Office de la Propriete Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2549749 C 2015/05/19

(11)(21) 2 549 749

(12 BREVET CANADIEN
CANADIAN PATENT
(13) C

(22) Date de depot/Filing Date: 2006/06/09
(41) Mise a la disp. pub./Open to Public Insp.: 200//12/09
(45) Date de delivrance/lssue Date: 2015/05/19

(51) Cl.Int./Int.Cl. FO3B 11/04 (2006.01),
F03B 3/02 (2006.01)

(72) Inventeurs/Inventors:
VU, THI CONG, CA;
NENNEMANN, BERND, CA;
DEMERS, ERIC, CA;
SUSAN-RESIGA, ROMEO FLORIN, RO;
CIOCAN, GABRIEL DAN, FR

(73) Propriéetaire/Owner:
GENERAL ELECTRIC COMPANY, US

(74) Agent: CRAIG WILSON AND COMPANY

(54) Titre : JET DE COMMANDE POUR TURBINE HYDRAULIQUE
(54) Title: CONTROL JET FOR HYDRAULIC TURBINE

36
| 34
= 4 'yl\Q&J 68
64 "w-.,,, /,ﬁ /I/g/////% % M "*,*_ ' ‘ 74
30— 4
\:% % : 1
"7 %ﬁ — ) 12
5’% /s‘a‘\!ﬁﬁg%.. ——
LG N
- ' !SKE“JQL‘ ~ .
.?;Ea\\:[-iﬁ“ 7

N
N

(57) Abrege/Abstract:

A method and system to mitigate the pressure fluctuations in hydraulic turbines, operated at partial discharge, by injecting high
velocity control jet or jets of liguid downstream of the turbine runner, on the upper portion of the draft tube, along the machine axis;

C an adg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

PO 191

OPIC - C]

SRR f f f [ ]
RO . N
N T n\'\\‘ -J::L:: iy L\'
0 . .
e [/ /4

'I\_:.\-‘\". i WK - 8
s o A
‘-b‘?p':u:ﬁ;\;-2313;-:-:;\:1:3&:' @’&'E.’ C I P O

. TeaNMN ) - -
ST RNCRNY

NN
____________________



CA 2549749 C 2015/05/19

anen 2 549 749
(13) C

(57) Abrege(suite)/Abstract(continued):

tr
tr

M

e liquid jet(s) flow rate can be adjusted continuously depending on the pressure fluctuation level in the draft tube, so as to control
e swirling flow downstream of the runner and avoid helical vortex breakdown at partial discharge regimes, thus eliminating the
aln cause of pressure fluctuations.
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CONTROL JET FOR HYDRAULIC TURBINE

ABSTRACT

A method and system to mitigate the pressure fluctuations in hydraulic
turbines, operated at partial discharge, by injecting high velocity control jet or
jets of liquid downstream of the turbine runner, on the upper portion of the
draft tube, along the machine axis; the liquid jet(s) flow rate can be adjusted
continuously depending on the pressure fluctuation level in the draft tube, so
as to control the swirling flow downstream of the runner and avoid helical
vortex breakdown at partial discharge regimes, thus eliminating the main

cause of pressure fluctuations.
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CONTROL JET FOR HYDRAULIC TURBINE

Field of the Invention

The present invention relates to a hydraulic turbine having one or more
control jets of liquid injected with high velocity axially downstream of the
turbine runner and into an upper portion of the turbine draft tube, during part
load operation of the turbine, to control the swirling flow and mitigate both

helical vortex breakdown and its associated pressure fluctuations.

BACKGROUND OF THE INVENTION

Until recently, hydraulic turbines have been operated close to peak
efficiency. In the neighborhood of this optimum operating point, dynamic
forces on the turbine components are generally low, with the exception of
transient conditions such as load rejection and surge.

The variable demand on the energy market, as well as the limited
energy storage capabilities, requires a great flexibility in operating hydraulic
turbines. As a result, hydraulic turbines tend to be operated over an extended
range far from the best efficiency point. In particular, Francis turbines, which
have a fixed-pitch runner, have a high level of residual swirl at the draft tube
inlet as a result of the mismatch between the swirl generated by the wicket
gates (guide vanes) and the angular momentum extracted by the turbine
runner when operating at part load conditions. In the turbine draft tube the
flow exiting the runner is decelerated, thereby converting the excess of the
kinetic energy into static pressure. The decelerated swirling flow often results
In breakdown of the normal vortex associated with flow of liquid in the draft

tube which gives rise to the development of a central quasi-stagnation region
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in the draft tube. The vortex breakdown Is now recognized as a primary
cause of severe pressure fluctuations or pressure pulsations experienced In
the draft tube of a hydraulic turbine operating at part load. The pressure
pulsations are believed to be caused by the transformation of an axis-
symmetrically swirling vortex flow into one or more precessing helical vortices
as the operating condition shifts towards part load. The precessing motion of
the helical vortex results in a fluctuating pressure on any stationary point of
the draft tube. In addition, a limited quantity of air or water vapor in the liquid
flow provides a degree of elasticity, termed cavitation compliance, and this
elasticity can lead to a form of resonance in the draft tube excited by the
precessing inhomogeneous pressure field associated with the core of the
spiral vortex flow.

Many different solutions have been proposed with respect to the
problem of draft tube instability including altering blade design, the
introduction of vanes in the draft tube, and the injection of air into a
recirculation region surrounded by the vortex rope. The air injection produces
an essentially axis-symmetrical stable flow, or a hollow air core surrounded by
the swirling water flow. The air injection changes the breakdown of the vortex
form from a spiral to a bubble. The injection of relatively small amounts of air
have small effects on the efficiency of the turbine operation while
considerably reducing the part load pressure swings. However, the vortex
rope and the excitation of the rope continues to exist.

Accordingly, there is a need to develop hydraulic turbines for present
day hydroelectric facilities that operate efficiently not only under normal load
conditions but also at low or partial load conditions, without being subjected to
the severe pressure fluctuations originating in the draft tube as a result of

helical vortex breakdown in the decelerated swirling flow downstream of the

runner.

Summary of The Invention
The present invention relates to controlling swirling flow downstream of

a hydraulic turbine runner by the axial injection of high velocity jet or jets of
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liquid at the runner outlet or draft tube inlet. The control jet or jets of liquid act
on the flow of liquid in the draft tube by mitigating breakdown of the vortex
flow path of this liquid and thereby diminishing or eliminating draft tube
pressure pulsations experienced during part load operation of the turbine.

By “high velocity " it is meant that the axially directed jet of liquid has a
velocity that is greater than the mean axial velocity of liquid flowing at the
runner outlet so as to provide the benefit of the present invention. This high
velocity of the liquid control jet or jets may be as much as about 2 to 4 times
or more greater than the mean axial velocity of the liquid flowing at the runner
outlet. It should be understood that the high velocity of the liquid control jet or
jets will vary depending on the location of injection of the liquid control jet or
jets and the number of control jets utilized. It should be further understood
that by making reference to a control jet or jets of high velocity liquid being
injected axially of the turbine it is meant the control jet or jets, may be directed
along the turbine axis, parallel to the turbine axis, or converging on a focal
point adjacent the upper portion of the draft tube lying on the turbine axis or a
parallel axis adjacent to the turbine axis. Further the jet or jets may be
located offset from the turbine axis by, for example but not limited thereto, 10
percent of the diameter of the turbine runner and still be considered to be
located relative to a central axis of the turbine runner.

The control jet or jets are preferably operated when the turbine is
operating at part load conditions. The control jet or jets are injected from at
least one nozzle head device positioned relative to a central axis for the
turbine runner and adjacent to an upper portion of the draft tube whereby the
jet or jets of liquid are injected downstream of the runner. The at least one
nozzle head device has at least one nozzle from which a corresponding high
velocity liquid control jet is emitted into the draft tube. In one embodiment,
the turbine has a rotatable runner mounted above the draft tube and the
runner has a crown portion that houses the at least one nozzle head device.

In an alternative embodiment, the at least one nozzle head device may be
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supported In an upper portion of the draft tube below and spaced from the
crown of the turbine runner.

The at least one nozzle head device may comprise a single nozzle or a
plurality of nozzles arranged in one or more circular arrays, or a single
annular nozzle.

In accordance with the present invention there is provided a hydraulic
turbine comprising a passageway permitting liquid to pass through the turbine
and a draft tube defining a portion of the passageway through which liquid
normally flows in a vortex flow path during optimal turbine operating
conditions. A rotatable runner is mounted upstream of the draft tube and
rotates about a central axis passing through the runner and extending into the
draft tube. At least one nozzle head device is positioned relative to the
central axis of the runner and adjacent to an upper portion of the draft tube.
The at least one nozzle head device has at least one nozzle from which a
corresponding control jet of high velocity liquid is injected axially downstream
of the runner and into liquid flowing into the upper portion of the draft tube
during part load turbine operation so as to mitigate breakdown of the vortex
flow path.

In accordance with the present invention there is provided a method of
controlling part load operation of a hydraulic turbine during part load
conditions having a runner, a draft tube located downstream of the runner
and a liquid passageway extending through the runner and the draft tube.
The method comprises the step of injecting one or more control jets of high
velocity liquid axially of the turbine, downstream of the turbine runner and into
at least an upper portion of the draft tube.

It is envisaged that the method may further include the step of locating
the one or more control jets centrally of the runner prior to the step of
injecting. Further, the jet or jets may be located offset from the turbine axis.

Further during the step of injecting the one or more control jets, the
one or more control jets may be injected in one direction selected from the

group consisting of along an axis of the turbine, parallel to the turbine axis,
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converging on a focal point adjacent the upper portion of the draft tube lying

on the turbine axis and a parallel axis adjacent to the turbine axis.

Brief Description of The Drawings
For a better understanding of the nature and objects of the present

invention reference may be had to the accompanying diagrammatic drawings

in which:

FIG. 1A Is an elevation view, partially in cross-section, of a Francis
turbine showing a nozzle head device for emitting a control jet positioned In
the crown above the draft tube;

FIG. 1B illustrates an alternative embodiment for the nozzle head
device for emitting a control jet where the nozzle head device is In the runner
crown exclusively;

FIG. 2 illustrates an alternative embodiment for the nozzle head device
for emitting a control jet where the nozzle head device is positioned in the
draft tube spaced below the crown;

FIGs. 3A and 3B show comparative velocity contours for water flowing

through the draft tube;
FIGs. 4A and 4B show comparative pressure contours for water

flowing through the draft tube;
FIGs. 5A through 5D show alternative embodiments for the

arrangement of nozzles in the nozzle head device.

Detailed Description Of The Invention
The present invention relates to a hydraulic turbine having one or more

liquid control jets axially directed downstream of a turbine runner and into an
upper portion of a draft tube. The present invention is intended for use in
fixed-pitch hydraulic turbines and preferably finds application in propeller and

Francis type turbines.

Referring to FIG. 1A there is shown an exemplary hydraulic turbine
installation 10 suitable for use In the generation of hydro-electricity. The

turbine installation 10 comprises a Francis turbine 12 having a crown 14,
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runner blades 16, and a band 18. The Francis turbine runner 12 is adapted
to rotate within a stationary casing 42. Below the Francis turbine runner 12 is
located a draft tube 22. It should be understood that while a Francis turbine
runner is shown the runner could also be a propeller type runner. Only a
portion of the draft tube 22 is shown. The upper portion 24 of the draft tube
22 1s shown to have a vertically extending central axis 26. The axis 26 is also

the central axis for the runner 12 and the axis of the hydraulic turbine 10.

The upper portion of the crown 14 is connected to shaft 28. The shaft
28 has a coupling flange 30 which is connected by bolts 32 to a coupling
flange 34 of a generator shaft 36. Rotation of the Francis runner 12 causes
the shaft 28 to rotate and hence, the generator shaft 36 to rotate. The
generator shaft 36 is connected to a generator (not shown) which generates

electricity in response to the rotating action of the Francis turbine 12.

The Francis turbine 12 rotates as a result of water moving along water
passageway 40, from the spiral casing 42 past stay vanes 44, past wicked
gate 46, the runner blades 16 and into the draft tube 22.

In accordance with the embodiment shown Iin FIG. 1A, a control jet 50
IS Injected into the water flowing in the top portion 24 of the draft tube 22. A
nozzle head device 52 comprise an end portion of conduit 58 that passes
through the centre of the crown 14. The head device 52 has a nozzle 54 from
which the control jet 50 Is injected into the water or liquid flowing through the
draft tube 22. The crown 14 has a crown tip portion 56 that houses the

nozzle head device 52.

Water under pressure Is supplied to the crown tip portion 56 and the
nozzle head device 52 by the conduit 58 passing through shaft 28. The
conduit 58 Is connected to radially inwardly extending conduits 60. The shaft
28 has an outside wall 62 with one or more liquid ports 64 contained therein.
The radially inwardly directed conduits 60 are connected with the nozzle 54,
via conduit 58 and nozzle head device 52 and transport high pressure water

from the liquid ports 64 to the nozzle 54. In the illustrated embodiment the
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inlet ports 64 are located between the coupling flanges 30 and 34 which is
also referred to herein as being located on the outside wall of the shaft 28 as
the coupling 30 forms part of the shaft 28. While the shafts 28 and 36 are

llustrated as being solid, in practice, they are typically hollow.

A stationary liquid collection chamber 66 is mounted in surrounding
sealing relation with the hollow shaft 28, or in the illustrated embodiment the
coupling flanges 30, 34. Stationary liquid collection chamber 66 directs
pressurized water into the ports 64. The stationary liquid or water collection
chamber 66 is connected to a liquid or water bypass supply conduit 68 at an
end portion 70 thereof. The liquid bypass supply conduit 68 has an opposite
end portion 72 coupled In sealing relation with the spiral casing 42 and
communicates liquid from the spiral casing 42 to the liquid collection chamber
66. A regulating valve 74 is located in the pressurized liquid supply conduit
68. The valve 74 controls the flow rate of the liquid supplied to the liquid
chamber and is adapted to switch the control jet from an off condition to an on
condition and to vary the flow rate of the control jet depending on the part
load operating conditions of the turbine installation 10. In the embodiment
shown, the regulating valve 74 is located upstream of the nozzle 54 so as to
control the flow rate of the water and hence the resultant velocity of the “high
velocity” control jet 50 emitted from nozzle 54. It should be understood that
the regulating valve 74 is able to switch the supply of water to liquid collection
chamber 66 off when the turbine Is operating at optimal load conditions. As a
result no water is emitted from nozzle 54. In the embodiment of FIG. 1A, the
control jet 50 is emitted from the nozzle 54 of nozzle head device 52 which is
positioned centrally of, and adjacent to, upper portion 24 of draft tube 22
within the crown 14. Producing the water jet at the crown tip takes advantage
of the hollow turbine shaft, and benefits from a high-pressure water supply

from upstream in the turbine spiral casing.

It should be understood that FIG. 1A illustrates an exemplary jet
generation and control system comprising head device 52, conduits 58,60,

water collection chamber 66, conduit 68, and valve 74 and that alternative
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embodiments for supplying water under pressure to the head device 52 will

be readily understood to a person skilled in the art.

In FIG. 1B there is shown a cross-section through a turbine 10
comprising a spiral casing 111, stay vanes 113, guide vanes 112, Francis
runner 109, and draft tube 114. A passageway 115 extends through the
turbine 110. The runner crown 120 comprises a central cavity 122 connected
with the high pressure side 124 of the runner 109 by open tubes 126. A
nozzle head device 128 has a needle 132 and a nozzle 130 from which the
high velocity liquid control jet 50 Iis emitted into the upper portion 140 of the
draft tube 114 from the runner crown 120. An adjustment mechanism 134 is
driven by an active control device 136 for adjusting the position of the nozzle
head device 128 so as to control the speed of the high velocity liquid control
et 50.

One or more pressure sensors 142 are mounted in the draft tube 114
adjacent a sidewall thereof near the upper portion 140 of the draft tube 114.
The pressure sensors 142 measure the water pressure in the upper portion of
the draft tube 114 and relay these measurements to the active control device
136 which in turn controls movement of the nozzle head device 128 in order
to aqjust the velocity of the high velocity liquid control jet 50. When in an
open position for the nozzle head device 128, water from the high pressure
side 124 of the runner 109 is supplied through tubes 126 the cavity or water
chamber 122 to the nozzle 130. As a result a liquid control jet 50 will be
emitted from the crown 120 of the runner into upper portion 140 of the draft
tube 114 also known as the draft tube inlet. The velocity or flow rate of the
liquid control jet 50 is controlied by the position of the nozzle head device 128
depending on the pressure measured by the pressure sensors 142. The
nozzle head device 128 is closed when the turbine is not operating at partial
load operating conditions. This system of jet generation has the advantages
that the jet generation system concerns a single component of the turbine,
namely the runner. The system of generation does not imply any water

tightness problems, and can be implemented in situ for existing runners and
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all the system components, except for the runner cavities and tubes and can
be considered to be a turnkey jet generation type of Kit.

Referring to FIG. 2 there is shown an alternative embodiment wherein
the nozzle head device 80 is spaced from the crown 14 of the turbine 10.
The nozzle head device 80 comprises a nozzle 82 from which the liquid jet 50
is injected vertically axially along the axis 26 of the draft tube 22 adjacent the
upper portion 24 of the draft tube 22. The nozzle head device 80 further
comprises a plurality of supporting and liquid supplying conduits 84
interconnecting the head 82 with manifold 86 located on the outside wall of
the draft tube 22. The manifold 86 is connected via bypass supply piping 88
to the scroll 40. A regulating valve 90 is located to control the pressure of the
liquid or water supplied to nozzle 82 and hence the “high velocity” of the liquid
control jet 50. In this embodiment, water under pressure is supplied from the
scroll 40 through the wall of the draft tube 22 and not through the crown 14 of
the Francis turbine 12.

Referring to FIGS. 3A, 3B, 4A and 4B there are shown computer
simulations of velocity and pressure contours of water flowing in the draft tube
22 that occur at part load conditions. FIGS. 3A and 3B show velocity
contours of water flowing within the draft tube at part load conditions. In FIG.
3A, no control jet has been injected into the draft tube. In FIG. 3B, a liquid
control jet has been injected into the draft tube. In FIG. 3A, where no jet is
employed, there is shown a single helical draft tube vortex rope 94. In FIG.
3B where the control jet is in operation, the central low pressure region
indicated by the iso-surface has been greatly reduced and its shape has
changed from a helical shape to a slightly off-centre extended cone 96. In
FIG. 4A, the jet is not employed and the pressure contour shows strong
circumferential variations in the vortex flow of the water in the draft tube at 98,
which associated with the precession motion result in severe pressure
fluctuations. In FIG. 4B, where the control jet is employed there appears to

be no breakdown in the low pressure area associated with the vortex at area
100.
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By injecting a control jet of high velocity liquid axially into the draft tube,
the precession frequency is altered in the draft tube and, eventually, by
eliminating the quasi-stagnant central region, the control jet prevents or
reduces development of vortex ropes in the draft tube liquid flow. As a result,
the control jet addresses directly the vortex rope occurrence development
thus mitigating the main source of pressure fluctuations, or at least it alters
the precession frequency and reduces significantly the pressure fluctuations
amplitude. Injecting a control jet of liquid is different from the air admission at
the tip of the crown since the control jet of liquid is aimed at controlling or
eliminating the vortex breakdown. Further when the control jet is not needed
during turbine operation, the control jet can be switched off.

By avoiding the helical vortex breakdown the overall performance of
the draft tube at part load is significantly improved by reducing the hydraulic
losses due to severe flow non-uniformities and unsteadiness.

The control jet provides an active control of the swirling flow
downstream of the runner. The control jet uses a fraction of the overall turbine
discharge. The jet discharge bypasses the turbine bladed region and
produces no power at the turbine shaft. However, the reduction In efficiency
as a result of the jet discharge bypassing the turbine bladed region is lower
than expected. This is because of reduction of hydraulic losses due to the
precessing vortex rope compensating for hydraulic energy spent on the jet. In
addition, the control jet has the benefit of diminishing the severe pressure
pulsations and the draft tube instability at partial discharge.

Referring to FIGs. 5A through 5D there is shown embodiments of the
header portion 82 for a single nozzle head device 80 from Fig 2.. It should be
understood that multiple nozzle head devices could be employed or multiple
head portions 82 for each nozzle head device could be employed for
alternative embodiments. However, in FIG. 5A, a single nozzle 102 for
emitting the control jet 50 is located to direct the jet 50 along axis 26 of the
draft tube. Alternatively, this jet 50 could be directed along an axis parallel to
and offset from the axis 26. In FIG. 5B, the plurality of nozzles 102 are
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arranged in a circular array about the central axis 26. This will result in a
plurality of jets being emitted from the nozzles 102. Alternatively the jets
could be arranged in a circular array an axis parallel to and offset from the
axis 26. The nozzles 102 can be arranged to emit the jets either parallel to
the axis 26 or the jets may converge towards each other with a focal point
lying on the axis 26, or the jets may be directed to focus on an axis parallel to
the central axis 26. In FIG. 5C, two circular arrays of nozzles 102 are
arranged concentrically about the central axis 26. In FIG. 5D, a single nozzle
in the form of annular ring 102 is arranged around the axis 26. In alternative
embodiments to FIGS. 5A to 5D, the location of the nozzles can be chosen to
direct the control jet or jets to be offset from the control axis 26 by as much as
10% of the diameter of the draft tube 22.

The utilization of the control liquid jet or jets of the present invention: a)
successfully addresses directly the main cause of the flow instability, rather
than the effects; b) does not require geometrical modifications of the runner
outer shape; c¢) IS continuously adjustable according to the operating
conditions, and can be switched-off when it is not needed; and, d) although a
fraction of the discharge may bypass the bladed region, the overall turbine
efficiency suffers marginally, and may be improved, due to improvement in
both runner and draft tube efficiencies when the control jet is on at part load
operating conditions.

While the invention has been described in connection with what is
presently considered to be the most practical embodiments of the
hydrodynamic approach of controlling the swirling flow and mitigating the
helical vortex breakdown together with the associated severe pressure
fluctuations by using axial high velocity liquid control jet or jets, it is to be
understood that the invention is not to be limited thereto, but on the contrary,
IS intended to cover various modifications and equivalent arrangements as

would be understood by a person skilled in the art of hydraulic turbines.
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WHAT IS CLAIMED IS:

1. A hydraulic turbine comprising:

a passageway permitting liquid to pass through the turbine;

a draft tube defining a portion of the passageway through which
liquid flows in a vortex flow path during turbine operating conditions;

a rotatable runner mounted upstream of the draft tube and rotating
about a central axis passing through the runner and extending into the draft
tube;

at least one nozzle head device positioned relative to the central
axis of the runner and adjacent to an upper portion of the draft tube, the at
least one nozzle head device has at least one nozzie from which a
corresponding control jet of high velocity liquid is injected axially and
Immediately downstream of the runner and into the liquid flowing into the
upper portion of the draft tube during part load turbine operation, wherein the
liquid forming the control jet is the liquid diverted from the liquid upstream of

the runner.

2. The hydraulic turbine of claim 1 wherein the at least one
nozzle directs the corresponding control jet of the high velocity liquid in at
least one position including along the central axis and offset from the central

axis.

3. The hydraulic turbine of claim 1 wherein the runner has a

crown portion and the crown portion houses the at least one nozzle head
device, and the control jet is injected immediately downstream of the crown

portion.

4. The hydraulic turbine of claim 3 further comprising a jet
generation and control system located in one of the crown portion and a shaft

portion for the runner.

5. The hydraulic turbine of claim 3 wherein the control jet of high
velocity liquid is ejected into a central portion of the vortex flow path in the
draft tube.
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6. The hydraulic turbine of claim 1 wherein the at least one
nozzle head device further comprises at least one valve located upstream of
the at least one nozzle for controlling the pressure of the liquid of the

corresponding control jet.

7 The hydraulic turbine of claim 1 wherein at least one valve is

configured to switch on and off the control jets.

9. A method of controlling part load operation of a hydraulic
turbine during part load conditions having a runner, a draft tube located
downstream of the runner and a liquid passageway extending through the
runner and the draft tube, the method comprising:

rotating the runner about an axis with liquid flowing through the liguid
passageway; and,

Injecting one or more control jets of high velocity liquid from the
runner into the liquid flow in the draft tube, wherein at least one of the one or
more control jets is along the axis, wherein the liquid injected by the one or

more control jets is diverted from the liquid flowing into the runner.

10.  The method of claim 9 further comprising supplying the one or
more control jets with the liquid from the liquid flowing through a central

passage In the runner.

11.  The method of claim 10 wherein during the step of injecting

the one or more control jets of high velocity liquid, the one or more control jets
are Injected in one direction selected from the group consisting of along an
axis of the turbine, parallel to the turbine axis, converging on a focal point
adjacent the upper portion of the draft tube lying on the turbine axis, and
converging on a focal point adjacent the upper portion of the draft tube lying

on a parallel axis adjacent to the turbine axis.

12. The method of claim 10 further comprising directing one or
more of the control jets of high velocity liquid in a direction offset from a

turbine axis.
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13. A Francis hydraulic turbine comprising:

a spiral casing configured to receive a flow of water and having a
water outlet along an inner perimeter of the casing;

a runner having a rotational axis and positioned within the inner
perimeter of the spiral casing, and

a nozzle head device within the crown and including an inlet to
receive water from the spiral casing and a water jet nozzle at an axial position
on a lower elevation of the runner and aligned with a water passage in a draft

tube Immediately downstream of the runner and coaxial with the runner.

14. A method to control operation of a Francis hydraulic turbine
comprising:

directing water through a spiral casing of the turbine, rotating a
runner of the turbine by the water flowing from the spiral casing, through the

runner and into a draft tube;

diverting a portion of water flowing through the spiral casing to a
water passage leading to a nozzle head device within the runner, and

Injecting the portion of the water as a water jet from the runner and

Into a vortex immediately downstream of the runner and in the draft tube.
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