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PRODUCTION FLUID CONTROL DEVICE FOR OWGAS WEILS 

Background of the Invention 

The present invention relates to a fluid control device for use in an oil 

and/or gas well and, more particularly, to such a device for selectively 

controlling the flow of production fluid from a producing formation adjacent the 

~ 6 well, through the well, and to the ground surface. 

In a typical. oil and gas production well, a casing is provided to line the 

well and is provided with perforations adjacent the formation to receive the 

production fluid. A tubing string is run into the casing and has an outer 

diameter less than that of the inner wall of the casing to form an annulus. A 

10 packer is placed in the annulus to direct the production fluid into the lower end 

of the tubing string for passage upwardly through the tubing string for 

recovery above ground. 

It is o~n advantageous, and sometimes necessary, to utilize 

hydraulically-actuated packers and other ancillary devices, especially when. 

15 operating in deviated or horizontal well sections. To this end, the flow of 

production fluid into and through the tubing string is blocked, and well fluid is 

introduced into the tubing string from the ground surface, to create a relatively 

high fluid pressure which is used to actuate these devices. After this operation 

is completed the tubing string must be opened to permit the flow pf production 

20 fluid through the string and to the ground surface. Therefore, pump-out plugs, 

or the like, are often provided in the tubing string which normally block fluid 

flow through the string and which are ejected from the string when the flow of 

production fluid is desired. However, these plugs are relatively large and, 

when ejected, must either be removed from the wellbore by coiled tubing or the 

25 like, which is very expensive, or left in the wellbore, which may cause problems 

during the life of the well. 

Also, disc subs have been used which incorporate a disc that normally 

blocks fluid :flow through the tubing string and which breaks in response to 

fluid pressure acting thereon when flow is desired. However, these disc subs 

30 sllffer from the fact that the pressure that has to be applied to break the disc is 
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often excessive and unpredictabl~. Therefore, other techniques have been 

devised to break the discs to permit fluid flow. For example, steel bars have 

been used which are dropped into the well or run on wireline or coiled tubing. 

This has disadvantage~ since thf:l ~'ken dure forms debris in the wellbore and, 

5 if the well has a deviated or horizontal section~ a drop bar or wireline run is 

very unreliable. 

Still other techniques for selectively blockhig the· flow of production fluid 

through the tubing string involv~ wireiine ~et/retrieved tubing plugs. However, 

these devices require a "profile" sub that has to be added to the tubing string 
·, 

10 and require the use of wireline intervention, as well as increased risk and 

expense. 

Therefore, what is needed is a relatively inexpensive and reliable device 

for selectively controlling the flow of production fluid through a tubing string ill 
an oil and/or gas wel~ which minimizes the amount of debris left in the wellbore 

15 yet which can be activated with a predictable and relatively low amount of fluid 

pressure. Also what i~ .needed is a device of the above type which does not 

require a profile sub or any actliatio~ device to be dropped into the tubing 
. : . 

string or run into the ~tring on wirellne or coiled tubitig. 
. ' ' 

Summary of the Invention 

20 The present invention, aceordingly, is dirScted to a device for selectively 

controlling the flow of PrOductio~ fluid through a tubing string in an oil and gas 

well according to which one end of a housing is connected to a tubing string for 
. ' 

insertion into the well, ·and well fluid is passed from the ground· ·surface the one 

end of the housing. The other end of the housing is closed to establish well 

25 fluid pressure in the housing to actuate a packer andior other ancillary devices. 

The other end of the housing can be op€ID.ed ·by increaBiD.g the pressure of the 

well :fluid in the housing above a predetermined. value, thus permitting the flow 

of production fluid from the fomla.tion, through the housing and the tubing 

string, and to the ground surface. 

30 Several advantages result. from the device and methOd of the present 

invention. For example, they are relatively inexpensive and reliable, yet 

minimize the amount of debris left in the wellbore. AlSo, the device can be 

activated with a predictable and relatively low amount of fluid presstire, and 
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does not require a profile sub or any actuation device that must be dropped into 

the tubing string or run into the string on wireline or coiled tubing. 

Brief Description of the Drawings 

5 Fig. 1 is a partial elevational-partial sectional view depicting an 

10 

installation in an oil and/or gas well including the .device of the present 

invention. 

Figs. 2 and 3 are vertical sectional views of the device of the present 

invention depicting two operational modes of the device. 

Figs. 4 and 5 are views identical to those of Figs. 2 and 3, respectively, 

but depicting an 8Itemate embodiment of the device of the present invention. 

Description of the Preferred Embodiment 

~e well fluid control device of the present invention is designed to be 

used downhole in an_ oil and/or gas well depicted in Fig. 1. The reference . 

15 numeral 10 refers, in general to a well casing that lines the well bore and ·. 

receives a tubing string 12 having an outer diameter that is less than ·the 

casing to define an annulus 14 between the tubing string and the casing. The 

tubing string 12 can be lowered into the casing 10 from the ground surface in 

any conventional manner such as by using a wireline, coiled tubing, or the like. 

20 A packer 16 is disposed in the annulus 14 and extends around a lower portion 

of the tubing string 12, as viewed in Fig. 1. The packer 16 is preferably 

hydraulically actuated and since it is conventional, it will not be described in 

detail. A plurality of perforations lOa are formed through the casing 10 below 

the end of the tubing string 12. The perforations lOa permit ,production fluid 

25 from a formation zone F to flow into the casing 10 and through the tubing 

string to the ground surface, in a manner to be described. 

The control device of the present invention is referred to, in general; by 

the reference numeral 20, and is attached to the lower end portion of the 

tubing string 12. The control device 20 is adapted to selectively control the 

SO flow of the production fluid through the tubing string 12 and to the ground 

surface, and to permit well fluid from the ground surface to be introduced into 

the tubing string 12 and pressurized sufficiently to actuate the packer, and any 

ancillary devices. 
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To this end, and with reference to Fig .. 21 the control device 20 oomprises·. 

a sub 22 which is internally threaded at its upper end portion 22a, as viewed in 

Fig. 2, to mate with a corresponding externally threaded lower end portion of 

the tubing string 12: (Fig. 1). · The control· device ·20 also includes a tubular 

5 housing 24 having an internally threaded upper end portion 24a that 

threadedly engages· a .coITesponding externally threaded lower end portion 22b 

of the sub 22. A plurality of set screws 26, one of which is shown in ·Fig; 2, are 

angularly spaced around the circumference of the upper end portion 24a of the 

housing 24 and extend through aligned opening in the latter end portion and· · 

10 the lower end portion 22b of the sub 22, to secure the sub to the housing. A 

seal ring 28 extends between an outer surface portion of the sub 22 and a· 

coITesponding inner surface portion of tl).e housing 24. 

A lower sub 30 is also provided which has an internally threaded upper 

end 80a portion that threadedly engages a COITesponding externally threaded 

15 lower end portion 24b of the housing 24. A plurality of set screws 32, one of 

which is shown in Fig. 2, are angularly spaced around the circumference of the 

upper end portion 30a of the lower sub 30 and extend through aligned opening 

in the latter end portion and the lower end portion 24b of the housing 24, to 

seCu.re the connection between the sub and the housing. A ·seal ring 34 extends 

20 between an outer surface ·portion· of the hoU.sing' 24 and a corresponding inner 

surface· portion of the sub 30. The lower end portion of the lower sub· 30 is · · 

externally threaded· so· as· to · eJ'.lable ·internally threaded subs· of ancillary 

equipment (not shown) to be attached to· the device 20 as needed. 

A tubular piston 40 is slidably mounted in the housing 24 and its outer· 

25 surface is stepped to define an upper end portion 40a, an intermediate portion 

40b extending just below the upper end portion, and a portion 40c that extends 

from the intermediate portion· 40b to the lower end of the piston. The outer 

diameter of the intermediate portion 40b is greater than the· diameter of the 

. portions 40a and 40c, and a pair of axially spaced seal rings 42a and 42b 

30 extend between the outer surface portion of the intermediate portion 40b and 

corresponding inner surface portions of the housing 24. The lower end of the ·· 

piston 40 tapers to a relative sharp point for reasons tO be described. 
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A ring 46 is disposed in a space defined betweeii tlie outer surface of the·· 

upper end portion 40a of the piston 40 and the corresponding inner surface of 

the housing 24. The ring 46 receives a plurality of angularly-spaced shear pins 

48 that extend through aligned openings in the ring 44 and the upper end 

5 portion of the piston 40. The shear pins_ 48 thus normally retain the piston 40 

in its upper position shown in Fig. 2, but are adapted to shear in response to a 

predetermined shear force applied thereto to release the piston and permit 

slidable movement of the piston downwardly in the housing 24, as will be 

explained. A plurality of angularly-spaced openings 40d, one of which is shown 

10 in the drawings, extend through the upper end portion 40a of the piston 40 just 

below the openings that receive the shear pins 48, for reasons that will also be 

explained. 

The inner surface of the housing 24 is stepped so that the inner diameter 

of its lower portion i~ less than that of its upper portion to define an annular 

15 chamber 50 between the inner surface of the upper portion of the housing 24 . 

and. a corresponding outer surface of the piston 40. The relatively large­

diameter intermediate portion 40b of the piston 40 defines the upper boundary 

of the chamber 50, and the reduced-diameter portion of the.housing 24 defines 

its lower boundary. The chamber 50 accommodates movement of the 

20 intermediate portion 40b of the piston 40 during its downward movement. A 

seal ring 52 extends between an outer surface portion of the piston portion 40c 

and a corresponding inner surface portion of the reduced-diameter portion of 

the housing 24. Thus, the chamber 50 extends between the seal rings 42b and 

52 to isolate the chamber from fluids and to maintain the pressure in the 

25 chamber at atmospheric pressure for reasons to be described. 

The lower sub 30 has a stepped inner surface that defines a shoulder 

that receives a frangible disc 56, and a seal ring 58 extends between the 

shoulder and the disc.. The disc 56 is made of frangible material, such as glass 

that is adapted to shatter when impacted by the pointed lower end of the piston 

30 40 with sufficient force. The end of the housing 24 abuts the disc 56,.and a 

seal ring 60 is disposed between the latter end and the disc. A seal ring 62 

extends between .the outer surface of the disc 56 and the corresponding inner 

surface of the sub 30. The disc 56 is capable of withstanding relatively large 
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differential pressures acting on its respective upper and lower surfaces far in 

excess of the amount of force required to shears the pins 48 as will be 

described. 

In operation, a well fluid is introduced into the casillg · 12 from the 

5 ground surface. at a sllmcient pressure to block the flow of production fluid 

from the formation zone F (Fig. 1) through the perforations lOa and into the 

casing 10. When it is desired to recover the production fluid, the tubing string 

12 is run into the casin·g 10 with the device 20 attached to the lower end of the 

string, and with the packer 16 i>t9vided in a section of the string just above the 

10 device 20. 

The presence of the disc 56 in the lower end portion of the device 20 

permits well fluid froin the ground surface to be introduced into the tubing 

string 12 at an increased pressure to establish a hydrostatic load to allow the 

pack.er 16, and/or any ancillary devices to be hydraulically set in a conventional 

15 manner. During this operation, the pressure of the well fluid in the device 20 

acts on the upper end Or the piston 40 in a downwardly direction and on the 

: . lower end ·of the piston; in an upwardly dii-ection; Since the area of the annular 

upper end surface of the piston·4o is'greaterthat the area of its annular lower 
. . 

·· .·end surface, a differentialforce is established· which applies a shear force to the 

20 pins 48. However, the pins 48 are designed to normally resist the force and 

thus maintain the piston in its upper,' static, position: of Fig. 2. This increased 

fluid pressure in the device 20 is controlled· so that the resultant differential 

pressure across the disc 56 caused by the latter pressure acting on the upper 

surface of the disc 56, and the well fluid in the annulus 14 acting on the lower 

25 surface of the disc, doea not exceed the design limit of the disc. 

When the packer 16, and any ancillary devices, have been set in 

accordance with the above and itis then desired _to recover production fluid 

from the formation zone F, the pressure of the well fluid in th.e tubing string 12 

is increased. Since the tipper end surface of the piston 40 has a larger area 

30 than its lower end, the· shear force applied to the pins 48 will be increased until 

the pins are sheared, with the openings 40d increasing the volume of well fluid 

available to act on the upper surface of the piston 40. The piston 40 is thus 

forced downwardly and it.s pointed lower end strikes the disc 56 with enough 
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force to shatter it. It is ·noted that the relatively low atmospheric pressure 

existing in the chamber 50 does not impede this downward movement of the 

piston 40 and that the above increase in hydrostatic load is selected so that the 

. disc 56 can withstand the resulting differential pressure acting on its upper 

5 and lower surfaces. The pressure of the well fluid in the tubing string 12 is 

then reduced as necessary to allow the well fluid in the annulus, and then the 

production fluid from the formation zone F, to flow through the device 20 and 

the tubing string 12 to the ground surface and be recovered. 

10 

· The device 20 thus enjoys several advantages. For example, it is 

relatively inexpensive and reliable, yet can withstand a great deal of 

differential fluid pressure and be activated with a predictable and relatively 

low amount of fluid pressure. Also, the amount of debris left in the wellbore is 

minimized since the material used in the frangible disc 56 is such th.at, once 

broken by the pisto~ 40, it is reduced to small slivers or particles. that can be 

15 flowed or circulated from the well. Further, the device 20 does not restrict the 

inner diameter of the well bore and th.us allows other tools to pass through it 

and it does not require a profile sub or any actuation device that must be 

dropped into the tubing string or run into the string on wireline or coiled 

tubing. 

20 The embodiment of Figs. 4 and 5 is similar to· the embodiment of Figs. 2 

and 3 and identical components are given the same reference numerals. 

According to the embodiment of Figs. 4 and 5, a device 20' is provided which is 

identical to the device 20 of the embodiment of Figs. 2 and 3 with the exception 

that, in the former device, a plurality of angularly-spaced ports, one of which is 

'25 shown by the reference numeral 24c in Figs. 4 and 5, are provided through the 

wall of the housing 24. The ports 24c are axially located relative to the housing . 

24 so that they register with the lower portion of the· chamber 50 when the 

piston 40 is retained in it.s upper, static position by the shear pins 48 as shown 

in Fig. 4. Thus, the above-mentioned well fluid that is initially in the annulus 

30 14 to maintain the production fluid in the formation zone F, as discussed above, 

will enter the chamber 50 through the ports 24c and exert an upwardly­

directed pressure against the lower annular surface of the relative large 

diameter portion 40b of the piston 40. 
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As in the previous embodi,ment, the upper surface of the piston 40 has a. 

greater surface area·than the lo~er surface due to the relatively large diameter 

portion 40b. Therefore, there is one downwardly-directed force caused by the 

well fluid in the interior of the hoUsing 24 acting on the upper surface of the 

5 piston 40 as described· above and an upwardly directed force caused by the well 

fluid in the interior of the housmg acting on·the lower surface of the piston, 

also as described above. In addi~on, there is an additional upwardly•directed 

force by the well fluid in the annulus 14 acting on the lower annular surface of 

the relatively large diameter portion 40b of the piston: Also as in the previous 

10 embodiment, the shear pins 48 are designed to shear at a predetermined shear 

force applied thereto based on the difference of the above-mentioned forces 

acting on the piston 40; However, ~n this embodiment, the shear force can be 

much less than that of the embodiment of Figs. 2 and· 3 due to the presence of 

the last-mentioned ~pwardly directed force. Otherwise the operation of the 

, 15. . device 20' is identical to that of the device 20 of the embodiment of Figs. 2 and 

3. ·.:_ .. ;'. 

The device 201 of the embodiment of Figs~ 4. and 5 thus enjoys all of the 

advantages of the device 20 of the embodiment of Figs; 2 and 3 and, in 

addition, the amount of shear force required to-shear the pins 48, and therefore 

.20 actuate the piston 40 of the former device is much less than that of the latter 

device. 

It is understood that variations can be made in the foregoing without 

· departing from the scope of the invention. For example; although the tubing 
.; 

string 12 and the devices 20 and 20' are-shown extending vertically, it is 

25 understood that this is .only for the purpose of example and that, in actual use, 

they can extend at an ·angle to the vertical. Therefore, the use of the terms 

"upper", "lower", "upwardly", "downwardly", and thelike, are only for the 

.purpose of illustration only and do :Q.Ot limit the specific orientation and 

. position of any of the component.a discussed above. 

30 It is understood that ·other modifications, changes and substitutions are 

intended in the foregoing disclosure and in some instances some features of the 

invention will be employed without a corresponding use of other features. 
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Accordingly, it is appr~~~ate that the appended claiJ\fbe construed broadly 
and in a manner consistent with the scope of the invention. 
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What is claimed ·is: 

1. A device for controlling the flow of production fluid from a 

formation zone in an oil and/or gas well to the ground smface, the device 

comprising a housing adapted to be connected at one end to a tubing string for 

insertion into the well,: the one end of the housing being open for receiving well 

fluid from the ground surface, and the other end of the housing being closed for 

permitting the increase in pressure of the well fluid in the housing; means 

responding to the pressure of the well fluid in the hoUsing exceeding a 

predetermined value f~r opening the other end of the housing to permitting the 

flow of production fluid from the formation zone, through the housing and the 

tubing string and to the ground surface. 

' 2. The deyice of claim 1 wherein the housing has a plug in the other 

2 .. end of the housing, and wherein the means is apiston normally retained in the 

3 housing and responsive to the .pressure of the well fluid in the housing 

4 . exceeding the predetermined value for sliding in the housing against the plug 

·. 5 to remove the plug from the housing. · 

1 3. The device of claim 2 wherein the plug is of a frangible material 

2 and wherein the piston fractures the plug. 

1 

2 

3 

4 

5 

1 

2 

3 

4 

4. The device of claim 2 further comprising a plurality of shear pins 

connected to the pisto~ for normally retaining the piston in the housing, the 

shear pins responding to the pressure of the well fluid in the housing exceeding 

the predetermined value for shearing to permit the slidable movement of the 

piston. 

5. The device of claim 4 wherein the well fluid in the housing acts on 

respective ends of the piston with a force corresponding to the respective areas 

of the surfaces of the latter ends, and wherein the area of the surface of one of 

the ends of the piston is greater than the area of the surface of the other end of 

10 
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1 the piston to create a ditf~ential force that applies a $li(!ar force to the shear 
2 pins. 

3 The device of claim 4 wherein the housing and the piston extend 
4 substantially vertically, with the surface of the upper end of.the pist.on having 
5 a greater area that the smf'ace of the lower end of the pist.on so that the piston 
6 slides substantially downwardly in the housing. 

1 7. The device of claim 4 wherein an annulus is formed between the 
2 outer surface of the housing and the inner surface of the well, and wherein a 
3 packer extends in the annulus,·i that portion of the annulus extending between 
4 the packer and the formation zone containing fluid under pressure to normally 
5 maintain the production fluid in the formation zone, and further comprising a 
6 port defined in the w~ll of the housing to permit the latter fluid to enter the 
7 housing and act against the piston to change the differential force. 

1 8. A method for controlling the flow of production fluid from a 
2 formation zone in an oil and/or gas well to the ground surface, the method 
S comprising the steps of connecting one end of a housing to a tubing ~tring for . 
4 insertion into the well, passing well fluid from the ground surface into the one 
5 end of the housing, normally closing the other end of the housing for creating a 
6 well fluid pressure in the housing, opening the other end of the housing in 
7 response to the pressure of the well fluid in the housing exceeding a 
8 predetermined value and thus permitting the flow of production fluid from the 
9 formation zone through the housing and the tubing string and to. the ground 

10 surface. 

1 9. The method of claim 8 further comprising the steps of retaining a 
2 piston in the housing and responding t.o the pressure of the well fluid in the 
3 housing exceeding the predetermined value for sliding the piston in the housing 
4 to open the other end of the housing. 
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1 10~ The method of claim 9 wherein a plug closes the other end of the·. 
: : 

2 housing and wherein the piston fractures the plug.·.: 

1 11. The method of clailn 9 wherein ·the well fluid in the housing act.s 

2 on the respective ends: of the piston with a force corresponding to the respective 

3 ·areas· of the surfaces of the latter ends,. wherein the· area of the surface of one 

4 of the ends of the pi~t~n is greater than the area of the surface of the other end 

5 of the piston to cre~t~ a differential force, and wherein the piston slides in 

6 response to the di:fferential·force exceeding a predetermmed value. 

l 12. The method of claim 11 wherein the housing and the piston extend 

2 . substantially vertically, with the surface of the upp~r .end of the piston having 

3 a greater area that :tlie surface of the lower end of ihe piston so that the piston 

4 . slides substantially downwardly in the housing. 

1 13. The method of claim 11 further com.p:risiD.g the steps of forming an 

2 annulus between the outer surface of the housing aiid the inner surface of the 

· · 3 well, setting a packer in the annulus, maintaining J,ressurized fluid in that 

4 portion of the annulus extending between the packer and the formation zone to 

5 normally maintain the production fluid in the formation zone, and permitting 

6 the latter fluid to enter the housing and act against the piston to change the 

7 differential force. 

1 14. A method for controlling the flow of ptoduction fluid from a 

.2 formation zone in an oil and/or gas well to the ground surface, the· method 

3 comprising the steps of introducing a fluid into the well for normally preventing 

4 the flow of production fluid from the formation zone, inserting a tubing string 

5 . including a packer and a housing into the well, passing well flmd from the 

6 . ground smface into one end of the housing, closing the other end of the housing 

7 for creating a well fluid pressure in the housing to set the packer in the 

8 annulus between the tubing string and the wall of the well, increasing the 

9 pressure of the w.ell fluid in the housing sufficient to open the other end of the 
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1 housing and thus penm~ the flow of production fl~d :~~Ill the formation zone · 

2 through the housing and the tubing string and to the ground surface. 

1 15. The method of claim 14 comprising the steps of retaining a piston. 

2 in the housing, the increased-pressure well fluid in the housing releasing the 

3 piston and sliding the piston in the housing against the plug for opening the 

4 housing. 

1 16. The method of claim 15·wherein a plug closes the other end of the 

2 housing and the piston fractures the plug. 

1 17. The method of claim 15 wherein the well fluid in the housing acts 

2 on the respective ends of the piston with a force corresponding to the respective 

3 areas of the surface~ of the latter ends, wherein the area of the surface of one 

4 of the ends of the piston is greater than the area of the surface of the other end 

5 of the piston to create a differential force, and wherein the piston slides in 

6 response to the differential force exceeding a predetermined value. 

1 18. The method of claim 17 wherein the housing and the piston extend 

2 substantially vertic8lly, with the surface of the upper end of the piston having 

3 a greater area that the surface of the lower end of the piston so that the piston 

4 slides substantially downwardly in the housing. 

. B ·Replaced 
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