1 ROTORS Field of the Invention The present invention relates to rotors, for example in apparatus
providing a source of power, such asin a hydrocarlion well facility. 5Background of the Invention In
offshore oil and gas production control systems, much of the control equipment is installed on the
seabed. This subsea equipment essentially opens and closes subsea valves that control and allow the
flow of hydrocarbon fluid from the well. Electricd@powrsand hydraulic power required for operating the
equipment and valves installed on the seabed is normally 10 provided by an electrical power unit and
a hydrauliteppyiend H drsisiled topside, either on a rig, floating platform or onshore. The electrical
power is carried to the subsea equipment via an umbilical cable which also includes a communication
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hydraulic fluid for electrically actuated hydraulic fluid operated control valves. 15The umbilical cable
may be JEMEA RIThASYB 2 IBYRY AN MMEASHE expensive so its design is therefore critical. The cost
of the umbilical cable in a typical subsea production system has been estimated to be as much as 40%
of the ovegKessiNst hEedRyBitdsubsea system and a cost effective design is therefore essential. A
reduction in the amount of electrical power to be transmitted subsea will reduce the size, rating and
cost of thie 2fisbiererot AnshopesPreduation ieorHeoLswpitiats, caltl oSihedlsaptrel estipmentiis installdunt or

pressure aulie isia Ganbudauiparsdssdmaiplicalcaticchissul osaniisanigavings.
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further hpawgrintgrnaidofad epemtiogahe proppstiery arftlichives ugiciies rotothéusaaipedtiatiooroitlye rotor.
Prefyably s 5 A ERK R SLIBI RORRL TS SaPearoRelR e saidros and

said stator. In this Case, preferably said stator has a plura external blades interleaved with said
internal BSdEa8PthRIRERSS8r RS BE i bhe S BsY IFSlRRI e SREIBHIAAS0THISE D FSHEIBE BMheen
said bladas. dryipitedly ctidevolbiate bebvaenuadiacerbintaunilaaiod axteraphbleseisdeviaasesrn the

direction i wiNelheRig14g g8/ WBELRL L ANER)AAITEO elines which carry hydraulic fiuid for

electrically actuated hydraulic fluid operated control valves.

15  The umbilical cable may be several kilometres long and is heavy and expensive so its
design is therefore critical. The cost of the umbilical cable in a typical subsea production
system has been estimated to be as much as 40% of the overall cost of the complete
subsea system and a cost effective design is therefore essential. A reduction in the amount
of electrical power to be transmitted subsea will reduce the size, rating and cost of the

20  electrical cables required in the umbilical cable. Similarly, a reduction in the amount or
pressure of hydraulic fluid in the hydraulic pipes in the umbilical cable will result in significant

savings.

Summary of the Invention

According to the present invention from one aspect, there is provided a rotor comprising a
25  rotor having external blades for use in causing rotation of the rotor, the rotor further having

internal blades for use in propelling a fluid through the rotor during rotation of the rotor.

Preferably, there is a stator in said rotor, so that said fluid can be propelled between said
rotor and said stator. In this case, preferably said stator has a plurality of external blades
interleaved with said internal blades of the rotor so that rotation of the rotor causes said fluid
30 to be propelled between said blades. Typically, the volume between adjacent internal and

external blades decreases in the direction in which said fluid is propelled between said rotor



2 and said stator, for example by the lengths of said internal and external blades decreasing in the
direction in which said fluid is propelled between sajd rotor and said stator. The present invention also
comprises apparatus for providing a source of power including a rotor according to the invention,
wherein: 5a fluid circuit is coupled with said rotor, rotation of the rotor propelling fluid in the circuit

through theackibittang tbecappiats inglikdgmpeansd aitosinnaine dudnaranalies dbeas g circuit
as a powgr source. The rotor co E. einafl th for a second fluid, the rotor being rotatable by the
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hydrocarbon fluid in a hydrocarbon well facility, said using means using the fluid propelled through the
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operating@bteaspatisgdewite iavetivomearssfor generating electrical power from fluid propelled through
said circuit. 15According to the present invention from another aspect, there is provided a method of
propelling a fluid, ttoihpiisuigiprosigied avithteaiaxing,extertial biatiesratad prigreitndplfdiesianitecausing
rotation of the rotor, ' (]»Q mqﬁz rgﬂj mg%%%to propel the fluid through the rotor during rotation of the
rotor. Typically, aumﬁ] Cﬁl cult {Es cc?upled with said rotor, rotation of the rotor propelling fluid in the

20circuit through the circuijt and the fluid propglled thro the circuit being used a power source. The
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through said pattewarth@siegse, the rotor could be in a flow path for hydrocarbon fluid in a hydrocarbon
well facility, the fluid propelled through the circuit being used as a

The rotor could be in a flow path for a second fluid, the rotor being rotatable by the flow of
10 the second fluid through said path. In this case, the rotor could be in a flow path for
hydrocarbon fluid in a hydrocarbon well facility, said using means using the fluid propelled

through the circuit as a power source for the facility.

Said using means could comprise means for hydraulically operating at least one device

and/or means for generating electrical power from fluid propelled through said circuit.

15  According to the present invention from another aspect, there is provided a method of
propelling a fluid, comprising providing a rotor having external blades and internal blades
and causing rotation of the rotor via the external blades to propel the fluid through the rotor

during rotation of the rotor.

Typically, a fluid circuit is coupled with said rotor, rotation of the rotor propelling fluid in the
20  circuit through the circuit and the fluid propelled through the circuit being used a power

source.

The rotor could be in a flow path for a second fluid, the rotor being rotated by the flow of the
second fluid through said path. In this case, the rotor could be in a flow path for hydrocarbon
fluid in a hydrocarbon well facility, the fluid propelled through the circuit being used as a

25  power source for the facility.

Propelled fluid could be used for hydraulically operating at least one device and/or used for

generating electrical power.

An embodiment of this invention utilises the kinetic energy in hydrocarbon fluid flowing from
a well to generate local energy at the seabed which can be subsequently used to provide
30 electrical power and/or some or all of the power necessary to operate subsea valves,

thereby reducing the overall power needed to be transferred via the umbilical cable to the



25power source for the facility. Propelled fluid could be used for hydraulically operating at least one
device and/or used for generating electrical power. An embodiment of this invention utilises the kinetic
energy in hydrocarbon fluid flowing from a well to generate local energy at the seabed which can be
subsequently used to provide 30electrical power and/or some or all of the power necessary to operate
subsea V%wédthqmﬁéﬁﬂUﬁi@ﬁb@irﬁ@/ﬁt&”ip@a@ nreaediterherrpnaiedred via iadimpailicaleable to
the 3 seabgd ec\xylggmeneta}%s |II eas the e I |re ent placed on the umbilical cable and
provide a Cmellns 6r & ucmg? eoverd cos "is known to provide a means of
generating electricity by using the flow of 5 hydrocarbon f|UId to rotate the blades of a rotor attached to
an electrical generator, this embodiment of the invention operates by capturing some of the kinetic
energy fréthilthethisdiotarbotoflpid\aeiel aransfendngfitgtinectyng pressioiigeba hysingulices fsienoaind
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turbine driven &enerator to provide electrical power to drive actuators for examplé. 10The invention is
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hydraulic'an power by capt ring so e energy In hydrocarbo low In a subsea
hydrocarB&Ringerter!lige TEFiQs fe RO DRI G prRwe R EAVE assialg fareeaRRitocarbon fluid flow,
is a novel turbine type pump arrangement which comprises two main parts as follows: 1) A rotor 1,
shown inTectveatoviéswndtdisnitad to ehksitevisrofoilHypadliages/@ but could be used to generate

pneumatic power if required.

Brief Description of the Drawing

Fig. 1 shows schematically an embodiment of the invention.

Detailed Description of the Invention.

15  Fig. 1 shows an application of the invention to generate hydraulic and/or electrical power by
capturing some of the energy in hydrocarbon fluid flow in a subsea hydrocarbon well facility.
The energy capturing device, which is installed in the hydrocarbon fluid flow, is a novel

turbine type pump arrangement which comprises two main parts as follows:

1) A rotor 1, shown in sectioned view, has on its outside aerofoil type blades 2
20 designed to optimise the capture of kinetic energy from the hydrocarbon fluid which
flows through a production fluid pipeline 3 in the direction of arrow A. The rotor 1 is
mounted on bearings 4 at opposite ends and is free to rotate in the fluid flow. The
rotor is positioned axially in the fluid flow to optimise the capture of energy. The
hydrocarbon fluid forces the rotor 1 to rotate via the blades 2, generating rotational
25 mechanical energy. The inside of the rotor 1 also has blades 5 which are used to

propel hydraulic fluid in a second separate, hydraulic fluid circuit 6.

2) A fixed stator 7 in the rotor 1 defines a part of hydraulic fluid circuit 6 between
itself and the rotor 1. The stator 7 is fixed within the production fluid pipeline 3
30 carrying the hydrocarbon fluid by mechanical mounts 8 carried by portions 9 of the
circuit 6, the bearings 4 being between the rotor 1 and the portions 9. The stator 7
has blades 10 on its outside which effectively match and are interleaved with the

blades 5 on the inside of the rotor 1. The volume between adjacent blades 5 and 10



20 designed to optimise the capture of kinetic energy from the hydrocarbon fluid which flows through a
production fluid pipeline 3 in the direction of arrow A. The rotor 1 is mounted on bearings 4 at opposite
ends and is free to rotate in the fluid flow. The rotoris positioned axially in the fluid flow to optimise the
capture of energy. The hydrocarbon fluid forces the rotor 1 to rotate via the blades 2, generating

rotational 25meeldpnisas enar@y diregiorsidevafithenigieiulicatRaohas dilades Sswirebeasa Bedddenpropel
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fluid pipeline 3ir@nrEthjirianditegtetcarbon fluid by mechanical mounts 8 carried by portions 9 of the
circuit 6, the bearings 4 being between the rotor 1 and the portions 9. The stator 7 has blades 10 on its
outside which effectively match and are interleaveg with the bladfgs 5 on the inside of the rotor 1. The
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circuit 6 ipymppdijeidobtviieehithmsaibidesvdarttie eonyddatent dnd ssaqohidacss 1Y thernseadieg 5 and

10 decreﬂ@ﬂ?l&'ih'ﬁ%@hi@.“ﬁ%gmﬁtig'&nMSH 1he,1osalet GlALeS ke 1 theloun pbinyAiagarbon fluid

in pipeline 3, it forces and pumps hydraulic fluid in circuit 6 between the rotor blades 5 and stator
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control system. A ntrol system controls the amount of hydre uﬁg uid“pressure generate the
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the operation of appropriate valves (such a valve 17 in Fig. 1) which will have to be powered and
controlled 'SR AYIAYEEfif¥mEnt via an umbilical cable. Alternatively, if subsea electric power is
available from other sources, then only the control of the flow initialisation may be needed via the
umBfical C¥bIEMIEAINAMAfe &6f MR MHE IRiehtiom Hie edablyIoN. YIreefiBem hihows
generatingifiaisihgosyenistfilie seabedulrysitaslspandion etegipasimawealizsvaiable vasevein
hydrocarp%r) Il)u\'/ﬂﬁighﬂ\?v\lll\flﬂg\'/e to be powered and controlled from topside equipment via an umbilical
cable. Alternatively, if subsea electric power is available from other sources, then only the

control of the flow initialisation may be needed via the umbilical cable.
20  Advantages of using the invention are set out below.
It provides a means of generating local power at the seabed.
Hydraulic and/or electrical power is available wherever hydrocarbon fluid is flowing.

Execution time for operating a valve is considerably reduced by using local hydraulic power
(from command to closure) because supplying hydraulic power through the umbilical cable
25 depends on the hydraulic circuit time constant, which without hydraulic reservoirs can be
substantial. Alternatively, the availability of a local hydraulic power source can eliminate the

need for subsea hydraulic accumulators.

Electrical energy generated can be stored in batteries and/or used to power subsea sensors

and instrumentation and/or for heating purposes.

30 If sufficient electric power can be generated, then an all-electric subsea control system may

be possible.



Execution time for operating a valve is considerably reduced by using local hydraulic power (from
command to closure) because supplying hydraulic power through the umbilical cable 25 depends on
the hydraulic circuit time constant, which without hydraulic reservoirs can be substantial. Alternatively,
the availability of a local hydraulic power source can eliminate the need for subsea hydraulic

accumulatess ataestiiegl ENRIGYIgRNe@Eed aatheesianed imdaiteries ane/ercdard 40 eNgiaslbsea
sensors and instrumentation and/or for heati rposes. 5 The availahility.of localised power at the
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needed ta\eRENYIEIRAHEF RNAYEEBEICRAREIR. the seabed equipment. 5A reduced weight umbilical
cable will be easier to handle and reduce the installation costs The embodiment enables increased
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rotor having external blades for use in causing rotation of the rotor, the rotor further having internal
blades fofyise i BUAREHING AL brongly (05, o sedBAIRIALGN A e £0L8, R I ASgprding o
claim 1, ingﬁ%{ﬁg a statorr]é?ﬂ sa% rotor, so that sa% uuq can gie pr per e(ﬁ)etw\éen safg(lj rotor and said
stator. 3.8YB8BISaccording to claim 2, wherein said stator has a plurality of external blades interleaved
with said internal blades of the rotor so that rotation of the rotor causes said fluid to be propelled
between said blades.



104.A rotor according to claim 3, wherein the volume between adjacent internal and external blades
decreases in the direction in which said fluid is propelled between said rotor and said stator. 5.
Apparatus for providing a source of power including a rotor according to any preceding claim, wherein:
15a fluid circuit is coupled with said rotor, rotation of the rotor propelling fluid in the circuit through the
circuit; angl_fagigpparatus includes means for using the fluid propelled through the circuit as a power
source. 6. Apparatus according to claim 5, wherein the rotor is in a flow path for a second fluid, 20the

rotor being rOtaWblﬁ&ycmﬁﬁﬂ%YM@faﬂﬂ&&eﬁ%Hd |H£@et||?{é1tl9§!o%%'(i’dﬁ}§b ih- cﬁi&@ﬁ‘f@?&aﬂ@ﬁ%ﬂk‘ﬂ@ to claim
6, wherein the rotor is |? th forgﬂydroca on fluid in a Carborﬂwel facility, said usmg

i Ll aftn 8 gL R M A e A o

accordinguorenpetiolavhth® totat, wherein said using means comprises 25means for hydraulically
operating at least one device. 9. Apparatus according to any of claims 5 to 8, wherein said using
meaRns chpris@srmeaaecmd'g@rteraréhg &) entiicihg aveeattnoim shit rprop alteth b kzig Ausaichoitapit.  10.

A metho g% lgaedgm? r{lgéng rL%Ber\élf%E'g a rotor having external blades and internal blades

and causing rotation e rotor V|at external blades to propel the 30fluid through the rotor during
rotation Q%the r%or 7 11. A metth accgrdlrﬁ%to claer 1 ), ¥ k‘ereln t s a sta or | i) |d rotor so

that said Tluid is propellaacgeq{/r\}%en SEid rStol AR Said Stater %Jd(%{c%)é%lnr?g I% Im 11,

wherein $etleavent wib aaiiursditgadbéadesrel tbmégrmeetﬂr@av@atwnmfsma interisalbscraicofiulte rotor
so that rqtagen bR Yk eRMseiSaishlyId

10 4. A rotor according to claim 3, wherein the volume between adjacent internal and
external blades decreases in the direction in which said fluid is propelled between said rotor

and said stator.

5. Apparatus for providing a source of power including a rotor according to any

preceding claim, wherein:

15 a fluid circuit is coupled with said rotor, rotation of the rotor propelling fluid in the

circuit through the circuit; and

the apparatus includes means for using the fluid propelled through the circuit as a

power source.

6. Apparatus according to claim 5, wherein the rotor is in a flow path for a second fluid,

20 the rotor being rotatable by the flow of the second fluid through said path.

7. Apparatus according to claim 6, wherein the rotor is in a flow path for hydrocarbon
fluid in a hydrocarbon well facility, said using means using the fluid propelled through the

circuit as a power source for the facility.

8. Apparatus according to any of claims 5 to 7, wherein said using means comprises

25 means for hydraulically operating at least one device.

0. Apparatus according to any of claims 5 to 8, wherein said using means comprises

means for generating electrical power from fluid propelled through said circuit.

10. A method of propelling a fluid, comprising providing a rotor having external blades
and internal blades and causing rotation of the rotor via the external blades to propel the

30 fluid through the rotor during rotation of the rotor.



5to be propelled between said blades. 13. A method according to claim 12, wherein the volume
between adjacent internal and external blades decrs;ases in the direction in which said fluid is
propelled between said rotor and said stator. 14. A'method according to any of claims 10 to 13,
wherein a fluid circuit is coupled with 10said rotor, rotation of the rotor propelling fluid in the circuit

through the, circuitraad dbexbeteonigpeligsthnalgihiieicitseit keingagadm RMVaitsossCtatlSaid method
accordingp| to (I:slairrg 1e i \ﬁ/ e e;ane%hg {gtr%roi? in Sffl%yv Paaht)rrl for a second fluid, the rotor being rotated by
the flow 0 {He SERBRd Huld rougﬁ sal pe‘i‘tn 1586, Afethod according to claim 15, wherein the rotor is

in a flow path for hydrocarbon 15fluid in a hydrocarbon well facility, the fluid propelled through the
Chrcuit behiy us S RN SSLA 48 TR b, PR PR S BaHRE  EA BFLERESLA to 16,
wherein saietlpeopdlieithfRa inteseal dadedoatheadioope thtingttimast theerdevicausés sAidrikidod
accogdingotgéala%gggaiggvgedepps%@ Yhgsein said propelled fluid is used for 20generating electrical

power.
13. A method according to claim 12, wherein the volume between adjacent internal and
external blades decreases in the direction in which said fluid is propelled between said rotor

and said stator.

14. A method according to any of claims 10 to 13, wherein a fluid circuit is coupled with
10 said rotor, rotation of the rotor propelling fluid in the circuit through the circuit and the fluid

propelled through the circuit being used a power source.

15. A method according to claim 14, wherein the rotor is in a flow path for a second fluid,

the rotor being rotated by the flow of the second fluid through said path.

16. A method according to claim 15, wherein the rotor is in a flow path for hydrocarbon
15 fluid in a hydrocarbon well facility, the fluid propelled through the circuit being used as a

power source for the facility.

17. A method according to any of claims 14 to 16, wherein said propelled fluid is used for

hydraulically operating at least one device.

18. A method according to any of claims 14 to 17, wherein said propelled fluid is used for

20 generating electrical power.



