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Flow stop valve

This disclosure relates to a flow stop valve which may be positioned in a downhole

tubular, and particularly relates to a flow stop valve for use in dual density drilling fluid

systems.

Background

When drilling a well bore, it is desirable for the pressure of the drilling fluid in the newly

drilled well bore, where there is no casing, to be greater than the local pore pressure of

the formation to avoid flow from, or collapse of, the well wall. Similarly, the pressure of

the drilling fluid should be less than the fracture pressure of the well to avoid well

fracture or excessive loss of drilling fluid into the formation. In conventional onshore (or

shallow offshore) drilling applications, the density of the drilling fluid is selected to

ensure that the pressure of the drilling fluid is between the local formation pore

pressure and the fracture pressure limits over a wide range of depths. (The pressure

of the drilling fluid largely comprises the hydrostatic pressure of the well bore fluid with

an additional component due to the pumping and resultant flow of the fluid.) However,

in deep sea drilling applications the pressure of the formation at the seabed SB is

substantially the same as the hydrostatic pressure HP of the sea at the seabed and the

subsequent rate of pressure increase with depth d is different from that in the sea, as

shown in figure 1a (in which P represents pressure and FM and FC denote formation

pressure and fracture pressure respectively). This change in pressure gradient makes

it difficult to ensure that the pressure of the drilling fluid is between the formation and

fracture pressures over a range of depths, because a single density SD drilling fluid

does not exhibit this same step change in the pressure gradient.

To overcome this difficulty, shorter sections of a well are currently drilled before the

well wall is secured with a casing. Once a casing section is in place, the density of the

drilling fluid may be altered to better suit the pore pressure of the next formation section

to be drilled. This process is continued until the desired depth is reached. However,

the depths of successive sections are severely limited by the different pressure

gradients, as shown by the single density SD curve in figure 1a, and the time and cost

to drill to a certain depth are significantly increased.



In view of these difficulties, dual density DD drilling fluid systems have been proposed

(see US2006/0070772 and WO2004/033845 for example). Typically, in these

proposed systems, the density of the drilling fluid returning from the wellbore is

adjusted at or near the seabed to approximately match the density of the seawater.

This is achieved by pumping to the seabed a second fluid with a different density and

mixing this fluid with the drilling fluid returning to the surface. Figure 1b shows an

example of such a system in which a first density fluid 1 is pumped down a tubular 6

and through a drilling head 8 . The first density fluid 1 and any cuttings from the drilling

process then flow between the well wall and the tubular. Once this fluid reaches the

seabed, it is mixed with a second density fluid 2, which is pumped from the surface SF

via pipe 10. This mixing process results in a third density fluid 3 , which flows to the

surface within a riser 4 , but is also outside the tubular 6 . The fluids and any drilling

cuttings are then separated at the surface and the first and second density fluids are

reformed for use in the process.

In alternative proposed systems, a single mixture is pumped down the tubular and

when returning to the surface the mixture is separated into its constituent parts at the

seabed. These separate components are then returned to the surface via the riser 4

and pipe 10, where the mixture is reformed for use in the process.

With either of the dual density arrangements, the density of the drilling fluid below the

seabed is substantially at the same density as the fluid within the tubular and the

density of the first and second density fluids may be selected so that the pressure of

the drilling fluid outside the tubular and within the exposed well bore is between the

formation and fracture pressures.

Such systems are desirable because they recreate the step change in the hydrostatic

pressure gradient so that the pressure gradient of the drilling fluid below the seabed

may more closely follow the formation and fracture pressures over a wider range of

depths (as shown by the dual density DD curve in figure 1a). Therefore, with a dual

density system, greater depths may be drilled before having to case the exposed well

bore or adjust the density of the drilling fluid and significant savings may be made.

Furthermore, dual density systems potentially allow deeper depths to be reached and

hence greater reserves may be exploited.



However, one problem with the proposed dual density systems is that when the flow of

drilling fluid stops, there is an inherent hydrostatic pressure imbalance between the

fluid in the tubular and the fluid outside the tubular, because the fluid within the tubular

is a single density fluid which has a different hydrostatic head to the dual density fluid

outside the tubular. There is therefore a tendency for the denser drilling fluid in the

tubular to redress this imbalance by displacing the less dense fluid outside the tubular,

in the same manner as a U-tube manometer. The same problem also applies when

lowering casing sections into the well bore.

UK patent application (GB0802856.5) addresses this issue by providing a flow stop

valve positioned in a downhole tubular. (GB0802856.5 is herein incorporated by

reference.) The flow stop valve described therein is in a closed position when a

pressure difference between fluid outside the downhole tubular and inside the

downhole tubular is below a threshold value, thereby preventing flow through the

downhole tubular. Furthermore, the flow stop valve is in an open position when the

pressure difference between fluid outside the downhole tubular and inside the

downhole tubular is above a threshold value, thereby permitting flow through the

downhole tubular. The flow stop valve described in GB0802856.5 is therefore opened

by a "cracking" pressure provided by pumps and the flow stop valve is otherwise closed

to prevent the flow of fluid due to the imbalance in hydrostatic pressures.

However, in some embodiments of such a valve, the valve may chatter when it is

opened because once the flow stop valve has opened, the localised pressure above

the valve reduces, thereby tending to close the valve again. The present invention

therefore seeks to address this issue.

Statements of Invention

According to a first embodiment there is provided a flow stop valve for placement in a

downhole tubular operating in a dual fluid density system, wherein the flow stop valve

is arranged such that it is in communication with a pressure difference between: fluid

outside the downhole tubular and inside the downhole tubular at the flow stop valve; or

fluid above and below the flow stop valve inside the downhole tubular, wherein the flow

stop valve comprises a first valve element arranged such that the pressure difference

acts across at least a portion of the first valve element and that the first valve element

is movable between open and closed positions under action of said pressure difference



so as to selectively permit flow through the downhole tubular, wherein the first valve

element comprises a first passage arranged so as to transmit fluid from a first port in a

first side of the first valve element to a second side of the first valve element, the first

port being positioned such that it is adjacent to a low pressure flow region when the

flow stop valve is in an at least partially open position. The low pressure flow region

may be in fluidic communication with the second side of the first valve element via the

first port and the first passage. The flow stop valve may reduce valve chatter and/or

may assist in opening the valve. For example, the flow stop valve may assist by

opening the valve more quickly or opening the valve more fully than it would have

otherwise.

The low pressure flow region may correspond to a high flow velocity region when the

flow stop valve is in an open position. The low pressure flow region may correspond to

a restriction or narrowing in the cross-sectional flow area.

The flow stop valve may further comprise a second valve element. The first valve

element may be movably disposed with respect to the second valve element so as to

move between the open and closed positions selectively permitting the flow between

the first and second valve elements and thereby through the downhole tubular.

The first port may be arranged such that it is not exposed to fluid in the downhole

tubular and below the flow stop valve by the interaction between the first and second

valve elements when the flow stop valve is in the closed position. The first port may be

exposed to the fluid in the downhole tubular and below the flow stop valve when the

flow stop valve is in the open position.

The second valve element may be movably disposed with respect to the first valve

element. The second valve element may be biased towards the closed position by

virtue of a first resilient member. The second valve element may be substantially

spherical and the first valve element may comprise a corresponding valve seat portion

which may be adapted to receive the second valve element. The first port may be

provided within the valve seat portion or may alternatively be provided below the valve

seat portion.

Fluid in the downhole tubular and above the flow stop valve may act on the first side of

the first valve element. The first valve element may comprise a shoulder. The



shoulder may define a second portion of the second side of the first valve element and

the remainder of the second side may define a first portion of the second side of the

first valve element.

Fluid outside the downhole tubular may act on the second portion of the second side of

the first valve element. Fluid in the downhole tubular and above the flow stop valve

may act on the first portion of the second side of the first valve element. Fluid in the

downhole tubular and above the flow stop valve may act on the first portion of the

second side of the first valve element by virtue of a second passage in the first valve

element. The first passage may be arranged so as to transmit fluid from a second port

in the first side of the first valve element to the first portion of the second side of the first

valve element. The second port may be exposed to fluid in the downhole tubular and

above the flow stop valve in the open and closed positions. The first and second

passages may join within the first valve element and exit at a common outlet on the first

portion of the second side of the first valve element.

The first valve element may be slidably disposed in a housing of the flow stop valve. A

vent may be provided in a wall of the housing. The vent may provide a flow path from

outside the housing to the second portion of the second side of the first valve element.

The first valve element may be resisted by a second resilient member so as to resist

movement of the first valve element under action of the fluid above the flow stop valve.

The flow stop valve may further comprise a third valve element. The third valve

element may be disposed so as to limit the movement of the second valve element.

The first and second valve members may move together under action of the fluid above

the flow stop valve and in the downhole tubular until the second valve member abuts

the third valve member. Upon further movement of the first valve member, the first and

second valve members may move apart so as to allow fluid to flow between the first

and second valve members, thereby permitting flow through the flow stop valve and

placing the flow stop valve in an open position. The location of the third valve element

with respect to the first and second valve elements may be selectable.

Fluid in the downhole tubular and above the flow stop valve may act on the first side of

the first valve element. Fluid in the downhole tubular and below the flow stop valve

may act on at least a first portion of the second side of the first valve element. Fluid



outside the downhole tubular may act on at least a second portion of the second side of

the first valve element.

The flow stop valve may be for use in, for example, drilling and cementing and may be

used to control the flow of completion fluids in completion operations. The flow stop

valve may be for use in offshore deep sea applications. In such applications, the

downhole tubular may extend, at least partially, from the surface to a seabed. The

downhole tubular may be, at least partially, located within a riser, the riser extending

from the seabed to the surface. The threshold value may be greater than or equal to

the pressure difference between the fluid outside the tubular and inside the downhole

tubular at the seabed. The first end of the housing may be located above the second

end of the housing, the first end of the housing may be connected to a drill string or

casing section and the second end of the housing may be connected to another drill

string or casing section or a drilling device.

The fluid in the downhole tubular may be at a first density. A fluid at a second density

may be combined at the seabed with fluid returning to the surface, so that the resulting

mixture between the riser and downhole tubular may be at a third density.

According to another embodiment there is provided a method of controlling flow in a

downhole tubular operating in a dual fluid density system, the method comprising:

restricting flow through the downhole tubular by closing a flow stop valve when a

pressure difference between: fluid outside the downhole tubular and inside the

downhole tubular at the flow stop valve; or fluid above and below the flow stop valve

inside the downhole tubular, is below a threshold value; and permitting flow through the

downhole tubular by opening the flow stop valve when the pressure difference is above

a threshold value, wherein the method further comprises transmitting fluid from a first

port in a first side of a first valve element to a second side of the first valve element, the

first port being positioned such that it is adjacent to a low pressure flow region when

the flow stop valve is in an at least partially open position. The low pressure flow

region may be in fluidic communication with the second side of the first valve element

via the first port and the first passage. The flow stop valve may reduce valve chatter

and/or may assist in fully opening the valve.

The method may further comprise: providing a second valve element. The first valve

element may be movably disposed with respect to the second valve element so as to



move between the open and closed positions. The method may further comprise

selectively permitting the flow between the first and second valve elements and thereby

through the downhole tubular.

The method may further comprise: arranging the first port such that it may not be in

fluidic communication with fluid in the downhole tubular and below the flow stop valve

by the interaction between the first and second valve elements when the flow stop

valve is in the closed position and the first port may be in fluidic communication with the

fluid in the downhole tubular and below the flow stop valve when the flow stop valve is

in the open position.

The method may further comprise: permitting the second valve element to be movably

disposed with respect to the first valve element. The method may further comprise:

biasing the second valve element towards the closed position by virtue of a first

resilient member. The method may further comprise: resisting movement of the first

valve element under action of the fluid above the flow stop valve with a second resilient

member. The method may further comprise: providing a third valve element disposed

so as to limit the movement of the second valve element.

The method may further comprise: permitting the first and second valve members to

move together under action of the fluid above the flow stop valve and in the downhole

tubular until the second valve member abuts the third valve member. The method may

further comprise permitting the first and second valve members to move apart upon

further movement of the first valve member so as to allow fluid to flow between the first

and second valve members, thereby permitting flow through the flow stop valve and

placing the flow stop valve in an open position.

The method may further comprise: selecting the location of the third valve element with

respect to the first and second valve elements.

The method may further comprise drilling in a dual fluid density system with the flow

stop valve disposed in a drill string. Alternatively, the method may further comprise

cementing in a dual fluid density system with the flow stop valve disposed adjacent to a

casing section. The method may further comprise using the flow stop valve to control

the flow in a well in production.



According to another example of the invention, there is provided a flow stop valve, the

flow stop valve comprising a first valve element arranged such that a pressure

difference acts across at least a portion of the first valve element and that the first valve

element is movable between open and closed positions under action of said pressure

difference so as to selectively permit flow through the downhole tubular, wherein the

first valve element comprises a first passage to transmit fluid from a first port in a first

side of the first valve element to a second side of the first valve element, the first port

being positioned next to a narrowing in the flow path when the flow stop valve is at

least partially in the open position such that a low pressure is transmitted via the first

passage to the second side of the first valve element. The flow stop valve may be for

use in a downhole tubular operating in a dual fluid density system. The flow stop valve

may reduce valve chatter and/or may assist in fully opening the valve.

According to another example of the invention, there is provided a method of operating

a flow stop valve, the method comprising: providing a first valve element arranged such

that a pressure difference acts across at least a portion of the first valve element and

that the first valve element is movable between open and closed positions under action

of said pressure difference so as to selectively permit flow through the downhole

tubular, transmitting fluid from a first port in a first side of the first valve element to a

second side of the first valve element, the first port being positioned next to a narrowing

in the flow path when the flow stop valve is at least partially in the open position such

that a low pressure is transmitted via the first passage to the second side of the first

valve element. The flow stop valve may be for use in a downhole tubular operating in a

dual fluid density system. The flow stop valve may reduce valve chatter and/or may

assist in fully opening the valve.

According to one example of the invention, there is provided a flow stop valve

positioned in a downhole tubular, wherein: the flow stop valve is in a closed position

when a pressure difference between fluid outside the downhole tubular and inside the

downhole tubular immediately above or at the flow stop valve is below a threshold

value, thereby preventing flow through the downhole tubular; and the flow stop valve is

in an open position when the pressure difference between fluid outside the downhole

tubular and inside the downhole tubular immediately above or at the flow stop valve is

above a threshold value, thereby permitting flow through the downhole tubular.



The threshold value for the pressure difference between fluid outside the tubular and

inside the downhole tubular at the flow stop valve may be variable.

The flow stop valve may comprise: a first biasing element; and a valve; wherein the first

biasing element may act on the valve such that the first biasing element may bias the

valve towards the closed position; and wherein the pressure difference between fluid

outside the downhole tubular and inside the tubular may also act on the valve and may

bias the valve towards an open position, such that when the pressure difference

exceeds the threshold value the valve may be in the open position and drilling fluid may

be permitted to flow through the downhole tubular. The first biasing element may

comprise a spring.

The flow stop valve may further comprise a housing, and a hollow tubular section and a

sleeve located within the housing, the sleeve may be provided around the hollow

tubular section and the sleeve may be located within the housing, the housing may

comprise first and second ends and the hollow tubular section may comprise first and

second ends, the first end of the hollow tubular section corresponding to the first end of

the housing, and the second end of the hollow tubular section corresponding to a

second end of the housing.

The hollow tubular section may be slidably engaged within the housing. The sleeve

may be slidably engaged about the hollow tubular section.

The hollow tubular section may comprise a port such that the port may be selectively

blocked by movement of the hollow tubular section or sleeve, the port may form the

valve such that in an open position a flow path may exist from a first end of the

housing, through the port and the centre of the tubular section to a second end of the

housing.

A third abutment surface may be provided at a first end of the hollow tubular section

such that the third abutment surface may limit the travel of the sleeve in the direction

toward the first end of the housing. A flange may be provided at the second end of the

hollow tubular section. A second abutment surface may be provided at the second end

of the housing such that the second abutment surface of the housing may abut the

flange of the tubular section limiting the travel of the hollow tubular section in a second



direction, the second direction being in a direction towards the second end of the

housing.

A first abutment surface may be provided within the housing between the second

abutment surface of the housing and the first end of the housing, such that the first

abutment surface may abut the flange of the hollow tubular section limiting the travel of

the hollow tubular section in a first direction, the first direction being in a direction

towards the first end of the housing.

A spacer element of variable dimensions may be provided between the second

abutment surface of the housing and the flange of the hollow tubular section, such that

the limit on the travel of the hollow tubular section in the second direction may be

varied.

A second biasing element may be provided between the second abutment surface of

the housing and the flange of the hollow tubular section. The second biasing element

may comprise a spring.

The first biasing element may be provided about the hollow tubular section and the first

biasing element may be positioned between the first abutment surface of the housing

and the sleeve such that it may resist movement of the sleeve in the second direction.

A piston head may be provided at the first end of the hollow tubular section. Fluid

pressure at the first end of the housing may act on the piston head and an end of the

sleeve facing the first end of the housing. The projected area of the piston head

exposed to the fluid at the first end of the housing may be greater than the projected

area of the sleeve exposed to the fluid at the first end of the housing.

The sleeve, housing, hollow tubular section and first abutment surface may define a

first chamber, such that when the valve is closed, the first chamber may not be in flow

communication with the second end of the housing. A passage may be provided

through the sleeve, the passage may provide a flow path from the first end of the

housing to the first chamber. The projected area of the sleeve facing the fluid in the

first end of the housing is greater than the projected area of the sleeve facing the fluid

in the first chamber.



A second chamber may be provided between the sleeve and the housing, the chamber

may be sealed from flow communication with the first end of the housing and the first

chamber. A fourth abutment surface may be provided on an outer surface of the

sleeve and a fifth abutment surface may be provided within the housing, such that the

fourth and fifth abutment surfaces may define the second chamber and limit the

movement of the sleeve in the direction toward the second end of the housing.

A vent may be provided in the housing wall, the vent may provide a flow path between

the second chamber and outside the housing of the flow stop valve. The surface of the

sleeve defined by the difference between: the projected area of the sleeve facing the

fluid in the first end of the housing; and the projected area of the sleeve facing the fluid

in the first chamber, may be exposed to the fluid outside the flow stop valve.

A pressure difference between fluid on a first side of the valve and on a second side of

the valve may be substantially the same as the pressure difference between fluid

outside the downhole tubular and inside the downhole tubular immediately above the

flow stop valve.

The flow stop valve may comprise: a third biasing element; and a valve; wherein the

third biasing element may act on the valve such that the third biasing element may bias

the valve towards the closed position; and wherein the pressure difference between

fluid on a first side of the valve and on a second side of the valve may also act on the

valve and bias the valve towards an open position, such that when the pressure

difference exceeds the threshold value the valve may be in the open position and

drilling fluid is permitted to flow through the downhole tubular.

The flow stop valve may further comprise a housing, and a spindle, the spindle may be

located within the housing, and may be slidably received in a first receiving portion at a

first end of the housing and a second receiving portion at a second end of the housing,

the housing may comprise a first abutment surface and the spindle may comprise a

second abutment surface, such that the valve may be in a closed position when the

second abutment surface of the spindle engages the first abutment surface of the

housing.



The spindle may comprise first and second ends, the first end of the spindle

corresponding to the first end of the housing, and the second end of the spindle

corresponding to a second end of the housing.

The first end of the spindle and the first receiving portion may define a first chamber

and the second end of the spindle and the second receiving portion may define a

second chamber, the first and second chambers may not be in flow communication

with first and second ends of the housing respectively. The third biasing element may

comprise a spring provided in the first chamber.

There may be provided a first passage through the spindle from the first end of housing

to the second chamber and a second passage through the spindle from the second

end of the housing to the first chamber, such that the first chamber may be in flow

communication with the second end of the housing and the second chamber may be in

flow communication with the first end of the housing.

There may be provided a first passage through the spindle from the first end of housing

to the second chamber and a second passage from a hole in a side wall of the housing

to the first chamber, such that the first chamber may be in flow communication with

fluid outside the downhole tubular and the second chamber may be in flow

communication with the first end of the housing.

The projected area of the first end of the spindle facing the fluid in the first chamber

may be less than the projected area of the second end of the spindle facing the fluid in

the second chamber.

One or more of the spindle, the first receiving portion and the second receiving portion

may be manufactured from drillable materials. One or more of the spindle, the first

receiving portion and the second receiving portion may be manufactured from a

selection of materials including brass and aluminium.

According to another example, there is provided a method for preventing flow in a

downhole tubular, wherein when a difference between the pressure of fluid outside the

downhole tubular and the pressure of fluid inside the downhole tubular at a flow stop

valve is below a threshold value, the flow stop valve is in a closed position, preventing

flow through the downhole tubular, and when a difference between the pressure of fluid



outside the downhole tubular and the pressure of fluid inside the downhole tubular at

the flow stop valve is above a threshold value, the flow stop valve is in an open

position, permitting flow through the downhole tubular.

According to another example, there is provided a method for preventing flow in a

downhole tubular, wherein when a difference between the pressure of fluid on a first

side of a flow stop valve and the pressure of fluid on a second side of the flow stop

valve is below a threshold value, the flow stop valve is in a closed position, preventing

flow through the downhole tubular, and when a difference between the pressure of fluid

on a first side of the flow stop valve and the pressure of fluid on a second side of the

flow stop valve is above a threshold value, the flow stop valve is in an open position,

permitting flow through the downhole tubular.

The method may comprise drilling in a dual fluid density system with the flow stop valve

disposed in a drill string. The method may comprise cementing in a dual fluid density

system with the flow stop valve disposed adjacent to a casing section. The flow stop

valve may be provided in a shoe of a casing string.

According to another example, there is provided a method for drilling in a dual fluid

density system using a valve, the valve preventing flow in a downhole tubular, wherein

when a difference between the pressure of fluid outside the downhole tubular and the

pressure of fluid inside the downhole tubular at a flow stop valve is below a threshold

value, the flow stop valve is in a closed position, preventing flow through the downhole

tubular, and when a difference between the pressure of fluid outside the downhole

tubular and the pressure of fluid inside the downhole tubular at the flow stop valve is

above a threshold value, the flow stop valve is in an open position, permitting flow

through the downhole tubular.

According to a further example, there is provided a method for drilling in a dual fluid

density system using a valve, the valve preventing flow in a downhole tubular, wherein

when a difference between the pressure of fluid on a first side of a flow stop valve and

the pressure of fluid on a second side of the flow stop valve is below a threshold value,

the flow stop valve is in a closed position, preventing flow through the downhole

tubular, and when a difference between the pressure of fluid on a first side of the flow

stop valve and the pressure of fluid on a second side of the flow stop valve is above a



threshold value, the flow stop valve is in an open position, permitting flow through the

downhole tubular.

Brief Description of the Drawings

For a better understanding of the present disclosure, and to show more clearly how it

may be carried into effect, reference will now be made, by way of example, to the

following drawings, in which:

Figure 1a is a graph showing the variation of formation and fracture pressures beneath

the seabed;

Figure 1b is a schematic diagram showing a proposed arrangement for one example of

a dual density drilling system;

Figure 1c is a schematic diagram showing the positional arrangement of the flow stop

valve according to a first comparative example of the disclosure;

Figure 2 is a sectional side-view of the flow stop valve according to a first comparative

example of the disclosure;

Figures 3a and 3b are sectional side-views showing the valve sleeve according to a

first comparative example of the disclosure with figure 3b being an enlarged view of

figure 3a;

Figures 4a, 4b and 4c are sectional side-views of the flow stop valve in the closed, pre¬

loaded and open positions according to a first comparative example of the disclosure;

Figures 5a, 5b, 5c, 5d, 5e and 5f are sectional side-views of the flow stop valve

according to a second comparative example of the disclosure.

Figure 6 is a sectional side-view of the flow stop valve according to a third comparative

example of the disclosure;

Figure 7 is a sectional side-view of the flow stop valve according to a fourth

comparative example of the disclosure;



Figure 8 is a sectional side view of the flow stop valve according to a fifth comparative

example of the disclosure;

Figure 9 is a sectional side view of the flow stop valve according to a first embodiment

of the disclosure;

Figure 10a is an exploded sectional side view of the valve arrangement shown in

Figure 9 and Figures 10b and 10c show examples of the valve seat arrangement;

Figure 11 is a further exploded sectional side view of the valve arrangement shown in

Figure 9;

Figures 12a, 12b and 12c are sectional side-views of the flow stop valve in the closed,

pre-loaded and open positions according to a first embodiment of the disclosure;

Figure 13 is a sectional side view of the flow stop valve according to a first embodiment

of the disclosure showing an enlargement of the valve arrangement and the associated

pressure contours;

Figure 14 is a sectional side view of the flow stop valve according to a second

embodiment of the disclosure; and

Figures 15a and 15b are sectional side views of the flow stop valve in an open position

(Figure 15a) and a closed position (Figure 15b) according to a third embodiment of the

disclosure.

Detailed Description

With reference to figure 1c, a flow stop valve 20, according to a first comparative

example of the disclosure, is located in a tubular 6 (e.g., a drillstring or casing string)

such that, when a drilling head 8 is in position for drilling, the flow stop valve 20 is at

any desired point in the tubular, for example, between the seabed SB and the drilling

head 8. The illustrated flow stop valve 20 ensures that before the flow of drilling fluid 1

is started, or when it is stopped, the drilling fluid within the tubular 6 is restricted from



flow communication with the fluid 1, 3 outside the tubular, thereby preventing

uncontrollable flow due to the hydrostatic pressure difference described above.

With reference to Figure 2, the flow stop valve 20, according to the first comparative

example of the disclosure, comprises a tubular housing 22 within which there is

disposed a hollow tubular section 24. The housing 22 comprises a box 38 at a first end

of the housing and a pin 40 at a second end of the housing. (NB, the first end of a

component will hereafter refer to the rightmost end as shown in figures 2-4 and

accordingly the second end will refer to the leftmost end.) The box 38 and pin 40 allow

engagement of the flow stop valve 20 with adjacent sections of a tubular and may

comprise conventional box and pin threaded connections, respectively. Although the

terms "box" and "pin" are used, any connection to a tubular could be used, for example

a socket and plug arrangement. Alternatively, the flow stop valve 20 could be unitary

with the tubular 6.

A sleeve 26 is slidably disposed within the housing 22 about a first end of the hollow

tubular section 24, such that the sleeve 26 may slide along the hollow tubular section

24 at its first end, and the sleeve 26 may also slide within the housing 22. A flange 28

is provided at a second end of the hollow tubular section 24 and a first abutment

shoulder 30 is provided within the housing 22 between the first and second ends of the

hollow tubular section 24 such that the hollow tubular section 24 is slidably engaged

within the innermost portion of the first abutment shoulder 30 and the motion of the

hollow tubular section 24 in a first direction towards the first end of the housing is

limited by the abutment of the flange 28 against the first abutment shoulder 30. (NB,

the first direction is hereafter a direction towards the rightmost end shown in figures 2-4

and accordingly the second direction is towards the leftmost end.) A second abutment

shoulder 32 is provided within the housing 22 and is placed opposite the first abutment

shoulder 30, so that the flange 28 is between the first and second abutment shoulders

30, 32. Furthermore, a variable width spacer element 34 may be placed between the

second abutment shoulder 32 and the flange 28 and motion of the hollow tubular

section 24 in a second direction towards the second end of the housing may be limited

by the abutment of the flange 28 against the spacer element 34 and the abutment of

the spacer element 34 against the second abutment shoulder 32. The flange 28 and

spacer element 34 may both have central openings so that the flow of fluid is permitted

from the centre of the hollow tubular section 24 to the second end of the flow stop valve

20.



The flow stop valve 20, according to the first comparative example of the disclosure,

may also be provided with a spring 36, which is located between the first abutment

shoulder 30 and the sleeve 26. The illustrated spring 36 may resist motion of the

sleeve 26 in the second direction.

With reference to figures 3a and 3b, the hollow tubular section 24, according to the first

comparative example of the disclosure, further comprises a cone shaped piston head

44 disposed at the first end of the hollow tubular section 24. The piston head 44 may

be provided with a third abutment shoulder 42, which abuts a first end of the sleeve 26

thereby limiting motion of the sleeve 26 relative to the hollow tubular section 24 in the

first direction. The piston head 44 may be any desired shape. For example, it may be

cone shaped as in the illustrated example. The hollow tubular section 24 may further

comprise one or more ports 46, which may be provided in a side-wall of the hollow

tubular section 24 at the first end of the hollow tubular section 24. The ports 46 may

permit flow from the first end of the flow stop valve 20 into the centre of the hollow

tubular section 24, through the openings in the flange 28 and spacer element 34 and

subsequently to the second end of the flow stop valve 20. However, when the sleeve

26 abuts the third abutment shoulder 42 of the piston head 44, the sleeve 26 may block

the ports 46 and hence prevents flow from the first end of the flow stop valve 20 to the

centre of the hollow tubular section 24.

The sleeve 26 may further comprise a sleeve vent 48 which provides a flow passage

from the first end of the sleeve 26 to the second end of the sleeve 26 and thence to a

first chamber 52, which contains the spring 36 and is defined by the housing 22, the

hollow tubular section 24, the first abutment shoulder 30 and the second end of the

sleeve 26. The sleeve vent 48 may thus ensure that the pressures acting on the first

and second ends of the sleeve 26 are equal. However, the projected area of the first

end of the sleeve 26 may be greater than the projected area of the second end of the

sleeve 26 so that the force due to the pressure acting on the first end of the sleeve 26

is greater than the force due to the pressure acting on the second end of the sleeve 26.

This area difference may be achieved by virtue of a fourth abutment shoulder 54 in the

sleeve 26 and a corresponding fifth abutment shoulder 56 in the housing 22. The

fourth abutment shoulder 54 may be arranged so that the diameter of the sleeve 26 at

its first end is greater than that at its second end and furthermore, motion of the sleeve

26 in the second direction may be limited when the fourth and fifth abutment shoulders



54, 56 abut. The fourth and fifth abutment shoulders 54, 56, together with the sleeve

26 and housing 22 may define a second chamber 58 and a housing vent 50 may be

provided in the side-wall of the housing 22 so that the second chamber 58 may be in

flow communication with the fluid outside the flow stop valve 20. The net force acting

on the sleeve 26 is therefore the product of (1) the difference between the pressure

outside the flow stop valve 20 and at the first end of the flow stop valve 20, and (2) the

area difference between the first and second ends of the sleeve.

Seals 60, 62 may be provided at the first and second ends of the sleeve 26

respectively so that the second chamber 58 may be sealed from the first end of the

flow stop valve 20 and the first chamber 52 respectively. Furthermore, seals 64 may

be provided on the innermost portion of the first abutment shoulder 30 so that the first

chamber 52 may be sealed from the second end of the flow stop valve 20.

With reference to Figure 4a, 4b and 4c, operation of the flow stop valve 20, according

to the first comparative example of the disclosure, will now be explained. The flow stop

valve 20 may be located in a tubular with the first end above the second end and the

flow stop valve 20 may be connected to adjacent tubular sections via the box 38 and

pin 40. Prior to lowering of the tubular into the wellbore (e.g., the riser of an offshore

drilling rig), there may be a small preload in the spring 36 so that the sleeve 26 abuts

the third abutment shoulder 42 of the piston head 44 and the ports 46 are closed, as

shown in Figure 4a. In this position no drilling fluid may pass through the flow stop

valve 20.

As the tubular and hence flow stop valve 20 is lowered into the riser, the hydrostatic

pressures inside and outside the tubular and flow stop valve 20 begin to rise. With one

example of a dual density drilling fluid system, the density of the fluid within the tubular

may be higher than the density of the fluid outside the tubular, and the hydrostatic

pressures within the tubular (and hence those acting on the piston head 44 and first

and second ends of the sleeve 26) therefore increase at a greater rate than the

pressures outside the tubular. The difference between the pressures inside and

outside the tubular may increase until the seabed is reached, beyond which point the

fluids inside and outside the tubular may have the same density and the pressures

inside and outside the tubular may increase at the same rate.



Before the flow stop valve 20 reaches the seabed, the increasing pressure difference

between the inside and outside of the tubular also acts on the hollow tubular section 24

because the top (first) end of the flow stop valve 20 is not in flow communication with

the bottom (second) end of the flow stop valve 20. This pressure difference acts on the

projected area of the piston head 44, which in one comparative example may have the

same outer diameter as the hollow tubular section 24. The same pressure difference

may also act on the difference in areas between the first and second ends of the

sleeve, however, this area difference may be smaller than the projected area of the

piston head 44. Therefore, as the flow stop valve 20 is lowered into the riser, the force

acting on the hollow tubular section 24 may be greater than the force acting on the

sleeve 26. Once the forces acting on the hollow tubular section 24 and sleeve 26

overcome the small preload in the spring 36, the hollow tubular section 24 may be

moved downwards (i.e., in the second direction) and because the force on the piston

head 44 may be greater than that on the sleeve 26, the sleeve 26 remains abutted

against the third abutment shoulder 42 of the piston head 44. This movement of the

hollow tubular section 24 may continue until the flange 28 abuts the spacer element 34,

at which point the flow stop valve 20 may be fully preloaded, as shown in Figure 4b.

The pressure difference at which this occurs, and the resulting force in the spring, may

be varied by changing the thickness of the spacer element 34. With a larger spacer

element 34 the hollow tubular section 24 may travel a shorter distance before the flow

stop valve 20 is preloaded and may result in a smaller spring force. The opposite

applies for a smaller spacer element 34. (The size of the spacer element 34 may be

selected before installing the flow stop valve 20 into the tubular.)

When the hollow tubular section 24 cannot move any further the flow stop valve 20 is in

a fully preloaded state. However, in the fully preloaded state, the force acting on the

sleeve 26 is not yet sufficient to overcome the spring force, because the pressure

difference acting on the sleeve 26 acts on a much smaller area. The sleeve 26 may

therefore remain in contact with the third abutment shoulder 42 and the ports 46 may

stay closed. The flow stop valve 20 may be lowered further for the pressure difference

acting on the sleeve 26 to increase. The spacer element 34 thickness may be selected

so that once the flow stop valve 20 reaches the seabed, the pressure difference and

hence pressure forces acting on the sleeve 26 at this depth are just less than the

spring force in the fully preloaded state. At the seabed the pressure forces are

therefore not sufficient to move the sleeve 26, but a further increase, which may be a

small increase, in the pressure upstream of the flow stop valve may be sufficient to



overcome the spring force in the fully preloaded state and move the sleeve 26.

However, as the flow stop valve 20 is lowered below the seabed, the pressure

difference may not increase any more (for the reasons explained above) and hence the

ports 46 will remain closed. Once the tubular is in place and the flow of drilling fluid is

desired, an additional "cracking" pressure may be applied by the drilling fluid pumps,

which may be sufficient to overcome the fully preloaded spring force, thereby moving

the sleeve 26 downwards (in the second direction) and permitting flow through the

ports 46 and the flow stop valve 20.

By preventing flow until the drilling fluid pumps provide the "cracking" pressure, the flow

stop valve 20 described above may solve the aforementioned problem of the fluid in

the tubular displacing the fluid outside the tubular due to the density differences and

resulting hydrostatic pressure imbalances.

In an alternative example, the flange 28 may be replaced with a tightening nut disposed

about the second end of the hollow tubular section 24, so that the initial length of the

spring 36, and hence the fully preloaded spring force, may be varied at the surface.

With such an arrangement, the spacer element 34 may be removed.

With reference to Figures 5a-f, a flow stop valve 20, according to a second comparative

example of the disclosure, may further comprise a second spring 70 disposed between

the flange 28 and spacer element 34. The second spring 70 may fit within the housing

22 and the second spring 70 may be sized to allow the passage of fluid through the

flow stop valve 20. For example, the inner diameter of the second spring 70 may be

greater than, or equal to, the inner diameter of the hollow tubular section 24 and/or the

spacer element 34. In an uncompressed state, the second spring 70 may not contact

the flange 28 when the hollow tubular section 24 is in its raised position (as shown in

figure 5a). Alternatively, when in an uncompressed state the second spring 70 may at

all times contact both the flange 28 and spacer element 34.

Operation of the second comparative example will now be explained with reference to

figures 5a-f, which show the various stages of the flow stop valve. Figure 5a shows the

flow stop valve 20 at the surface prior to lowering into the hole with the sleeve 26 and

hollow tubular section 24 in their first-most directions. Figure 5b shows the flow stop

valve 20 as it is lowered into the hole and the higher pressure acting at the first end of

the flow stop valve 20 causes the spring 36 to compress. When the flow stop valve 20



is lowered further into the hole, for example, as shown in figure 5c, the pressure

differential acting across the sleeve 26 and hollow tubular section 24 increases. The

spring 36 may be further compressed by the hollow tubular section 24 being forced in

the second direction and, as the flange 28 comes into contact with the second spring

70, the second spring 70 may also be compressed. The pressure differential acting

across the sleeve 26 and hollow tubular section 24 reaches a maximum value when

the flow stop valve reaches the seabed and as the flow stop valve is lowered further

below the sea bed the pressure differential remains substantially constant at this

maximum value. This is because the hydrostatic pressure inside and outside the

downhole tubular increase at the same rate due to the fluid densities below the sea bed

being the same inside and outside the downhole tubular. Therefore, an additional

"cracking" pressure is required to open the flow stop valve, and this additional cracking

pressure may be provided by a dynamic pressure caused by the flow of fluid in the

downhole tubular.

Figure 5d shows the flow stop valve 20 at a depth below the seabed. Once the

"cracking" pressure has been applied (for example by pumping fluid down the

downhole tubular) the sleeve 26 may begin to move in the second direction and the

ports 46 may be opened permitting flow through the flow stop valve 20. As the fluid

begins to flow, the pressure difference acting across the hollow tubular section 24 may

be reduced. The downward force acting on the hollow tubular section 24 may therefore

also be reduced and the second spring 36 may then be able to force the hollow tubular

section 24 upwards, i.e. in the first direction, as shown in figure 5e. Movement of the

hollow tubular section 24 in the first direction may also cause the ports 46 to open more

quickly. This may serve to further reduce the pressure drop across the flow stop valve

20, which may in turn further raise the hollow tubular section 24.

As shown in figure 5f, when the dynamic pressure upstream of the flow stop valve is

reduced (for example by stopping the pumping of drilling fluid), the sleeve 26 returns to

the first end of the hollow tubular section 24 closing the ports 46 and hence the flow

stop valve 20.

The second spring 70 may be any form of biasing element and for example may be a

coiled spring, disc spring, rubber spring or any other element exhibiting resilient

properties. The combined thickness of the spacer element 34 and the second spring

70 in a compressed state may determine the preloading in the spring 36 and hence the



"cracking" pressure to open the flow stop valve 20. In one example, to obtain an

appropriate cracking pressure for the desired depth, the thickness of the spacer

element 34 and/or second spring 70 in a compressed state may be selected before

installing the flow stop valve 20 into the tubular.

In an alternative to the second comparative example, a second spring 70 may

completely replace the spacer element 34, e.g., so that the second spring 70 may be

located between the second abutment shoulder 32 and the flange 28. In such a

example the preloading in the spring 36 may be determined by the length of the second

spring 70 in a compressed state.

A flow stop valve according to a third comparative example of the disclosure relates to

the lowering of a tubular and may in particular relate to the lowering of a casing section

into a newly drilled and exposed portion of a well bore. The flow stop valve is located

in a tubular being lowered into a well bore, such that, when a tubular is in position for

sealing against the well wall, the flow stop valve is at any point in the tubular between

the seabed and the bottom of the tubular. In particular, the flow stop valve 120 may be

located at the bottom of a casing string, for example, at a casing shoe. The flow stop

valve may ensure that before the flow of fluid, e.g., a cement slurry, is started, or when

it is stopped, the fluid within the tubular is not in flow communication with the fluid

outside the tubular, thereby preventing the flow due to the hydrostatic pressure

difference described above. (The aforementioned problem of the hydrostatic pressure

imbalance applies equally to cementing operations as the density of a cement slurry

may be higher than a drilling fluid.)

With reference to Figure 6, the flow stop valve 120, according to the third comparative

example of the disclosure, may comprise a housing 122 and a spindle 124. The

spindle 124 may be slidably received in both a first receiving portion 126 and a second

receiving portion 128. The first receiving portion 126 may be attached to a first end of

the housing 122 and the second receiving portion 128 may be attached to a second

end of the housing 122. (NB, the first end of a component will hereafter refer to the

topmost end as shown in figure 6 and accordingly the second end will refer to the

bottommost end of the third comparative example) The attachments between the

housing 122 and the first and second receiving portions 126, 128 may be arranged

such that a flow is permitted between the housing 122 and the first receiving portion

126 and the housing 122 and the second receiving portion 128.



The housing further may comprise a first annular abutment surface 130, which is

located on the inner sidewall of the housing and between the first and second receiving

portions 126, 128. The spindle 124 may also comprise a second annular abutment

surface 132 and the second annular abutment surface may be provided between first

and second ends of the spindle 124. The arrangement of the first and second annular

abutment surfaces 130, 132 may permit motion of the spindle 124 in a first direction but

may limit motion in a second direction. (NB, the first direction is hereafter a direction

towards the topmost end shown in figure 6 and accordingly the second direction is

towards the bottommost end of the third comparative example.) Furthermore, the

second annular abutment surface 132 may be shaped for engagement with the first

annular abutment surface 130, such that when the first and second annular abutment

surfaces abut, flow from first end of the flow stop valve 120 to the second end of the

flow stop valve 120 may be prevented.

The first receiving portion 126 and first end of the spindle 124 together may define a

first chamber 134. Seals 136 may be provided about the first end of the spindle 124 to

ensure that the first chamber 134 is not in flow communication with the first end of the

flow stop valve 120. Similarly, the second receiving portion 128 and the second end of

the spindle 124 together define a second chamber 138. Seals 140 may be provided

about the second end of the spindle 124 to ensure that the second chamber 138 is not

in flow communication with the second end of the flow stop valve 120.

The projected area of the first and second ends of the spindle 124 in the first and

second chambers 134, 138 may be equal and the projected area of the second annular

abutment surface 132 may be less than the projected area of the first and second ends

of the spindle 124.

A spring 142 may be provided in the first chamber 134 with a first end of the spring 142

in contact with the first receiving portion 126 and a second end of the spring 142 in

contact with the spindle 124. The spring 142 may bias the spindle 124 in the second

direction such that the first and second abutment surfaces 130, 132 abut. A spacer

element (not shown) may be provided in the first chamber 134 between the spring 142

and spindle 124 or the spring 124 and first receiving portion 126. The spacer element

may act to reduce the initial length of the spring 142 and hence the pretension in the

spring.



The spindle 124 may also be provided with a first passage 144 and a second passage

146. The first passage 144 may provide a flow path from the first end of the flow stop

valve 120 to the second chamber 138, whilst the second passage 146 may provide a

flow path from the second end of the slow stop valve 120 to the first chamber 134.

However, when the first annular abutment surface 130 abuts the second annular

abutment surface 132, the first passage 144 may not be in flow communication with the

second passage 146.

The flow stop valve 120 may be manufactured from Aluminium (or any other readily

drillable material, for example brass) to allow the flow stop valve 120 to be drilled out

once the cementing operation is complete. In addition, the spring 142 may be one or

more Belleville washers or a wave spring; e.g., to allow the use of a larger spring

section whilst still keeping it drillable. To assist in the drilling operation the flow stop

valve 120 may be located eccentrically in an outer casing to allow it to be easily drilled

out by a conventional drill bit. Furthermore, the flow stop valve 120 may be shaped to

assist the fluid flows as much as possible and so reduce the wear of the flow stop valve

120 through erosion.

In operation the pressure from the first and second ends of the flow stop valve 120 acts

on the second and first chambers 138, 134 respectively via the first and second

passages 144, 146 respectively. The projected area of the first and second ends of the

spindle 124 in the first and second chambers 134, 138 may be equal, but because the

pressure in the first end of the flow stop valve 120 is higher than the pressure in the

second end of the flow stop valve 120 (for example, when used with the dual density

system explained above) the forces acting in the second chamber 138 are higher than

those in the first chamber 134. Furthermore, as the projected area of the second

annular abutment surface 132 may be less than the projected area of the first and

second ends of the spindle 124, the net effect of the pressure forces is to move the

spindle 124 in a first direction. However, the spring 142 may act on the spindle 124 to

oppose this force and keep the flow stop valve 120 in a closed position (i.e. with the

first and second annular abutment surfaces 130, 132 in engagement). The spring 142

does may not support the complete pressure force, because the area in the first and

second chambers 134, 138 may be greater than that around the centre of the spindle

124 and the net force acting on the first and second chambers 134, 138 is in the

opposite direction to the force acting on the second annular abutment surface 132.



The opening of the flow stop valve 120 may occur when the pressure differential acting

over the spindle 124 reaches the desired "cracking" pressure. At this pressure, the net

force acting on the spindle 124 is enough to cause the spindle 124 to move in a first

direction, thereby allowing cementing fluid to flow. The pressure difference at which

this occurs may be varied by selecting an appropriate spacer element to adjust the

pretension in the spring.

However, once fluid starts to flow through the flow stop valve 120, the pressure

difference acting across the spindle 124 may diminish, although a pressure difference

may remain due to pressure losses caused by the flow of fluid through the valve.

Therefore, in the absence of the pressure differences present when there is no flow,

the spring 142 may act to close the valve. However, as the valve closes the pressure

differences may again act on the spindle 124, thereby causing it to re-open. This

process may repeat itself and the spindle 124 may "chatter" during use. The oscillation

between the open and closed positions assists in maintaining the flow of cementing

fluid and these dynamic effects may help to prevent blockage between the first and

second annular abutment surfaces 130, 132.

With reference to Figure 7, the flow stop valve 120, according to a fourth comparative

example of the disclosure is substantially similar to the third comparative example of

the disclosure, except that the flow stop valve 120 may be orientated in the opposite

direction (i.e. the first end of the housing 122 is at the bottommost end and the second

end of the housing 122 is at the topmost end). In addition, the fourth comparative

example may differ from the third comparative example in that the projected area of the

second annular abutment surface 132 may be greater than the projected area of the

first and second ends of the spindle 124. Aside from these differences the fourth

comparative example is otherwise the same as the third comparative example and like

parts have the same name and reference numeral.

During operation of the fourth comparative example, higher pressure fluid from above

the flow stop valve 120 may act on the first chamber 134 by virtue of the second

passage 146, and lower pressure fluid may act on the second chamber 138 by virtue of

first passage 144. The pressure forces on the first and second chambers 134, 138,

together with the spring force, may act to close the flow stop valve 120 (i.e. with the

first and second annular abutment surfaces 130, 132 in engagement). However, as the



projected area of the first annular abutment surface 130 may be greater than the

projected area of the first and second ends of the spindle 124, the net effect of the

pressure forces is to move the spindle 124 into an open position. Therefore, once the

pressure forces have reached a particular threshold sufficient to overcome the spring

force, the flow stop valve 120 may be open.

In alternative examples, the first and second ends of the spindle 124 may have

different projected areas. For example, increasing the projected area of the first end of

the spindle 124 for the third comparative example relative to the second end of the

spindle 124, may further bias the valve into a closed position and may hence increase

the "cracking" pressure to open the valve. Other modifications to the projected areas

may be made in order to change the bias of the valve, as would be understood by one

skilled in the art.

With reference to Figure 8, the flow stop valve 120, according to a fifth comparative

example of the disclosure is substantially similar to the third comparative example of

the disclosure, except that the second passage 146 of the spindle 124 has been

omitted. Instead, the first receiving portion 126 may be provided with a third passage

148 which provides a flow passage from the first receiving portion 126 to the outside of

the flow stop valve 120. There may be a corresponding hole 150 in the housing 122.

The third passage 148 may be provided within a portion 152 of the first receiving

portion 126 which extends to meet the inner surface of the housing 122. However, a

flow passage may still be maintained around the first receiving portion 126 such that a

fluid may flow from the first end of the flow stop valve 120 to the second end of the flow

stop valve 120. Aside from these differences, the fifth comparative example is

otherwise the same as the third comparative example and like parts have the same

name and reference numeral.

The fifth comparative example works in the same way as the third comparative

example because once the flow stop valve is below the seabed the fluid just below the

flow stop valve and inside the downhole tubular has the same density as the fluid just

below the flow stop valve and outside the downhole tubular (see Figure 1b). Therefore,

the hydrostatic pressure of the fluid outside the flow stop valve may be the same as

that inside the downhole tubular just below the flow stop valve. (By contrast, the

pressure of the fluid above the flow stop valve 120 may be different from that outside

the flow stop valve 120 because the density of the fluid above the flow stop valve and



inside the downhole tubular is different from the density of the fluid above the flow stop

valve and outside the downhole tubular, as shown in Figure 1b.) It therefore follows

that, before the flow stop valve 120 opens, the pressure difference between fluid on the

first and second sides of the valve may be substantially the same as the pressure

difference between fluid inside and outside the valve at a point just above the valve

(neglecting the hydrostatic pressure difference between above and below the valve

outside of the valve as this may be relatively small in comparison to the depths

involved). Thus, the fifth comparative example, which only differs from the third

comparative example by tapping the pressure from outside the flow stop valve instead

of below the flow stop valve for the first receiving portion 126, may work in the same

way as the third comparative example.

With reference to Figure 9 , the flow stop valve 200 according to a first embodiment of

the present disclosure is suitable for placement in a downhole tubular operating in a

dual fluid density system. (NB, Figure 9 shows the flow stop valve in a closed

position.) The flow stop valve 200 is arranged such that it is in communication with a

pressure difference between one of: fluid outside the downhole tubular and inside the

downhole tubular, e.g., at the flow stop valve; and fluid above and below the flow stop

valve, e.g., either side of the flow stop valve 200 inside the downhole tubular. These

pressure differences are substantially the same due to the density and hence the

hydrostatic head of the fluid below the flow stop valve inside and outside the downhole

tubular being the same. In the particular example shown in Figure 9, the flow stop

valve 200 is arranged such that it is in communication with a pressure difference

between fluid outside the downhole tubular and inside the downhole tubular at the flow

stop valve.

The flow stop valve 200 comprises a flow restriction means, which in the first

embodiment comprises a valve 201 comprising first and second valve elements 226',

220'. As further described below, the first and second valve elements 226', 220' are

selectively brought into engagement so as to selectively block the flow passage. The

flow restriction means may comprise any other arrangement, for example, a shuttle

valve or a variable narrowing in the flow passage.

The flow stop valve 200 according to the first embodiment is substantially the same as

the flow stop valve 20 according to the first comparative example. For example, the

flow stop valve 200 comprises a housing 222, which may be tubular, and within which



there is disposed a third valve element 224'. The third valve element 224' may serve to

limit movement of the second valve element 220' and the third valve element 224' may

be in the form of a hollow tubular section 224. The housing 222 comprises a box 238

at a first end of the housing and a pin 240 at a second end of the housing. (NB, the

first end of a component will hereafter refer to the topmost end as shown in figure 9

and accordingly the second end will refer to the bottommost end.) The box 238 and pin

240 allow engagement of the flow stop valve 200 with adjacent sections of a tubular

and may comprise conventional box and pin threaded connections, respectively.

Although the terms "box" and "pin" are used, any connection to a tubular could be

used, for example a socket and plug arrangement. Alternatively, the flow stop valve

200 could be unitary with the tubular.

The first valve element 226' is arranged such that the pressure difference acts across

at least a portion of the first valve element and that the first valve element is movable

between open and closed positions under action of said pressure difference so as to

selectively permit flow through the downhole tubular. The first and second valve

elements are in a flow path of the flow stop valve 200 and are arranged to selectively

permit and block flow through the flow stop valve. Accordingly, at least a part of the

first valve element 226' may be shaped to engage a corresponding portion of the

second valve element 220' so that a seal may be selectively formed between the first

and second valve elements. For example, the first valve element 226' may comprise a

valve seat 227 and the second valve element 220' may comprise a corresponding

portion for engaging the valve seat and blocking the flow path.

In the particular embodiment shown in Figure 9, the first valve element comprises a

spherically shaped valve seat 227 for receiving a second valve element, which may

also be spherically shaped. The remainder of the first valve element may be in the

form of a sleeve 226, which is slidably disposed within the housing 222 about a first

end of the hollow tubular section 224, such that the sleeve may slide along the hollow

tubular section 224 at its first end, and the sleeve 226 may also slide within the housing

222. A flange 228 is provided at a second end of the hollow tubular section 224 and a

first abutment shoulder 230 is provided within the housing 222 between the first and

second ends of the hollow tubular section 224 such that the hollow tubular section 224

is slidably engaged within the innermost portion of the first abutment shoulder 230 and

the motion of the hollow tubular section 224 in a first direction towards the first end of

the housing is limited by the abutment of the flange 228 against the first abutment



shoulder 230. (NB, the first direction is hereafter a direction towards the topmost end

shown in figure 9 and accordingly the second direction is towards the bottommost end.)

A second abutment shoulder 232 is provided within the housing 222 and is placed

opposite the first abutment shoulder 230, so that the flange 228 is between the first and

second abutment shoulders 230, 232.

Furthermore, variable width spacer elements (not shown) may be placed between the

second abutment shoulder 232 and the flange 228 and between the first abutment

shoulder 230 and flange 228. Motion of the hollow tubular section 224 in either

direction may be limited by the abutment of the flange 228 against the spacer

elements. The spacer elements may prevent movement of the hollow tubular section

224 altogether. The thickness of the spacer elements may be varied such that the

position of the hollow tubular section 224 with respect to the housing 222 may be

altered prior to deployment of the flow stop valve downhole. The flange 228 and

spacer elements may both have central openings so that the flow of fluid is permitted

from the centre of the hollow tubular section 224 to the second end of the flow stop

valve 200.

The flow stop valve 200, according to the first embodiment of the disclosure, may also

be provided with one or more resilient elements 236', for example springs 236, which

may be located between the first abutment shoulder 230 and the sleeve 226. By way

of a further example, the one or more resilient elements may comprise one or more

sealed fluidic shock absorbers, coiled springs, disc springs, wave springs, rubber

springs, Belleville washer or any other element exhibiting resilient properties or any

combination thereof. The illustrated springs 236 may resist motion of the sleeve 226 in

the second direction. In contrast with the first comparative example, the first

embodiment of the present disclosure may comprise a plurality of springs 236 disposed

within the circumference of the housing 222. (Alternatively, the first embodiment may

comprise a single spring between the first abutment shoulder 230 and the sleeve 226

as per the first comparative example.)

Each spring may comprise a spring guide 261, in the form of a support pin, which

passes through the middle of the spring and ensures that the spring does not buckle.

The springs may also be provided with first and second spring sleeves 264, 266 in the

form of rings, which are disposed within the circumference of the housing 222 and

about the circumference of the hollow tubular section 224. The first spring sleeve 264



may define a circular channel in which the one or more springs are located. Similarly,

the second spring sleeve 266 may also define a circular channel in which the one or

more springs are located. (The first embodiment may alternatively comprise spring

sleeves for each spring 236, with each spring sleeve surrounding at least an axial

portion of each spring.) The first and second spring sleeves 264, 266 further serve to

prevent the spring from buckling. The spring sleeves 264, 266 may be provided at first

and second ends of the spring, for example the first spring sleeve 264 may be provided

adjacent to the sleeve 226 and may be integral with the sleeve 226, whilst the second

spring sleeve 266 may be provided at the other end of the spring. The axial lengths of

the spring guides 261 and spring sleeves 264, 266 may be selected so as not to unduly

interfere with the compression of the springs.

The housing 222 may be divided into a plurality of component parts. Each component

part may be tubular in form with male and female connections at either end so as to

interface with respective component parts, thereby forming the complete housing. The

component parts may connect together for example by virtue of an interference fit or a

threaded connection. In particular, the housing comprises first, second, third and fourth

component parts 222a, 222b, 222c, 222d, which fit together to form the housing 222.

Assembly of the component parts 222a-d permits the sleeve 226 and hollow tubular

section 224 to be placed within the housing 222. For example, the sleeve 226 is

provided within the second component part 222b and the hollow tubular section 224

spans the second and third component parts 222b, 222c. Furthermore, the third

component part 222c comprises the first abutment shoulder 230 and a male part of the

fourth component part forms the second abutment shoulder 232. Similarly, the spring

sleeves 266 abut a male part of the third component part 222c. The male part of the

third component may comprise a bearing ring 268 which sits between the spring

sleeves 266 and the third component part 222c. The bearing ring may serve to ensure

that the springs are not twisted when the second and third component parts 222b, 222c

are rotated with respect to one another during assembly, for example to establish a

threaded connection. In other words, the bearing ring 268 may prevent the spring 236

from rotating with respect to the third component part 222c. The bearing ring 268 may

be located in a groove in the third component part such that the second spring sleeves

266 may slide over the bearing ring. The bearing ring may comprise a copper ring.

At least a portion of the second valve element 220' may be in the form of a spherical

member 220, although at least a portion of the second valve element may be any other



shape, for example a frustoconical shape. The valve seat portion of the first valve

element is shaped to receive a corresponding portion of the second valve element

accordingly. The first valve element in the form of sleeve 226 is movably disposed with

respect to the spherical member 220 so as to move between the open and closed

positions (shown in Figures 12a-12c) selectively permitting the flow between the first

and second valve elements and thereby through the downhole tubular. In the

embodiment shown in Figure 9 , the spherical member 220 is movably disposed with

respect to the sleeve 226 and the spherical member is biased towards the closed

position by virtue of a first resilient member 280. In contrast to the embodiment shown,

the spherical member 220 may be connected to or unitary with the hollow tubular

section 224. Furthermore, the second valve element need not be spherical and may

be any other shape.

With reference to Figures 10a-10c, the flow stop valve 200 according to the first

embodiment is again substantially the same as the flow stop valve 20 according to the

first comparative example. (NB1 Figure 10a shows the flow stop valve in a closed

position.) For example, the sleeve 226 may further comprise one or more second

passages 248a, 248b, which provides a flow passage from the first end of the sleeve to

the second end of the sleeve and thence to a first chamber 252, which contains the

springs 236. The second passage 248a, 248b may thus ensure that the pressures

acting on the first and second ends of the sleeve 226 are equal. The second passage

248a, 248b may start from one or more corresponding second ports 249a, 249b which

may be provided on an outer side wall of the sleeve 226, e.g., at a portion of the sleeve

which has a smaller diameter than the rest of the sleeve 226 such that there is a gap

between the second port 249a, 249b and the housing wall. (The arrangement of the

second port 249a, 249b is more clearly shown in Figure 11.) However, the second port

249a, 249b may be provided on an end wall of the sleeve 226. The second port 249a,

249b, second passage 248a, 248b and hence first chamber 252 are in fluid

communication with the fluid in the downhole tubular above the flow stop valve 200

when the flow stop valve is in the open and closed positions. The second passage

may comprise a filter 251 in order to prevent any debris from entering the first chamber

252.

In contrast to the first comparative example, the first embodiment may further comprise

one or more first passages 212 provided in the sleeve 226. The first passages 212

may be arranged so as to transmit fluid from one or more corresponding first ports 213



in the first end of the sleeve to the second end of the sleeve. In particular, the first port

213 may be positioned near to a neck or narrowing of the flow area between the first

and second valve elements 226', 220' when the valve is in the open position (see

Figure 12c). As a result, the first port 213 may be adjacent to a low pressure flow

region when the flow stop valve 200 is in an open position due to the Venturi effect

caused by the subsequent increase in flow velocities at the neck or narrowing. The

first and second passages 212, 248a, 248b may join within the sleeve 226 and exit at a

common outlet on the second end of the sleeve.

The first port 213 may be arranged such that it is not in fluidic communication with fluid

below the flow stop valve in the downhole tubular by the interaction between the sleeve

226 and spherical member 220 when the flow stop valve is in the closed position. In

other words, the first port 213 is located at or above the contact point between the

sleeve 226 and spherical member 220 so that it is not exposed to the fluid pressure

above the flow stop valve when in the closed position. Similarly, the first port 213 may

be exposed to the fluid above the flow stop valve in the downhole tubular when the flow

stop valve is in the open position. As shown in Figure 10b, the sleeve 226 may

comprise a valve seat portion 227 spherically shaped to receive the spherical member

220 and the first port 213 may be provided within the valve seat portion or the first port

213 may be provided above the valve seat portion. Furthermore, as shown in Figure

10c, the first port 213 may alternatively be provided within an annular shoulder 225

provided within the sleeve 226 and the first port 213 may be provided within a corner

223 of the annular shoulder 225. The first port 213 of the arrangement shown in Figure

10b may be exposed to a higher velocity flow and hence a lower low pressure flow

region. The arrangement shown in Figure 10c may normalise the pressures seen at

the first port 213 and may communicate a more stable pressure to the first passage

213.

As is shown in Figure 10a, the flow stop valve 200 according to the first embodiment of

the present disclosure may further comprise a support structure 270. The support

structure 270 may be connected to the sleeve 226 and may move with the sleeve 226

within the housing 222. The support structure may comprise a plurality of legs 272

which may be circumferentially distributed about the support structure and connect a

head portion 274 of the support structure to the sleeve 226. Movement of the sleeve

226 and support structure 270 may be limited by the head portion 274 abutting an

abutment shoulder 275 formed by a male portion of the first housing component part



222a. The legs 272 and head portion 274 of the support structure 270 may surround

the spherical member 220. The spherical member 220 may be free to move within the

support structure such that the spherical member may be in the closed position in

which the spherical member is seated, e.g., seated against a portion of the sleeve 226,

or in the open position, e.g., in which there is a gap 229 (as shown in Figures 12c and

13 described below) between the spherical member and the sleeve 226.

The head portion 274 may comprise first resilient member 280 which may be in the

form of a spring as shown, but may alternatively be a sealed fluidic shock absorber,

coiled spring, disc spring, wave spring, rubber spring, Belleville washer or any other

element exhibiting resilient properties. A cap 282 may be provided at an end of the

resilient member, wherein the cap contacts the spherical member 220. The resilient

member 280 biases the spherical member 220 into engagement with the sleeve 226.

An opening 276 in the head portion 274 may be provided, e.g., about the first resilient

member 280, to ensure that flow can penetrate the support structure 270 in the event

that the head portion 274 abuts the first housing component 222a. The opening 276

permits the upstream flow pressure to be communicated to the spherical member 220

and sleeve 266 in the event that the head portion 274 of the support structure 270

abuts and forms a seal around the first housing component 222a. The communication

of this pressure may be desirable as the area of the head portion 274 exposed to the

fluid above the flow stop valve may alone not be sufficient to provide a pressure force

to overcome the initial force in springs 236. Furthermore, the spherical member 220

may function as a one-way flow valve allowing flow in the first direction in the event that

there is a back pressure urging fluid up the tubular. The head portion 274 of the

support structure 270 surrounding the spherical member 220 ensures that the spherical

member 220 is free to move in a first direction even if the head portion is in abutment

with the first housing component 222a.

In contrast to the first comparative example, the hollow tubular section 224 of the first

embodiment may not comprise a piston head. Instead, the hollow tubular section 224

of the first embodiment may comprise a contact portion 290, which may be a truncated

cone shape. The contact portion 290 may comprise one or more openings, e.g. holes

292 dispersed about the circumference of the contact portion 290. The hollow tubular

section 224 may further comprise an abutment shoulder 294 which engages with a

corresponding abutment shoulder 296 on an inner surface of the sleeve 226. The



abutment surfaces 294, 296 may limit movement of the sleeve 226 in the second

direction.

As for the first comparative example, when the pressure difference across the sleeve

226 of the first embodiment is sufficiently high, the sleeve 226 may move in the second

direction. The hollow tubular section 224 of the first embodiment may be fixed in

position by the spacers either side of the flange 228. The spherical member 220 may

initially move with the sleeve 226 in the second direction due to the effect of the

resilient member 280 and the pressure difference acting across the spherical member

220. However, beyond a certain point, the spherical member may contact the contact

portion 290 of the hollow tubular section 224 and the spherical member 220 may no

longer move with the sleeve 226. Therefore, as the sleeve moves further in the second

direction, a gap 229 (as shown in Figures 12c and 13 described below) is formed

between the spherical member 220 and the sleeve 226 and the flow stop valve 200 is

in the open position. Once in the open position (as shown in Figure 12c), flow can

pass around the head portion 274 and between the legs 270 of the support structure

270 and through the gap 229 between the spherical member 220 and the sleeve 226.

Fluid can then pass through the holes 292 of the contact portion 290 into the hollow

tubular section 224 and thence to the second end of the flow stop valve 200.

With reference to Figure 11, the flow stop valve 200 according to the first embodiment

is again substantially the same as the flow stop valve 20 according to the first

comparative example. (NB, Figure 1 1 shows the flow stop valve in a closed position.)

For example, the projected area of the first end of the sleeve 226 may be greater than

the projected area of the second end of the sleeve 226 so that the force due to the

pressure acting on the first end of the sleeve 226 is greater than the force due to the

pressure acting on the second end of the sleeve 226. This area difference may be

achieved by virtue of a fourth abutment shoulder 254 in the sleeve 226 and a

corresponding fifth abutment shoulder 256 in the housing 222. The fourth abutment

shoulder 254 may be arranged so that the diameter of the sleeve 226 at its first end is

greater than that at its second end and furthermore, motion of the sleeve 226 in the

second direction may be limited when the fourth and fifth abutment shoulders 254, 256

abut. The fourth and fifth abutment shoulders 254, 256, together with the sleeve 226

and housing 222 may define a second chamber 258 and a housing vent 250 may be

provided in the side-wall of the housing 222 so that the second chamber 258 may be in

flow communication with the fluid outside the flow stop valve 200. The net pressure



force acting on the sleeve 226 is therefore the product of (1) the difference between the

pressure outside the flow stop valve 200 and at the first end of the flow stop valve 200,

and (2) the area difference between the first and second ends of the sleeve.

Seals 260, 262 (the latter being shown in Figure 10) may be provided at the first and

second ends of the sleeve 226 respectively so that the second chamber 258 may be

sealed from the first end of the flow stop valve 200 and the first chamber 252

respectively. Furthermore, seals 265 (see Figure 9) may be provided on the innermost

portion of the first abutment shoulder 230 so that the first chamber 252 may be sealed

from the second end of the flow stop valve 200.

With reference to Figures 12a to 12c, the operation of the flow stop valve 200,

according to the first embodiment of the disclosure, will now be explained. The flow

stop valve 200 may be located in a tubular with the first end above the second end and

the flow stop valve 200 may be connected to adjacent tubular sections via the box 238

and pin 240. Prior to lowering of the tubular into the wellbore (e.g., the riser of an

offshore drilling rig), there may be a small preload in the springs 236 so that the

support structure 270 abuts the abutment shoulder 275, as shown in Figure 12a.

Furthermore, in the depicted embodiment, the spherical member 220 abuts the sleeve

226 by virtue of the resilient member 280 and the pressure difference across the

spherical member 280. With the spherical member in this position no drilling fluid may

pass through the flow stop valve 200.

As the tubular and hence flow stop valve 200 is lowered into the riser, the hydrostatic

pressures inside and outside the tubular and flow stop valve 200 begin to rise. With

one example of a dual density drilling fluid system, the density of the fluid within the

tubular may be higher than the density of the fluid between the riser and the tubular,

and the hydrostatic pressures within the tubular (and hence those acting on the

spherical member 220 and first and second ends of the sleeve 226) therefore increase

at a greater rate than the pressures between the riser and the tubular. The resulting

difference between the pressures inside and outside the tubular may increase until the

seabed is reached, beyond which point the fluids inside and outside the tubular may

have the same density and the pressures inside and outside the tubular may increase

at the same rate.



Before the flow stop valve 200 reaches the seabed, the increasing pressure difference

between the inside and outside of the tubular also acts on the spherical member 220

because the top (first) end of the flow stop valve 200 is not in flow communication with

the bottom (second) end of the flow stop valve 200. The same pressure difference

may also act on the difference in areas between the first and second ends of the sleeve

226. However, this area difference may be smaller than the projected area of the

spherical member 220 exposed to the pressure difference across the flow stop valve

200. Therefore, as the flow stop valve 200 is lowered into the riser, the force acting on

the spherical member 220 may be greater than the force acting on the sleeve 226.

Once the forces acting on the spherical member 220 and sleeve 226 overcome a small

initial load in the springs 236, the sleeve 226 may be moved downwards (i.e., in the

second direction) and because the force on the spherical member 220 may be greater

than that on the sleeve 226, the spherical member 220 remains abutted against the

sleeve 226. (The length and/or stiffness of springs 236, and hence their initial load

may be pre-selected to ensure that the head portion 274 of the support structure 270

initially abuts the abutment shoulder 275 of first housing component part 222a before

lowering into the riser.)

The combined movement of the sleeve 226 and spherical member 220 may continue

until the spherical member 220 abuts the contact portion 290 of the hollow tubular

section 224 and the spherical member 220 may no longer move with the sleeve 226,

as shown in Figure 12b. The flow stop valve 200 is then in a "fully preloaded" state.

The pressure difference at which this occurs, and the resulting force in the springs,

may be varied by changing the thickness of the spacer elements. With a larger spacer

element beneath the flange 228 (and consequently a smaller spacer element above the

flange) the hollow tubular section 224 will be higher up and the sleeve 226 and

spherical member 220 will travel a shorter distance before the flow stop valve 200 is

preloaded. The opposite applies for a smaller spacer element below the flange. The

size of the spacer elements above and below the flange 228 may be selected before

installing the flow stop valve 200 into the tubular. For example, differently sized or

multiple spacer elements may be inserted above and/or below the flange 228 prior to

connecting the third and fourth component parts 222c, 222d of the housing 222

together.

The thickness of the spacer elements beneath the flange 228 can determine the

preload in the springs 236 in the preloaded state. In such an embodiment, it is the



preload in the springs against which the pressure difference has to overcome to move

the sleeve 226 any further after the spherical member 220 has abutted the contact

portion 290. The thickness of such spacer elements therefore determines the depth of

the flow stop valve at which the preload in the springs is overcome such that the sleeve

may move further and the valve opens. For example, with a larger spacer element

beneath the illustrated flange 228, the flow stop valve 200 will open at a lower pressure

difference.

Once the spherical member 220 cannot move any further, due to abutment with the

contact portion 290, the flow stop valve 200 is in the fully preloaded state, as shown in

Figure 12b. In one embodiment, in the fully preloaded state, the force acting on the

sleeve 226 is not yet sufficient to overcome the spring force, because the pressure

difference acting on the sleeve 226 acts over a much smaller area than when the

pressure difference had additionally acted on the spherical member 220. The sleeve

226 may therefore remain in contact with the spherical member 220 and the flow stop

valve may stay closed until the pressure difference is sufficiently high to move the

sleeve 226 independently of the spherical member. The flow stop valve 200 may be

lowered further for the pressure difference acting on the sleeve 226 to increase. The

spacer elements thickness may be selected so that once the flow stop valve 200

reaches the seabed, the pressure difference and hence pressure forces acting on the

sleeve 226 at this depth are just less than the spring force in the fully preloaded state.

At the seabed the pressure forces are therefore not sufficient to move the sleeve 226,

but a further increase in the pressure upstream of the flow stop valve may be sufficient

to overcome the spring force in the fully preloaded state and move the sleeve 226.

However, as the flow stop valve 200 is lowered below the seabed, the pressure

difference may not increase any more (for the reasons explained above) and hence the

flow stop valve will remain closed. Once the tubular is in place and the flow of drilling

fluid is desired, an additional "cracking" pressure may be applied by the drilling fluid

pumps, which may be sufficient to overcome the fully preloaded spring force, thereby

moving the sleeve 226 downwards (in the second direction) and permitting flow through

the flow stop valve 200, as shown in Figure 12c. The cracking pressure of the flow

stop valve may be varied to suit the particular application, e.g. the depth of the water at

the seabed and/or the densities of the fluids. The cracking pressure may for example

be varied by selecting spring forces and/or spring lengths of springs 236 or by including

spacer elements or by varying the area of the fourth and fifth abutment shoulders 254,

256. By way of example, the cracking pressure may be in the range of 3 to 500 psi (20



to 3448 kPa), but may also be outside this range. Once the valve is in the open

position, fluid is able to flow between the first and second valve elements 226', 220'

and hence through the flow stop valve 200, as indicated by the arrows shown in Figure

12c.

As an aside, it is to be noted that once the flow stop valve is below the seabed, the

pressure difference across the flow stop valve (from above to below) is substantially

the same as the pressure difference between inside and outside the tubular just above

the flow stop valve 200. This is because the fluid just below the flow stop valve and

inside the downhole tubular has the same density as the fluid just below the flow stop

valve and outside the downhole tubular (see Figure 1b). Therefore, the hydrostatic

pressure of the fluid outside the flow stop valve may be the same as that inside the

downhole tubular just below the flow stop valve. (By contrast, the pressure of the fluid

inside the downhole tubular above the flow stop valve 200 may be different from that

outside the flow stop valve 200 because the density of the fluid above the flow stop

valve and inside the downhole tubular is different from the density of the fluid above the

flow stop valve and outside the downhole tubular, as shown in Figure 1b.) It therefore

follows that, before the flow stop valve 200 opens, the pressure difference between

fluid on the first and second sides of the valve may be substantially the same as the

pressure difference between fluid inside and outside the valve at a point just above the

valve (neglecting the hydrostatic pressure difference between above and below the

valve outside of the valve as this may be relatively small in comparison to the depths

involved).

In general terms, the position at which further movement of the second valve element

220' is prevented, e.g. by the spacer elements, determines the preload in the resilient

elements 236' against which the pressure difference acting on the first valve element

226' has to overcome to move the first valve element independently of the second

valve element and open the flow stop valve.

By preventing flow until the drilling fluid pumps provide the "cracking" pressure, the flow

stop valve 200 described above may solve the aforementioned problem of the fluid in

the tubular displacing the fluid outside the tubular due to the density differences and

resulting hydrostatic pressure imbalances.



Although the above has referred to a process of lowering the flow stop valve, for

example prior to drilling, the flow stop valve may also be utilised in a non lowering dual

density application. For example, the flow stop valve may also be utilised when raising

a tubular, e.g. raising a drill string from the well after drilling. The flow stop valve may

also be used in a circulation mode for example, during drilling or during extraction of

fluids, e.g. oil, from a well. In such a mode of operation, the flow stop valve may

ensure that when the flow of fluid stops the denser drilling fluid in the tubular does not

displace the less dense fluid outside the tubular.

With reference to Figure 13 an enlarged section of the spherical member 220 and the

valve seat of the sleeve 226 is shown. Figure 13 also shows contours of constant

pressure of the fluid when the flow stop valve 200 is in an open position, e.g., when the

sleeve 226 and spherical member 220 have moved apart (the pressure values

correspond to a pressure in Pascals with respect to a datum). There is a low fluid

pressure region 290 between the sleeve 226 and the spherical member 220 because

there is a narrowing of the flow area at this point, which increases the flow velocities

and hence reduces the pressure. In other words, the low pressure at the low pressure

region 290 is as a result of the Venturi effect. The low pressure flow region 290 may

correspond to a high flow velocity region when the flow stop valve 200 is in an open

position. The low pressure flow region may correspond to a restriction or narrowing in

the cross-sectional flow area.

The first port 2 13 of the first side of the sleeve 226 is positioned so that it is adjacent to

this low pressure region when the valve is in the open position. (By contrast, the low

pressure flow region 290 may not exist when the flow stop valve 200 is in a closed

position as fluid is not flowing through the flow stop valve 200.) The first port 213 is

positioned in the vicinity of this low pressure region so that the low pressure that exists

once the flow stop valve 200 is opened is also transmitted to the second side of the

sleeve 226. The pressure force urging the flow stop valve to close is therefore reduced

and thus any tendency for the flow stop valve 200 to chatter or not fully open has also

been reduced. Valve chatter (e.g., undesirable, relatively rapid opening and closing of

the valve) or partial opening otherwise occurs when a valve requires a certain pressure

to open the valve, and the pressure reduces on opening the valve due to the increase

in the flow velocity (owing to the Bernoulli effect). There may therefore be a tendency

for the valve to close because of the reduction in pressure on opening. Once the valve

closes, the pressure increases as the flow has stopped and the process repeats itself



causing the valve to chatter. The present invention serves to mitigate against this

effect by reducing the pressure force on the second side of the sleeve 226 (via the first

port 213 and second passage 248a, 248b) once the valve is open, thereby reducing

the force urging the valve to close.

With reference to Figure 14, a flow stop valve 300 according to a second embodiment

of the present disclosure, comprises a valve 301 comprising first and second valve

elements 326', 320', which may be selectively brought into engagement so as to

selectively block the flow passage. As for the first embodiment, the first valve element

of the second embodiment may be in the form of a sleeve 326 and the first valve

element 326' may comprise a valve seat 327 for receiving the second valve element

320'. The second valve element 320' of the second embodiment is shaped at a second

end to be received by the valve seat 327 so as to form a seal between the first and

second valve elements 326', 320'. The second valve element 320' may comprise a

frustoconical portion 321 and may further comprise a cylindrical portion 322.

In contrast to the first embodiment, the second valve element 320' of the second

embodiment is connected to a third valve element 324'. In the particular case of the

second embodiment, the second valve element 320' may be threadably connected to

the third valve element 324', but the second valve element 320' may be connected to

the third valve element 324' by any other means and may also be unitary with the third

valve element 324'. In this respect the second embodiment is similar to the first

comparative example with the second valve element 320' being equivalent to the piston

head 44 of the first comparative example. As a consequence the flow stop valve 300

of the second embodiment does not comprise the support structure 270 of the first

embodiment.

The flow stop valve 300 of the second embodiment comprises a first passage 312

provided in the sleeve 326. The first passage 312 may be arranged so as to transmit

fluid from a first port 313 in the first end of the sleeve to the second end of the sleeve.

In particular, the first port 313 may be positioned near to a neck or narrowing of the

flow area between the first and second valve elements 326', 320' when the valve is in

the open position. As a result, the first port 313 may be adjacent to a low pressure flow

region when the flow stop valve 300 is in an open position due to the Venturi effect

caused by the subsequent increase in flow velocities at the neck or narrowing.



The second embodiment otherwise functions in the same way as the first embodiment.

In other words, the position at which further movement of the second valve element

320' is prevented, e.g. by the spacer elements, determines the preload in resilient

elements 336' against which the pressure difference acting on the first valve element

326' has to overcome to move the first valve element independently of the second

valve element and open the flow stop valve.

With reference to Figures 15a and 15b, a flow stop valve 400 according to a third

embodiment of the present disclosure is substantially the same as the third

comparative example of the disclosure. For example, the flow stop valve 400 may be

located in a tubular being lowered into a well bore, such that, when a tubular is in

position for cementing within the wellbore, the flow stop valve is at any point in the

tubular between the seabed and the bottom of the tubular. In particular, the flow stop

valve 400 may be located at the bottom of a casing string, for example, at a casing

shoe and a cement slurry may flow through the flow stop valve. Figure 15a shows the

flow stop valve 400 in an open position, whilst Figure 15b shows the flow stop valve

400 in a closed position. As for the third comparative example, movement of the

spindle 424 determines whether the first and second annular abutment surfaces 430,

432 are in contact and accordingly whether the flow stop valve is in an open or closed

position. The spindle 424 is thus equivalent to the first valve element of the first

embodiment.

The third embodiment differs from the third comparative example in that a second

passage 446 in spindle 424 exits at a port 447, which is in the vicinity of the first and

second annular abutment surfaces 430, 432. In particular, the port 447 may be

positioned near to a neck or narrowing of the flow area between the first and second

annular abutment surfaces 430, 432 when the valve is in the open position. As a

result, the port 447 may be adjacent to a low pressure flow region when the flow stop

valve 400 is in an open position due to the Venturi effect caused by the subsequent

increase in flow velocities at the neck or narrowing. The port 447 is positioned in the

vicinity of this low pressure region so that the low pressure that exists once the flow

stop valve 300 is opened is transmitted to the first chamber 434. The pressure force

urging the flow stop valve to close is therefore reduced. As a consequence the

tendency for the flow stop valve 400 to chatter or only partially open has also been

reduced.



Valve chatter or partial opening otherwise occurs when a valve requires a certain

pressure to open the valve, and the pressure reduces on opening the valve due to the

increase in the flow velocity (owing to the Bernoulli effect). There may therefore be a

tendency for the valve to close because of the reduction in pressure on opening. Once

the valve closes, the pressure increases as the flow has stopped and the process

repeats itself causing the valve to chatter. The present invention serves to mitigate

against this effect by reducing the pressure force on the first side of the spindle 424

(via the port 447 and second passage 446) once the valve is open, thereby reducing

the force urging the valve to close The third embodiment otherwise operates in the

same way as the third comparative example described above.

While the invention has been presented with respect to a limited number of examples,

those skilled in the art, having benefit of this disclosure, will appreciate that other

embodiments may be devised which do not depart from the scope of the present

disclosure.



Claims

1. A flow stop valve for placement in a downhole tubular operating in a dual fluid

density system, wherein the flow stop valve is in communication with one of: a pressure

difference between fluid outside the downhole tubular and inside the downhole tubular

at the flow stop valve; and a pressure difference between fluid above and below the

flow stop valve inside the downhole tubular,

wherein the flow stop valve comprises a first valve element arranged such that

the pressure difference acts across at least a portion of the first valve element and that

the first valve element is movable between open and closed positions under action of

said pressure difference so as to selectively permit flow through the downhole tubular,

wherein the first valve element comprises a first passage to transmit fluid from a

first port in a first side of the first valve element to a second side of the first valve

element, the first port being positioned adjacent to a low pressure flow region when the

flow stop valve is in an open position such that the low pressure is in fluidic

communication with the second side of the first valve element via the first port and the

first passage.

2. The flow stop valve according to claim 1, wherein the flow stop valve further

comprises a second valve element, the first valve element being movably disposed

with respect to the second valve element so as to move between the open and closed

positions selectively permitting the flow between the first and second valve elements

and thereby through the downhole tubular.

3. The flow stop valve according to claim 2 , wherein the first port is arranged such

that it is not in fluidic communication with fluid in the downhole tubular and below the

flow stop valve by the interaction between the first and second valve elements when

the flow stop valve is in the closed position and the first port is in fluidic communication

with the fluid in the downhole tubular and below the flow stop valve when the flow stop

valve is in the open position.

4. The flow stop valve according to claim 2 or 3 , wherein the second valve element

is movably disposed with respect to the first valve element.

5. The flow stop valve according to claim 4, wherein the second valve element is

biased towards the closed position by virtue of a first resilient member.



6. The flow stop valve according to any one of claims 3 to 5 , wherein the second

valve element is substantially spherical and the first valve element comprises a

corresponding valve seat portion adapted to receive the second valve element, the first

port being provided within the valve seat portion.

7. The flow stop valve according to any preceding claim, wherein the first valve

element is resisted by a second resilient member so as to resist movement of the first

valve element under action of the fluid above the flow stop valve.

8. The flow stop valve according to any preceding claim, wherein the flow stop valve

further comprises a third valve element, wherein the third valve element is disposed so

as to limit the movement of the second valve element.

9 . The flow stop valve according to claim 8 , wherein the first and second valve

members move together under action of the fluid above the flow stop valve and in the

downhole tubular until the second valve member abuts the third valve member and

upon further movement of the first valve member, the first and second valve members

move apart so as to allow fluid to flow between the first and second valve members,

thereby permitting flow through the flow stop valve and placing the flow stop valve in an

open position.

10. The flow stop valve according to claim 8 or 9, wherein the location of the third

valve element with respect to the first and second valve elements is selectable.

11. A method of controlling flow in a downhole tubular operating in a dual fluid

density system, the method comprising:

restricting flow through the downhole tubular by closing a flow stop valve when

one of: a pressure difference between fluid outside the downhole tubular and inside the

downhole tubular at the flow stop valve; and a pressure difference between fluid above

and below the flow stop valve inside the downhole tubular, is below a threshold value;

and

permitting flow through the downhole tubular by opening the flow stop valve when

the pressure difference is above a threshold value,

transmitting fluid from a first port in a first side of a first valve element to a second

side of the first valve element, the first port being positioned adjacent to a low pressure



flow region when the flow stop valve is in an open position such that the low pressure is

in fluidic communication with the second side of the first valve element via the first port

and the first passage.

12. The method of controlling flow according to claim 11, wherein the method further

comprises:

providing a second valve element, the first valve element being movably

disposed with respect to the second valve element so as to move between the open

and closed positions; and

selectively permitting the flow between the first and second valve elements and

thereby through the downhole tubular.

13. The method of controlling flow according to claim 12, wherein the method further

comprises:

arranging the first port such that it is not in fluidic communication with fluid in the

downhole tubular and below the flow stop valve by the interaction between the first and

second valve elements when the flow stop valve is in the closed position and the first

port is in fluidic communication with the fluid in the downhole tubular and below the flow

stop valve when the flow stop valve is in the open position.

14. The method of controlling flow according to claim 12 or 13, wherein the method

further comprises:

permitting the second valve element to be movably disposed with respect to the

first valve element.

15. The method of controlling flow according to claim 14, wherein the method further

comprises:

biasing the second valve element towards the closed position by virtue of a first

resilient member.

16. The method of controlling flow according to any one of claims 11 to 15, wherein

the method further comprises:

resisting movement of the first valve element under action of the fluid above the

flow stop valve with a second resilient member.



17. The method of controlling flow according to any one of claims 11 to 16, wherein

the method further comprises:

providing a third valve element disposed so as to limit the movement of the

second valve element.

18. The method of controlling flow according to claim 17, wherein the method further

comprises:

permitting the first and second valve members to move together under action of

the fluid above the flow stop valve and in the downhole tubular until the second valve

member abuts the third valve member; and

permitting the first and second valve members to move apart upon further

movement of the first valve member so as to allow fluid to flow between the first and

second valve members, thereby permitting flow through the flow stop valve and placing

the flow stop valve in an open position.

19. The method of controlling flow according to claim 17 or 18, wherein the method

further comprises:

selecting the location of the third valve element with respect to the first and

second valve elements.

20. The method of controlling flow as claimed in any one of claims 11 to 19, wherein

the method further comprises drilling in a dual fluid density system with the flow stop

valve disposed in a drill string.

2 1. The method of controlling flow as claimed in any one of claims 11 to 19, wherein

the method further comprises cementing in a dual fluid density system with the flow

stop valve connected to a casing section to be cemented into place.

22. A flow stop valve, the flow stop valve comprising a first valve element arranged

such that a pressure difference acts across at least a portion of the first valve element

and that the first valve element is movable between open and closed positions under

action of said pressure difference so as to selectively permit flow through the downhole

tubular,

wherein the first valve element comprises a first passage to transmit fluid from a

first port in a first side of the first valve element to a second side of the first valve

element, the first port being positioned next to a narrowing in the flow path when the



flow stop valve is in the open position such that a low pressure is in fluidic

communication with the second side of the first valve element via the first passage.

23. A method of operating a flow stop valve, the method comprising:

providing a first valve element arranged such that a pressure difference acts

across at least a portion of the first valve element and that the first valve element is

movable between open and closed positions in response to said pressure difference so

as to selectively permit flow through the downhole tubular,

transmitting fluid from a first port in a first side of the first valve element to a

second side of the first valve element, the first port being positioned next to a narrowing

in the flow path when the flow stop valve is in the open position such that a low

pressure is in fluidic communication with the second side of the first valve element via

the first passage.

24. The method of operating a flow stop valve according to claim 23, wherein the

method further comprises:

one or more of reducing valve chatter, assisting opening the flow stop valve more

fully and assisting opening the flow stop valve more quickly.

25. The method of operating a flow stop valve according to claim 23 or 24, wherein

the method further comprises:

using the flow stop valve in a downhole tubular operating in a dual fluid density

system.
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