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The present invention generally relates to hydraulic machinery, such as hydraulic turbines. More specifically, the invention is
directed to optimising power consumption when the turbine is used in condenser mode. A hydraulic installation comprises a spiral
case defining an annular passage with a plurality of wicket gates. One or more pressure sensors are arranged in the spiral case. A
runner chamber is in fluid communication with the spiral casing downstream of the wicket gates, and a runner is rotatable in the
runner chamber. A draft tube is arranged below the runner, and is in fluid communication with a source of pressurized air. A first
connecting element is fluidly connected to the hydraulic circuit and has an end discharging water to atmosphere, or a second
connecting element comprising a pump is connected to the hydraulic circuit and discharges in the draft tube.
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ABSTRACT
The present invention generally relates to hydraulic machinery, such as hydraulic
turbines. More specifically, the invention is directed to optimising power consumption
when the turbine is used in condenser mode. A hydraulic installation comprises a
spiral case defining an annular passage with a plurality of wicket gates. One or more
pressure sensors are arranged in the spiral case. A runner chamber is in fluid
communication with the spiral casing downstream of the wicket gates, and a runner is
rotatable in the runner chamber. A draft tube is arranged below the runner, and is in
fluid communication with a source of pressurized air. A first connecting element is
fludly connected to the hydraulic circuit and has an end discharging water to
atmosphere, or a second connecting element comprising a pump is connected to the

hydraulic circuit and discharges in the draft tube.
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HYDRAULIC INSTALLATION AND METHOD FOR OPERATING THE

SAME

TECHNICAL FIELD

The present invention generally relates to hydraulic
installations, such as hydraulic turbines. More
specifically, the invention is directed to optimising power

consumption when the turbine is used in condenser mode.

BACKGROUND

As well known, it 1s common practise for Francis
turbine to evacuate water from the runner when the
generator 1is disconnected and thus electricity is not
produced. This state of operation is generally referred to
as “condenser mode”, wherein the electrical output is not
in the form of electric power. Nevertheless, the turbine is
advantageously kept at a synchronous speed so that it can
be guickly brought back to the normal operation mode, where
the runner is connected to the generator and electric power
is delivered.
To this purpose, such condenser operation mode is achieved
by closing the wicket gates and then admitting pressurised
air into the runner housing.
A technical problem which arises from such operational mode
is that the pressure of the water inside the spiral case

usually tends to reach high levels, which could affect the



power consumption of the turbine. To this regard, a water passageway is usually
provided between the summit of the spiral case and the underlying draft tube. This
way, a flow of water naturally moves from the spiral case to the draft tube in the
direction of a negative pressure gradient. However, such technical expedient does not
provide a satisfying solution to the aforesaid technical problem, as it is proven that

power consumption for state-of-the-art installations is still not optimal.

SUMMARY OF THE INVENTION

According to an aspect of the invention, there is provided a hydraulic
installation, comprising a hydraulic circuit which comprises a spiral casing which
defines an annular passage including a plurality of wicket gates distributed there
along; a runner chamber in fluid communication with said spiral casing and located
downstream of said wicket gates; a runner rotatable in said runner chamber; a draft
tube arranged below said runner; a source of pressurised air in fluid communication
with said draft tube; wherein the hydraulic installation further comprises a first
connecting element fluidly connected to said hydraulic circuit, and having an end
discharging in atmosphere to discharge water or, as an alternative to said first
connecting element, it comprises a second connecting element fluidly connected to
said hydraulic circuit and having an end discharging in the draft tube, wherein said
second connecting element comprises a pump; wherein the hydraulic installation

further comprises one or more pressure sensors arranged within said spiral case.
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According to a preferred aspect of the invention, the first connecting element
mtercepts the hydraulic circuit in correspondence of the spiral casing.

According to a preferred aspect of the invention, the first connecting element
mtercepts the hydraulic circuit in correspondence of a gap of the runner chamber, the
gap being located between the wicket gates and the runner.

According to a preferred aspect of the invention, the second connecting element
intercepts the hydraulic circuit in correspondence of the spiral casing.

According to a preferred aspect of the invention, the second connecting element
intercepts the hydraulic circuit in correspondence of a gap of the runner chamber, the
gap being located between the wicket gates and the runner.

According to a preferred aspect of the invention, the hydraulic installation
comprises one or more pressure sensors arranged within the spiral case.

According to a preferred aspect of the invention, the hydraulic installation
comprises a first control unit configured to receive an input signal correspondent to a
pressure value from the pressure sensors and elaborate an output control signal
directed to the pump.

According to a preferred aspect of the invention, the first connecting element
comprises an opening/closure valve.

According to a preferred aspect of the invention, the hydraulic installation

comprises a second control unit configured to receive an input signal correspondent to
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a pressure value from the pressure sensors and elaborate an output control signal
directed to the opening/closure valve.

According to a preferred aspect of the invention, the wicket gates in the annular
passage have an adjustable pitch such to be moved between an open position,
allowing water passage to the runner, and a closed position where the water passage is
mterrupted.

According to a preferred aspect of the invention, the hydraulic installation
further comprises a third control unit configured to receive an input signal
correspondent to a pressure value from the pressure sensors and elaborate an output
control signal directed to adjust the pitch of the wicket gates.

According to a preferred aspect of the invention, the first connecting element or
the second connecting element intercepts the spiral casing at a summit thereof.

According to a preferred aspect of the invention, the runner is located radially
in the annular passage.

In another aspect, there is provided a method for retrofitting an existing
hydraulic installation, wherein the hydraulic installation comprises a hydraulic circuit
comprising a spiral casing which defines an annular passage including a plurality of
wicket gates distributed there along; a runner chamber in fluid communication with
said spiral casing and located downstream of said wicket gates; a runner rotatable in
said runner chamber; a draft tube arranged below said runner; a source of pressurised

air in fluid communication with said draft tube; wherein the method includes
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providing one or more pressure sensors within said spiral case and providing a first
connecting element fluidly connected to said hydraulic circuit, said first connecting
element having an end discharging in atmosphere to discharge water or providing a
second connecting element fluidly connected to said hydraulic circuit and having an
end discharging in said draft tube, said second connecting element comprising a
pump. According to a preferred aspect of the invention, the method for retrofitting an
existing hydraulic installation further includes the step of positioning an
opening/closure valve along the first connecting element.

In another aspect, there i1s provided a method for operating a hydraulic
installation, the hydraulic installation comprising a hydraulic circuit which comprises
a spiral casing which defines an annular passage including a plurality of wicket gates
distributed there along, the wicket gates having an adjustable pitch; a runner chamber
in fluid communication with said spiral casing and located downstream of said wicket
gates; a runner rotatable in said runner chamber; a draft tube arranged below said
runner; a source of pressurised air in fluid communication with said draft tube;
wherein the hydraulic installation comprises a first connecting element arranged
between said spiral casing and having an end discharging water in atmosphere, said
first connecting element comprising an opening/closure valve; or a second connecting
element arranged between said hydraulic circuit and said draft tube, said second
connecting element comprising a pump; wherein said method includes measuring a

pressure with one or more pressure sensors inside said spiral casing and generating a
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control output signal, based on said pressure measurement, directed to adjust the pitch

of said wicket gates or to control the opening/closure of said valve or to regulate said

pump.

BRIEF DESCRIPTION OF THE DRAWINGS
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The objects, advantages and other features of the
present invention will become more apparent upon reading of
the following non-restrictive description of preferred
embodiments thereof, given for the purpose of
exemplification only, with reference to the accompany
drawing, through which similar reference numerals may be
used to refer to similar elements, and in which:

Figure 1 shows a front sectional view of a hydraulic
installation according to the prior art;

Figures 2 - 5 show front sectional views of a
hydraulic installation according to different embodiments
of the present invention;

Figures 6a — 6¢ show simplified Dblock diagrams
illustrating modes of operating the hydraulic installation
according to the present invention.

An exemplary preferred embodiment will be now described

with reference to the aforementioned drawings.

DETATILED DESCRIPTION OF THE INVENTION

With reference to figure 1, it 1is shown a hydraulic
installation in front-sectional view, in particular a
Francis or a reversible Francis-type turbine 100, according
to the prior art.
In particular, Francis or reversible Francis turbine 100
comprises a hydraulic circuit, generally indicated in the

figure with a dashed box having numeral reference 11, which
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comprises a spiral casing 2 which defines a spiral passage
where the water flows, and a plurality of wicket gates 3
uniformly distributed there along. Radially located in the
annular passage 1s a runner 4 which is put in rotation by
the flow of water and located into a runner chamber 41.
The wicket gates provided in the annular passage have an
adjustable pitch such to be moved between an open position,
allowing passage of water, and a closed position where the
flow of water is interrupted. Runner 4 is in turn integral
to a shaft 40 for the supply of electric power.
A draft tube 5 1s positioned below the runner, serving as a
conduit which connects the exit of the runner to a tail
race where the water is finally discharged.
When the Francis turbine 100 1is wused in the so-called
“condenser mode”, dewatering of runner 4 1is achieved by
positioning the wicket gates 1in a closed configuration,
such not to allow the passage of water.
Additionally, the draft tube 5 is dewatered with the aild of
a source of pressurised air 7 in fluid communication with
the draft tube.
During this mode of operation, where the runner 4 is kept
at synchronous speed, the pressure in the spiral case 2 may
rise to levels which could cause an unwanted passage of
water through the wicket gates. To this purpose, a duct 66
is arranged between the spiral case 2 and the draft tube 5,

and intercepts the spiral casing 2 at a summit thereof. By
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means of duct 66, water flows along a direction of a
negative pressure gradient from the spiral case to the
draft tube. This way the pressure in the spiral case 2 is
reduced. However, it has proven that such solution does not
solve in a satisfactory manner such technical problem
because residual water rises in the space between runner 4
and the wicket gate. The residual water is responsible on
the main part of the total installation active power
consumption.

With reference to figure 2 and 3, it is shown a front
sectional view of a hydraulic installation 1, in particular
a Francis turbine, according to a first embodiment of the
present invention, .

The Francis turbine 1 according to the invention differs
from a known installation in that it comprises a first
connecting element 8 fluidly connected to the hydraulic
circuit, in particular to the spiral case 2, which has an
end 81 discharging in the atmosphere. This first connecting
element 8 with the exhaust at atmospheric pressure may be
placed in addition or in alternative to the duct arranged
between the spiral case and the draft tube (not shown) and
it facilitates the process of reducing the pressure inside
the spiral case 2.

More advantageously, spiral case 2 may be provided with
pressure sensors (not shown) arranged therein to monitor

the pressure value during the condenser mode operational
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state.
The first connecting element 8 may also be provided with an
opening/closure valve 82 to control/adjust the discharge of
water in atmosphere.

In alternative, with reference to figure 3 the
hydraulic installation 1 may comprise a second connecting
element 6 arranged between the hydraulic circuit, and in
particular the spiral case 2, and the draft tube 5. The
second connecting element 6 comprises a pump 9 located
along its path. This way, the flow of water from the spiral
case 2 to the draft tube 5 is adjusted/regulated by means
of the pump 9.

With reference to following figures 4 and 5, it is
shown a hydraulic installation according to a second
embodiment of the present invention.

More in particular, with reference to figure 4, the first
connecting element 8 intercepts the hydraulic circuit in
correspondence of a gap 411 located into the runner chamber
41, particularly between the wicket gates 3 and the runner
4.

Turning to next figure 5, the second connecting element 6
intercepts the hydraulic circuit in correspondence of the
gap 411 and has an end 61 discharging into the draft tube.

Making now reference to next figures 6a-6¢, it 1is
shown in a simplified block diagram an exemplary control

logic adopted to monitor and regulate/adjust the pressure
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in the spiral case particularly during condenser mode
operation of the Francis turbine.
According to figure 6a, the hydraulic installation
comprises a first control unit 11, which is configured to
receive an input signal correspondent to a pressure value
from the pressure sensors 111 and elaborate an output
control signal directed to the pump 9. The arrangement is
such that the action of the pump to dewater the spiral case
and thus reduce the pressure 1is regulated based on the
pressure values measured in the spiral case during the
condenser mode operation.
In alternative, with reference to figure 6b, hydraulic
installation may comprise a second control unit 12
configured to receive an input signal correspondent to a
pressure value from the pressure sensors 111 and elaborate
an output control signal directed to the opening/closing
valve 82. In particular, opening/closing valve 82 might
have a mechanism such to allow partial closing/opening of
the same, to further regulate the exhaust of water for
dewatering the spiral case and hence gradually reducing its
internal pressure.
Alternatively or additionally, hydraulic installation may
comprise a third control unit 13 configured to receive an
input signal correspondent to a pressure value from the
pressure sensors 111 and elaborate an output control signal

directed to adjust the pitch of the wicket gates, which are
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indicated in the Dblock with numeral reference 3. In this
way, Ppressure inside the spiral case may also be regulated
allowing the passage of the water flow into the runner.

It is a further object of the present invention to
provide a method for retrofitting an existing hydraulic
installation according to the state of the art, as the one
described with reference to figure 1.

In particular, the method includes the step of connecting
the first connecting element 8 to the hydraulic circuit,
wherein the first connecting element has an end discharging
in atmosphere. The first connecting element 8 may also be
provided with an opening/closure valves 82 to further
improve the process of dewatering the spiral case 2.
Alternatively, the method may include the step of
connecting a second connecting element 6 to the runner
chamber, and in particular to the gap 411, located between
the wicket gates and the runner, and providing a pump 9
along its path.

As a further object of the present invention, it is
provided method for operating a hydraulic installation,
whereby the hydraulic installation comprises, with
reference to figures 2-5, a hydraulic circuit including a
spiral casing 2 which defines an annular passage and a
plurality of wicket gates distributed there along, wherein
the wicked gates are provided with an adjustable pitch such

to be moved between a totally open position, allowing water
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passage, and a closed position where the water passage is
interrupted. The hydraulic installation further comprises a
runner chamber 1in fluid communication with said spiral
casing and located downstream of the wicket gates; a runner
rotatable 1n the runner chamber; a draft tube arranged
below the zrunner; a source of pressurised air in f£fluid
communication with the draft tube 5; wherein the hydraulic
installation comprises a first connecting element 6
arranged between the spiral casing 2 and having an end 81
discharging in atmosphere, the second duct 8 comprising an
opening/closure valve 82; or a second connecting element 8
arranged between the hydraulic circuit 11 and the draft
tube 5, the second connecting element 8 comprising a pump
9;

The method for operating the hydraulic installation
includes the step of measuring the pressure 1nside the
spiral casing 2 and elaborating a control output signal,
based on the pressure measurement, directed to adijust the
pitch of the wicket gates or, in alternative, to control
the opening/closure of the wvalve 82 or, in alternative, to
regulate the pump 9.

While the invention has been described in detail in
connection with only a limited number of embodiments, it
should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the

invention can be modified to incorporate any number of



CA 02998441 2018~03~12

WO 2017/046012 PCT/EP2016/071315

14
variations, alterations, substitutions or equivalent
arrangements not Theretofore described, but which are
commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention

5 have been described, it is to be understood that aspects of
the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen
as limited by the foregoing description, but is only

limited by the scope of the appended claims.
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CLAIMS

1. A hydraulic installation, comprising:

- a hydraulic circuit comprising: a spiral casing which defines an annular
passage including a plurality of wicket gates distributed there along;

- a runner chamber in fluid communication with said spiral casing and located
downstream of said wicket gates;

- a runner rotatable in said runner chamber;

- a draft tube arranged below said runner;

- a source of pressurised air in fluid communication with said draft tube;

the hydraulic installation comprising a first connecting element fluidly connected to
said hydraulic circuit, and having an end discharging in atmosphere to discharge water or,
in alternative to said first connecting element, a second connecting element fluidly
connected to said hydraulic circuit and having an end discharging in said draft tube,
wherein said second connecting element comprises a pump;

wherein the hydraulic installation further comprises one or more pressure sensors

arranged within said spiral case.

2. The hydraulic installation according to claim 1, wherein said first connecting

element intercepts said hydraulic circuit at said spiral casing.
3. The hydraulic installation according to claim 1, wherein said first connecting
element intercepts said hydraulic circuit at a gap of said runner chamber, the gap being

located between said wicket gates and said runner.

4. The hydraulic installation according to claim 1, wherein said second

connecting element intercepts said hydraulic circuit at said spiral casing.
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5. The hydraulic installation according to claim 1, wherein said second
connecting element intercepts said hydraulic circuit at a gap of said runner chamber, the

gap being located between said wicket gates and said runner.

6. The hydraulic installation according to any one of claims 1 to 5, further
comprising a first control unit configured to receive an input signal corresponding to a
pressure value from said pressure sensors and generate an output control signal directed to

said pump.

7. The hydraulic installation according to any one of claims 1 to 6, wherein said

first connecting element comprises an opening/closure valve.

8. The hydraulic installation according to claim 7, further comprising a second
control unit configured to receive an input signal corresponding to a pressure value from
said pressure sensors and generate an output control signal directed to said

opening/closure valve.

9. The hydraulic installation according to any one of claims 1 to 8, wherein said
wicket gates in said annular passage have an adjustable pitch such to be moved between a
totally open position, allowing water passage to said runner, and a closed position where

the water passage is interrupted.

10. The hydraulic installation according to claim 9, further comprising a third
control unit configured to receive an input signal corresponding to a pressure value from
said pressure sensors and generate an output control signal directed to adjust the pitch of

said wicket gates.
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11. The hydraulic installation according to any one of claims 1 to 10, wherein
said first or second connecting element intercepts said hydraulic circuit at a summit of said

spiral casing.

12. Method for retrofitting an existing hydraulic installation, the hydraulic
installation comprising:
- a hydraulic circuit comprising: a spiral casing which defines an annular
passage including a plurality of wicket gates distributed there along;
- a runner chamber in fluid communication with said spiral casing and
located downstream of said wicket gates;
- a runner rotatable in said runner chamber;
- a draft tube arranged below said runner;
- a source of pressurised air in fluid communication with said draft tube;
the method comprising providing one or more pressure sensors within said spiral case
and providing a first connecting element fluidly connected to said hydraulic circuit, said
first connecting element having an end discharging in atmosphere to discharge water or
providing a second connecting element fluidly connected to said hydraulic circuit and
having an end discharging in said draft tube, said second connecting element comprising

a pump.

13. Method according to claim 12, further including the step of positioning an

opening/closure valve along said first connecting element.
14. Method for operating a hydraulic installation, the hydraulic installation

comprising:

- a hydraulic circuit comprising: a spiral casing which defines an annular
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passage including a plurality of wicket gates distributed there along, the wicket gates
having an adjustable pitch;

- a runner chamber in fluid communication with said spiral casing and located
downstream of said wicket gates;

- a runner rotatable in said runner chamber;

- a draft tube arranged below said runner;

- a source of pressurised air in fluid communication with said draft tube;
wherein the hydraulic installation comprises:

- a first connecting element arranged between said spiral casing and having an
end discharging water in atmosphere, said first connecting element comprising an
opening/closure valve; or

- a second connecting element arranged between said hydraulic circuit and
said draft tube, said second connecting element comprising a pump;
wherein said method includes measuring a pressure with one or more pressure sensors
inside said spiral casing and generating a control output signal, based on said pressure
measurement, directed to adjust the pitch of said wicket gates or to control the

opening/closure of said valve or to regulate said pump.
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