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ROTORS

Field of the Invention

The present invention relates to rotors, for example in apparatus providing a source of 

power, such as in a hydrocarbon well facility. 

Background 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. Electrical power and hydraulic 

power required for operating the equipment and valves installed on the seabed is normally 

provided by an electrical power unit and a hydraulic power unit installed 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 link (that carries control and 

instrumentation signals) together with hydraulic pipelines which carry hydraulic fluid for 

electrically actuated hydraulic fluid operated control valves.  

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 

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 

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 

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 
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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 said rotor and said stator.  

The present invention also comprises apparatus for providing a source of power including a 

rotor according to the invention, wherein: 

 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. 

The rotor could be in a flow path for a second fluid, the rotor being rotatable 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, 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. 

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 

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 

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 

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 



��

�

seabed equipment.  In so doing, it will ease the requirement placed on the umbilical cable 

and provide a means of reducing the overall umbilical cost.  

While it is known to provide a means of generating electricity by using the flow of 

hydrocarbon fluid 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 from the 

hydrocarbon fluid and transferring it directly to pressurise a hydraulic system and provide 

power which can then be used to operate hydraulic devices such as valves and/or to drive a 

turbine driven generator to provide electrical power to drive actuators for example.   

The invention is not limited to the provision of hydraulic power 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.

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 

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 

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 

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 
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decreases in the direction in which hydraulic fluid in circuit 6 is propelled between 

these blades.  In this embodiment, this is achieved by the blades 5 and 10 decreasing 

in length in that direction.  

When the rotor 1 rotates due to the flow of hydrocarbon fluid in pipeline 3, it forces and ��

pumps hydraulic fluid in circuit 6 between the rotor blades 5 and stator blades 10, generating 

high fluid pressure.  This fluid is then used as a power source in the subsea control system. 

 A control system controls the amount of hydraulic fluid pressure generated by the energy 

capturing device and channels the hydraulic fluid from circuit 6 via a valve 11 to wherever 

high pressure hydraulic fluid is required, such as a turbine 12 driving a generator 13 to ���

generate electricity (hydraulic fluid leaving the turbine 12 via a valve 14) and/or for 

hydraulically operating at least one valve 15.  Reference numeral 16 designates an input for 

supplying hydraulic fluid to circuit 6 as appropriate.  The flow of hydraulic fluid is indicated by 

the small arrows in Fig. 1. 

The embodiment of the invention relies on the availability of hydrocarbon fluid flow.   ���

Initialising of this fluid flow requires the operation of appropriate valves (such a valve 17 in 

Fig. 1) which will have 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. 

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 

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. 

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

be possible. 
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The availability of localised power at the seabed means that the electric and hydraulic 

ratings of the umbilical cable and therefore its physical diameter and weight can be reduced  

which  can significantly reduce the cost of the umbilical cable needed to carry electric and 

hydraulic power to the seabed equipment. 

A reduced weight umbilical cable will be easier to handle and reduce the installation costs ��

The embodiment enables increased subsea functionality compared to conventional subsea 

systems. 
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CLAIMS  

 

1. An apparatus for providing a source of power, the apparatus comprising: 

  a rotor having external blades for use in causing rotation of the rotor, and internal blades for 

use in propelling a fluid through the rotor during rotation of the rotor; 

a fluid circuit coupled with the rotor, wherein rotation of the rotor propels fluid in the fluid 

circuit through the fluid circuit; 

a power device configured to use the fluid propelled through the fluid circuit as a power 

source; 

wherein the rotor is in a flow path for a second fluid, the rotor being rotatable by the flow of 

the second fluid through the path; 

a stator in the rotor, such that the first fluid can be propelled between the rotor and the stator; 

wherein the stator has a plurality of external blades interleaved with the internal blades of the 

rotor so that rotation of the rotor causes the fluid to be propelled between the internal and external 

blades; 

wherein the volume between adjacent internal blades of the rotor and external blades of the 

stator decreases in the direction in which the fluid is propelled between the rotor and the stator; and 

wherein the rotor is in a flow path for hydrocarbon fluid in a subsea hydrocarbon well 

facility, the  power device using the fluid propelled through the circuit as a power source for the well 

facility. 

 

2. The apparatus according to claim 1, wherein the power device is configured to use the fluid 

propelled through the circuit as a power source to hydraulically operates at least one hydraulic 

device. 

 

3. The apparatus according to claim 1, wherein the power device configured to use the fluid 

propelled through the circuit as a power source generates electrical power from fluid propelled 

through the fluid circuit. 

 

4.  The apparatus of claim 1, wherein a length of the internal blades of the rotor and the external 

blades of the stator decrease in the direction in which fluid is propelled between the rotor and the 

stator. 
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5. A method of propelling a first fluid, the method comprising:  

providing a rotor having external blades and internal blades; and  

coupling a fluid circuit with the rotor;  

causing rotation of the rotor via the external blades to propel the first fluid through the rotor 

during rotation of the rotor;  

causing further rotation of the rotor by a second fluid, wherein the rotor is in a flow path with 

the second fluid; 

propelling the first fluid between the internal blades of the rotor and external blades of a 

stator, wherein the external blades of the stator comprise a plurality of external blades interleaved 

with the internal blades of the rotor; 

wherein the volume between adjacent internal blades of the rotor and external blades of the 

stator decreases in the direction of the first fluid being propelled between the internal blades and 

external blades;  

wherein the flow path is a flow path for hydrocarbon fluid in a subsea hydrocarbon well 

facility, the first fluid propelled through the circuit being used as a power source for the subsea 

hydrocarbon well facility. 

 

6. The method according to claim 5, wherein the propelled fluid is used for hydraulically 

operating at least one hydraulic device. 

 

7. The method according to claim 5, wherein the propelled fluid is used for generating 

electrical power. 

 

8.   The method claim 5, wherein a length of the internal blade of the rotor and the external 

blades of the stator decrease in the direction in which fluid is propelled between the rotor and the 

stator. 

 


