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This invention relates to devices for controlling the
flow of fluid under pressure and, more particularly, to
a fluid flow control device adapted to be lowered into
a well bore and used at a location therein for controlling
fluid flow in accordance with the fluid pressure at or
near such location.

The invention provides particular advantages when
applied to an arrangement suited for use .in testing zones
or formations penetrated by the bore of an oil or gas
well. The testing string lowered into the well bore
commonly includes a hollow pipe or other conduit which
extends upwardly to the surface of the ground and through
which fluid is withdrawn or conducted during the per-
formance of the testing operation, such as when the
tester valve is opened. It is desirable to control such
fluid flow in order to prevent excessive pressure, such
as pressure in the zone or formation being tested, from
causing excessive fluid flow into the hollow pipe or con-
duit.

The invention may also be applied in connection with
the lowering of a string of well apparatus including a
hollow pipe or other conduit into a well bore partially
or completely filled with fluid such as drilling mud or the
like. It is well known that the performance of the
lowering operation will oftentimes be facilitated if the
pipe or conduit is not lowered “dry.” However, where
the drilling mud or other fluid in the well bore is per-
mitted to enter the pipe or conduit during the lowering
thereof, it is desirable or necessary in many instances
to control the entry of such fluid in order to prevent
overflowing of the pipe or conduit. Also, it has been
found that by limiting such fluid entry so that the pipe
or conduit does not become completely filled, the lowering
operation may nonetheless be facilitated and the amount
of swabbing or other removal action required to sub-
sequently clear the pipe or conduit oftentimes may be
substantially reduced.

It is a general object of this invention to provide an
improved fluid flow control device of the type which is
responsive to fluid pressure, such as to the pressure of
fluid controlled thereby.

It is another object of the inveation to provide an
improved fluid flow control device useful at a location
in the bore of an oil or gas well or the like for con-
trolling fluid flow in accordance with the fluid pressure
at or near such location.

It is another object of the invention to provide an
improved fluid flow control device for limiting or pre-
venting excessive fluid flow into a pipe or conduif sus-
pended in a well bore.

It is another object of the invention to provide an
improved fluid flow control device for controlling the
entry of fluid into a pipe or conduit during the lower-
'ing thereof into a well bore partially or completely filled
with fluid.

It is another object of the invention to provide an
improved. excess-pressure valve of the shut-off type, such
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as is useful for preventing excessive fluid flow due to
changes in the pressure of the fluid controlled thereby.

It is a further object of the invention to provide an
improved valve for limiting or preventing excessive fluid
flow into a pipe or conduit lowered into a well bore, such
as may result from excessive or unexpected pressure being
encountered in a zone or formation penetrated by such'
well bore.

The invention involves the concept of a fluid flow con-
trol device or valve including a valve member which is
normally held. substantially fixed in an initial position
by a yieldable support. Such support is adapted to be
overcome upon sufficient force being applied thereto by
fiuid pressure, such as by the pressure of the fluid being
controlled. The valve member remains in its initial or
normal position until the force applied to overcome the
yieldable support reaches a predetermined value with
respect to a reference force continuously exerted there-
against independently of such fluid pressure. The ref-
erence force may be an opposing force: of relatively con-
stant value exerted by a compressible fluid .confined
in a chamber provided within the control device. If de-
sired, the reference force may be due to a vacuum-like
condition in the chamber.

In one arrangement the valve member is normally
held substantially fixed in an open position by a sup-
port which is a yieldable pin secured at one end to the
valve member and at its other end to a piston. The
piston is mounted for movement from an initial and
substantially fixed position within a chamber containing
a compressible fluid, such as air or gas, and has a
surface outside the chamber exposed to the pressure of
the fluid being controlled. Upon the force applied to the
piston by the fluid pressure outside the chamber be-
coming sufficiently greater than the force exerted there-
against from within the chamber to part or separate the
yieldable pin, the valve member is then permitted to move
from its open to its closed position.

If desired, a spring or the like may. be included for
normally urging the valve member toward its closed po-
sition, thus causing the valve to close at about the same
time that ‘the yieldable support is overcome. Also, the
piston may, if desired, have its exposed surface outside
the chamber shielded to some extent against sudden or
impact pressure due to movement of the fluid being con-
trolled, such as when it is desired to change fluid flow
as nearly as possible in response to force applied by
the hydrostatic pressure of the fluid being controlled.

The foregoing and other objects and advantages of
the invention will become more apparent from the fol-
lowing description when read in connection with the.
accompanying drawing in which similar reference char-
acters designate. similar parts and wherein:

Figure 1 is a side elevational view of a testing string
positioned within a well bore after having been lowered.
to a desired depth therein, the spring including a testing
assembly and also including one form of fluid flow con-.
trol device having the invention incorporated therein;

Figure 2 is a longitudinal cross-sectional view of a.
portion of the string of Figure 1, showing in greater de-
tail the fluid flow control device with its parts in their
initial or normal positions; 7

Figure 3 is a view similar to that of Figure 2, but
showing the fluid flow control device with its parts in
the respective positions occupied by them at a later stage
of operation; _

Figure 4 is a side elevational view' of a string of equip-
ment being lowered into a well bore partially or com-
pletely filled with fluid, the string including the equip-
ment of Figure 1 and also including an additional fluid
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flow control device of modified construction also having
the invention incorporated therein;

Figure 5 is a longitudinal cross-sectional view of a
portion of the string of Figure 4, showing in greater detail
the modified fluid flow comtrol device with its parts in
the respective positions occupied by them at one stage
of the lowering operation;

Figure 6 is a view similar to that of Figure 5, but show-
ing the modified fluid flow control device with its parts in
the respective positions occupied by them at a later stage
of the lowering operation.

Referring first to the arrangement of Figure 1, a test-
ing string 10 is there shown positioned within a well
bore I1 after having been lowered to a desired depth
therein. The string 10 is shown as including a drill pipe
12 which extends upwardly to the surface of the ground
(not shown). The string 18 also includes a testing assem-
bly 13 which may be of conventional design and, above
the assembly 13, includes a housing 14 within which is
positioned one form of fluid flow control device having
the invention incorporated therein, as will appear more
fully hereinafter.

The housing 14 is shown connected at its upper end to
the lower end portion of the drill pipe 12 and at its lower
end to the upper end portion of the testing assembly 13.
The testing assembly 13 is shown as including a packer
15 which has been set or expanded to effect a fluid-tight
seal with the wall of the well bore 11 at or near the upper
limit of a zone or formation 16 upon which the testing
operation is to be performed.

The zone or formation 16 is traversed by an anchor
pipe 17, which is threadedly or otherwise connected at
its upper end to the lower portion of the packer 15 and
has its lower end (not shown) resting on the bottom of
the well bore 1. Perforations 18 are preferably pro-
vided in the anchor pipe 17 to permit the entry thereinto
of fluid which is present in the portion of the well bore 11
below the packer 15 and perhaps also in the adjacent zone
or formation 16.

A passageway 19 extends generally lengthwise of the
entire string 18. The testing assembly 13 preferably in-
cludes a tester valve or the like, which is not shown but
may be of well known design and is adapted when closed
to prevent fluid entering the anchor pipe 17 from passing
upwardly along the passageway 19 into the portion there-
of extending through the housing 14.

Referring now to Figure 2, the passageway 19 extends
upwardly into the housing 14, which has provided there-
in a chamber 29 forming a portion of the passageway 19.
Within the chamber 20 there is positioned a hollow case
21, which is closely fitted to or, if desired, may be made
integral with a portion of the wall of the housing 14.

As illustrated, the case 21 has near the upper end
thereof a lateral protuberance or lug 22 which is shown
engaging an abutment 23 on the housing 14 and thereby
limits relative downward movement of the case 21 therein.
Sealing rings 24 or the like are preferably provided be-
tween the closely fitted portions of the housing 14 and
case 21 to prevent the passage of fluid therebetween. As
a result, fluid in the passageway 19 upon entering the
housing 24 from below is caused to pass into the hollow
case 21, which has in the wall thereof one or more lower
or inlet openings 25 communicating with the chamber 20
and one or more upper or outlet openings 26 communi-
cating with the portion of the passageway 19 above the
sealing rings 24.

The housing 14 is shown provided with external threads
27 on its lower end portion for making connection to the
testing assembly 13 or to other well apparatus and with
internal threads 28 on its upper end portion for making
connection to the drill pipe 12 or to other well apparatus.
It is apparent that the lug 22 on the case 21 will be in
engageable relation to the lower end of the drill pipe 12
upon the housing 14 being screwed thereon, the arrange-
ment being such that the lug 22 then limits or prevents

10

4
relative upward movement of the case 21 within the
housing 14. .

As illustrated, the hollow case 21 includes an inter-
mediate seat portion 29 which extends radially inward
from the wall thereof and defines a passageway or throat
38 along which fluid must travel in passing between the
openings 25 and 26. The seat portion 29 is shown con-
structed and arranged so that the throat 3¢ has its lower
end surrounded by a downwardly and outwardly tapered
seating surface 31 and has its upper end surrounded by
a vertical seating surface 32.

An upwardly closing valve member 33 is shown mount-
ed within the hollow case 21 below the seat portion 29
thereof and is adapted when closed to effect a fluid-tight
seal with the tapered lower seating surface 31. A down-
wardly closing valve member 34 is preferably mounted
within the hollow case 21 above the seat portion 29

~ thereof, as shown, and is preferably adapted when closed
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to effect a fluid-tight seal with the vertical upper seating
surface 32.

As illustrated, the upwardly closing valve member 33
includes a body 35 having a valve stem 36 screwed into
the upper end thereof. A sealing member 37, which may
be an inverted cup-type sealing ring made of rubber or
the like, encircles the stem 36 and is held in place against
the body 35 by a laterally extending ridge 38 shown pro-
vided on the stem 3§ near the upper end thereof. If
desired, the upper surface of the body 35 may be suitably
curved, as shown, or otherwise arranged so as to cause
radial expansion of the sealing ring or member 37 upon
the stem 36 being screwed farther into the body 35. This
arrangement permits adjustment of the sealing character-
istics of the valve, such as by way of compensating for
damages or changes affecting the sealing ring or member
37 or the tapered seating surface 3% engageable thereby.

The valve body 35 is shown as including a downwardly
extending portion which is encircled by a sleeve 39 hav-
ing a flange 40 extending radially inward from the upper
end thereof. A spring 41 or the like is preferably mount-
ed between the sleeve 39 and the downwardly extending
portion of the body 33 in such manner that the flange 46
is disposed between the body 35 and the upper end of
the spring 41. The lower end of the spring 41 is shown
supported by a lower abutment 42, which is secured to or
integral with the case 21. The abutment 42 is shown
provided by the upper end of a cylinder 43 which is
screwed into the lower end of the case 21.

The spring 41 is normally compressed longitudinally
between the flange 48 and the abutment 42 and thus nor-
mally urges the valve member 33 toward its upward or
closed position. However, the valve body 35 is normally
supported in its downward or open position by a yield-
able member, such as by a pin 44, which normally couples
the body 35 to a piston 45 or other movable member
mounted within the cylinder 43.

As illustrated, the pin 44 is threadedly connected at
its upper end to the lower end portion of the valve body
35 and at its lower ead to the upper end portion of the
piston 45. The piston 45 is mounted for limited relative
longitudinal movement within a chamber 46 provided
within the cylinder 43 and is shown in Figure 2 in its
normal or uppermost position therein, with a dowawardly
facing surface 47 on the wall of the cylinder 43 near the
upper end thereof engaging a portion of the upper end of
the piston 45, such as along the periphery or outer edge
thereof,

The arrangement is such that the piston 45 and perhaps
structure secured thereto, such as the flanged portion
438 of the pin 44, has at least a portion of its upper surface
exposed to the pressure of fluid thereabove in the hollow
case 21 To this end, one or more perforations 49 may
be provided in the sleeve 3% to permit a portion of the
fluid entering the case 21 through, for example, its lower
or inlet openings 25, to contact the exposed upper surfaces
of the piston 45 and the flanged portion 48 of the pin
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44. Sealing rings 50 or the like are preferably provided
between the piston 45 and the wall of the cylinder 43
to isolate the chamber 46 frcm this fluid. )

The chamber 46 may contain a compressible fluid,
such as air or gas. This fluid is supplied to the chamber
46 prior to making up the string 19, such as by introduc-
ing the fluid through the lower end of the cylinder 43
after removing a cap or plug 51 which is normally screwed
therein.

The compressible fluid may be at atmospheric pressure
or at a higher or lower pressure, but in any event the pres-
sure thereof should be substantially independent of the
fluid pressure acting downwardly on the piston 45, as
aforesaid. Since the chamber 46 is isolated, such as by
the sealing rings 3¢ and the plug 51, from the fluid con-
trolled by the valve member 33, the force exerted on the
piston 45 from within the chamber 46, which is in effect
a reference force, remains at a value which is relatively
constant and does not vary appreciably, if at all, upon
variations occurring in the pressure of the fluid being con-
trolled.

As illustrated, the downwardly closing valve member
34 is an elongated body having a lower vertical surface
52 which is adapted to closely engage the vertical seating
surface 32 on the case 21 when the member 34 is in its
downward or at rest position therein. - Sealing .rings 53
or the like are preferably provided between the engage-
able surfaces 32 and 52 so that a fluid-tight seal is effected
and the upper end of the throat 30 is normally closed, as
shown in Figure 2.

In order to limit relative downward movement of the
valve member 34 within the case 21, there is shown pro-
vided on the seat portion 29 an upwardly facing abutment
54 which is adapted to engage a downwardly facing abut-
ment 55 provided on the member 34 near the lower end
thereof. Relative upward movement of the valve mem-
ber 34 within the case 21 may be limited by a yieldable
split-type snap ring 56 which is shown encircling the
member 34 and mounted within an inner annular recess
57 provided in the wall of the case 21 near the upper end
thereof. If desired, the upper limit of the recess 37 may
be defined by a bushing 58 or the like, which is shown
encircling the valve member 34 and screwed into the
upper end of the case 21.

1t will be noted in Figure 2 that the snap ring 56
is norimally supported by the valve member 34 in its
expanded position within the recess 7. Upon the valve
member 34 being moved upwardly within the case 21, the
snap ring 56 registers with a groove 59 extending periph-
erally about the member 34, whereupon the ring 56 then
compresses to a position (see Figure 3) in which it is en-
gageable both with the walls defining the upper and lower
limits of the recess 57 and those defining the corresponding
limits of the groove 59. The arrangement is such that the
valve member 34 upon reaching its upward or open posi-
tion within the case 21 becomes supported by the snap
ring 56 against substantial further longitudinal movement
therein.

In the performance of a testing operation using the
arrangement of Figure 1, the string 19 is ordinarily low-
ered into the well bore 11 with the packer 15 in its
relaxed or unexpanded position and with the tester valve
closed. Upon the string 18 reaching a desired location
in the vicinity of the zone or formation %6 to be tested,
the packer 15 is moved to its set or expanded position,
as shown in Figure 1 and the tester valve is then opened.

Prior to the tester valve being opened, the parts mounted
within the housing 14 are in the respective positions
shown in Figure 2. Thus, the valve members 33 and 34
are then in their normal or downward positions, that is,
the member 34 is in its closed position and the member
33 is supported in its open position by the yieldable pin
44, as hereinbefore described.

During the lowering of the string 19 fluid such as water.
or drilling mud in considerable quantities may be pres-

6

ent in the portion of the passageway 19 above the housing
14 The primary purpose of the normally closed valve
member 34 is to prevent. pressure surges within. the case
21 due to movement of this fluid, such as may be caused
by sudden changes in the rate of lowering of the string
10. Thus, there is in effect provided a protective valve
which may not be required in certain operations. It is
understood that any of various equivalent and equally

_ suitable protecting valve arrangements may be employed

10

in lieu of or in addition to that shown. For example,
the tester valve commonly included in the testing assem-
bly 13 functions when closed as a protective valve which
prevents pressure surges within the case 21 due to move-

~ ment of fluid in the portion of the passageway 19 there-
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below.

Upon the tester valve being opened, fluid entering the
anchor pipe 17, such’ as through its perforations 18, is
then permitted to pass upwardly along the passageway 19
into the chamber 2§ within the housing 14 and thence into
the case 21 through its inlet openings 25. The fluid upon
entering the case 21 contacts the lower surface of the
valve member 34 and the upper exposed surfaces of the
piston 45 and the pin 44 secured thereto.

The valve member 34 is free to move upwardly within
the case 21 and will ordinarily move to its upward or
open position therein, as shown in Figure 3, when force is.
initially applied thereto upon fluid entering the throat 30.
following the opening of the tester valve., Thereafter the

_ valve member 34 is supported by the snap ring 56 in its
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upward or open position, as hereinbefore described, and
fluid communication is thus provided in either direction
between the openings 25 and 26 of the case 31, permit-
ting the testing and perhaps other well operations to be
thereafter carried out in accordance with the -usual
practices.

The pressure of the fluid in the case 21 contacting,
the upper exposed surfaces of the piston 45 and pin 44
applies thereto a force which tends to move the piston
45 downwardly within the cylinder 43. Where the cham-
ber 46 within the cylinder 43 contains a compressible
fluid, such as air or gas, this fluid resists downward
movement of the piston 45 and, in effect, exerts an op-
posing upwardly acting force against the lower surface
of the piston 45. Where there is a vacuum-like condi-
tion in the chamber 46, such condition will itself tend to.
cause the piston 45 to move downwardly, in which event.
the downwardly aciing force applied by the pressure of
the fluid in the case 21 will be additive thereto, further.
increasing the tendency of the piston 45 to move down-
wardly.

Such downward movement of the piston 45 tends to.
move the valve body 35 in a downwardly direction- with-
in the case 21. However, the sleeve 32 in cooperation.
with the abutment 42 limits such downward movement.
of the valve body 35. Thus, as the piston 45 moves dowa-
wardly, the pin 44 normally coupling together the piston
45 and valve body 35 is subjected to force acting in a
direction such as to cause elongation and eventual sep-
aration thereof.

It is apparent that the force exerted on the piston 45
from within the chamber 46 is applied independently of
the pressure.or flow of the fluid along the passageway 19
and through the case 21. Accordingly, the resulting
force tending to part or separate the pin 44 is substan-
tially determined by the pressure of the fluid at a loca-
tion within the case 21, that is, by the pressure of the
fluid contacting the upper exposed surfaces of the piston
45:and pin 44.

In the arrangement shown such exposed surfaces are
shielded-to some extent from sudden or impact forces due
to-movement of fluid between the openings 25 and 26
in the case.21." For one thing, the surfaces are shown
disposed in the case 21 below the lowest of such open-
ings: 25 and 26.. Also, the sleeve 39 with its perfora-
tions 49 is: constructed and arranged so as to act some-



2,019,709.

7

what as a “baffle” which reduces turbulence therewithin
due, for example, to sudden surges of fluid into the case
21.

The pin 44 may be made of any of various suitable
materials, such as metal or the like. Excellent results
have been obtained using pins made of annealed yellow
brass, which appears to have a relatively consistent com-
position and high elongation characteristics. In actual
tests it has been found that the value of fluid pressure re-
quired in order to apply sufficient force to part or sep-
arate pins so constructed can be predicted with a high
degree of accuracy. For example, in one series of tests
using annealed yellow brass pins of varying sizes, the pins
were overcome at measured pressures deviating from a
minimum of 0% to a maximum of 5% with respect to the
predicted pressure.

For any particular application the pin 44 is preferably
selected so that it does not part or separate and, accord-
ingly, the valve member 33 does not move to its upward
or closed position, unless there occurs excessive fluid
pressure which is likely to cause excessive fluid flow into
the portion of the passageway 19 extending through the
drill pipe 12. For example, the pin 44 may be selected
so that it parts or separates only if the formation pres-
sure causing fluid to flow upwardly along the passageway
19 is or becomes of such value as to be likely to cause
the well to “blow-out” or to otherwise interfere with the
performance of the testing operation.

In any event the arrangement is such that the pin 44
is overcome when the pressure of the fluid in contact
with the upper exposed surfaces of the piston 45 and pin
44 applies thereto a predetermined force with respect to
the force, which is in effect a reference force of relatively
constant value, exerted on the piston 45 from within the
cylinder 43.

Upon the pin 44 being thus overcome, the normally
compressed spring 41 is permitted to expand longitudinally
and thereby move the valve member 33 upwardly within
the case 21, thus effecting a fluid tight seal between the
sealing member 37 and the surface 31 and thereby pre-
venting further fluid flow in an upwardly direction through
the case 21 into the upper portion of the passageway 19.
However, fluid may thereafter be caused to flow 'in a
downwardly direction through the case 21 by pumping
or otherwise applying sufficient force thereto to overcome
the spring 41, such as in carrying out a subsequent well
operation. Upon the string 10 being withdrawn from the
well bore 11 and disassembled, such as upon completion
of the testing operation, the pin 44 should be replaced
and the valve members 33 and 34 returned to their nor-
mal or downward positions within the case 21 prior to
using the apparatus in another well operation.

Referring now to the arrangement of Figure 4, an
equipment string 19 is there shown during the lowering
thereof into a well bore 11’ substantially filled with a
fluid 60, such as drilling mud or the like. The string 10"
is shown as including a drill pipe 12¢ which extends up-
wardly to the surface of the ground (mot shown) and
may be identical to the pipe 12 of Figure 1. The string
19’ also includes a housing 14’ shown secured at its up-
per end to the lower end portion of the drill pipe 12«¢
and at its Jower end to a tubing or pipe 12b, which may
be a section of the drill pipe 12 of Figure 1.

Below the pipe 125, the string 10’ is shown as includ-
ing the housing 14, testing assembly 13, and associated
structure hereinbefore described with reference to Fig-
ures 1 to 3, inclusive. It is understood that the string
10’ may include various apparatus in addition to or other
than that shown.

A passageway 19’ extends generally lengthwise of the
entire string 10’ and includes portions of the passageway
19 of Figures 1 to 3, inclusive, insofar as the structure
of the strings 10 and 10’ are alike. Within the housing
14’ there is positioned another form of fluid flow con-
trol device having the invention incorporated therein,
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such device being primarily for the purpose of controlling
the entry of the fluid 66 into the portions of the passage-
way 19 extending through the pipes 12a and 125 during
the lowering of the string 10°.

Referring now to Figure 5, the housing 14’ is shown as
having a lateral passageway 61 in the wall thereof and
a central bore 62 which extends downwardly from the
upper end thereof. Within the bore 62 there is posi-
tioned a hollow case 21’, which is closely fitted to or, if
desired, may be made integral with a portion of the wall
of the housing 14’.

The passageway 19’ is shown as extending upwardly
from the lower end of the housing 14’ into the bore 62,
which forms a portion thereof, then along the wall of
the housing 14’ into the upper portion thereof, and thence
into the drill pipe 124 when the housing 14’ is secured
thereto (see Figure 4). Sealing rings 24’ or the like are
preferably provided between the closely fitted portions
of the housing 14’ and case 21’ to prevent the passage
of fluid therebetween.

The hollow case 21’ has in the wall thereof one or more
lower or inlet openings 25’ which communicate with
the lateral passageway 61 provided in the wall of the
housing 14’. Unlike the inlet openings 25 in the ar-
rangement hereinbefore described with reference to
Figures 1 to 3, inclusive, the inlet opening 25’ does not
communicate with the passageway 19’ except through
the hollow case 21’, as will appear more fully herein-
after.

The hollow case 21 also has in the wall thereof one or
more upper or outlet openings 26’ which communicate
with the upper portion of the passageway 19, that is,
with the portion thereof above the valve member 34
mounted within the housing 14 (see Figures 2 and 4).

The housing 14’ is shown provided with external
threads 27’ on its lower end portion for making connec-
tion to the pipe %26 or to other well apparatus and with
internal threads 28’ on its upper end portion for making
connection to the drili pipe 12a or to other well appara-
tus.

As illustrated, the case 21’ has near the upper end there-
of a lateral protuberance or iug 22’, which is shown en-
gaging an abutment 23’ on the housing 14’ and thereby
limits relative downward movement of the case 21’ there-
in. Tt will be noted that the lug 22’ will be in engageable
relation to the lower end of the drill pipe 124 upon the
housing 14’ being screwed thereon. Thus, the lug 22’
limits or prevents relative upward movement of the case
21" within the housing 14’ upon the string 10’ being as-
sembled or made up.

The case 21’ is shown as including an intermediate seat
portion 29" which extends radially inward from the wall
thereof and defines a passageway or throat 38’ along
which the fluid 69 entering the housing 14’ through the
lateral passageway 61 must pass in order to reach the
outlet openings 26" and the upper portion of the passage-
way 19’ communicating therewith. The seat portion 29"
is shown constructed and arranged so that the throat 3¢’
has its lower end surrounded by a downwardly and out-
wardly tapered seating surface 31’, which may be identi-
cal to the surface 31 hereinbefore described with refer-
ence to the arrangement of Figures 1 to 3, inclusive. Ad-
ditionally, the seat portion 29’ is shown constructed and
arranged so that the throat 39’ has its upper end sur-
rounded by an upwardly and outwardly tapered seating

_surface 63.

An upwardly closing valve member 33’ is shown
mounted within the hollow case 21’ below the seat por-
tion 29’ thereof and is adapted when closed to effect a
fluid-tight seal with the tapered lower seating surface 31’
(see Figure 6). The valve member 33’, together with
the associated structure contained within the case 21
below the seat portion 29, may be identical to the valve
member 33 and corresponding associated structure here-
inbefore described with reference to the arrangement of
Figures 1 to 3 inclusive, with the exception, as herein-
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before indicated, that the Jower or inlet opening 25° of the
case 21’ communicates directly through the- lateral pas-
sageway 61 with the annular space surrounding the hous-
ing 14’ rather than with the passageway 19’. The parts
of this structure: are respectively designated in Figures
5 and 6 by primed numerals similar to those used to
designate the same parts in Figures 2-and 3.

A downwardly closing valve member 64 is preferably
mounted within the hollow case 21’ above the seat por-
tion 29" thereof. The valve member 64 may be a ball-
shaped member, as shown, which is adapted when closed
(see-Figure 6) to effect a fluid-tight seal with the tapered
upper seating surface 63.

As illustrated; the ball valve member 64 is enclosed
within a cage 65 which is screwed into the hollow case
21’, forming an upper extension thereof. The cage 65
is-shown as having the outlet openings 26’ provided in
the side-wall’ thereof- and also as having a central open-
ing- 66 provided-in the upper wall thereof. The central
opening- 66 is-surrounded by a downwardly facing sur-
face 67 which is adapted to engage the ball valve member
64 and limit relative upward movement thereof within
the cage 65.

During the lowering of the string 10’ of Figure 4 into
the well bore 11’, the packer-15 is in its relaxed or un-
expanded position, as shown, and the tester valve is ordi-
narily- closed, so-that any of-the fluid 60 then entering
the-anchor ‘pipe 17, such as through its perforations 18,
is not permitted to pass upwardly along the passageway
19’ into the lower housing 14. Accordingly, none of the
fluid 60 entering the anchor pipe 17 is then permitted
to enter the- portion of the passageway 19’ extending
through the upper housing 14’ and the pipes 124 and 125.

However, a portion of the fluid ‘60 is permitted to enter
the upper-housing 14’ through its lateral passageway 61
as the string 10’ becomes submerged therein. Since the
inlet opening 25 of the case 21’ communicates with the
passageway 61, the fluid 60 thus is permitted to enter the
case 21’ where it ‘contacts the lower surface of the ball
valve member 64 and the upper exposed surfaces of the
piston 45’ and pin 44’.

The ball valve member 64 is free to move within the
cage 65 and upon being contacted by the fluid 60 will
ordinarily move to an upward or open position therein,
as shown in-Figure 5, thus permitting the fluid 60 to pass
through the outlet openings 26’ into the passageway 19’.
It will be noted that the ball valve member 64 in co-
operation with the seating surface 63 provides in effect
a one-way:check valve which opens automatically upon
the «upwardly . acting force applied thereto by the fluid
pressure in the case 21’ becoming sufficiently greater than
any -downwardly acting force applied thereto by fluid
pressure thereabove in the passageway 19’. However, if
at any time such upwardly acting force becomes insuffi-
cient with respect to such downwardly acting force to
hold -or ‘maintain the ball valve- member 64 in an open
position; the check valve closes and thereby prevents re-
turn of the-fluid 60-into the portion of the case 21’ com-
municating with the annular space surrounding the hous-
ing 14'.

As the string 16" moves downwardly within the well
bore 11’ and thus becomes submerged deeper into the
~ column of fluid 60, an increasingly larger portion of the
- fluid -column appears above the upper exposed surfaces
of the piston 45” and pin 44’ mounted within the case 21’.
As a result, the downwardly acting force applied to such
surfaces by the pressure of the fluid 69 becomes increas-
ingly larger, while the reference force exerted on the
piston 45’ from within the chamber 46’ remains at a rela-
tively constant value.

Accordingly, during the -lowering of the string 10’
there is applied to the piston 45’ a resulting force of in-
creasingly larger value in a direction such as to cause
relative downward movement' thereof within the cylin-
der 43’. As hereinbefore described with reference to.the
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arrangement of Figures 1 to 3, inclusive, the pin 44’ parts
or separates, permitting the spring 41’ to move the valve’
member 33’ to its upward or closed position, as shown in
Figure 6, upon the downwardly acting force applied to
the upper exposed surfaces of the piston 45” and pin 44’
reaching a predetermined value with respect to the refer-
ence force exerted on the piston 45’ from within the
chamber 46’.

Where the column of fluid 68 is of relatively uniform
consistency so that its density does not vary appreciably
throughout the length- thereof, it is possible for the pin
44’ to be selected so that the valve member 33’ remains’
in its downward or open position, permitting the fluid 60
to enter the upper portion of the passageway 19’, as
aforesaid, until such time as the string 18" reaches any of
a variety of selected depths below the surface of the col-
umn of fluid 66. Thus, the amount of fluid 60 entering
the pipes 12¢ and 12b may be limited or controlled so
that the lowering of. the string 10’ is facilitated without
the likelihood of the pipe 12a overflowing, at the same
time keeping at a minimum the amount of swabbing or
other removal action required to subsequently remove
the fluid 69 from the passageway 19’, such as during or
prior to performing a testing or other well operation.

It will be noted that the passageway 19’ in effect by-
passes the hollow case 21’ mounted within the housing
14’. The arrangement is such that upon the string 10’
reaching a desired -depth in the well bore 11’, the valve
members 33’ and 64 will both ordinarily be closed, as
shown in Figure 6, so that the passageway 19’ is then
isolated from any fluid present in the annular space sur-
rounding the housing 14’, thus allowing testing or other
well operations to be thereafter carried out in the usual
manner.

It will be appreciated by those skilled in the art that
the invention as herein disclosed may be applied to other
arrangements than those illustrated. Also, various modi-
fications of the arrangements shown within the spirit of
the invention will now present themselves. Accordingly,
the invention is best defined by the scope of the appended
claims.

What is claimed is:

1. In . a fluid flow control device, the combination of
means forming a passageway for fluid under pressure,
valve means in an initial and substantially fixed posi-
for controlling fluid flow therein, means forming a cham-
ber within said -device remote from said passageway, a
member mounted for movement within said chamber
having a surface exposed to the pressure of fluid in said
passageway, yicldable means normally interconnecting
said movable valve means and member, and means in-
cluding said yieldable means for normally holding said
valve means in an additional and substantially fixed posi-
tion with respect to said passageway and said member in
an initial ‘and substantially fixed position within said
chamber, said yieldable means being adapted to be over-
come upon the pressure of fluid in said passageway caus-
ing sufficient force to be applied to said member to change
the position of said member within said chamber, where-
by said valve means is then no longer held in its initial
position with respect to said passageway.

2. The invention as claimed in claim I, including means
for normally urging said valve means away frem its initial
position, whereby said valve means automatically changes
the flow of fluid in said passageway upon said yieldable
means being overcome.

3, The invention as claimed in claim 1, including means
for shielding said member from sudden forces resulting
from sudden changes in the pressure of fluid in said pas-
sageway.

4, The invention as claimed in claim 1, wherein said

- vieldable means is selected to be overcome upon the force

75

applied. to-said member due to the pressure of fluid in
said passageway reaching a predetermined value with re-
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spect to any force exerted thereon from within said
chamber.

5. In a fluid flow control device, the combination of
means forming a passageway for fluid under pressure,
valve means inciuding a valve member mounted for
movement within said passageway for controlling fluid
fiow therein, means forming a chamber within said de-
vice remote from said passageway, a piston-like member
mounted for limited movement within said chamber and
being movable from an initial position therein in response
to the pressure of fluid in said passageway, yieldable
means normally interconnecting said movable valve and
piston-like members, and means including said yieldable
means for normally holding said valve member in an
initial and substantially fixed position within said passage-
way and said piston-like member substantially fixed in its
initial position within said chamber, said yieldable means
beng adapted to be overcome upon the pressure of fluid
in said passageway becoming sufficient to change the posi-
tion of said piston-like member within said chamber,
whereby said valve member is then no longer held in its
initial position within said passageway.

6. The invention as claimed in claim 5, including
means for normally urging said valve member in a direc-
tion away from its initial position within said passageway
whereby the flow of fluid therein changes automatically
upon said yieldable means being overcome.

7. In a fluid flow control device, the combination of
means forming a passageway for fluid under pressure,
valve means movable with respect to said passageway for
controlling fluid flow therein, means forming a chamber
adapted to confine a compressible fluid isolated from
fluid in said passageway, a member mounted for limited
movement within said chamber and having a surface
outside said chamber exposed to the pressure of fluid
in said passageway, yieldable means normally intercon-
necting said movable valve means and member, and
means including said yieldable means for normally
holding said valve means in an initial and substantially
fixed position with respect to said passageway and said
member in an initial and substantially fixed position
within said chamber, said yieldable means being adapted
to be overcome upon movement of said member from
its initial position due to the force applied thereto by
the pressure of fluid in said passageway reaching a pre-
determined value with respect to any force exerted
thereon by the pressure of fluid within said chamber,
whereby said valve means is then no longer held in its
initial position with respect to said passageway.

8. In a fluid flow control device, the combination of
means forming a passageway for fluid under pressure,
a valve member mounted for movement from an initial
position within said passageway for controlling the flow
of fluid therethrough, means forming a chamber within
said device isolated from fluid in said passageway, a pis-
ton-like member mounted for limited movement within
said chamber from an initial position therein and having
a surface outside said chamber exposed to the pressure
of fluid in said passageway, a yieldable pin normally in-
terconnecting said valve member and said piston-like
member, abutment means between said passageway and
chamber, and means including said yieldable pin and
abutment means for normally helding said members
substantially fixed in their respective initial positions,
said yieldable pin being adapted to part and thereby sepa-
rate said members upon the pressure of fluid in said
passageway applying sufficient force to said piston-like
member to change the position thereof within said cham-
ber, whereby said valve member is then no longer held
in its initial positicn.

9. The invention as claimed in claim 8, including
means for at least partially shielding the surface of said
piston-like member exposed outside said chamber from
sudden forces due to sudden changes of the pressure of
fluid in said passageway,
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10. The invention as claimed in claim 8, including
means for normally urging said valve member in a di-
rection away from its initial position within said passage-
way whereby the flow of fluid therein changes auto-
matically after said yieldable pin is parted and said
members are separated.

11. In a fluid flow control device, the combination
of means forming a passageway for fluid under pressure,
an upwardly closing valve member mounted for move-
ment within said passageway to change the flow of fluid
therein, means below said valve member and remote
from said passageway forming a chamber adapted to con-
fine a compressible fluid, a piston-like member mounted
for downward movement within said chamber to com-
press fluid confined therein and having an upper sur-
face exposed to the pressure of fluid in said passage-
way, vieldable means normally interconnecting said
members, abutment means between said passageway and
chamber for limiting downward movement of said valve

ember and upward movement of said piston-like mem-
ber, whereby said valve member is normally held sub-
stantially fixed in its downward position and said piston-
like member is normally held substantially fixed in its
upward position, said yieldable means being adapted to
be overcome upon the force applied to the upper sur-
face of said piston-like member due to the pressure of
fluid in said passageway becoming sufficient to move said
piston-like member to a downward position within said
chamber, whereby said valve member may then be moved
upwardly to its closed position.

12. The invention as claimed in claim 11, including
means for normally urging said valve means upwardly
toward its closed position.

13. The invention as claimed in claim 11, wherein
said yieldable means is selected to be overcome upon
the force applied by fluid pressure in said passageway
to the upper surface of said piston-like member reach-
ing a predetermined value with respect to the force
exerted thereon by fluid pressure within said chamber.

14. A fluid flow control device comprising a case hav-
ing inlet and outlet openings and a passageway for con-
ducting fluid under pressure between said openings,
means within said case and between said inlet and out-
let openings forming upper and lower valve seating sur-
faces surrounding said passageway, a downwardly clos-
ing valve member normally engaging said upper seating
surface and adapted to move upwardly therefrom in re-
sponse to force applied by the pressure of fluid in said
passageway, an upwardly closing valve member mounted
within said case below said lower seating surface and
adapted to move upwardly into engagement therewith,
means for normally urging said upwardly closing valve
member toward said lower seating surface, means within
said case below said upwardly closing valve member
forming a chamber isolated from said passageway and
adapted to confine a compressible fluid, a piston-like
member mounted for downward movement within said
chamber and having an upper surface exposed to the
pressure of fluid in said passageway, abutment means
between said passageway and chamber for limiting down-
ward movement of said upwardly closing valve member
and upward movement of said piston-like member, and
a yieldable pin secured at its upper end to said up-
wardly closing valve member and at its lower end to
said pistcn-like member for normally supporting said
upwardly closing valve member in an open position and
said piston-like member in its upward position within
said chamber, said yieldable pin being adapted to part
and thereby permit said upwardly closing valve mem-
ber to move to its closed position upon the force ap-
plied by fluid pressure in said passageway to the upper
surface of said piston-like member reaching a prede-
termined value with respect to any force applied to said
piston-like member from within said chamber.

15. A fluid flow control device as claimed in claim
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14 including means for supporting said downwardly clos-
ing valve member in its open position upon said mem-
ber being moved upwardly to such position by force ap-
plied due to the pressure of fluid in said passageway.

16. A fluid flow control device as claimed in claim
14 including perforated shielding means disposed within
said case between said upwardly closing valve member
and said piston-like member for at least partially isolat-
ing the upper surface of said piston-like member from
sudden forces due to sudden changes of the pressure
of fluid in said passageway.

17. A fiuid flow control device as claimed in claim
14, wherein said piston-like member is disposed within

10

14
said case below the lowest of said inlet and outlet
openings.
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