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(57) Abrege/Abstract:

This Invention relates to a generator arrangement (10), comprising: a generator (12) located within a flow passage (16) wherein the
flow passage (16) has an Inlet and an outlet, and the generator (12) includes at least one contra-rotating blade arrangement (13)
which Is configured to be rotated about a principle axis (22) of the generator (12) by a flow of liquid (17) in the flow passage, and
whereln the at least one blade (13) has an adjustable pitch; an array of sensors (222-228) located downstream of the blade
arrangement for detecting the outlet flow conditions; a controller (26) for determining the outlet flow conditions on the basis of
conditions sensed by the sensor array; and, a pitch control system (24) for adjusting the pitch of the at least one blade so as to
affect the flow conditions at the outlet of the flow passage.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




CA 02846566 2014-02-25

(19) World Intellectual Property
Organization

International Bureau
(43) International Publication Date 5_:5
7 March 2013 (07.03.2013) WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2013/029909 A1l

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(73)

(74)

(81)

013/029909 A1 i 1A 1AV N0 O O O 0

International Patent Classification:
FO3B 13/26 (2006.01) FO3B 15/00 (2006.01)
FO3B 3/06 (2006.01)

International Application Number:
PCT/EP2012/065099

International Filing Date:
2 August 2012 (02.08.2012)

Filing Language: English
Publication Language: English
Priority Data:

1114943.2 31 August 2011 (31.08.2011) GB

Applicant (for all designated States except US): ROLLS-
ROYCE PLC [GB/GB]; 65 Buckingham Gate, London
SWIE 6AT (GB).

Inventor; and

Inventor/Applicant (for US only): CHIR, Adam
|[GB/GB]; ¢/o Rolls-Royce plc, PO Box 31, Derby Derby-
shire DE24 8BJ (GB).

Agents: HARTLEY, Andrew et al.; Rolls-Royce plc, IP
Department (SinB-38), PO Box 31, Derby Derbyshire
DE24 8BJ (GB).

Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

' R g z v s
E . o 9 o% ",
oo ".. o Y . N 2

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
AYS

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(1))

as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:

with international search report (Art. 21(3))

[Continued on next page/

(34) Title: A SENSOR ARRANGEMENT FOR A TIDAL GENERATOR

CIETLT I EETTL,

. r v - X
e 't .... '-. ...’.
o N 1 oF "

FIG. 1

(57) Abstract: This invention relates to a generator arrangement (10), comprising: a generator (12) located within a flow passage
(16) wherein the tlow passage (16) has an mlet and an outlet, and the generator (12) includes at least one contra-rotating blade ar -
rangement (13) which 1s configured to be rotated about a principle axis (22) of the generator (12) by a flow of liquid (17) in the tflow

& passage, and wherein the at least one blade (13) has an adjustable pitch; an array of sensors (222-228) located downstream of the

S

W

blade arrangement for detecting the outlet flow conditions; a controller (26) for determining the outlet flow conditions on the basis
of conditions sensed by the sensor array; and, a pitch control system (24) for adjusting the pitch of the at least one blade so as to af -
fect the tlow conditions at the outlet of the flow passage.
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A Sensor Arrangement for a Tidal Generator

This invention relates to a sensor arrangement for monitoring the flow conditions
experienced by a tidal generator. In particular, invention relates to an apparatus for

controlling the exit swirl from the generator so as to maximise efficiency.

Tidal barrage schemes are known in the art. An example of a tidal barrage scheme is
the one at La Rance in France. This scheme uses 24-off 10 MW low head bulb turbines

to capture energy from an eight metre tidal range using a 22.5 km* basin.

It is known that for all types of turbine that optimum efficiency is obtained when the
exit swirl velocity from the turbine is zero as the losses in the outlet flow are minimised.
Typically, variable pitch rotor and stator vanes are used to provide the desired output
flow across a range of operating conditions. These systems are used in accordance with
predetermined parameters derived from measurements. However, it is very difficult to

account for a uniform inlet flow in this way.

The present invention seeks to provide a monitoring apparatus and method which

accounts for a wide variety of flow conditions.

In a first aspect, the present invention provides a generator arrangement, comprising: a
generator located within a flow passage wherein the flow passage has an inlet and an
outlet, and the generator includes at least one contra-rotating blade arrangement
which is configured to be rotated about a principle axis of the generator by a flow of
liquid in the flow passage, and wherein the at least one blade has an adjustable pitch;
an array of sensors located downstream of the blade arrangement for detecting the
outlet flow conditions:

a controller for determining the outlet flow conditions on the basis of conditions sensed
by the sensor array and a pitch control system for adjusting the pitch of the at least one

blade so as to affect the flow conditions at the outlet of the flow passage.

The arrangement of the present invention allows the flow conditions exiting the outlet

of a flow passage to be monitored and the pitch of the generator blades to be adjusted.
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In doing so, it is possible to reduce the exit swirl velocity of the generator flow passage
and thereby increase the efficiency of the rotating blades.

The generator arrangement may be part of a barrage tidal scheme. As such the
generator arrangement may be located within a dam or barrage. The dam or barrage
may be across an estuary or lagoon. The barrage or dam may include a plurality of
generator arrangements. The flow passage may be a passage through the dam or
barrage. Alternatively, the generator arrangement may be for use in an open flow. In an
open flow arrangement the flow passage would be defined in relation to the rotational

path of the blade arrangement.

The blade arrangement may include contra-rotating blades.

The at least one sensor array may be located on a support member. The support
member may be located within the flow passage. The support member may be
mounted the dam or barrage. The support member may be attached to a hub of the
generator. The support member may be a generator blade. In the case where the
generator has a contra-rotating blade arrangement, the support member may be
located between the contra-rotating blades. The support member may be a strut for

supporting the electrical generator within the flow passage.

The sensor array may include three upstream sensors. The sensor array may include
one downstream sensor. The sensors may be pressure sensors. The pressure sensors

may be of a diaphragm type.

The sensors may be located within a cavity of the support member. The cavity may have
a longitudinal axis extending from the surface of the support member. The cavity being
sized and shaped so as to expose the sensor to a predetermined angle of the flow
velocity along the longitudinal axis of the cavity. The cavity may be a bore or slot within
the support member. The bore or slot may be elongate having a longitudinal axis. The

longitudinal axis may be orthogonal to the sensor.

The sensor array may include at least one upstream sensor and one downstream sensor
along a common axis. The common axis may run in a direction parallel to the principle

axis of the generator. The sensor array may be included at least two lateral sensors
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arranged equidistantly from the common axis. The upstream sensor may be located at a

mid-point between the two lateral sensors.

The sensor arrays may be mounted on a curved support member. For example, the
cross section of the support member may be circular or oval. The cross section of the

supprot member may be elliptical. The longitudinal axis of the cavities of the lateral

sensors may be separated by an included angle of approximately 60 degrees.

The embodiments of invention will now be described here file for this in which:

Figure 1 shows a cross section of a generator according to the present invention.

Figure 2 shows a cross section of a strut having a sensor arrangement according to one

embodiment of the present invention.

The tidal barrage generator arrangement 10 shown in Figure 1 includes a contra-
rotating generator 12 located within a dam or barrage structure 14. The generator

includes contra rotating blades 13 which are rotatably mounted to a hub 15 which is
held in a stationary position during use. The generator 12 includes a pitch adjustment
system 24 within the hub which is operable to adjust the pitch of the blade, and thus
the area of the blades 13 exposed to the inlet flow and the generated torque. Such

pitch adjustment systems are known and typically used to control the power generated

at any given instance.

Typically, the barrage 14 would extend across a tidal estuary or lagoon and include
several electrical generators 12. The generator 12 sits within a flow passage in the form
of a cylindrical passageway 16 having an inlet and an outlet. In use water flows 17

through the passageway 16 when a head 19 is created on one side of the barrage 14,
i.e. when there is tidal movement. The generator 12 is configured such that the blades

13 contra-rotate when the tidal flow passes from one side of the barrage 14 to the

other, thereby generating electricity for export to a grid or the like.

The tidal barrage structure 14 includes support members in the form of inlet struts 20a

and outlet struts 20b which locate the generator body within the flow channel. The
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struts 20a, 20b are arranged to transfer the mass of the generator hub 15, the axial
thrust created by the tidal flow, and to react the torque from the drive train. It will be
appreciated that there may be a plurality of struts 20a, 20b circumferentially spaced

around the flow passage 16 as required.

In the described embodiment one of the downstream struts 20b includes sensors which
are arranged to detect the exit swirl flow conditions as the water leaves the generator
12. This information can then be used by a controller 26 to determine the angle of the
rotor blades (and stators if they are used) to adjust the exit swirl flow, thereby

minimising it and maximising the efficiency of the generator.

Figure 2 shows a cross section of one of the supporting struts 20b containing an array of
sensors. The strut 20b is elliptical in cross-section and includes four flow sensors 222,
224, 226, 228. In this embodiment, the major axis 230 of the strut 20b is alighed so as
to run parallel to the principle axis 22 of the contra-rotating blades of the generator 12
and thus in line with an axial tidal flow 17. Two of the flow sensors 224, 228 are
positioned on the major axis 230 of the strut 20b, one on the upstream facing surface of
the strut (the upstream sensor 224), and one on the downstream facing surface of the
strut (the downstream sensor 228). Two further lateral sensors 222, 226 are arranged

on the upstream facing surface, equidistantly on either side of the upstream sensor

224,

The sensors 222 - 228 are all mounted within a cavity in the respective surface of the
strut 20b. In the embodiment, the cavities are in the form of bores 222a - 228a having a
longitudinal axis which extends from the surface of the strut 20b. The longitudinal axes
of the upstream and downstream sensor bores 224a, 228a are coaxial with each other
and the major axis 230 of the strut 20b. The longitudinal axes of the lateral sensor bores
222a, 226a are inclined at an angle of B. The magnitude of B can be any required by the
particular arrangement of the strut 20b and by the flow, but is approximately 60
degrees in the described embodiment. The sensors 222 - 228 are located at the
terminal end of each of the bores 222a - 228a and so only experience the component of
flow in the direction which corresponds to the longitudinal axis of the bore. The skilled

person will appreciate that to obtain an accurate reading of dynamic pressure it may be
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necessary to provide a cavity in the form of channel through which the sea water can

flow, rather than a closed bore.

The sensors used in this arrangement can be pressure sensors in the form of diaphragm

sensors or the like.

The sensors 222-228 detect the exit swirl of the flow through the turbine at any head
and flow condition. This information may then be fed to the turbine control system
which is in communication with the pitch control system housed within the hub. Thus,
the turbine control system may vary the pitch of the upstream and downstream rotor
blades to minimise exit swirl at all head and flow conditions accordingly. The turbine
control system may be housed within the hub or remotely and will typically include
some form of data processing hardware operating under the influence of one or more
algorithms to carry out the necessary operations. For example, the controller may also

monitor the effective pitch of the rotor blades by sensors on the blades.

The location of the sensors 222 - 228 in the described arrangement allow the flow rate
to be measured using a pressure from the three upstream facing sensors 222, 224, 226
and the static pressure from the downstream sensor 228. Specifically, if the flow 232
approaches the strut at angle a (as shown in Figure 2), then the total pressure
experienced by the forward facing sensor 224 will be given by: po+%pUy°cos“a,, and the

total pressure apparent to lateral sensor 226 is po+ %pUg cos’(B/2-0).

The two remaining sensors 222 and 228 have no inlet normal to the direction of flow
given the flow condition shown in Figure 2 and so only detect the static pressure pg of
the inlet flow. The static pressure pg is the pressure head resultant from the column of
water from the free surface to the sensor depth. The dynamic head at the flow facing
sensors 224, 226 is determined by subtraction of the static pressure measurement at

non-flow facing sensors 222, 228.

Using the above sensor relationships, the inlet swirl angle ag and flow velocity Ug may
be determined by solving the resulting simultaneous equations to provide a figure for

the dynamic head at each sensor h224= %:p Uo’cos’ag and h226 = Vszozcosz(B/Z-ao)
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where h224, h226, p, and B are known. The inlet axial velocity U,g through the turbine

may also then be determined with knowledge of ag and U,.

In addition, the downstream sensor 228 sees the total head p3+"/sz32coszcx3 and as
mass continuity requires that U,g and Uys are equal, the angle of exit swirl oz may be

determined as arcos(Us/U,q). p3-po is the static pressure reduction resulting from work

transfer to the turbine rotor.

In use, the tidal water passes through the flow passage, thereby rotating the contra-
rotating blades of the generator and generating power. The sensors detect the flow
conditions and exit swirl produced by the rotating blades and sends corresponding
sighals to the control system. There the controller calculates the exit swirl conditions
and a desired pitch for the blades so as to reduce exit swirl and maximise the efficiency
of the generator. Once calculated, the controller provides the pitch control system with
an appropriate signal and the pitch is adjusted. This is an iterative process which is

carried out as required so as to maintain the maximum output of the generator.
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Claims:
1. A generator arrangement, comprising:

a generator located within a flow passage wherein the flow passage has an inlet
and an outlet, and the generator includes at least one contra-rotating blade
arrangement which is configured to be rotated about a principle axis of the generator
by a flow of liquid in the flow passage, and wherein at least one of the contra-rotating
blades has an adjustable pitch;

an array of sensors located downstream of the blade arrangement for detecting
the outlet flow conditions;

a controller for determining the outlet flow conditions on the basis of conditions
sensed by the sensor array; and,

a pitch control system for adjusting the pitch of the at least one blade so as to

affect the flow conditions at the outlet of the flow passage.

2. A generator arrangement as claimed in claim 1 wherein the at least one sensor

array is located on a support member.

3. A generator arrangement as claimed in claim 2 wherein the support member is a

strut for supporting the electrical generator within the flow passage.

4. A generator arrangement as claimed in any preceding claim wherein the sensor

array includes three upstream sensors and one downstream sensor.

5. A generator arrangement as claimed in any preceding claim wherein the sensors

dare pressure sensors.

6. A generator arrangement as claimed in any of claims 2 to 5 wherein the sensors
are located within a cavity which has a longitudinal axis extending from the surface of
the support member, the cavity being sized and shaped so as to expose the sensor to a

predetermined angle of the flow velocity along the longitudinal axis of the cavity.

7. A generator arrangement as claimed in any preceding claim wherein the sensor

array includes at least two lateral sensors arranged equidistantly from a common axis.
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8. A generator arrangement as claimed in any preceding claim wherein the sensor

array includes at least one upstream sensor and one downstream sensor along the

common axis.

0. A generator arrangement as claimed in any of claims 6 to 8 wherein the support
member is rounded and the longitudinal axes of the cavities of the lateral sensors are

separated by an included angle of approximately 60 degrees.

10. A generator arrangement as claimed in any preceding claim further comprising a
second sensor array which is arranged to detect the flow conditions in the direction of

flow is opposite to that for which the first sensor array is configured to detect.
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