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ABSTRACT

An automatic release valve assembly for a bumper spring, comprising a hollow
cylindrical valve seat sleeve having a plurality of flow ports and flow passages disposed in
the sidewalls thereof; a valve ball sized to engage by contact with a robust valve seat; a
multiple coil spring disposed over the sleeve portion of the valve seat sleeve; wherein the
valve seat sleeve, ball, and coil spring are enclosed within a hollow cylindrical housing. The
housing includes within its bore a central region of a plurality of parallel, elongated and
interleaved grooves and ridges to permit released fluid to flow and to stabilize the operation

of the valve assembly.
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AUTOMATIC RELEASE VALVE FOR BUMPER SPRING

FIELD AND BACKGROUND

The present invention generally relates to tools for use in oil and gas well operations,

and more particularly to improvements to bumper spring tools for use in oil and gas wells.

A newly drilled and completed well typically has enough pressure within the
formation to cause liquids in the formation and the well to flow to the surface without aid.
Over time, however, as the well’s production volume and bottom-hole pressure decline the
liquids fall back on the perforations - the passages into the formation - thus creating what is
called a “loaded well” condition. In this condition the well no longer has sufficient pressure to

cause the liquids to flow to the surface without some artificial lift.
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A plunger lift is a type of artificial lifting device utilized in oil and gas wells to
efficiently unload liquids. The system usually requires no external energy to provide the
necessary pressure to lift the liquids to the surface, instead relying on the residual pressure in
the well to lift the plunger. The gas-to-liquid ration required varies depending on many
conditions. The common rule of thumb used in the industry is 300 to 400 scf per barrel per

1000' of depth.

A conventional plunger lift system for controlling production typically comprises the
following structures. A well is formed by a casing that lines the well. Within the casing is a
tubing string that lines the well bore through which oil or gas is produced from a formation
through perforations. Within the well bore is a bumper spring assembly resting in a seating
nipple or, alternatively, in a tubing or collar stop or hold down device as used in lieu of a
seating nipple. A lift or bypass plunger, shown traveling upward under the pressure of the
fluids and/or gas in the well bore, pushes or lifts a “slug” of fluid ahead of it. The weight of
the fluid that lift or bypass plunger may lift depends on a variety of factors. Thus, it is
important that other devices used in conjunction with bumper springs and lift plungers be
appropriately matched to utilize the capabilities of all components in the downhole “system”
so that they operate together for maximum efficiency and reliability. A typical well also
includes the wellhead apparatus disposed on the surface of the earth for directing the

production of the well to appropriate receptacles or pipelines.

A bumper spring assembly is a tool that is typically placed in a seating nipple at the
lower end of the tubing in the well to absorb the momentum of the bypass or lift plunger as
it reaches the seating nipple, thereby protecting the seating nipple from damage.
Structurally, most bumper springs comprise a shaft or mandrel, a head piece at the upper end
and a cage attached to the lower end. The head piece and cage are typically threaded onto
the mandrel and secured with a pin to prevent the rotation of the end piece with respect to
the mandrel so that the bumper spring does not become disassembled. Other methods to

prevent loosening of the end pieces include welding and lock nuts.
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In a typical well fluids may accumulate above the bumper spring assembly and
impede production. The use of a ball-and-seat valve at the bottom of the well that opens
during production flow but lacks the capability to release fluids above it when production
ceases is one such example. Another example is to provide bypass relief around the ball-
and-seat portion of the valve by notching the valve seat so that some of the fluid will always
seep back into the formation during a close cycle. The only control of such method is the
size of the notches in the valve seat, which is a poor compromise of valve effectiveness at

best because it allows no control over the rate of flow during the release phase.

Some control may be provided by adding a coil spring below the ball-and-seat valve
that compresses somewhat in response to fluid accumulation above the valve. When the
accumulated fluid exceeds the tension in the spring, the valve opens to release fluid into the
formation. A disadvantage of this type of assembly is that lack of a sleeve to stabilize the
spring exposes the spring, which may typically be a wave spring - a coil spring wound of
flat spring stock, to strong forces during production that may damage the spring. This lack
of protection for the spring subjects the spring to reduced effectiveness in controlling release
of accumulated fluids. Further, if the spring fails or collapses due to damage, there is no
control of fluid release when production flow ceases. Other release valve assemblies
include a sleeve inside the coil spring to stabilize it when the valve is open, and an O-ring
around a floating valve seat to stabilize and seal the motion of the seat along the sleeve.
While some protection and efficiency is gained, the release control is limited and the spring
may still be subjected to severe forces. Moreover, the spring remains subject to failure from

debris accumulation (e.g., sand and other solid matter).

Accordingly there is a need for an improved automatic release valve mechanism that
provides both efficient automatic control of the release function and structural durability

during use in the severe downhole environment.
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SUMMARY OF THE INVENTION

Accordingly there is provided an automatic release valve assembly for a bumper
spring, comprising a hollow cylindrical valve seat sleeve having a head end and a tail end
with a valve seat formed at the head end and a sleeve portion formed at the tail end of the
valve seat sleeve; a valve ball sized to engage by contact with the valve seat; a multiple coil
spring disposed over the sleeve portion of the valve seat sleeve; and a cylindrical housing
formed with a bore therethrough for enclosing the assembly of the valve seat sleeve, the
valve ball, and the multiple coil spring; wherein the housing includes a region of a plurality
of parallel, elongated and interleaved grooves and ridges formed within ; and wherein the
housing further includes first and second threaded ends thereof for engaging connecting

threads respectively of a bumper spring cage and a bumper spring hold down.

In one aspect the elongated flow grooves are formed to a first inside diameter

interleaved with parallel elongated ridges machined to a second, lesser inside diameter of the

splined bore.

In other aspects, the automatic release valve assembly includes (a) flow ports and
flow passages formed in the head end and the sleeve portion at the tail end respectively of
the valve seat sleeve; (b) the valve seat is formed to a spherical profile to match the shape of
the ball valve; (c) the coil spring is a wave spring formed to a predetermined spring
constant; (d) the inner bore of the cylindrical housing includes a plurality of parallel,
elongated and interleaved grooves and ridges; and (e) the cylindrical housing includes
threads at each end for connection to a bumper spring cage and to a bumper hold down

device.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a perspective exploded view of an automatic release valve

assembly according to one embodiment of the present invention;

Figure 2 illustrates a side view of the components of the embodiment of Figure 1

along a longitudinal axis;
Figure 3 illustrates a cross section view of the embodiment shown in Figure 2;

Figure 4 illustrates a cross section view of the assembled release valve in situ within
a well tubing and connected between a bumper spring cage and a bumper spring hold down

device, with the automatic release valve in a closed position; and

Figure 5 illustrates the embodiment of Figure 4 with the automatic release valve in

an open position.
DETAILED DESCRIPTION OF THE INVENTION

In an advance in the state of the art, the automatic release valve assembly of the
present invention solves the aforementioned problems of efficiency and durability. The
structural assembly includes a housing to support and contain the valve assembly and
provide protection from debris suspended and carried by the fluids. Several flow relief
features are provided in the internal sleeve to enhance fluid flow through the valve and
internal sleeve assembly during flow release, thus bypassing much of the fluid flow that
would otherwise attempt to flow through the coils of the spring. These features provide a
substantial improvement in efficiency because of the increase flow capability. A wave or
coil spring may be used to control fluid release. The tension in the spring may be controlled

by setting the spring constant to a predetermined specification or by the use of a spacer to
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adjust the installed length of the spring. Either of these methods may be used to calibrate
the valve opening for release of fluid into the formation in a variety of fluid accumulations
and to hold the valve closed to support fluid above the valve as long as the weight of the

accumulated fluid is within the ‘hold’ range of the release valve.

This novel and durable combination of features cooperates to provide reliable
automatic control of the release of fluids into the formation and suspend the release until the
accumulation threshold is exceeded and the release flow resumes. As will be described, the
automatic release valve assembly is enclosed in a protective housing that is threadably
connected between the bumper spring cage and a hold down device at the bottom of the
well. As thus disposed, the valve is positioned for maximum effectiveness and durability,
while controlling the amount of fluid that a traveling plunger is designed to lift to the

surface.

Figure 1 illustrates a perspective exploded view of an automatic release valve
assembly 10 according to one embodiment of the present invention. The valve assembly 10
includes a housing 12, a valve seat sleeve 14, a valve ball 16, and a coil spring 18,
preferably a wave spring formed of edge-wise wound coils of flat spring stock to a
predetermined spring constant. The valve seat sleeve may be a one piece component having
a head end formed with a ball valve seat and a tail end formed as a sleeve. The valve
assembly 10 may include a spacer 30 to be described in Figure 2. The valve seat sleeve 14
includes a plurality (preferably three) of round flow passages 20 disposed around the
circumference of the head end sidewall of the valve seat sleeve 14. These three round flow
ports 20 may include chamferred edges or ingress ramps 21 machined into the leading edge
of each round flow port 20. The valve seat sleeve 14 may preferably be formed as a one-
piece hollow cylindrical unit that further includes a plurality (preferably six) oval flow
passages 22 disposed around the circumference of the sidewall of the valve seat sleeve 14.
The oval flow passages 22 may include chamferred edges (not shown) machined into the

outer edge of each oval flow passage 22. The housing 12 includes external threads 24 at a
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first end for threadably connecting to the lower end of a bumper spring cage 102 (See Figure
4). The housing 12 further includes internal threads 26 at the second end thereof for
threadably connecting to the upper end of a hold down device 104 (See Figure 4). In the
following figures, reference numbers that appear in more than one figure identify the same

structural feature.

Figure 2 illustrates a side view of the components of the embodiment of Figure 1
along a longitudinal axis. The components shown include the housing 12, the valve seat
sleeve 14, the valve ball 16, the wave spring 18 and the spacer 30. The spacer 30 may be
varied in thickness to adjust the tension in the wave spring 18 to suit a particular application
or conditions of use. The housing 12 includes external threads 24 at the end for connecting
to a bumper spring cage 102 and internal threads 26 for connecting to a hold down device
104. The valve seat sleeve 14 is shown with chamferred relief ports 20 (with chamferring

21) and the oval flow ports 22 in the side walls of the valve seat sleeve 14.

Figure 3 illustrates a cross section view of the embodiment shown in Figure 2. The
additional features of this cross section view include the internal structure of the housing 12
and the valve seat sleeve 14. The internal bore 38 of the housing 12 includes a series of
grooves 40 interleaved with a series of ridges 42 surrounding the internal bore 38 of the
housing 12. The interleaved grooves and ridges should include at least four of each but may
include as many as eight of each. The grooves 40 are disposed along an inside diameter that
is slightly larger than the inside diameter of the top surfaces 44 of the ridges 42. The
grooves 40 provide passages for released fluids to flow through the housing 12 and into the
valve seat sleeve 14. The surfaces 44 of the ridges 42 provide a sealing surface by contact
with the outer diameter of the ball valve seat sleeve 14 and also serve to stabilize the motion

of the ball valve seat sleeve assembly within the housing 12.

Also shown in Figure 3 are the internal threads 26 for connecting the housing 12 and
the enclosed ball valve 16 and valve seat sleeve 14 assembly to a hold down device 104. A

sealing surface 62 disposed around the circumference of the internal bore 38 of the housing

-
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12 is provided as a seal against the ball valve seat 50 machined in the head end of the valve
seat sleeve. Other features of Figure 3 are as described previously. When assembled, as
shown Figures 4 and 5, the fluid 110 flows into the housing 12, through the grooves 40,
around and through the ball valve 16, through the chamferred flow ports 20 and the interior
of the sleeve 14, from which it may exit and be released into the formation. Note that the
cross section of the head end of the valve seat sleeve 14 is thicker to resist flaring damage

from the valve ball 16 impacts that are likely to occur during operation.

Figures 4 and 5 illustrate a cross section view of the assembled automatic release
valve 10 in situ within a well tubing 100 and connected between a bumper spring cage 102
and a bumper spring hold down device 104. The automatic release valve 10 is shown in a
closed position in Figure 4 and in an open position in Figure 5. Otherwise, the structural
details are identical. In the figures, the ball valve 16 is shown seated against the valve seat
50 of the valve seat sleeve 14 and the ball valve assembly 10 is shown housed within the
housing 12. The wave spring 18 is shown surrounding the outer diameter of the sleeve 14.
In Figure 4 the wave spring 18 is in its extended disposition or free state, which urges the
ball valve assembly 10 upward to seal the lower end of the bumper spring cage 102, thereby
retaining any accumulated fluid 110 above the ball valve assembly 10. The fluid 110,
represented by the dark oval dots is shown blocked from passing through the ball valve
assembly 10.

In Figure 5 the wave spring 18 is shown in a compressed condition against the
tension in the wave spring 18, the compression caused when the weight of the accumulated
fluid above the ball valve assembly 10 exceeds the set threshold of the tension in the wave
spring 18 and opens the ball valve assembly 10. In a typical application, the threshold - the
tension of the wave spring 18 - is set to equal the weight of 1/2 barrel of fluid - whether it be
oil or some other fluid material - accumulated above the plunger. When thus open, the fluid
is allowed to flow downward - i.e., released - into the formation (not shown) below the ball

valve assembly 10. The released fluid 110 flows around the ball valve 16 in the space
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within the housing 12 (see the arrows), through the flow ports 20 into the inside of the ball

valve sleeve 14, through the ball valve sleeve 14 and downward into the formation.

The automatic release valve assembly of the present invention may be constructed of
high-strength materials such as alloy steel, stainless steel, titanium, or other materials that
can withstand the abusive and harsh environment at the bottom of an oil or gas well. If a
spacer 30 is used (See Figure 2), its thickness can be varied in increments to adjust the

release threshold so that it corresponds to 1/2 barrel or 1/4 barrel, etc.

The present invention provides a number of advantages due to its novel combination
of features. The invention requires no O-ring seal, instead incorporating a taper seal
configuration at the valve seat end of the one-piece valve seat sleeve that provides improved
fluid flow when the valve is open. The valve seat is more robust due to thicker side walls, to
resist damage (and loss of sealing capacity) from flaring or other heavy impacts. Further,
when the valve is releasing fluid most of the flow is through the sleeve and not through the
spring, thus reducing the opportunity for debris to load up and clog the spring. There is also
no flaring of the valve seat or sleeve because of the more precise configuration of the seat
and the adjoining tapered edges. These features together accommodate flow rates several
times greater than the conventional release valves as well as increased reliability. The
relieved flow passages also act to keep the spring flushed of debris, thus preventing the
spring from loading up with debris and locking up. The spring is afforded maximum
protection by the present invention; even if the spring fails over time and becomes fully

compressed, fluid can still fall through the valve assembly and not load up the well.

While the invention has been shown in only one of its forms, it is not thus limited but

is susceptible to various changes and modifications without departing from the spirit thereof.
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CLAIMS

1. An automatic release valve assembly for a bumper spring, comprising:

a hollow cylindrical valve seat sleeve having a head end and a tail end with a valve
seat formed at the head end and a sleeve portion formed at the tail end of the valve seat sleeve;

a valve ball sized to engage by contact with the valve seat;

a multiple coil spring disposed over the sleeve portion of the valve seat sleeve; and

a cylindrical housing formed with a bore therethrough for enclosing the assembly of
the valve seat sleeve, the valve ball, and the multiple coil spring;

wherein the housing includes a plurality of parallel, grooved flow passages disposed
within its internal bore; and

wherein the housing further includes first and second threaded ends thereof for
engaging connecting threads respectively of a bumper spring cage and a bumper spring hold

down.

2. The assembly of claim 1, wherein:

the head end of the valve seat sleeve includes a plurality of flow ports formed in a
sidewall thereof; and

the sleeve portion of the valve seat sleeve includes a plurality of flow passages formed

in a sidewall thereof.

3. The assembly of claim 2, wherein:
the number of flow ports formed in the head end of the valve seat sleeve is three; and

the number of flow passages formed in the sleeve portion of the valve seat sleeve is

Six.

4, The assembly of claim 1, wherein:

the valve seat is formed to a profile that matches the spherical shape of the valve ball.

-10 -
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5. The assembly of claim 1, wherein:
the multiple coil spring is a wave spring having a plurality of uniform coils formed

to provide a predetermined spring constant.

6. The assembly of claim 1, wherein:

at least four parallel grooved flow passages are disposed within the internal bore of

the housing.

7. The assembly of claim 1, wherein:
the first end of the cylindrical housing comprises an external thread for connection

with a bumper spring cage.

8. The assembly of Claim 1, wherein:
the second end of the cylindrical housing comprises an internal thread for connection

with a bumper spring hold down device.

9. An automatic release valve assembly for a bumper spring, comprising:

a hollow cylindrical valve seat sleeve having a head end and a valve seat formed at
the head end and including at least three flow ports formed in a sidewall thereof, and a tail
end having a sleeve portion formed at the tail end of the valve seat sleeve, wherein the sleeve
portion of the valve seat sleeve includes at least six flow passages formed in a sidewall
thereof;

a valve ball sized to engage by contact with the valve seat;

a multiple coil spring disposed over the sleeve portion of the valve seat sleeve; and

a cylindrical housing formed with a bore therethrough for enclosing the assembly of
the valve seat sleeve, the valve ball, and the multiple coil spring;

wherein the housing includes, disposed within its internal bore, a plurality of parallel,
elongated and grooved flow passages interleaved with ridges formed within the internal bore;
and

wherein the housing further includes first and second threaded ends thereof for
engaging connecting threads respectively of a bumper spring cage and a bumper spring hold

down.
11 -
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10.  The assembly of claim 9, wherein:

the valve seat is formed to a profile that matches the spherical shape of the valve ball.

11.  The assembly of claim 9, wherein:

the multiple coil spring is a wave spring having a plurality of uniform coils formed

to provide a predetermined spring constant.

12. The assembly of claim 9, wherein:

at least four parallel grooved flow passages are disposed within the internal bore of

the housing.

13.  The assembly of claim 9, wherein:

the first end of the cylindrical housing comprises an external thread for connection

with a Bumper spring cage.

14. The assembly of claim 9, wherein:

the second end of the cylindrical housing comprises an internal thread for connection

with a bumper spring hold down device.
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