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1

The present invention relates to an apparatus
for caucing outflow of well fluid from wells
of low vroductivity index, and is a division of
applicant’s copending application, Serial No.
544,209, filed July 10, 1944, now Patent No.
2,423,111, granted July 1, 1947.

It is the general object of the present inven-
tion to provide an improved form of blow-off
valve for use in bottom hole gas-operated oil
well pumps to aerate the column of oil when its
density exceeds a desired maximum in value.

Another object of the invention is to provide
an improved combination of bottom hole gas-
opsrated pump with a blow-off valve of the type
mentioned associated with the operating gas
supply of the pump.

Other objects, which will become apparent
from the following specification and accompany-
ing drawing, include the provision of an appa=

ratus of the type mentioned which may be read- 2

ily lowered into the outflow tubing of a well on
the gas tubing and which is simpie and rugged
in design and construction.

The invention is fully disclosed by way of
example in the following description and in the
accompanying drawing, in which:

Figure 1 is a vertical section of the deviee,
at the beginning of the suction stroke;

Figure 2 is a similar section, showing the posi-
tion of parts at the beginning of the pressure
stroke; and

Figure 3 is a section on the line 3—3 of
Figure 2.

In Figure 1 is shown the well outflow tubing
%, which extends substantially to the bottom of
the well bore within the usual well easing, not
shown. In the bottom of the tubing 3 is fifted
an endpiece 4 formed with a seat 4'. Within
the tubing 3, in turn, is mounted the power gas
tubing or pressure flow tube 5/, to the lower end
of which is fixed an enlarged tube 5 carrying a
pumping mechanism designated generally by the
numeral 7.

In the tube § is mounted a block T having
mounted in its upper end a strainer or scale
trap 8 communicating with a central passage §
formed in the block. To the block T is secured
a downwardly extending sieeve 10 formed with
a series of ports {2 for a purpose that will pres-
ently be described. Beneath the ports, a cross-
over {4 is attached to the sleeve 10 and is formed
with an axial passage {8, for a purpose that will
presently appear. Over the passage and within
the sleeve 18 is mounted an unloader valve 13
having a head 2§ adapted to seat on a seat 21
at the upper end of the passage i6. 'The valve
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{8 is formed with an axial passage 22, and is
suspended from the block T by a bellows 24 com-
municating with the passage 9. Another bellows
2§ also joins the members 7 and 18 and forms
an annular chamber 28 around the bellows 24,
which chamber is sealed at substantially atmos-
pheric pressure. When the unloader valve is
seated, the body thereof forms a space 2§ above
the crossover I4 and in communication with the
ports 12.

A jacket or extension tube 30 is suspended
from the crossover 14 and is also spaced from
the tubing 3 to form a continuation of the
annular chamber § bhetween tube 3 and the
aligned tubes 5, 180 and 38. The lower end of the
crossover is formed as a motor piston cylinder
head 32, from which is suspended a motor piston
cylinder 34 spaced annularly at 38 from the
jacket 30. Beiween the crossover 14 and the
head 32 is formed a number of radial ports 38
communicating with the axial passage I8§.

In the cylinder 34 is slidably mounted a motor
piston including a cylindrical sleeve 40 formed
at its upper end with a skirt 42 of somewhat
larger internal diameter. The juncture of the
two diameters forms a valve seat 44. At the
lower end of the motor piston is formed a head
46, and near the head are ports 48 forming a
passage to the interior of the piston. The head
46 is formed with an axial bore §0 which has its
upper end enlarged at 52 for a purpose thab
will presently be described. A pump plunger
rod 54 passes through the bore 58 with slight
clearance therein, and carries at its upper end
a motor piston valve head 56 adapted to close
on the seat 44.

A spring 58 is inserted between the valve head
and the lower piston head 46 and holds the
valve head 56 open under certain conditions that
will presently be described. The rod 54 is formed
with a collar 69 having a sliding fit in the
enlarged bore 52.

On the lower end of the extension 3§ is secured
a, downwardly extending barrel §2 of smaller
diameter and joined to the extension by an
annular disk conneetor 64. The lower end of
barrel 62 carries a fitting 63 inserted in the
seat 4’.

The lower end of the pump plunger rod 34 car-
ries a pump plunger 6§ working in barrel §2. The
area of the plunger 66 is smaller than the area
of the seat 44, Pump rod 54 is provided with stop
collar 67, which limits the separation of the
valve 5§ and piston 48 in the open position of

5 the valve.

The power gas flows through the space §9 he~
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tween the connector 64 and the lower end of the
motor piston cylinder 34. While the disk con-
nector acts as a lower stop for piston 49, contact
between the piston and disk §£ does not block
communicaticn bhetween space 82 and the purap
bharrel 2.

In the lower surface of the cylinder head 32 is
mounted an upwardly opening check valve, in-
cluding a ball 78 adapted 1o close on a seat ¥d'.
The valve communicates through a restricted lat-
eral passagé 12 in the crossover {4 with thé space
6. The passagéway 12 does not communicate with
the ports 8.

In the lower end of the pump barrel §2 is mount-
ed a discharge valve housing 78 provided in ils
lower end with a seat 78. The housing 6 con-
tains a ball valve 88 adapted to close downwardly
in the seat 78, and is formed with a suitable num-
ber of laterally extending ports 82 registering
wtih ports 83 in the barrel through cohnecting
nipples 84, thereby bringing the valve hou51n°
into commumcatlon with the lower end &’ of the
well fluid space. The pump champer 8§ between
the housing. 76 and pump plunger &6 is in com-
munication with the space within barrel 62 and
below housing 7§ through the passages between
the nipples 84, as best shown in Figure 3.

A fluid mtake pipe 80 from the well is inserted

in the fitting 63 to communicate with the lower
ennd of barrel 82. A ball valve 92 mounted be-
tween the housing 78 and the fitting 63 is adapted
to seat in the upper end of the fitting €3, and,

with the fitting, constitutes the standing valve

or intake valve assembly.

In Figure 2, the parts are illustrated in the po-
sition they assume at the beginning of the pump-
ing or downward stroke of plunger 6. The power
gas flows down tubing 5’ through the trap 8, bel-
lows 24, passages 22 and 16, porls 38, spaces %6
and 69, ports 48 and the open vaive seat 44 into
the chamber 84 above the valve head 58.
chamber 84 communicates through the restricted
passage 712 with the space 6, which is at a pres-
sure determined by the head of well fluid standing
therein and less than the power gas pressure.
However, due to the restricted passageway 12, the
pressure in chamber &4 may be substantially equal
to the pressure of the power gas supply. This
same pressure acts on both sides of valve £8, both
sides of piston 40, and also cn the top of plunger

66. During this condition, therefore, the pres-.

sures on the piston 48, itself, are balanced, and

the power gas moves the plunger 88 downwardly

through its pumping stroke by reason of the fact
that it is acting on an excess upwardly-facing
area on the plunger and valve unit §6 and 55 equal
to the cross-sectional area of plunger 66. Dur-
ing the pumping stroke, that portion of the power
gas which flows through passage 72 enters the
column of oil in tube § and provides a gas lift
effect.. During the pumping stroke, spring 58
holds the valve 5& open by moving the then bal-
anced piston 4 downwardly in advance of the
valve. However, near the énd of the pumping
stroke, piston 33 engages disk 84 and is brought
to a stop. Thereupon continued downward move-
ment of plunger 85 compresses spring 58 and
~valve 58 comes to rest on seat 44. The valve 58
is now held on its seat by the pressure above the
motor piston 48 and the powsr gas pressure act-
ing on plunger 66. When the valve 55 is seated,
the pressure effective area of the uppsr side of
the valve is greater than the pressure effective
area of its lower side by the cross-sectional area

The.
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of the plunger 88 which is aitached to valve 5§ °

Ly rod 68. :

The downward pressure in chamber €4 is now
diminishing through the restricted exhaust pas-
sage 12, while the upward gas pressure at the
space 88 remains constant against the lower end
of motor piston 4. The pressure effective area
of the lower side of motor piston 48, which is sub-
ject to power gas pressure, is its ares minug the
area of pump plunger 6. When the pressure in
chamber 94 above the motor piston 48 drops to a
point where the pressure gas on the lower side of
piston 4§ exerts a force greater than the force on
its upper side, the piston £8, valve 8§, rod 53
and plunger 8% move upward. The suction stroke
of the plunger 6% is thus initiated, raising the
valve 82 and seating the valve 8% by suction in

- the chamber 8§93, as shown in Figure 1, drawing

well fluid into the chamber 28,

As the motor piston moves upward, its speed is
controlled by the size of the passage 72, the power
gas pressure and the well fluid pressure sgainst
which it is exhausting. The size
%2 and the relative diameters of piston 43, valve
56 and plunger 88 are so chosen for any given
power gas pressure and well fluid pressure that
valve 5§ remains closed during the suction stroke
until the skirt 42 of piston 40 strikes the Pyhnder
head 32,

When the extended skirt 42 strikes the head
32 at the end of its suction stroke, the pressure
in chamber 84 further reduces until the tension
of spring 58 and the pressure responsive area
on the underside of seated valve 56 are sufficient
to open the valve against its upper pressure area,
as shown in Figure 2. There is now equal unit
pressure on both sides of the motor piston 40
and the pressure gas now exerts a resultant down-

ward force against the area of plunger 66 to '

initiate the downstroke, as previously described.
The opening of valve §§ in relation to seat 44 is
limited by stop collar 67.

Once the valve 56 is seated, it cannot come off .

its seat because the effective pressure area on
the upper side of the valve is greater than on
the lower side by an amount at least sufficient
to overcome the spring 58 and hold the valve
seated. )

On the downstroke of pump plunger 6%, the
valve 92 is seated and valve 80 is unseated by
pressure in the chamber 86, as shown in Figure

2. The well fluid that was previously drawn

into barrel €2 is now discharged into the

- space 6,

60

The motor piston 40 having come to rest on
connector 64, permits the plunger 66, its pony
rod 60 and valve head 56 to continue their down-
ward movement against the tension of spring
88. This latter movement is cushioned by the
enlargement on rod 88 which exerts pressure on
fluid entrapped in bore 52. The escape of en-
trapped  fluid is restricted at 56, permitting
cushioning of the valve seating operation.

" Exhaust of power gas through passage 12 on
the suction stroke has already been mentioned.

It is obvious that there is exhaust of power gas -

on the power stroke, so that the flow of gas
into the head of well fluid is continuous. This

. flow .of gas is ordinarily sufficient to produce a
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constantly flowing discharge of aerated well
fluid to the surface of the ground.

Back flow of well fluid into the chamber 94
is prevented by the inwardly closing check Valve
10 on its seat 70°. .

In the event that the head of well fluid hecomes:

of the cpening’
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too dense for eontinuous aersted discharge, the
unloader valve 18 provides means for a blow-off.
This is birought about by well fluid pressure being
built up in the outfiow tubing and reacting
ggainst the area of the unloader valve 18 ex-
posed to well fluid at the space 29. The un-
logder valve (8 is normally held seated by pres-
sure gas acting on that portion of valve 1§ con-
fined by bellows 24, this area being substantially
larger than the seated area of valve 18 on its
seat 21. The passage 22 through valve 18 is
smaller in cross-sectional area than the area of
valve seat 21. This provides a continuous pres-
sure on the valve {8, tending to hold it upon its
seat 21.

When the unloader valve 18 is raised and the
ga§ pressure is communicated to the head of
well fluid gt the ports 12, the friction of the flow-
ing fluid in chamber § imposes a greater pres-
§ute ih space 29 and on the valve (8 than at the
tire the valve was first unseated. This addi-
tional force insures that the valve {8 will re-
main open until such time as the well fluid starts
to discharge at the surface. The back pressure
of the discharging fluid eventually drops to a
point where the pressure in bellows 24 is suffi-
cient to seat the valve. The fluid remaining
in tubing 3 continues to discharge by the expan-
sion of the power gas trapped in the tubing by
the seating of valve 18. The quick action of
the valve thus saves pressure gas and permits
the pumping mechanism to commence opera-
tion without waiting for a complete blow-down
of the well. A balanced pressure condition,
holding the pump inoperative, would be of only
momentary duration.

Thus, it is not necessary with this unloader
valve to blow the tubing dry in order to close
the valve. The result of this characteristic is
a very positive and economical operation.

It is preferable that the well fluid pressure
responsive parts of valve 18 be of a larger area
than the power gas pressure responsive parts
tending to hold the valve upon its seat 2I,
‘whereby to permit the opening of valve {8 by low
well fluid heads.

It will be noted that the cross-sectional area
of passage 22 is smaller than the area of bellows
24. When the valve 18 is away from its seat
21, the pressure in the area confined by bellows
24 and flowing through the restricted passage
22 urges the valve on its geat. It is this force
that moves the valve toward its seat when a
portion of the well fluid has been ejected at the
surface and permits operation of the pumping
mechanism, as previously set forth.

The higher the pressure in the system, the
greater the slug or head of well fluid must be
to overcome the greater force exerted on the gas
pressure responsive parts. If the pressure be
lowered, a correspondingly smaller head will he
required to open the unloader valve. A defi-
nite differential can be established between all
the parts of the pumping mechanism and the
unloader valve to be applicable over a wide range
of varying well conditions by control of the power
gas pressure.

The parts of the unloading valve are so pro-
portioned that when the column of fluid loads
up to a predetermined pressure where the per-
formance of the pumping mechanism is retard-
ed, the valve opens and the power gas ejects the
fluid from the tubing. Such loading up of the
tubing is sometimes brought about by a slug of
water or by a drop in gas pressure at its source

10

15

20

40

45

60

65

70

75

&
or by the éutting in of other wells oni the samie
line, which will also reduce the gas pressure.

By regulation of input gas pressure, the head
of well fluid necessary to open the blow-off valve
i8 can be controlled. The relation of the re-
spective pressure responsive areas to each other
can be so designed to operate under varied well
conditions, and, by regulation of the gas pres-
sure; can be made to pump deep or shallow wells
with g minimum of gas.

It is understood that various areas of motor
pistons, valves, pump . plungers and various
spring tensions and sizes of vents may be used
to meet various well conditions.

The disclosed pumping mechanism can ke of
the insert type removable with the power gas
string, as illustrated, or of the tubing type re-
quiring removal of both strings to service the
pump. The pump can be so arranged as to pro-
duce the well fluid through the smaller string
of pipe, in which cage the outer string of pipe
would be used to conduct power gas to the pump-
ing mechanism.

Although a specific embodimant of the inven-
tion has been illustrated and described, it will
be understood that various alterations in the de-
tails of construction may be made without de-
parting from the scope of the invention as mch-
cated by the appended claims.

What is claimed is:

1. An unloader valve comprising a supporting
member having an inlet port therein, an expan-
sible elastic bellows, which is generally cireular
in cross section, secured in sealed relation at one
end to said supporting member in position to
receive and conduct fluid entering said port, a
valve member secured in sealed relation to the
opposite end of said bellows and having an open-
ing therethrough of smaller diameter than the
diameter of said bellows and communicating
with the interior of the bellows, a third member
mounted in fixed position with respect to the
supporting member and having an outlet port
in alignment with the opening in said valve mem-
ber, co-operating valve seating areas on the valve
member and third member surrounding the open-
ing and outlet port respectively and adapted to
be forced into seating engagement by pressure
within the hkellows acting on the valve member,
and a second bellows of larger diameter and sur-
rounding the first bellows and secured in sealed
relation at ifs opposite ends to the supporting
member and valve member respectively, said
second bellows and said supporting member be-
ing of larger diameter than said valve seating
areas whereby for any given fluid pressure ex-
isting within the inner bellows said valve mem-
ber will be unseated by a predetermined pressure
existing in the space surrounding the second
bellows.

2. A valve for automatically aerating a col-
umn of liquid in a well outflow tubing, com-
prising a housing having a gas supply passage-
way, an outlet port in said housing, & movable
valve element having a restricted opening there-
through in constant communication with said
passageway, a stationary valve seat adapted
when engaged with said valve to prevent flow
through said opening to said port, and means
responsive to the pressure at said port tending
to lift said valve from said seat.

3. A valve for automatically aerating a column
of liquid in a well outflow tubing, comprising a
housing having a gas supply port, an outlet port
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in said housing, a gas flow passage adapted to
connect said ports, a valve for controlling flow
through said passage, a movable pressure re-
sponsive means subject to the pressure at- said
outlet port for opening said -valve when the
pressure at said outlet port reaches a predeter-
mined value, and means responsive to the pres-
sure differential across said valve due to the gas

flow through said passage for exerting an op-

posing force tending to close the valve.

4. A gas supply and unloader valve mechanism
for a gas-operated bottom hole well pump hav-
ing an operating gas supply conduit and g lig-
uid discharge conduit, said valve comprising a
chamber having three ports, one of said ports
being a discharge port, the second being a gas
supply port and the third being a pump supply
outlet port, a- movable valve element in said
chamber and adapted to engage the third port,

said element having a restricted opening there-

through adapted to deliver gas from the second
port through said third port when the valve
element is in engagement with the third port,
and means to prevent flow of gas from the sec-
ond port to the third port except through said
restricted opening, said last means being mov-
able and subject to the pressure at the first port

10

8

-acting in a direction to lift the valve element
off the third port and thereby place said re-
stricted opening in communication with the first

‘port and also subject when the valve engages

said third port to a force incident to the pres-

-sure drop through said restricted opening tend-
~ing to hold the valve in engagement with said

third port.
- CHARLES M. O’'LEARY.
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