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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a circulating
valve. More specifically, the invention relates to a flow
activated circulating valve.

BACKGROUND OF THE INVENTION

[0002] A circulating valve is generally used during dif-
ferent well operations in subterranean oil and/or gas
wells. The circulating valve is lowered into the well bore
by means of a tubular string. In its open state, circulating
valves allow fluid to flow from the inside of the string to
the well (or in the reverse direction). The circulating valve
may be brought from its open state to a closed state
wherein no fluid flow is allowed. The control of the circu-
lating valve is performed from the topside, either by ap-
plying one predetermined pressure, applying several
pressure pulses, or by increasing the fluid flow over fixed
exit ports.
[0003] US 4,403,659 describes a pressure controlled
reversing valve comprising a housing with fluid ports be-
ing closed by means of a valve sleeve mounted on a
springloaded mandrel. Two J-slot channel arrangements
are used to control the opening/closing cycle of the valve.
This reversing valve is closed in its initial state. US
6,109,345 describes a circulating valve which is respon-
sive to the fluid flow rate through the valve. The valve
comprises a housing and a mandrel provided inside the
housing. The mandrel comprises a radial flow port, a bi-
asing member, a ratchet with a J-slot channel arrange-
ment, an inner sleeve and a one-way flow restrictor car-
ried on the mandrel.
[0004] There are several disadvantages with the
above valves. First of all, they are relatively complex, and
they are also vulnerable to operation failure. The above
valves use ports with relatively small diameter to achieve
pressure differences. Hence, the valves are vulnerable
to debris obstructing the ports. Moreover, these valves
use only a small portion of the flow in order to control the
operation of the valve, since most of the fluid is flowing
through the through bore.
[0005] US 6 293 342 relates to a secondary means for
closing a bypass valve and shows a mechanism for se-
lectively exposing a piston to a pressure differential mov-
ing the piston.
[0006] US 4 298 077 relates to an in-hole fluid motor
with a circulation valve.
[0007] US 4 711 305 A relates to a multi.-mode testing
tool, operable as a drill pipe tester, formation tester, or
as a circulation valve. It is also shown a pressure respon-
sive double-acting piston power mechanism.
[0008] The object of the invention is to provide a reli-
able and relatively simple circulating valve. It is an object
to provide a valve which is actuated by changing the fluid
rate through the valve. Moreover, it is an object of the

invention to be able to pressure test the inside of the
string above the valve and the well below or outside the
wall before re-opening the valve after a closure.
[0009] It is also an object of the invention to provide a
valve which easily can be adapted to different wells, i.e.
with respect to different well pressures, well fluids etc.
[0010] The circulating valve may replace ball subs,
where it saves a significant amount of time waiting for
activating balls to land. It also reduces risk in deviated
wells where balls may have difficulties landing due to a
combination of restrictions and gravitational effects. The
circulating valve may also be used for flow control un-
derneath bridge plus, packers, etc or for pressure testing
of completion packers after installation.
[0011] Moreover, the circulating valve may be used in
situations where a temporary barrier and circulation pos-
sibility are needed to avoid wireline intervention during
completion or recompletion of the well.

SUMMARY OF THE INVENTION

[0012] The present invention relates to circulating
valve comprising:

- an outer housing comprising radial ports provided
axially between an upper portion of the valve and a
lower portion of the valve , where the upper portion
comprises a tube connector;

- an inner sleeve provided inside the outer housing ,
where the inner sleeve is providing an axial bore
through the upper portion of the valve to the radial
ports;

- a piston arranged for axial movement, where the pis-
ton comprises piston ports arranged to provide fluid
communication between the axial bore and the radial
ports when the piston is in an open position , and
where the piston is arranged to prevent fluid com-
munication between the axial bore and the radial
ports when the piston is in closed positions;

- an actuating device applying an axial pressure on
the piston;

characterized in that:

- the lower portion of the outer housing is closed;

- a cylinder compartment is provided between the in-
ner sleeve and the outer housing;

- the piston is arranged for axial and rotational move-
ment in the cylinder compartment ,

- a sleeve opening is providing fluid communication
between the axial bore and the cylinder compart-
ment;
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- a fluid orifice provided radially inside the inner
sleeve; and

- a position controlling device for controlling the axial
and rotational position of the piston in relation to the
outer housing.

[0013] In one aspect, the circulating valve is a flow ac-
tivated circulating valve.
[0014] In one aspect, the fluid orifice is provided axially
between the sleeve opening and the radial ports.
[0015] In one aspect, the piston is axially and rotation-
ally movable from the open position to a first closed po-
sition by increasing the fluid rate through the fluid orifice.
[0016] In one aspect, the piston is axially and rotation-
ally movable from the first closed position to a second
closed position by decreasing the fluid pressure in the
axial bore.
[0017] In one aspect, the piston is axially and rotation-
ally movable from the second closed position to a third
closed position by increasing the fluid pressure in the
axial bore.
[0018] In one aspect, the piston is axially movable from
the third closed position to the open position by decreas-
ing the fluid pressure in the axial bore.
[0019] In one aspect, the fluid orifice comprises a re-
leasable connection device for connection to the inner
sleeve.
[0020] In one aspect, the cross sectional area of each
piston port is substantially corresponding to the cross
sectional area of each radial port.
[0021] In one aspect, the position controlling device
comprises a control slot and a control pin received in the
control slot.
[0022] In one aspect, the control slot is provided cir-
cumferentially around the piston.
[0023] In one aspect, the control pin is fixed to the inner
surface of the outer housing.
[0024] In one aspect, the circulating valve comprises:

- a pressure equalizing opening provided in the upper
portion a of the valve between the axial bore and the
outside of the housing;

- a pressure equalizing sleeve for initial closure of the
pressure equalizing opening, where the pressure
equalizing sleeve is fixed to the valve by means of
shear pins.

DETAILED DESCRIPTION

[0025] Embodiments of the invention will now be de-
scribed with reference to the enclosed drawings, where:

Fig. 1 illustrates a cross sectional view of the circu-
lating valve in an open state;

Fig. 2 illustrates a cross sectional view of the circu-

lating valve in a first closed state;

Fig. 3 illustrates a cross sectional view of the circu-
lating valve in a second closed state;

Fig. 4 illustrates a cross sectional view of the circu-
lating valve in a third closed state;

Fig. 5 illustrates a side view of the piston of the cir-
culating valve in fig. 1 - 4;

Fig. 6 illustrates a plan view of the unwrapped profile
of the control slot of the piston in fig. 5;

Fig. 7 illustrates a cross sectional view of the circu-
lating valve where the pressure equalizing sleeve
has been actuated;

Fig. 8 illustrates a theoretical differential pressure
chart for different sizes of the fluid orifice of one em-
bodiment of the fluid activated circulating valve
(FACV) circulating with water.

[0026] It is now referred to fig. 1, illustrating an embod-
iment of a circulating valve 1.
[0027] The circulating valve comprises an outer hous-
ing 10 comprising radial ports 11 provided axially be-
tween an upper portion 1a of the valve 1 and a lower
portion 1b of the valve 1. Hence, the radial ports 11 define
the border between the upper and the lower portion. The
outer housing 10 is substantially cylindrical with a longi-
tudinal axis I illustrated by a dashed line in fig. 1.
[0028] In the present embodiment the outer diameter
of the housing 10 is 83 mm (3,25") and is designed for
use in well pipes with inner diameter larger than ca 101
mm (4").
[0029] The upper portion 1a of the valve 1 comprises
a tube connector 12 for connection to a pipe string. In
the present embodiment the tube connector 12 is provid-
ed as a threaded area in the upper end of the housing
10. The pipe string may comprise one or several other
tools, such as a production packer, a liner/screen hanger,
a second packer, for example a medium expansion plug
etc. The pipe string together with the circulating valve
and tools are lowered down into the well from the topside.
Hence, the term "upper" is here used to describe the
portion of the valve being faced towards the surface of
the well, while the term "lower" is used to describe the
portion of the valve being faced towards the bottom of
the well. It should be noted that the well may be a vertical
well, a tapering well or a horizontal well.
[0030] Fluid may be pumped from the topside through
the pipe string and into the circulating valve 1 and further
out through the radial ports 11 when the circulating valve
1 is in its open state. It should be noted that in the open
state, fluid may also flow in the reverse direction, i.e. from
the well, in through the radial ports 11 and further up
inside the pipe string.
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[0031] The lower portion 1b of the valve 1 is closed.
Hence, no fluid may exit from the valve 1 below the radial
ports 11. Consequently, the circulating valve 1 is consid-
ered not to have a through bore. In fig. 1 it is shown that
the lower portion 1b comprises a closure in the form of
an end section 13 being fixed to the lower end of the
outer housing 10. Moreover, an inner housing 14 is fixed
to the end section 13. In fig. 1 it is shown that the inner
housing 14 comprises a pointed end 15 located close to
the radial ports 11 and being faced towards the tube con-
nector 12. The pointed end 15 directs the fluid flow from
the pipe string out through the radial ports 11 when the
circulating valve 1 is in its open state.
[0032] The circulating valve 1 further comprises an in-
ner sleeve 20 provided inside the outer housing 10. In
fig. 1 it is shown that the inner sleeve 20 is cylindrical and
is provided radially inside the upper portion 1a of the valve
1. The inner sleeve 20 is providing an axial bore 21
through the upper portion 1a to the radial ports 11.
[0033] The inner sleeve 20 has a first end 20a which
may be located at or near the entrance of the valve 1, i.
e. at or near the tube connector 12, or it may be located
with a distance to the tube connector 12. The second end
20b of the inner sleeve 20 is located at or near the exit
of the valve 1, i.e. at or near the radial ports 11. The axial
bore 21 provides a fluid communicating channel through
the valve 1.
[0034] It should be noted that the valve 1 may comprise
a pressure equalizer 70 which will be described in detail
below. The pressure equalizer 70 may form a continua-
tion of the axial bore 21 from the tube connector 12 to
the first end of the inner sleeve 20.
[0035] The circulating valve 1 further comprises a cyl-
inder compartment 30 provided between the inner sleeve
20 and the outer housing 10. The cylinder compartment
30 is provided as an annulus between the outer surface
of the inner sleeve 20 and the inner surface of the outer
housing 10. This is achieved by connecting the inner
sleeve 20 to the outer housing 10 to each other by means
of a connection member 16.
[0036] A sleeve opening 22 is providing fluid commu-
nication between the axial bore 21 and the cylinder com-
partment 30. The sleeve opening 22 is in the present
embodiment provided as eight openings between the ax-
ial bore 21 and the cylinder compartment 30.
[0037] The valve 1 further comprises a piston 40 ar-
ranged for axial and rotational movement in the cylinder
compartment 30. The piston 40 is shown in fig. 5 and is
substantially cylindrical. The piston comprises piston
ports 41. The piston ports 41 are provided in a substan-
tially cylindrical outer surface 42 of the piston 40.
[0038] The piston 40 is sealingly arranged in the cyl-
inder compartment 30, i.e. no fluid should be allowed to
enter between the outer surface of the piston 40 and the
inner surface of the outer housing or between the inner
surface of the piston 40 and the outer surface of the inner
sleeve 20. The piston 40 may comprise grooves 43a,
43b, 43c wherein o-rings are provided in order to seal

against the outer housing 10. Corresponding grooves
and o-rings may be provided on the inner surface of the
piston 40 as well.
[0039] The piston ports are 41 arranged to provide fluid
communication between the axial bore 21 and the radial
ports 11 when the piston 40 is in an open position. The
piston 40 is arranged to prevent fluid communication be-
tween the axial bore 21 and the radial ports 11 when the
piston 40 is in a closed position.
[0040] Moreover, the piston 40 comprises a first piston
surface 44 provided in the first or upper end of the piston
40 and a second piston surface 45 in the second or lower
end of the piston 40. The cylinder compartment 30 is
limited by the first piston surface 44, the inner surface of
the outer housing 10, the outer surface of the inner sleeve
20 and the surface of the connection member 16. It
should be noted that the inner surface of the connection
member 16 forms a part of the axial bore 21 together with
the inner surface of the inner sleeve 20.
[0041] The valve 1 further comprises an actuating de-
vice 50 applying an axial pressure on the piston 40. In
the present invention the actuating means 50 is a spring
provided in the lower portion 1b of the valve 1, more spe-
cifically axially between the second piston surface 45 and
the end section 13 and radially between the outer housing
10 and the inner housing 14. The actuating device 50
presses the piston 40 up towards the piston compartment
30.
[0042] A fluid orifice 24 is provided radially inside the
inner sleeve 20. In the present embodiment the fluid or-
ifice 24 is provided axially between the sleeve opening
22 and the radial ports 11. The fluid orifice 24 has an
inner diameter which is less than the inner diameter of
the inner sleeve 20. In the present embodiment, the fluid
orifice 24 is replaceable with other fluid orifices having
other inner diameters. A suitable fluid orifice 24 will be
selected based on fluid and rate requirement for the well.
[0043] In an alternative embodiment, the fluid orifice
24 may be provided axially on the upper side of the sleeve
opening 22, however, in such an embodiment, the func-
tion of the valve will be different. This will be described
in detail below.
[0044] The valve 1 further comprises a position con-
trolling device 60 for controlling the axial and rotational
position of the piston 40 in relation to the outer housing
10. Hence, the position controlling device 60 controls the
sequence of the piston movements between the open
state and the closed states of the valve 1.
[0045] In the present embodiment, the position con-
trolling device 60 comprises a control slot 61 (shown in
fig. 1, fig. 5 and fig. 6) and a control pin 62 (shown in fig.
1) received in the control slot 61. The control slot 61 is
provided circumferentially around the piston 40 and the
control pin 62 is fixed to the inner surface of the outer
housing 10. It should be noted that the control slot 61
could be provided on circumferentially on the radial inner
surface of the piston and the control pin could be provided
on the radial outer surface of the inner sleeve 20. It could
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also be possible to provide the control slot 61 on the radial
outer surface of the inner sleeve 20 and the control pin
62 could be provided on the radial inner surface of the
piston. Several other position controlling devices 60
could also be possible.
[0046] In the embodiment described above, the cross
sectional area of each piston port 41, i.e. the area of
which the fluid is flowing through the piston 40, is sub-
stantially corresponding to the cross sectional area of
each radial port 11. In the present embodiment, the di-
ameter of the radial port 11 and the diameter of the piston
port 41 is 13 mm, and there are eight piston ports 41 in
the piston 40 and there are eight radial ports 11 in the
housing 10, arranged to be positioned in relation to each
other in the open state. It should be noted that the diam-
eter of the piston port 41 and the radial port 11 may be
for example be between 10 - 20 mm. Moreover, the cross
sectional total area of the piston ports 41 may be larger
than the cross sectional area of the axial bore 21. The
cross sectional total area of the radiap ports 11 may be
larger than the cross sectional area of the axial bore 21.
With such relatively large ports 11, 41, the risk of debris
obstructing these ports is considerably reduced.
[0047] The operation of the circulating valve will now
be described.
[0048] In a first step, the circulation valve 1 together
with the pipe string and other tools are lowered into the
correct position in the well. This operation is considered
known for a skilled person and will not be described here
in detail.
[0049] On the topside, there is a pumping device for
pumping fluid into the pipe string and further into the cir-
culating valve 1. In addition, there is a flow meter for
measuring the flow rate from the pump and a pressure
meter for measuring the pressure of the fluid in the pipe
string.
[0050] Initially, the piston 40 is in its open state, wherein
the control pin 62 (indicated by a dashed circle) is in the
position P0 in fig. 5 and 6. The piston ports 41 are here
oriented such that fluid may flow from the topside, through
the pipe string, further through the axial bore 21 and out
through the piston ports 41 and the radial ports 11 and
out into the well.
[0051] At a low fluid rate, the fluid is flowing freely
through the circulation valve and pressure of the fluid is
low. When the fluid rate through the fluid orifice 24 is
increasing, the fluid pressure on the upper side of the
fluid orifice 24 will gradually increase. The pressure will
also be increased in the cylinder compartment 30 since
fluid are flowing into the cylinder compartment 30 through
the sleeve openings 22. Hence, the piston 40 is axially
and rotationally movable from the open position P0 to a
first closed position P1 by increasing the fluid rate through
the fluid orifice 24. When the fluid rate has reached a
certain level, the pressure on the cylinder compartment
30 is exceeding the pressure applied to the piston 40 by
the actuating device 50, and the piston 40 will be pressed
downwards.

[0052] The position controlling device controls the axial
and rotational position of the piston 40 in relation to the
outer housing 10 as the piston is pressed down.
[0053] The piston 40 stops when the control pin 62
reaches an end of the control slot 61. This end position
is denoted as the first closed position P1. In this position,
the substantially cylindrical outer surface 42 of the piston
40 will close the radial ports 11. In fig. 2 the piston 40 is
in the first closed position P1.
[0054] The pumping device topside may now be used
to increase the pressure in the pipe string and hence in
the axial bore 21 further, in order to pressure test the pipe
string.
[0055] The pumping device topside may now be used
to decrease the fluid pressure in the pipe string and hence
in the axial bore 21. The piston 40 will then be axially and
rotationally moved from the first closed position P1 to a
second closed position P2. In fig. 3 the piston 40 is in this
second closed position P2.
[0056] The pressure outside the pipe string and hence
outside the axial bore 21, i.e. the pressure in the well,
may now be increased in relation to the inside pressure
of axial bore 21 (in order to perform a pressure test of
the well.
[0057] The pumping device topside may now be used
to increase the fluid pressure in the pipe string and hence
in the axial bore 21. The piston 40 will then be axially and
rotationally moved from the second closed position P2
to a third closed position P3. In fig. 4 the piston 40 is in
this second closed position P3.
[0058] Again, the pumping device topside may now be
used to increase the pressure in the pipe string and hence
in the axial bore 21 further, in order to pressure test the
pipe string.
[0059] The pumping device topside may now be used
to decrease the fluid pressure in the pipe string and hence
in the axial bore 21. The piston 40 will then be axially and
rotationally moved from the third closed position P3 to
the open position P0. In fig. 1 the piston 40 is in the open
position P0.
[0060] The fluid orifice 24 may comprise a releasable
connection device (not shown) for connection to the inner
sleeve 20. Hence, the fluid orifice 24 may be replaced
by a fluid orifice 24 having a larger or smaller diameter
in order to adjust the fluid rate needed to move the piston
40 from the open position P0 to the first closed position
P1. By utilizing a purpose-built replacement tool , for ex-
ample comprising a threaded connection device or a pur-
pose-built tool, the fluid orifice 24 may be replaced with-
out disassembling the entire circulating valve.
[0061] The circulating valve 1 may also comprise a
pressure equalizer 70 comprising a pressure equalizing
opening 71 in the upper portion 1a of the valve between
the axial bore 21 and the outside of the housing 10. In
fig. 1 it is shown that the pressure equalizing opening 71
is provided in the axial bore 21 being formed by the con-
nection member 16. The pressure equalizer 70 also com-
prises a pressure equalizing sleeve 72 for initial closure
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of the pressure equalizing opening 71. The pressure
equalizing sleeve 72 is fixed to the valve 1, for example
to the housing 10 or to the connection member 16 by
means of shear pins 73. The sleeve 72 may also form
parts of the axial bore 21 through the upper portion of
the valve.
[0062] If the piston 40 is stuck in one of its closed po-
sitions, the stroke may be applied to the sleeve 72 in
order to break the shear pins and press the sleeve 72
downwards to the position shown in fig. 7. The sleeve 72
will no longer close the pressure equalizing opening 71
and the pressure on the inside of the axial bore 21 and
the outside of the housing may be equalized.
[0063] In fig. 8 it is shown curves of the differential pres-
sure over the fluid orifice as a function of the fluid flow
rate through the fluid orifice for different fluid orifices. A
threshold for the maximum circulating pressure A is in-
dicated as a first horizontal line, a threshold for the min-
imum theoretical closing pressure B is indicated by a sec-
ond horizontal line and the a threshold for the maximum
theoretical closing pressure C is indicated by a third hor-
izontal line.

Alternative embodiments

[0064] In an alternative embodiment, the fluid orifice
24 may be located above the sleeve openings 22. In such
an embodiment, the piston 40 may only close when the
fluid flow rate in the reverse direction reaches a certain
level.

Claims

1. Circulating valve (1) comprising:

- an outer housing (10) comprising radial ports
(11) provided axially between an upper portion
(1a) of the valve (1) and a lower portion (1b) of
the valve (1), where the upper portion (1a) com-
prises a tube connector (12);
- an inner sleeve (20) provided inside the outer
housing (10), where the inner sleeve (20) is pro-
viding an axial bore (21) through the upper por-
tion (1a) of the valve (1) to the radial ports (11);
- a piston (40) arranged for axial movement,
where the piston (40) comprises piston ports
(41) arranged to provide fluid communication
between the axial bore (21) and the radial ports
(11) when the piston (40) is in an open position
(P0), and where the piston (40) is arranged to
prevent fluid communication between the axial
bore (21) and the radial ports (11) when the pis-
ton (40) is in closed positions (P1, P2, P3);
- an actuating device (50) applying an axial pres-
sure on the piston (40);

characterized in that:

- the lower portion (1b) of the outer housing (10)
is closed;
- a cylinder compartment (30) is provided be-
tween the inner sleeve (20) and the outer hous-
ing (10);
- the piston (40) is arranged for axial and rota-
tional movement in the cylinder compartment
(30),
- a sleeve opening (22) is providing fluid com-
munication between the axial bore (21) and the
cylinder compartment (30);
- a fluid orifice (24) provided radially inside the
inner sleeve (20); and
- a position controlling device (60) for controlling
the axial and rotational position of the piston (40)
in relation to the outer housing (10).

2. Circulating valve according to claim 1, where the fluid
orifice (24) is provided axially between the sleeve
opening (22) and the radial ports (11).

3. Circulating valve according to claim 1 or 2, where
the piston (40) is axially and rotationally movable
from the open position (P0) to a first closed position
(P1) by increasing the fluid rate through the fluid or-
ifice (24).

4. Circulating valve according to claim 3, where the pis-
ton (40) is axially and rotationally movable from the
first closed position (P1) to a second closed position
(P2) by decreasing the fluid pressure in the axial bore
(21).

5. Circulating valve according to claim 4, where the pis-
ton (40) is axially and rotationally movable from the
second closed position (P2) to a third closed position
(P3) by increasing the fluid pressure in the axial bore
(21).

6. Circulating valve according to claim 5, where the pis-
ton (40) is axially movable from the third closed po-
sition (P3) to the open position (P0) by decreasing
the fluid pressure in the axial bore (21).

7. Circulating valve according to one of the above
claims, where the fluid orifice (24) comprises a re-
leasable connection device for connection to the in-
ner sleeve (20).

8. Circulating valve according to one of the above
claims, where the cross sectional area of each piston
port (41) is substantially corresponding to the cross
sectional area of each radial port (11).

9. Circulating valve according to claim 1, where the po-
sition controlling device (60) comprises a control slot
(61) and a control pin (62) received in the control slot
(61).

9 10 
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10. Circulating valve according to claim 9, where the
control slot (61) is provided circumferentially around
the piston (40).

11. Circulating valve according to claim 10, where the
control pin (62) is fixed to the inner surface of the
outer housing (10).

12. Circulating valve according to claim 1, where the cir-
culating valve (1) comprises:

- a pressure equalizing opening (71) provided in
the upper portion 1a of the valve between the
axial bore (21) and the outside of the housing
(10);
- a pressure equalizing sleeve (72) for initial clo-
sure of the pressure equalizing opening (70),
where the pressure equalizing sleeve (72) is
fixed to the valve by means of shear pins (73).

Patentansprüche

1. Umlaufventil (1), aufweisend:

- ein Außengehäuse (10), welches Radialan-
schlüsse (11) aufweist, die axial zwischen ei-
nem oberen Abschnitt (1a) des Ventils (1) und
einem unteren Abschnitt (1b) des Ventils (1) vor-
gesehen sind, wobei der obere Abschnitt (1a)
einen Rohrverbinder (12) aufweist;
- eine Innenhülle (20), die innerhalb des Außen-
gehäuses (10) vorgesehen ist, wobei die Innen-
hülle (20) eine Axialbohrung (21) durch den obe-
ren Abschnitt (1a) des Ventils (1) zu den Radi-
alanschlüssen (11) bereitstellt;
- einen Kolben (40), der zur axialen Bewegung
ausgebildet ist, wobei der Kolben (40) Kolben-
anschlüsse (41) aufweist, die dazu ausgebildet
sind, eine Fluidkommunikation zwischen der
Axialbohrung (21) und den Radialanschlüssen
(11) bereitzustellen, wenn der Kolben (40) in ei-
ner Offen-Position (P0) ist, und wobei der Kol-
ben (40) dazu ausgebildet ist, eine Fluidkommu-
nikation zwischen der Axialbohrung (21) und
den Radialanschlüssen (11) zu unterbinden,
wenn der Kolben (40) in Geschlossen-Positio-
nen (P1, P2, P3) ist;
- eine Betätigungseinrichtung (50), die einen
axialen Druck auf den Kolben (40) ausübt;

dadurch gekennzeichnet, dass

- der untere Abschnitt (1b) des Außengehäuses
(10) geschlossen ist;
- ein Zylinderabteil (30) zwischen der Innenhülle
(20) und dem Außengehäuse (10) vorgesehen
ist;

- der Kolben (40) zu einer axialen und Drehbe-
wegung im Zylinderabteil (30) ausgebildet ist;
- eine Hüllenöffnung (22) eine Fluidkommunika-
tion zwischen der Axialbohrung (21) und dem
Zylinderabteil (30) bereitstellt;
- eine Fluidöffnung (24) radial innerhalb der In-
nenhülle (20) vorgesehen ist; und
- eine Positionssteuereinrichtung (60) zum
Steuern der axialen und Drehstellung des Kol-
bens (40) in Relation zum Außengehäuse (10).

2. Umlaufventil nach Anspruch 1, wobei die Fluidöff-
nung (24) axial zwischen der Hüllenöffnung (22) und
den Radialanschlüssen (11) vorgesehen ist.

3. Umlaufventil nach Anspruch 1 oder 2, wobei der Kol-
ben (40) axial und rotatorisch von der Offen-Position
(P0) in eine erste Geschlossen-Position (P1) durch
Erhöhen der Fluidrate durch die Fluidöffnung (24)
bewegbar ist.

4. Umlaufventil nach Anspruch 3, wobei der Kolben
(40) axial und rotatorisch aus der ersten Geschlos-
sen-Position (P1) in eine zweite Geschlossen-Posi-
tion (P2) durch Verringerung des Fluiddrucks in der
Axialbohrung (21) bewegbar ist.

5. Umlaufventil nach Anspruch 4, wobei der Kolben
(40) axial und rotatorisch aus der zweiten Geschlos-
sen-Position (P2) in eine dritte Geschlossen-Positi-
on (P3) durch Erhöhen des Fluiddrucks in der Axi-
albohrung (21) bewegbar ist.

6. Umlaufventil nach Anspruch 5, wobei der Kolben
(40) axial aus der dritten Geschlossen-Position (P3)
in die Offen-Position (P0) durch Absenken des Flu-
iddrucks in der Axialbohrung (21) bewegbar ist.

7. Umlaufventil nach einem der obigen Ansprüche, wo-
bei die Fluidöffnung (24) eine freigebbare Verbin-
dungseinrichtung zur Verbindung mit der Innenhülle
(20) aufweist.

8. Umlaufventil nach einem der obigen Ansprüche, wo-
bei die Querschnittsfläche jedes Kolbenanschlusses
(41) im Wesentlichen der Querschnittsfläche jedes
Radialanschlusses (11) entspricht.

9. Umlaufventil nach Anspruch 1, wobei die Positions-
steuereinrichtung (60) einen Steuerschlitz (61) und
einen Steuerstift (62), der im Steuerschlitz (61) auf-
genommen ist, aufweist.

10. Umlaufventil nach Anspruch 9, wobei der Steuer-
schlitz (61) umfangsmäßig um den Kolben (40) vor-
gesehen ist.

11. Umlaufventil nach Anspruch 10, wobei der Steuer-
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stift (62) an der Innenoberfläche des Außengehäu-
ses (10) fixiert ist.

12. Umlaufventil nach Anspruch 1, wobei das Umlauf-
ventil (1) aufweist:

- eine Druckausgleichsöffnung (71), die im obe-
ren Abschnitt (1a) des Ventils zwischen der Axi-
albohrung (21) und der Außenseite des Gehäu-
ses (11) vorgesehen ist;
- eine Druckausgleichshülle (72) zum anfängli-
chen Verschließen der Druckausgleichsöffnung
(70), wobei die Druckausgleichshülle (72) am
Ventil mittels Abscher-Stiften (73) fixiert ist.

Revendications

1. Vanne de circulation (1) comprenant :

un boîtier externe (10) comprenant des orifices
radiaux (11) prévus axialement entre une partie
supérieure (1a) de la vanne (1) et une partie
inférieure (1b) de la vanne (1), dans laquelle la
partie supérieure (1a) comprend un connecteur
de tube (12) ;
un manchon interne (20) prévu à l’intérieur du
boîtier externe (10), dans laquelle le manchon
interne (20) fournit un alésage axial (21) à tra-
vers la partie supérieure (1a) de la vanne (1)
vers les orifices radiaux (11) ;
un piston (40) agencé pour le mouvement axial,
dans laquelle le piston (40) comprend des orifi-
ces de piston (41) agencés pour fournir la com-
munication de fluide entre l’alésage axial (21) et
les orifices radiaux (11) lorsque le piston (40)
est dans une position ouverte (PO), et dans la-
quelle le piston (40) est agencé pour empêcher
la communication de fluide entre l’alésage axial
(21) et les orifices radiaux (11) lorsque le piston
(40) est dans les positions fermées (P1, P2,
P3) ;
un dispositif d’actionnement (50) appliquant une
pression axiale sur le piston (40) ;

caractérisée en ce que :

la partie inférieure (1b) du boîtier externe (10)
est fermée ;
un compartiment de cylindre (30) est prévu entre
le manchon interne (20) et le boîtier externe
(10) ;
le piston (40) est agencé pour le mouvement
axial et rotatif dans le compartiment de cylindre
(30),
une ouverture de manchon (22) fournit la com-
munication de fluide entre l’alésage axial (21) et
le compartiment de cylindre (30) ;

un orifice de fluide (24) prévu radialement à l’in-
térieur du manchon interne (20) ; et
un dispositif de commande de position (60) pour
commander la position axiale et rotative du pis-
ton (40) par rapport au boîtier externe (10).

2. Vanne de circulation selon la revendication 1, dans
laquelle l’orifice de fluide (24) est prévu axialement
entre l’ouverture de manchon (22) et les orifices ra-
diaux (11).

3. Vanne de circulation selon la revendication 1 ou 2,
dans laquelle le piston (40) est mobile de manière
axiale et rotative de la position ouverte (P0) à une
première position fermée (P1) en augmentant le dé-
bit à travers l’orifice de fluide (24).

4. Vanne de circulation selon la revendication 3, dans
laquelle le piston (40) est mobile de manière axiale
et rotative de la première position fermée (P1) à une
deuxième position fermée (P2) en diminuant la pres-
sion de fluide dans l’alésage axial (21).

5. Vanne de circulation selon la revendication 4, dans
laquelle le piston (40) est mobile de manière axiale
et rotative de la deuxième position fermée (P2) à une
troisième position fermée (P3) en augmentant la
pression de fluide dans l’alésage axial (21).

6. Vanne de circulation selon la revendication 5, dans
laquelle le piston (40) est axialement mobile de la
troisième position fermée (P3) à la position ouverte
(P0) en diminuant la pression de fluide dans l’alésa-
ge axial (21).

7. Vanne de circulation selon l’une des revendications
précédentes, dans laquelle l’orifice de fluide (24)
comprend un dispositif de raccordement amovible
pour le raccordement au manchon interne (20).

8. Vanne de circulation selon l’une des revendications
précédentes, dans laquelle la surface transversale
de chaque orifice de piston (41) correspond sensi-
blement à la surface transversale de chaque orifice
radial (11).

9. Vanne de circulation selon la revendication 1, dans
laquelle le dispositif de commande de position (60)
comprend une fente de commande (61) et une bro-
che de commande (62) reçue dans la fente de com-
mande (61).

10. Vanne de circulation selon la revendication 9, dans
laquelle la fente de commande (61) est prévue de
manière circonférentielle autour du piston (40).

11. Vanne de circulation selon la revendication 10, dans
laquelle la broche de commande (62) est fixée sur
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la surface interne du boîtier externe (10).

12. Vanne de circulation selon la revendication 1, dans
laquelle la vanne de circulation (1) comprend :

une ouverture d’équilibrage de pression (71)
prévue dans la partie supérieure (1a) de la van-
ne entre l’alésage axial (21) et l’extérieur du boî-
tier (10) ;
un manchon d’équilibrage de pression (72) pour
la fermeture initiale de l’ouverture d’équilibrage
de pression (70), dans laquelle le manchon
d’équilibrage de pression (72) est fixé à la vanne
au moyen de goupilles de cisaillement (73).
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