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We claim:

Claim 1.

Claim 2.

Claim 3.

Claim 4.

Claim 5.

Claim 6.

CLAIMS

A system to actuate a hydraulic tool, the system£omprising:
a hydraulic conduit; and
a hydraulic tool comprising:
a first chamber fluidly couplefl to the hydraulic conduit,
a second chamber separated/from the first chamber by a frangible
member, and
a rotational fluid-flow pth from the first chamber to the sccond, the

fluid-flow path cHntaining a fluid-flow restrictor.

The system of claim 1, further cgmprising a frangible member that prevents fluid
flow from the first chamber to fhe second chamber when the frangible member is
in an unactuated statc and peymits fluid flow from the first chamber to the
second chamber when the ffangible member is in an actuated state, wherein the
frangible member is oper, ble to automatically actuate when a pressure
differential between theffirst chamber and the second chamber exceeds a

predetermined threshg/ld.

The system of claiyn 1, wherein the fluid-flow restrictor comprises a vortex-

inducing fluid-flgow restrictor.

The system offclaim 3, wherein the vortex-inducing fluid-flow restrictor

comprises afleast one arcuate vane.

The systefn of claim 3, wherein the vortex-inducing fluid-flow restrictor

compriges a plurality of concentric arcuate vanes.

The fystem of claim 3, wherein the vortex-inducing fluid-flow restrictor
cogfiprises a plurality of arcuate vanes that are equidistant from an outlet of the

id-flow restrictor.
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Claim 7.

Claim 8.

Claim 9.

Claim 10.

Claim 11.

Claim 12.

The system of claim 1, wherein the fluid-flow restrictpr comprises a shaped

surface.

An apparatus to transmit fluid within a hydraulicfool, the apparatus comprising:

a first chamber, the first chamber being at affirst pressure at a first time;

a second chamber, the second chamber bging at a second pressure at the first
time and at a third pressure at a sglcond time, the first pressure being
greater than the second pressureand approximately equal to the third
pressure;

a fluid-flow path from the first chgmber to the second chamber, the fluid-
flow path comprising:

a fluid inlet to receivy fluid into the fluid-flow path from the first
chamber,

a fluid outlet to d¢liver fluid to the second chamber from the fluid
flow path,/and

at least one flyid-flow restrictor disposed between the fluid inlet
and th¢ fluid outlet to direct fluid received from the fluid inlet
into # rotational flow path around a longitudinal axis of the

outlet.

The apparatus of cjaim &, wherein the fluid inlet is configured to introduce fluid
received from th¢'hydrostatic chamber along a direction tangential to the

rotational flow path.

The apparatys of claim 8, wherein the fluid-flow restrictor comprises a plurality

of guide vgnes forming a vortex-inducing flow path.

The appfaratus of claim 8, wherein the fluid-flow restrictor comprises at least one

arcuape vanc.

Th¢ apparatus of claim 8, wherein the fluid-flow restrictor comprises a plurality

of arcuate vancs that arc cquidistant from an outlct of the fluid-flow restrictor.
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Claim 13.

Claim 14.

Claim 15.

Claim 16.

Claim 17.

Claim 18.

Claim 19.

Claim 20.

The apparatus of claim 8, wherein the fluid-flow restrfctor comprises a shaped

surface.

The apparatus of claim 13, wherein the shaped syrface comprises concentric

square grooves.

The apparatus of claim 13, wherein the shapgd surface comprises concentric

oscillatory grooves.

The apparatus of claim 8, wherein the ffiid-flow restrictor compriscs a vanc and

a deflector.

A method of actuating a hydraulic fool, the method comprising:
generating a hydrostatic presgure in a first chamber;
transmitting a fluid through/a fluid-flow path from the first chamber to a
second chamber, whrein the fluid-flow path comprises at least one
vortex-inducing flpid-flow restrictor; and
actuating the hydraulig tool by transmitting the hydrostatic pressure to the
second chambgh to generate a hydrostatic force against at least one

movable meghber of the hydraulic tool.

The method of claigh 18, further comprising introducing fluid to a fluid inlet of
the fluid-flow resjrictor along a direction tangential to the fluid flow path, the

fluid flow path Jeing a generally rotational fluid flow path.

The mcthod ¢f claim 18, wherein the fluid-flow restrictor compriscs a plurality

of guide vghes forming a vortex-inducing flow path.

The method of claim 18, wherein the fluid-flow restrictor is operable to restrict

the flofv of fluid by a variable amount depending on the flow rate of the fluid.
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We claim:

Claim I.

Claim 2.

Claim 3.

Claim 4.

Claim 5.

Claim 6.

Claim 7.

Claim 8.

CLAIMS

A system to actuate a hydraulic downhole tool, the system comprising:
a hydraulic conduit; and
a hydraulic tool comprising:

a first chamber fluidly coupled to the hydraulic conduit, a second chamber
separated from the first chamber by a frangible member, and

a rotational and spiralling fluid-flow path from the first chamber to the
second chamber, the fluid- flow path containing a fluid-flow restrictor.

The system of claim 1, further comprising a frangible member that prevents
fluid flow from the first chamber to the second chamber when the frangible
member is in an unactuated state and permits fluid flow from the first
chamber to the second chamber when the frangible member is in an actuated
state, wherein the frangible member is operable to automatically actuate
when a pressure differential between the first chamber and the second
chamber exceeds a predetermined threshold.

The system of claim 1, wherein the fluid-flow restrictor comprises a vortex-
inducing fluid-flow restrictor.

The system of claim 3, wherein the vortex-inducing fluid-flow restrictor

comprises at least one arcuate vane.

The system of claim 3, wherein the vortex-inducing fluid-flow restrictor

comprises a plurality of concentric arcuate vanes.

The system of claim 3, wherein the vortex-inducing fluid-flow restrictor

comprises a plurality of arcuate vanes that are equidistant from an outlet of
the fluid-flow restrictor.

The system of claim 1, wherein the fluid-flow restrictor comprises a shaped
surface.

An apparatus to transmit fluid within a hydraulic downhole tool, the
apparatus comprising:
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and

a first chamber, the first chamber being at a first pressure at a first time; a
second chamber, the second chamber being at a second pressure at the first
time and at a third pressure at a second time, the first pressure being greater
than the second pressure and approximately equal to the third pressure;

a fluid-flow path from the first chamber to the second chamber, the fluid-flow
path comprising :

a fluid inlet to receive fluid into the fluid-flow path from the first chamber,

a fluid outlet to deliver fluid to the second chamber from the fluid flow path,

at least one fluid-flow restrictor disposed between the fluid inlet and the fluid

outlet to direct fluid received from the fluid inlet into a rotational and spiralling flow
path around a longitudinal axis of the fluid outlet. '

Claim 9.

Claim 10.

Claim 11.

Claim 12.

Claim 13.

Claim 14.

Claim 15.

Claim 16.

The apparatus of claim 8, wherein the fluid inlet is configured to introduce
fluid received from a hydrostatic chamber along a direction tangential to the
rotational flow path.

The apparatus of claim 8, wherein the fluid-flow restrictor comprises a
plurality of guide vanes forming a vortex-inducing flow path.

The apparatus of claim 8, wherein the fluid-flow restrictor comprises at least
one arcuate vane.

The apparatus of claim 8, wherein the fluid-flow restrictor comprises a
plurality of arcuate vanes that are equidistant from an outlet of the fluid-flow
restrictor,

The apparatus of claim 8, wherein the fluid-flow restrictor comprises a
shaped surface.

The apparatus of claim 13, wherein the shaped surface comprises concentric
square grooves.

The apparatus of claim 13, wherein the shaped surface comprises concentric
oscillatory grooves.

The apparatus of claim 8, wherein the fluid-flow restrictor comprises a vane
and a deflector.
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Claim 17.

Claim 18.

Claim 19.

Claim 20.

A method of actuating a hydraulic downhole tool, the method comprising:
generating a hydrostatic pressure in a first chamber;

transmitting a fluid through a fluid-flow path from the first chamber to a
second chamber, wherein the fluid-flow path comprises at least one vortex-
inducing fluid-flow restrictor; and

actuating the hydraulic tool by transmitting the hydrostatic pressure to the
second chamber to generate a hydrostatic force against at least one movable
member of the hydraulic tool.

The method of claim 17, further comprising introducing fluid to a fluid inlet
of the fluid-flow restrictor along a direction tangential to the fluid flow path,
the fluid flow path being a generally rotational and spiralling fluid-flow path.

The method of claim 18, wherein the fluid-flow restrictor comprises a
plurality of guide vanes forming a vortex-inducing flow path.

The method of claim 18, wherein the fluid-flow restrictor is operable to
restrict the flow of fluid by a variable amount depending on the flow rate of
the fluid.
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