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DEVICE FOR TAPPING ELECTRICAL
US20150211476A1 ENERGY FROM HYDROPOWER

High-rise building hydro-electric
co-generation device and method

Non ionic/electrolyte,
liquid/gaseous, mechanically
refined/nanoparticle dispersion
Building Materials/High Wear-Heat
Resistant Part Brushes, Windings,
Battery Cells, Brake Pads, Die Cast
Molding, Refrigeration,
DEVICE FOR OBTAINING Polarized/Integrated Optical,
US20150159620A1 ELECTRICAL ENERGY FROM US20140178513A1 Spectrometric Processors, Central
HYDROPOWER Processor Unit Processors,
Electronic Storage Media,
Analogous Series/Parallel Circuit
Generators/Transceivers, Particulate
Matter PM
Carbonaceous-Polyamide,
Crystalline Silica, and Cellulosic
Filament Extraction/Miners Suit

Non ionic/electrolyte,
liquid/gaseous, mechanically
refined/nanoparticle dispersion
Building Materials/High Wear-Heat
Resistant Part Brushes, Windings,
Battery Cells, Brake Pads, Die Cast
Molding, Refrigeration,
Sﬁstem and method for controlling Polarized/Integrated Optical,
Us4255787 the power generated by a system US20140178513A1 Spectrometric Processors, Central
of hydro-plants and thermal units Processor Unit Processors,
Electronic Storage Media,
Analogous Series/Parallel Circuit
Generators/Transceivers, Particulate
Matter PM
Carbonaceous-Polyamide,
Crystalline Silica, and Cellulosic
Filament Extraction/Miners Suit

Non ionic/electrolyte,
liquid/gaseous, mechanically
refined/nanoparticle dispersion
Building Materials/High Wear-Heat
Resistant Part Brushes, Windings,
Battery Cells, Brake Pads, Die Cast
Molding, Refrigeration,
Polarized/Integrated Optical,
US3958130 Hydroelectric generating system US20140178513A1 Spectrometric Processors, Central
Processor Unit Processors,
Electronic Storage Media,
Analogous Series/Parallel Circuit
Generators/Transceivers, Particulate
Matter PM
Carbonaceous-Polyamide,
Crystalline Silica, and Cellulosic
Filament Extraction/Miners Suit

Hydraulic propulsion for increases

US4352025 System for gen%rvz\al'gron of electrical EP02302202B1 of hydroelektric power station
___________________________________________________ e e Ay
EP02706192A1 Method for creating a pressure Us8051637 Heat energy recapture and recycle



tunnel in segment-based
construction for hydro-electric plant
construction

Control system of variable speed
pumped storage hydropower
system and method of controlling
the same

CONTROL SYSTEM OF VARIABLE
SPEED PUMPED STORAGE
HYDROPOWER SYSTEM AND
METHOD OF gONTROLLING THE
AME

Cangrier-M1 machine or C-M1 the

powerful miracle perpetual motion

machine designed for hydroelectric

power generation water recycling
concept

Cangrier-M87 machine or C-M87 a
very powerful synchronized
multi-lever perpetual motion

machine designed for hydroelectric

(hydraulic) power generation water

recycling concept

Method and apparatus for
monitoring a hydroelectric facility
trash rack

Methodandapparatusformonitoringa
hydroelectricfacilitytrashrackand
optimizing performance

Reduced pressure differential
hydroelectric turbine system

Hydroelectric installation and
method of constructing same

Synchronous electric machine with
salient poles in the rotor

Controlled momentum
hydro-electric system

MOVEABLE, OVER-FLOWABLE AND
UNDER-FLOWABLE
HYDRO-ELECTRIC POWER PLANT

System and method for managing
utility power use

Closed system, standpipe operated
hydroelectric power plant

Closed system, standpipe operated
hydroelectric power plant

— 65

Method and apparatus for
supplying fresh water and
generating electricity by collected
rainwater

POTENTIAL ENERGY-BASED POWER
GENERATION SYSTEM

Method of power system
preventive control candidate
measures identification
self-adaptive to external
environment

Method and apparatus for
monitoring hydroelectric facility
maintenance and environmental

costs

Control system for a variable
speed hydro-power plant
apparatus

Method and system of controlling
a hydroelectric plant

Free flow hydro-powered hydraulic
ram

Enhanced hydroelectric plant of

the submerged-turbine type and

corresponding control method of
said plant

Method and device for the
utilization of supercritical
subsurface steam in combination
with supercritical thermal and
hydraulic power stations

APPARATUS FOR UTILISING THE
ENERGY PRESENT IN FLOWING
WATER

Apparatus For Utilising the Energy
Present In Flowing Water

ALTERNATIVE HYDROELECTRIC
POWER PLANT

Safe energy-and water-independent
................... building ... ..coceees
ANCIENT HYDROELECTRIC
.................. COMPANY oo
Multiple energy inputs hydropower
system

A multiple energy inputs
hydropower system

A multiple energy inputs
hydropower system




Hydraulic power plant driven by

AN raveling band screen machine 1. 520000267340A L .|, gravity and buoyancy circulation
. . OCEAN WATER RUN AND
EP02199199B1 A hydroe'eds”cstte“nf]b'”e support US20120061967A1 VERTICAL DROP IS GREEN POWER
____________________________________________________ e e b GENERATION
Plant for exploiting wave power,
Us20110304148A1 | MYDROELECTRIC TURBINE SUPPORT EP02873853A1 particularly for the production of
______________________________________________________________________________________________________________________________ electrical energy . ... .../
Hydroelectric generating station TRAVELLING BAND SCREEN
_________ V58202315 ....J..and method of constructing same | FPOZ32IO20BL | T UMACHINE T
. . Adjustabl ir for hydroelectri
| Usasa10f0 | Lowhead hydroelectrc installaion | US9217233 | S dam instalations |
Method and installation for . e
" - Real-time optimization of
US9194360 producing supg*irpgilntary electrical US9026257 hydropower generation facilities
"""""""""""""""""""" Method and installation for |
US8766469 producing supplementary electrical US8626352 Hydroelectric power optimization
___________________________________________________ ONTOY oo e ]
Water Gravity Loop Power Plant HYDROELECTRIC POWER
o DIOVOOBTIAL N Weep) " A o OPTIMIZATION |
Water Gravity Loop Power Plant Hydroelectric power generation
RO (walpp) B system "
. Self-powered miniature liquid
US20140250879A1 Water Grawt()\/NI_GoL%%) Power Plant US8426992 treatment system with configurable
eeememeneenenenemennenenen st e YATOPOWET generator |
HYDRO-ELECTRIC POWER PLANT
COMPRISING A GRATING Hydroelectric power plant designed
ASSEMBLY FOR TAKING WATER to transform the potential energy
EP02710255A1 INTO THE TURBINE, WHICH IS UsS6990809 of compressed gas into mechanical
DESIGNED TO DISCHARGE and electrical energy through the
FLOATING DEBRIS STOPPED BY THE potential energy of liquids
GRATING

HYDRO-ELECTRIC POWER PLANT
COMPRISING A GRATING
ASSEMBLY FOR TAKING WATER

US20140102989A1 INTO THE TURBINE, WHICH IS
DESIGNED TO DISCHARGE
FLOATING DEBRIS STOPPED BY THE
GRATING
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* base * electricity * gate
R * seabed * supercritical * electric
I/ E * tide * steam * duct
* converter * subsurface * pulkhead
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& 19 = HdMaa
base
9 seabed @® HYDROELECTRIC TURBINE SUPPORT SYSTEM
tide @ Low—head hydroelectric installation
converter
electricity @ Method and installation for producing supplementary electrical
supercritical energy . o N
12 @ Method and device for the utilization of supercritical subsurface
steam steam in combination with supercritical thermal and hydraulic power
subsurface stations
gate @ DEVICE FOR TAPPING ELECTRICAL ENERGY FROM HYDROPOWER
13 electric @ lant for exploiting wave power, particularly for the production of
duct electrical energy
bulkhead ® Hydroelectric installation and method of constructing same
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CHEERQ OPENHYDRO IP LIMITED T I R
ERLE US13/133504 "'**jf“f?*’ PRt
Z 2o Xt 2009.12.14 S
ZHHS US20110304148 $
S0 X} 2011.12.15
S8Hs -
SEYRt -
ZPMHHAYS EP20080021970(2008.12.18)
AT536304T, AU2009328527A1, AU2009328527B2, CA2746958A1,
Wz =3 CN102256867A, CN102256867B, EP2199199A1, EP2199199B1,
JP2012512349A, JP5358690B2, KR20110103419A, NZ593259A,
SG171970A1, US2011304148A1, WO2010069537A1
HE HYDROELECTRIC TURBINE SUPPORT SYSTEM
1. A hydroelectric turbine support system comprising a vessel for
transporting the turbine to a deployment site; a base on which the
Y — = turbine is supportable, the base and vessel being designed to allow
HEd e . . .
the base to be retained beneath the vessel; wherein the base and
vessel are adapted to facilitate the stable support of the vessel above
the base when the system is partially or fully out of water.




UHHS BIAE ZH-D HEEH
7| & &0}k AB
Jl=sa A
CHE IPC HO1D—-015/10

=7t us N EES NN
oHEE30 Neyrpic (¢ 171, i
EQHS US06/704981 B P AN SR Hrnaml
ERHS - .
SRYXL 1985.02.25
JIHS _ /
SIHL X} -
SEHS US4641040

SAX} 1987.02.03

A

FR19840002814(1984.02.24)

CA1225118A, FR2561718A1, FR2561718B1, GB2154807A, GB2154807B,
GB8432077D0, US4641040A

Low—head hydroelectric installation

HEd TS

1.

In a low—head hydroelectric installation, of the type including at least
(1) give
efficiency under a defined head of water or pressure head (Hn), called
head, (Pn) of the
installation and for a speed of rotation corresponding to the speed of
synchronism (ns) with the frequency of an electric network (4),
least (3)
electrically connected to

one hydraulic turbo—machine constructed to optimum

the nominal corresponding to a nominal power
and at
said
the

improvement comprising automatic control means (5) enabling rotation

one rotary electrical machine drive—coupled to

turbo—machine and said network,
of said turbo—machine at its speed of synchronism with the frequency
of said network, comprising means (5, 9 to 11) making it possible,
when said head of water or pressure head is less than a value (Hd)
equal to a defined fraction less than one—half of said nominal head
(Hn), to cause said turbo—machine to rotate at a speed lower than
said synchronous speed, and consequently to insert between said
network and said electrical machine a frequency matching device (7)

of maximum power at least less than one—half of said nominal power.
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CHEZgol NATURE AND PEOPLE FIRST LR N -
Eqts US14/215548 b l_ Bty SlEeemli ]
RO 2014.03.17 Pt e
23S US20140246860 S L
SHL XL 2014.09.04 '
SEHS US9194360
SEUX} 2015.11.24
ZPMHHAYS FR20100057756(2010.09.27)
AR083125A1, CL2013000830A1, CN103124845A, EA201390395A1,
Wz =3 EP2622209A1, FR2965310A1, FR2965310B1, JP2013537954A,
KR20130139245A, MX2013003494A, TW201229383A, US2012274070A1,
US2014246860A1, US8766469B2, US9194360B2, W0O2012045952A1
=S| Method and installation for producing supplementary electrical energy
1. An installation for producing supplementary electrical energy for an
electricity network, including at least first and second water reservoirs,
the first water reservoir being situated at a first level and the second
water reservoir being situated at a second level lower than the first
level with a level difference of at least 5 meters, at least one
communicating pipe between the first water reservoir and the second
water reservoir having a slope of at least 3% and being provided with
at least one remote—controlled valve, a hydro—electric generating
system, a pumping installation, and a control circuit, the installation
of EX 8 being wherein at least said first water reservoir comprises one or more

individual  reservoirs that are integrated in underground or

semi—underground manner in the foundations of artificial buildings that
need to be built for a primary function of sheltering goods or people
independently of a secondary function of producing electricity, in that
said first water reservoir integrated in underground or
semi—underground manner in the foundations of artificial buildings has
a cumulative volume in the range 1000 m3 to 150,000 m3, in that said
second water reservoir is likewise situated at ground level using a
natural slope of the ground, and in that the hydro—electric generating

system has a power rating in the range 100 kW to 4 MW.
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ERMAHS DE20061018215(20060425)
Wz =3 DE102006018215A1, EP2010831A1, US2010031653A1, US7975482B2,
W02007122003A1
oy % Method and device for the utilization of supercritical subsurface steam in
combination with supercritical thermal and hydraulic power stations
1. A process for creating and/or operating an supercritical geosteam
system by several boreholes constructed by a metal—-melt boring
process that each comprise a metal borehole lining consisting of a
casting and continuously produced from the metal—-melt medium and
in which the boreholes are sunk to depths at which supercritical
conditions prevail and the spaced boreholes are connected to each
other by fissure formations in the lower shaft area and form a primary
circuit wherein the supercritical geosteam system is operated in
combination with a hydraulic power plant and that an injection shaft
for transporting subcritical primary fluid into the earth is formed by at
least one borehole and a production shaft for transporting supercritical
CHEAE primary fluid from the earth is formed by at least one further borehole,

which primary fluid is present in the injection shaft in subcritical liquid
phase and is present supercritically in the production shafts down to
the lower area of the secondary heat exchangers, and that the
supercritical primary fluid transmits its heat to secondary heat
exchangers for the production of current, power or the production of
process steam and/or heat, which secondary heat exchangers are
arranged in the wupper part of the production shafts, and that
subcritical and cooled—down primary fluid develops again from
supercritical primary fluid by the removal of heat which subcritical and
cooled—down primary fluid still has the same pressure as the
supercritical primary fluid.
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HA DEVICE FOR TAPPING ELECTRICAL ENERGY FROM HYDROPOWER
1. A plant for extracting electric energy from water power,said plant
comprising an energy extraction module designed as an assembly
unit, which comprises: a drive arrangement with a multiplicity of
flow—impinged components that can be driven in a circulating
direction by water power; at least two spaced—apart deflection
elements that serve to guide the drive arrangement in a circulating
- manner; at least one electric power, which is driven by the circulating
HEZTE drive arrangement, for extracting electric energy; a water conveying

duct for forming water receiving compartments by interacting with the
flow—impinged components; and a module to which are
connected the drive arrangement, the deflection elements, the at least
one electric power generator and the water conveying duct,

the module

frame,

wherein

frame comprises an interface via which

the energy
extraction module is connected to a sub—structure.
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oy % Plant for exploiting wave power, particularly for the production of
electrical energy
1. Plant for exploiting wave power, particularly for the production of electrical
energy, of the type that comprises a float connected with the movable lower
component of a pumping unit which runs axially in a fixed body that draws
from the sea and is designed to suck in water after lowering of the float and
which, simultaneously with the raising of said float by the wave, pumps water
and conveys it to operating equipment, for example hydroelectric conversion
means (20,22), characterised in that said float (16) moves, guided laterally, in
a large—diameter guide tube (1,1') with its lower end immersed in the sea and
the other end facing upwards, fixed to any suitable support means and
provided laterally with at least one window (7) positioned at sea level, in which
said float is normally located and through which the wave enters to raise and
lower the same float which is axially integral with a movable duct (14) which
CHEAM S extends downwards to draw water from the sea through suction valve means

(15) and which axially crosses said float to allow entry into the same of a
fixed pumping duct (11) which, via discharge valve means (12), is connected
at the top to a fixed pipe (9) positioned on the upper end of said guide tube
(1,1") for delivery of the water pumped by said system of fixed and movable
ducts (11,14) operated by the float (16) and provided with said valve means
(12,15), it being provided that said fixed pipe (9) be shaped with an elbow
shape or other equivalent shape and that said pipe (9) and/or said fixed duct
(11) be sustained by a supporting structure (3,10) positioned
(1,1, so that by easily acting on said
the pump—float assembly can be

in the upper
surfaced part of said guide tube
(3,10) removed for
maintenance and the inside of said guide tube (1,1') can be accessed for all
maintenance and/or cleaning requirements.

supporting structure
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o = Hydroelectric installation and method of constructing same
1. A combination comprising: (a) a gated dam structure including (1)
spaced—apart vertical piers, (2) opposing vertical slots in said piers,
(3) a spillway sill extending between said piers, (4) spaced—apart
crane girders extending between said piers, and (5) a single crane
supported on said crane girders; and (b) a generating module
CHEAFE comprising a plurality of hydromotive machines, and draft tubes

extending downstream from said hydromotive machines, wherein said
module includes guide means positioned within said vertical slots, and
wherein said module further includes lifting points, attachable to said
service crane for enabling said service crane to raise and lower said
generating module relative to said spillway sill.
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Modelling winter operational strategies of a hydropower system

x| K

Timalsina, N. ; Beckers, F. ; Alfredsen, K.

The ice conditions in regulated rivers can be very complicated due to both
intake and release of water to and from hydropower plants. The optimal
operational strategies for the hydropower system must involve ice management
in the river basin and finding a balance can be a challenge for the hydropower
operator. Issues with ice occur during both freezeup and breakup, and at certain
conditions both situations can occur in a basin at nearly the same time. In this
study, a series of modelling tools have been used to investigate the
consequences of a forced shutdown of a power plant in the Orkla River. The
associated impacts on the stability of the ice cover in a downstream bypass
reach and the ice and ecological conditions in the reaches upstream of the
power plant have been explored. The reason for this is that there are restrictions
on upstream water releases during the shutdown period given in the regulation
permit to prevent ice breakup in the downstream bypass reach and subsequent
flooding problems downstream. The study demonstrates a wide application of
numerical tools for environmental impact assessment, providing knowledge for
better decision—making and for optimal operational strategies for hydropower
systems during winter. In summary, the analysis shows that a shutdown period
shorter than the travel time of water from the upstream hydropower plants to the
bypassed reach does not guarantee a reduction of the ice problems in the
bypass reach. Since the intake pond is too small to store already released water
from the upstream power plants, spill and ice breakup will occur. It is rather
found that a shutdown of the upstream power plants can induce environmental
problems due to the rapid dewatering of the river, and an ice breakup during the
restart of the upstream power plants.
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Risk assessment of river—type hydropower plants using fuzzy logic approach

x| Xt

Kucukali, , S.

In this paper, a fuzzy rating tool was developed for river—type hydropower plant
projects, and risk assessment and expert judgments were utilized instead of
probabilistic reasoning. The methodology is a multi—criteria decision analysis,
which provides a flexible and easily understood way to analyze project risks. The
external risks, which are partly under the control of companies, were considered
in the model. A total of eleven classes of risk factors were determined based on
the expert interviews, field studies and literature review as follows: site geology,
land use, environmental issues, grid connection, social acceptance,
macroeconomic, natural hazards, change of laws and regulations, terrorism,
access to infrastructure and revenue. The relative importance of risk factors was
determined from the survey results. The survey was conducted with the experts
that have experience in the construction of river—type hydropower schemes. The
survey results revealed that the site geology and environmental issues were
considered as the most important risks. The new risk assessment method
enabled a Risk Index (R) value to be calculated, establishing a 4-—grade
evaluation system. The proposed risk analysis will give investors a more rational
basis to make decisions and it can prevent cost and schedule overruns.
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Pressure measurements and high speed visualizations of the cavitation
phenomena at deep part load condition in a Francis turbine

Yamamoto, K ; M0Oller, A ; Favrel, A ; Landry, C ; Avellan, F

kO
12

In a hydraulic power plant, it is essential to provide a reliable, sustainable and
flexible energy supply. In recent years, in order to cover the variations of the
renewable electricity production, hydraulic power plants are demanded to operate
with more extended operating range. Under these off—design conditions, a
hydraulic turbine is subject to cavitating swirl flow at the runner outlet. It is
well-known that the helically/symmetrically shaped cavitation develops at the
runner outlet in part load/full load condition, and it gives severe damage to the
hydraulic systems under certain conditions. Although there have been many
studies about partial and full load conditions, contributions reporting the deep
part load condition are limited, and the cavitation behaviour at this condition is
not yet understood. This study aims to unveil the cavitation phenomena at deep
part load condition by high speed visualizations focusing on the draft tube cone
as well as the runner blade channel, and pressure fluctuations associated with
the phenomena were also investigated.
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Hydro—acoustic resonance behavior in presence of a precessing vortex rope:
observation of a lock—in phenomenon at part load Francis turbine operation

x| KF

Favrel, A ; Landry, C ; Miiller, A ; Yamamoto, K ; Avellan, F

o)
o

Francis turbines operating at part load condition experience the development of
a cavitating helical vortex rope in the draft tube cone at the runner outlet. The
precession movement of this vortex rope induces local convective pressure
fluctuations and a synchronous pressure pulsation acting as a forced excitation
for the hydraulic system, propagating in the entire system. In the draft tube,
synchronous pressure fluctuations with a frequency different to the precession
frequency may also be observed in presence of cavitation. In the case of a
matching between the precession frequency and the synchronous surge
frequency, hydro—acoustic resonance occurs in the draft tube inducing high
pressure fluctuations throughout the entire hydraulic system, causing torque and
power pulsations. The risk of such resonances limits the possible extension of
the Francis turbine operating range. A more precise knowledge of the
phenomenon occurring at such resonance conditions and prediction capabilities
of the induced pressure pulsations needs therefore to be developed. This paper
proposes a detailed study of the occurrence of hydro—acoustic resonance for
one particular part load operating point featuring a well—developed precessing
vortex rope and corresponding to 64% of the BEP. It focuses particularly on the
evolution of the local interaction between the pressure fluctuations at the
precession frequency and the synchronous surge mode passing through the
resonance condition. For this purpose, an experimental investigation is
performed on a reduced scale model of a Francis turbine, including pressure
fluctuation measurements in the draft tube and in the upstream piping system.
Changing the pressure level in the draft tube, resonance occurrences are
highlighted for different Froude numbers. The evolution of the hydro—acoustic
response of the system suggests that a lock—in effect between the excitation
frequency and the natural frequency may occur at low Froude number, inducing
a hydro—acoustic resonance in a random range of cavitation numbers.
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Experimental investigation of added mass effects on a Francis turbine runner in
still water

FRodriguez, C.G. ; Egusquiza, E. ; Escaler, X. ; Liang, Q.W. ; Avellan, F.

Abstract The mechanical design of hydraulic turbines is conditioned by the
dynamic response of the runner that is usually estimated by a computational
model. Nevertheless, the runner has complex boundary conditions that are
difficult to include in the computational model. One of these boundary
conditions is the water in which the runner is submerged. The effect of the
added mass and damping of water can modify considerably the natural
frequencies of the runner. An experimental investigation in a reduced scale
model of a turbine runner, using modal analysis, was carried out. Several impact
tests with the runner freely suspended in air and in water were done. The
response was measured with accelerometers located in different positions of the
runner. From the modal analysis, the natural frequencies, damping ratios, and
mode—shapes were determined. The same mode—shapes obtained in air were
obtained in water but with lower natural frequencies and higher damping ratios
in water. The difference in the natural frequencies is shown to be dependant
basically on the added mass effect of the water and not on its added damping.
This difference also depends on the geometry of the mode, presenting different
values for different mode—shapes. Using nondimensional values, the reduction
in the natural frequencies can be extrapolated to other Francis runners
presenting similar geometrical characteristics.
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Experiments on Efficiency of Standing Type Waterwheel with Narrow Canal for
Micro/Small Scale Hydro Power Plant

X Kt

Dong—Jin Kim ; Kyong—Ho Lee ; Kook—Chan Ahn ; Bong—Hwan Kim

Recently, small scale hydropower needs to be developed due to its clean,
renewable and abundant energy resources. However, suitable draft of
hydro—turbine body in combination with differences in wheel blade shapes is not
determined yet in the range of small hydropower and it is necessary to study for
the effective draft in combination with type. Therefore, watermill shaped of
250mm diameter. hydro—turbine aiming 20 watt class generator is adopted in
this study because of its simple structure and high possibility of applying to
small hydropower. The result shows that effective draft for the turbine body is
variable concerning the size of turbine and flow rate of water. Thus, the
difference of water depth between fore and aft turbine body contributes to the
increase of torque, angular momentum and power output.
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IOP conference series : Earth and environmental science / v.22 no.3, 20144,
pp.032027—
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A steady—state simulation methodology for predicting runaway speed in Francis
turbines

XN At

Hosseinimanesh, H ; Vu, TC ; Devals, C ; Nennemann, B ; Guibault, F

0]
o

Runaway speed is an important performance factor for the safe operation of
hydropower systems. In turbine design, the manufacturers must conduct several
model tests to calculate the accurate value of runaway speed for the complete
range of operating conditions, which are expensive and time—consuming. To
study runaway conditions, the application of numerical tools such as unsteady
CFD simulations can help to better understand the complex flow physics during
transient  processes. However, unsteady simulations require significant
computational effort to compute accurate values of runaway speed due to
difficulties related to unsteady turbulent flow modelling and instabilities. The
present study presents a robust methodology based on steady—state RANS flow
simulations capable of predicting the runaway speed of a Francis turbine with an
adequate level of accuracy and in a reasonable simulation time. The simulations
are implemented using a commercial flow solver and an iterative algorithm that
relies on a smooth relation between turbine torque and speed coefficient. The
impact of friction has been considered when estimating turbine torque, in order
to improve the accuracy. The results of this study show good agreement with
experiments.
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IOP conference series : Earth and environmental science / v.22 no.3, 20144,
pp.032021—
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CFD configurations for hydraulic turbine startup

Ral
Ral

Nicolle, J ; Giroux, AM ; Morissette, JF

This paper presents various numerical setups for modelling Francis turbine
startups involving moving meshes and variable runner speed in order to help
define best practices. During the accelerating phase of the startup, the flow is
self—similar between channels, thus making single sector configuration
appropriate. Adding the draft tube improves the results by allowing pressure
recovery midway during in the startup. At the speed no—load regime, a rotating
stall phenomenon occurs and can only be capted with the full runner included
in the simulation. Comparison with experimental data, such as runner speed and
strain gauge measurements, generally shows good agreement.
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Prediction of a Francis turbine prototype full load instability from investigations
on the reduced scale model

x| X

Alligné, S ; Maruzewski, P ; Dinh, T ; Wang, B ; Fedorov, A ; losfin, J ;
Avellan, F

The growing development of renewable energies combined with the process of
privatization, lead to a change of economical energy market strategies.
Instantaneous pricings of electricity as a function of demand or predictions,
induces profitable peak productions which are mainly covered by hydroelectric
power plants. Therefore, operators harness more hydroelectric facilities at full
load operating conditions. However, the Francis Turbine features an
axi—symmetric rope leaving the runner which may act under certain conditions as
an internal energy source leading to instability. Undesired power and pressure
fluctuations are induced which may limit the maximum available power output.
BC Hydro experiences such constraints in a hydroelectric power plant consisting
of four 435 MW Francis Turbine generating units, which is located in Canada's
province of British Columbia. Under specific full load operating conditions, one
unit experiences power and pressure fluctuations at 0.46 Hz. The aim of the
paper is to present a methodology allowing prediction of this prototype's
instability frequency from investigations on the reduced scale model. A new
hydro acoustic vortex rope model has been developed in SIMSEN software,
taking into account the energy dissipation due to the thermodynamic exchange
between the gas and the surrounding liquid. A combination of measurements,
CFD simulations and computation of eigenmodes of the reduced scale model
installed on test rig, allows the accurate calibration of the vortex rope model
parameters at the model scale. Then, transposition of parameters to the
prototype according to similitude laws is applied and stability analysis of the
power plant is performed. The eigenfrequency of 0.39 Hz related to the first
eigenmode of the power plant is determined to be unstable. Predicted frequency
of the full load power and pressure fluctuations at the unit unstable operating
point is found to be in general agreement with the prototype measurements.
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