may be directly connected
to the volute 4 by connection between the injection mouth
210 and the receiving mouth 410.

[0059] Thatis, the volute 4 comprises a respective con-
nection end 41 at which it is connected to the connection
end 21 of the water inlet duct 2.

[0060] Inoneembodiment, the pressure control device
1 is suitable for being applied to a water distribution sys-
tem 9. In particular, the water inlet duct 2 is suitable for
being connected to an inlet tubing 91 at the inlet end 20.

[0061] The inlet tubing 91 is preferably fed from a res-
ervoir 90, a water basin, a supply device, or an auxiliary
tubing.

[0062] The water outlet duct 3 is suitable for discharg-

ing water leaving the impeller 102 axially with respect to
the rotation axis X, i.e., along a discharge direction par-
allel to the rotation axis X.

[0063] In one embodiment, the water outlet duct 3 ex-
tends between a first end 32 and a second end 33. The
first end 32 is suitable for being connected to a discharge
end 42 of the volute 4, downstream of the impeller 102.
The second end 33 is suitable for being connected to a
discharge tubing 92 of a water distribution system 9.
[0064] Preferably, the water outlet duct 3 is tapered
toward the first end 32. That is, the output section A3 of
the second end 33 is larger than the input section A2 of
the first end 32.

[0065] In one embodiment, the water outlet duct 3 de-
fines the volume of a truncated cone having the minor
base at the first end 32 and the major base at the second
end 33.

[0066] Preferably, the water outlet duct 3 is axisym-
metric with respect to the rotation axis X of the impeller
102.

[0067] In one embodiment, the water outlet duct 3 is
directly keyed onto the volute 4.

[0068] Preferably, the mechanical connections be-
tween the water inlet duct 2, the volute 4, and the water
outlet duct 3 are made by standard, removable fixing
means, e.g., flanges and bolts, or fixed means, by weld-
ing.

[0069] In an advantageous embodiment, the inlet duct
2 comprises afitting 2’ and a delivery tube 2". Preferably,
theinletduct2is composed exclusively of such said fitting
2’ and said delivery tube 2".

[0070] In one embodiment, the delivery tube
2" extends predominantly along the injection axis Y. The
delivery tube 2" is directly connected to the receiving
mouth 410 of the volute 4.
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[0071] Preferably, the delivery tube 2” has a substan-
tially linear development along the injection axis Y and
has the cross-section of an oval.

[0072] The delivery tube 2" comprises a side wall 25
having a substantially flat upper portion 251 and lower
portion 252, preferably parallel to each other, preferably
joined by curvilinear portions 253, 254.

[0073] In one embodiment, the delivery tube
2" comprises ribs 250 protruding internally, i.e., toward
the inner volume of the delivery tube 2", from the side
wall 25.

[0074] Preferably, the ribs 250 extend predominantly
parallel to the injection axis Y.

[0075] Preferably, the ribs 250 extend the entire length
of the delivery tube 2" along the injection axis Y.

[0076] Preferably, there are two ribs 250.

[0077] Even more preferably, the ribs 250 extend from
the upper portion 251 or the lower portion 252 of the side
wall 25.

[0078] In a preferred embodiment, the ribs extend in-
ternally to the delivery tube 2" between the upper portion
251 and the lower portion 252.

[0079] In an advantageous embodiment, when the
generator 12 is connected to the impeller 102 and the
delivery tube 2” is connected to the volute 4, the gener-
ator 12 is placed above the delivery tube 2".

[0080] In anadvantageous embodiment, when the de-
livery tube 2” is connected to the volute 4, the flattened
upper portion 251 is suitable for supporting the generator
12.

[0081] Inanadvantageousembodiment,the generator
12 is directly keyed onto the delivery tube 2" at the upper
portion 251.

[0082] Inotherwords,inone embodimentthe pressure
control device 1 comprises the generator 12 keyed di-
rectly above the inletduct 2, preferably above the delivery
tube 2"

[0083] Advantageously, in such an embodiment, the
overall dimensions of the device are reduced and the
device is suitable for in-line installation in a water distri-
bution system.

[0084] In an advantageous embodiment, the pressure
control device 1 has predominant development parallel
to the rotation axis of the impeller X.

[0085] In one embodiment, the delivery tube
2" comprises one or more support elements 80 suitable
for supporting the weight of the generator 12.

[0086] Preferably, such support elements 80 are locat-
ed on the side wall 25, even more preferably on the upper
portion 251.

[0087] In one embodiment, such support elements 80
are protuberances obtained in one piece on the upper
portion 251 and/or on one or more of the curvilinear por-
tions 253, 254 of the side wall 25.

[0088] Inone embodiment, such protuberances 80 ex-
tend parallel to the injection axis Y.

[0089] Inone embodiment, such protuberances 80 are
spaced in an unbalanced manner with respect to said
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injectionaxis Y, i.e., they are not symmetrical with respect
to the delivery tube 2".

[0090] Preferably, such protuberances 80 are equidis-
tant from the rotation axis X of the impeller.

[0091] Advantageously, in such embodiment the de-
livery tube 2” is suitable for stably maintaining the gen-
erator 12 that is connected to the impeller 102.

[0092] Preferably, the generator 12 is attachable in a
stable manner to said protuberances 80 by attachment
means (not shown).

[0093] The fitting 2’ is directly connectable upstream
of the delivery tube 2" and is suitable for connection
downstream of a reservoir, a water basin, a water supply
device, or a tubing.

[0094] That is, preferably the inlet mouth 200 is ob-
tained in such fitting 2'.

[0095] In other words, the fitting 2’ allows the incoming
water to flow from the inlet mouth 200 towards the deliv-
ery tube 2" to reach the volute 4.

[0096] In one embodiment, the fitting 2’ comprises a
connection opening 201 atthe end opposite from the inlet
mouth 200 along the direction of the water flow S, said
connection opening 201 being connectable directly up-
stream of the delivery tube 2".

[0097] Preferably, the delivery tube 2"’ comprises a de-
livery opening 202, opposite the injection mouth 210 and
directly connectable to said connection opening 201.
[0098] Preferably, the connection opening 201 has the
same cross-section as the delivery tube 2" (and thus the
delivery opening 202).

[0099] In one embodiment, the fitting 2’ comprises a
curvilinear wall 27 that connects the inlet mouth 200 and
connection opening 201 together.

[0100] Inone embodiment, the water inlet 200 defines
and develops about an inlet axis Z.

[0101] In a preferred embodiment, the input axis Z is
substantially parallel to the rotation axis X and to the in-
jection axis Y.

[0102] Inthe presentdiscussion,the formula"substan-
tially parallel" denotes two axes parallel or incident to
each other with an angle of incidence contained within a
limited range, preferably less than 90 degrees, even
more preferably less than 50 degrees, even more pref-
erably less than 10 degrees.

[0103] Preferably, the input axis Z is parallel to the ro-
tation axis X and the injection axis Y.

[0104] Even more preferably, in the pressure control
device 1 the input axis Z coincides with the rotation axis X.
[0105] In a preferred embodiment, when the fitting 2’
and the delivery tube 2" are connected to each other a
height difference H1 results between the injection axis Y
and the inlet axis Z.

[0106] Thatis, in the fitting 2’ the water inlet mouth 200
and the connection opening 201 are offset from each
other in height. This configuration is fundamental for pro-
viding an elevation jump to the water flow entering the
turbine 10.

[0107] In one embodiment, the inlet mouth 200 has a
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circular cross-section, centered in the inlet axis Z.
[0108] In one embodiment, the connection opening
201 has an oval cross-section, preferably the same size
as the cross-section of the delivery tube 2" (and the de-
livery opening 202).

[0109] Inoneembodiment, the fitting 2’ comprises stiff-
ening ridges 270, preferably two, that protrude from the
curvilinear wall 27.

[0110] Further, in one embodiment, the fitting 2° com-
prises one or more internal ribs 275 protruding from the
curvilinear wall 27 inward, i.e., into the internal volume
of the fitting 2’ delimited by the curvilinear wall 27.
[0111] Preferably, the fitting 2’ comprises only one in-
ternal rib 275.

[0112] Inaparticularly advantageous embodiment, the
pressure control device 1 comprises the turbine 10, the
generator 12, the delivery tube 2" connected upstream
of the volute 4, and the fitting 2’ connected upstream of
the delivery tube 2" in such a way that the inlet axis Z is
parallel to the rotation axis X of the impeller and to the
injection axis Y. The generator 12 is connected to the
impeller 102 and is located above the delivery tube 2",
preferably directly keyed onto the delivery tube 2".
[0113] Inone embodiment,the inletduct2 is one piece,
that is, the delivery tube 2" and the fitting 2’ are made in
one piece and are integral to each other.

[0114] A subject matter of the present invention is a
water distribution system 9 comprising a pressure control
device 1 according to the present invention.

[0115] In one embodiment, the water distribution sys-
tem 9 comprises a bypass mechanism that is operable,
e.g., in case of failure, malfunction, rupture, or overload
of the pressure control device 1, to ensure pressure reg-
ulation and the operation of the plant.

[0116] In one embodiment, the bypass mechanism
comprises a bypass duct and a control valve, preferably
a spindle valve or a pressure reducing valve, configured
to keep the access to the bypass duct closed under work-
ing conditions and to open the access to the bypass duct
under emergency conditions. Preferably the control valve
is operated electrically or through counterweight.
[0117] In one embodiment, the inlet duct 2, the outlet
duct 3, and the turbine 10 are made of materials suitable
for contact with potable water, such as stainless steel, or
are painted with a coating suitable for potable water ap-
plications.

[0118] In one embodiment, the impeller is made of
AISI316L stainless steel.

[0119] In one embodiment, the outlet duct 3, the inlet
duct 2, and the volute 4 are made of ductile iron and
coated with epoxy protection through the FBE (Fusion
Bonded Epoxy) process according to EN14901-1.
[0120] Preferably, the fitting 2’, the delivery tube 2",
the volute 4, and the discharge tube 3 are obtainable by
casting.

[0121] Innovatively, the present invention solves the
typical drawbacks of pressure control devices of the prior
art.
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[0122] Advantageously, the presentinvention enables
the conversion of excess hydraulic energy into clean
electricity.

[0123] Advantageously, the hydraulic turbine accord-
ing to the present invention is usable as an in-line pres-
sure regulator in water distribution systems.

[0124] Advantageously, the Applicant has verified that
the hydraulic turbine according to the present invention
provides high overall yield in the optimal operating range
thereof and reduces pressure drop between the inlet and
outlet.

[0125] Advantageously, the inlet duct according to the
present invention allows a generator to be housed while
keeping the footprint of the pressure control device con-
tained and at the same time supplying incoming water in
the direction axial to the hydraulic turbine.

[0126] Atthe same time, the presentinvention enables
good performance at the distribution level to be obtained
and makes existing systems more efficient.

[0127] Furthermore, advantageously, the pressure
control device is space-saving and easy to implement
and maintain.

[0128] According to a further advantage, the pressure
controldeviceis versatile and scalable and may be adapt-
ed to any need.

[0129] According to a further advantage, the water dis-
tribution system is safe and reliable and ensures service
even if the pressure control device fails or malfunctions.
[0130] Accordingtoanevenfurtheradvantage, the wa-
ter distribution system is efficient.

[0131] It is evident that, to the embodiments of the
aforesaid pressure control device, the aforesaid turbine,
and the distribution system, a person skilled in the art, in
order to meet specific needs, could make variations or
substitutions of elements with functionally equivalent
ones.

[0132] These variants are also contained within the
scope of protection as defined by the following claims.
[0133] Moreover, each variant described as belonging
to a possible embodiment may be implemented inde-
pendently of the other variants described.

Claims

1. A hydraulic turbine (10) comprising a distributor
(101), an impeller (102) having a rotation axis (X)
and a volute (4) which houses said distributor (101)
and impeller (102),

wherein the volute (4) comprises a receiving
mouth (410) directly upstream of the distributor
(101), said receiving mouth (410) extending
about an injection axis (Y) substantially parallel
to the rotation axis (X),

wherein the volute (4) is suitable for receiving
incoming water along said injection axis (Y) and
is shaped to direct the incoming water flow
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through said receiving mouth (410) tangentially
towards the impeller (102), said hydraulic tur-
bine (10) being suitable for discharging such a
water flow parallel to the rotation axis (X).

Hydraulic turbine (10) according to claim 1, wherein
the volute (4) comprises an elbow manifold (45) di-
rectly downstream of the receiving mouth (410) and
upstream of the distributor (101), said elbow mani-
fold (45) being suitable for diverting at least partially
the water flow from the injection direction (Y) to tan-
gentially enter towards the impeller (102).

Hydraulic turbine (10) according to claim 1 or 2,
wherein the volute (4) comprises an inner wall (40)
and the distributor (101) comprises stator blades (51,
52) projecting from said inner wall (40).

Hydraulic turbine (10) according to any one of the
preceding claims, comprising an impeller seat (400)
obtained in the volute (4) and suitable for accommo-
dating the impeller (102) in a rotatable manner about
the rotation axis (X) and wherein the distributor (101)
comprises a first series (51) of stator blades which
at least partially surrounds said impeller seat (400).

Hydraulic turbine (10) according to the preceding
claim, wherein the distributor (101) comprises a sec-
ond series (52) of stator blades which extend more
externally than the first series (51) and which are
larger in size as compared the first series (51) of
stator blades.

A pressure control device (1) comprising a hydraulic
turbine (10) according to any one of the preceding
claims and a generator (12) connected to the impel-
ler (102).

Pressure control device (1) according to claim 6,
comprising an inlet duct (2) connected upstream of
the volute (4) and suitable for providing incoming wa-
ter to the receiving mouth (410) along the injection
axis (Y).

Pressure control device (1) according to claim 7,
wherein the inlet duct (2) comprises a delivery tube
(2”) directly connected to the receiving mouth (410),
wherein said delivery tube (2") has a substantially
linear development along the injection axis (Y) and
has the cross-section of an oval.

Pressure control device (1) according to claim 8,
wherein the delivery tube (2”’) comprises a side wall
(25) having an upper portion (251) and a lower por-
tion (252) which are substantially flat and parallel to
each other.

10. Pressure control device (1) according to any one of
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1.

12.

13.

14.

15.

16.

17.

18.

19.

claims 7 to 9, wherein the generator (12) is directly
keyed onto the inlet duct (2).

Pressure control device (1) according to claims 8
and 10, wherein the generator (12) is directly keyed
onto the delivery tube (2").

Pressure control device (1) according to any one of
claims 8 to 11, wherein the inlet duct (2) comprises
a fitting (2') connectable upstream of the delivery
tube (2) and extending with a curvilinear wall (27)
between a water inlet mouth (200) suitable for re-
ceiving incoming water along an inlet axis (Z) and a
connection opening (201) suitable for being connect-
ed to an injection opening (202) of the delivery tube
(2"), wherein the inlet axis (Z) is parallel to the injec-
tion axis (Y) and the rotation axis (X).

Pressure control device (1) according to claim 12,
wherein the inlet axis (Z) is coincident with the rota-
tion axis (X).

Pressure control device (1) according to claim 12 or
13, whereinthere is a height difference (H1) between
the injection axis (Y) and the inlet axis (Z).

A water distribution system (9) comprising a pres-
sure control device (1) according to any one of claims
6 to 14.

Water distribution system (9) according to claim 15,
comprising a bypass mechanism which is operable
instead of the pressure control device (1), for exam-
ple in the case of a breakdown or malfunction.

A delivery tube (2”) for a pressure control device (1),
having a substantially linear extension along an in-
jection axis (Y) and having the cross-section of an
oval, comprising a side wall (25) and being suitable
for supporting a generator (12) resting on said side
wall (25) .

A fitting (2’) for a pressure control device (1), con-
nectable upstream of a delivery tube (2”) according
to claim 17 and extending with a curvilinear wall (27)
between a water inlet mouth (200) suitable for re-
ceiving incoming water along an inlet axis (Z) and a
connection opening (201), wherein the inlex axis (Z)
is parallel to the injection axis (Y) and the connection
opening extends about an injection axis (Y), and
wherein there is a height difference (H1) between
the injection axis (Y) and the inlet axis (Z).

A volute (4) for a hydraulic turbine (10) according to
any one of the claims from 6 to 14, comprising an
elbow manifold (45).






EP 4 442 986 A1




EP 4 442 986 A1

FIG.3



EP 4 442 986 A1

40

101

55

250

92

51

FIG.4

1"



(s
O
AN

FIG.5



EP 4 442 986 A1

45

253

X< .
\{
4 : p : T’\,
/ NN =
J
o / i
o0
N /
|
]

o
N~
N
N~
/N
‘\\
~—>

H1

FIG.6



EP 4 442 986 A1

14



EP 4 442 986 A1

12°T4

15



EP 4 442 986 A1

\

6 9ld

oLy

op— |

00—

Wi

16



EP 4 442 986 A1

FIG.10b

17



10

15

20

25

30

35

40

45

50

55

EP 4 442 986 A1

9

des

Europdisches
Patentamt

European
Patent Office

Office européen

brevets

[ary

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 24 16 6703

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X UsS 3 810 717 A (RAKCEVIC S) 1-19 INV.
14 May 1974 (1974-05-14) FO3B3/02
* column 1, line 50 - column 2, line 31; FO3B3/18
figure 1 *
A FR 2 923 553 Al (ALSTOM POWER HYDRAULIQUE |1-19
SA [FR]) 15 May 2009 (2009-05-15)
* abstract; figure 1 *
A FR 2 813 643 Al (THOMAS LOUIS [FR]) 1-19
8 March 2002 (2002-03-08)
* abstract; figures 2,5 *
A KR 2023 0006296 A (HONG KOOK SUN [KR]) 1-19
10 January 2023 (2023-01-10)
* abstract; figures 1-7 *
TECHNICAL FIELDS
SEARCHED (IPC)
FO3B
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 22 August 2024 Lux, Ralph
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons

A :technological background

O : non-written disclosure & : member of the same patent family, corresponding

P :inte

rmediate document document

18




EP 4 442 986 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 24 16 6703

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

22-08-2024
Patent document Publication Patent family Publication

cited in search report date member(s) date

Us 3810717 A 14-05-1974 NONE

FR 2923553 Al 15-05-2009 AU 2008328559 A1l 04-06-2009
BR PI0819317 A2 18-08-2015
CA 2705621 Al 04-06-2009
CN 101910618 A 08-12-2010
EC SP10010170 A 29-06-2010
EP 2220362 A2 25-08-2010
FR 2923553 Al 15-05-2009
JP 5425090 B2 26-02-2014
JP 2011503433 A 27-01-2011
KR 20100093564 A 25-08-2010
MY 154214 A 15-05-2015
PE 20091697 Al 13-11-2009
us 2010260622 Al 14-10-2010
WO 2009068828 A2 04-06-2009

FR 2813643 Al 08-03-2002 NONE

KR 20230006296 A 10-01-2023 KR 20230006296 A 10-01-2023
KR 20230142690 A 11-10-2023

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

19




	bibliography
	abstract
	description
	claims
	drawings
	search report

