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The present invention relates to an apparatus
for causing outflow of well fluid from wells of
low productivity index, and constitutes an im-
provement over the apparatus set forth in my
co-pending application Serial No. 429,939, filed
February 7, 1942. The present application, how-
ever, covers certain features common to the two.

The primary object is to provide in the bot-
tom of the well an improved gas-operated re-
ciprocating pump. Another object is to produce,
by operation of the pump, continuous aeration
of the well fluid by exhausted power gas and
hence a constant outflow of aerated well fluid.

Another object of the invention is to provide
an improved intermitter valve which opens to
produce a blow-off in the event that the well
fluid becomes too dense for aerated flow.

Other objects which will hecome apparent from
the following specification and accompanying
drawing, include the provision of an apparatus of
the type mentioned which may be readily lowered
into the outflow tubing of a well on the gas
tubing and which is simple and rugged in de-
‘sign and construction. ‘

The invention is fully disclosed by way of ex-
ample in the following description and in the
accompanying drawings in which:

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

Figure 2 is a similar section showing the po-
sition of parts at the beginning of the pressure
stroke, and

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

In Figure 1 is shown the well outflow tubing 3
which extends substantially to the bottom of the
well bore within the usual well casing, not shown.
In the bottom of the tubing 3 is fitted an end
piece 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 § carrying a pumping
mechanism designated generally by the numeral
. :

In the tube 5 is mounted a block T having
mounted in its upper end a strainer or scale trap
8 communicating with g central passage $ formed
in the block. To the block T is secured a down-
wardly extending sleeve 10 formed with a series
of ports 12 for a purpose that will presently be
described. Beneath the ports a crossover (4 is
attached to the sleeve {0 and is formed with an
axial passage 16 for a purpose that will pres-
ently appear. Over the passage and within the

sleeve 10 is mounted an unloader valve {8 hav-

"municating with the passage 9.

ing a head 20 adapted to.seat on a seat 21 at the
upper end of the passage 16. The valve 18 1is
formed with an axial passage 22, and is sus-
pended from the block T by a bellows 24 com-
Ancther bel-
lows 26 also joins the members T and I8 and
forms an annular chamber 28 around the bel-
lows 24, which chamber is sealed at substantially

" atmospheric pressure. When the unloader valve
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is seated, the body thereof forms a space 29
above the crossover 14 and in communication
with the ports 12. ,

A jacket or extension tube 30 is suspended
from the crossover {4 and is also spaced from
the tubing 3 to form a continuation of the an-
nular chamber 6 between tube 3 and the aligned
tubes §, 10, and 30. 'The lower end of the cross-
over is formed as a motor piston cylinder head
32 from which is suspended a motor piston cyl-
inder 34 spaced annularly at 36 from the jacket
30. Between the crossover {4 and the head 32
is formed a number of radial ports 38 communi-
cating with the axial passage (6. '

In the cylinder 84 is slidably mounted a motor
piston including a cylindrical sleeve 40 formed

- at its upper end with a skirt 42 of somewhat
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Jarger 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
48, 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 50 which has
its upper end enlarged at 52 for a purpose that
will presently be described. A pump plunger rod
54 passes through the bore 50 with slight clear-
grice therein and carries at its upper end a mo-
tor 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 60 having a sliding fit in the en-
larged bore §2.

On the lower end of the extension 30 is secured
& downwardly extending barrel 62 of smaller
diameter and joined to the extension by an an-
nular disk connector 64. The lower end of barrel
62 carries g fitting 63 inserted in the seat 4°,

The lower end of the pump plunger rod 54
carries a pump plunger 66 working in barrel 62.
The area of the plinger 66 is smaller than the
area of the seat 44, Pump rod 54 is provided
with stop collar 67 which limits the separation
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of the valve 56 and piston 40 in the open posi-
tion of the valve. :

The power gas flows through the space 89 be-
tween the connector 64 and the lower end of the
motor piston cylinder 34. While disc connector
_acts as a lower stop for piston 40, contact between

the piston and disc 64 does not block communi-
~ cation between space 69 and the pump barrel 62,

In the lower surface of the cylinder head 32 is

. mounted an upwardly opening check valve in-
cluding a ball 10 adapted to close on a seat T0°.
The valve communicates through a restricted lat-
eral passage 12 in the crossover. I4 with the space
6. The passageway 12 does not communicate
with the ports 38.

In the lower end of the pump barrel 62 is
mounted a discharge valve housing 76 provided

in ‘its lower end with a seat 78.. The housing 18.

contains a ball valve 80 adapted to close down-
wardly in the seat 18 and is formed with a suit-
able number of laterally extending ports 82 reg-
xstering with ports 83 in the barrel through con-
necting nipples 84, thereby bringing the valve
housing into communication with the lower end
6’ of the well fluid space. The pump chamber
88 between the housing 7§ and pump plunger 66

is in communication with the space within bar-.
rel 62 and below housing 76 through the passages .

between the nipples 84, as best shown in Fig. 3.
. A fluid intake pipe 90 from the well is inserted
in the fitting 63 to communicate with the lower
end of barrel 62. A ball valve 82 mounted be-
tween the housing 18 and the fitting 63 is adapted
‘to seat in the upper end of the fitting 63 and,
with the fitting, constitutes the standing valve
or intake valve assembly.

In Fig. 2 the parts are illustrated in the posi-

tion they assume at the beginning of the pumping:

or downward stroke of plunger §6. The power
gas flows down tubing §’ through the trap 8, bel-
lows 24, passages 22 and 16, ports 38, spaces 36
and 69, ports 48 and the open valve seat 44 into
the chamber 94 above the valve head §6. The
..chamber 84 communicates through the restricted
- passage 12 with the space 8 which is at a pressure
determined by the head of well fluid standing
therein and less than the power gas pressure.
However, due to the restricted passageway 72,

the pressure in chamber 94 may be substantially -

“equal to the pressure of the power gas supply.
This same pressure acts on both sides of valve
58, both sides of piston 40, and also on the top
of plunger 86. During this condition, therefore,
the pressures on the piston 40 itself are balanced,
and the power gas moves the plunger 66 down-
wardly 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 66 and

86 equal to the cross-sectional area of plunger
86. During the pumping stroke, that portion of
‘the power. gas which flows through passage 12
enters the column of oil in tube 3 and provides
a gas lift effect. During the pumping stroke
spring 58 holds the valve 56 open by moving the
then balanced piston 40 downwardly in advance
of the valve. However, near the end of the
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sure effective area of its lower side by the cross-
sectional area of the plunger 66 which is at-
tached to valve 56 by rod 60.

The downward pressure in chamber 94 is now’
diminishing through the restricted exhaust pas-
sage T2 while the upward gas pressure at the
space 69 remains constant against the lower end
of motor piston 40. The pressure effective area
of the lower side of motor piston 40 which is
subject to power gas pressure is its area minus
the area of pump plunger 66. When the pres-
sure in chamber 84 above the motor piston 490
drops to a point where the pressure gas on the
lower side of piston 40 exerts a force greater than
the force on its upper side, the piston 40, valve
56, rod 60 and plunger 66 move upward. The
suction stroke of the plunger 66 is thus initiated,
raising the valve 92 and seating the valve 80 by
suction in the chamber 86, as shown in Pigure 1,
drawing well fluid into the chamber 86.

As the motor piston moves upward its speed is
controlled by the size of the passage 72,.the
power gas pressure and the well fluld pressure
against ‘which it is exhausted. The size of the
opening 72 and the relative diameters of piston
40, valve 56 and plunger 66 are so chosen for
any given power gas pressure and well fluid pres-
sure that valve 58 remains closed during the suc-
tion stroke until the skirt 42 of piston 40 strikes
the cylinder head 32.

When the extended skirt 42 strikes the head 32
at the end of its suction stroke, the pressure in
chamber 94 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 downward
force against the area of plunger 66 to.initiate
the downstroke as previously described. The
opening of valve §6 in relation to seat 44 is lim-

“ited by stop collar 8§7.

Once the valve 58 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 66 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 62 is now discharged into the space 6', 6

GO

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 58.
This latter movement is cushioned by the en-
largement on rod 60 which exerts pressure on
fluid entrapped in bore 52. The escape of en-
trapped fluid is restricted at 50 permitting cush-
ioning of the valve seating operation.

Exhaust of power gas through passage 12 on

- the suction stroke has already been mentioned.

G

pumping stroke, piston 40 engages disc 64 and is .

brought to a stop. Thereupon continued down-
‘ward movement of plunger 66 compresses spring
‘58 and valve 56 comes to rest on seat 44. The
valve 56 is now held on its seat by the pressure

above the motor piston 40 and the power gas -

pressure acting on plunger 66. When the valve
86 is seated, the pressure effective area of the

upper side of the va]vg is greater than the pres- -7

70

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 constantly
flowing discharge of aerated well fluid to the sur-
face of the ground.

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

In the event that the head of well fluid becomes
too dense for continuous aerated discharge, the
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unloader valve {8 provides means for a blow-off.
This is brought about by well fluid pressure being
"built up in the outflow tubing and reacting against
the area of the unloader valve 18 exposed to well
fluid at the space 29. The unloader valve 18 is
normally held seated by pressure gas acting on
that portion of valve 18 confined by bellows 24,
this area being substantially larger than the
seated area of valve 18 on its seat 2{. ‘The pas-
sage 22 through valve 18 is smaller in cross sec-
tional area than the area of valve seat 2. This
provides a continucus pressure on the valve 18
tending to hold it upon its seat 2f.

When the unloader valve 18 is raised and the
gas pressure is communicated to the head of well
- fluid at-the ports 12, the friction of the flowing
fluid in chamber 6 imposes a greater pressure in
space 29 and on the valve 18 than at the time

the valve was first unseated.  This additional.

force insures that the valve 18 will remain open
until such time as the well fluid starts to discharge

- at the surface,. The back pressure of the dis-
cnarging fluid eventually drops t0 a point where
the pressure in bellows 24 is sufficient to seat the
valve. The fluid remaining in tubing 8 continues
to discharge by the expansion of the power gas
trapped in the tubing by the seating of valve
§8. The quick action of the valve thus saves
pressure gas and permits the pumping mecha-
nism to commence operation without waiting for
a complete blow down of the well. A balanced
pressure condition, holding the pump 1noperat1ve,
would he of only momentary‘ duration.

15
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of well fluid necessary to open the blow-off valve
18 can be controlled, - The relation of the respec-
tive pressure responsive areas to each other can
be so designed to operate under varied well con-
ditions and by regulation of the gas pressure can
be made to pump deep or shallow wells with a
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 be 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-

20

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.

35

It is preferable that the well fluid pressure re- -

sponsive parts of valve 18 be of a larger area
than the power gas pressure responsive parts
tending to hold the valve upon its seat 21, where-
by 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 seat. Tt 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 fluld must be to
overcome the greater force exerted on the gas
bressure responsive parts. If the pressure be
lowered, a correspondingly smaller head will be re-
quired to open the unloader valve. A definite
differential can be established between all the
parts of the pumping mechanism and the un-
loader valve to be applicable over a wide range
of varying well conditions by control of the power
gas pressure.

The parts of the unloadmg valve are so pro-
portioned that when the column of fluld loads up
to a predetermined pressure where- the perform-
ance of the pumping mechanism is retarded, the
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valve opens and the power gas ejects the ﬂu!df’

from the tubing. Such loading up of the tubing ‘

is sometimes brought about by a slug of wateér
or by a drop in gas pressure at its source or by the
cutting in of other wells on the same line, which
will also reduce the gas pressure.

By regulation of input gas pressure, the head
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duce the well fluid through the smaller string of

‘pipe, in which case the outer string of pipe would

be used to conduct power gas to the pumping
mechanism.

Although a specific embodiment of the inven-
tiont 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 indi-
cated by the appended claims.
What I claim is:

" 1. In a gas-operated well-pumping mechanism,

a single-acting plunger pump adapted to draw
liquid from & body of liquid standing in the well
and discharge that liquid into the well tubing,

-said pump including a cylinder having a pump-

ing chamber at one end and a pumping plunger
in said cylinder, a motor cylinder of larger
diameter than the pumping cylinder and having
one end in constant fluid  communication with
the opposite end of the pumping cylinder, a
piston in the motor cylinder, a mechanical con-
nection between the piston and plunger, means
for supplying gas under pressure alternately, first
to both ends of said motor cylinder and then
only to the said one end of the motor cylinder,
said motor cylinder having at its opposite end a
restricted outlet.

2.In a gas-operated well-pumping mechan.lsm,
a’ single-acting plunger pump adapted to draw
liquid -from a- body of liquid standing in the
well and -discharge that liquid into the well tub-
ing, said pump including a cylinder having a
pumping chamber at one end and a. pumping
plunger in said cylinder, a motor cylinder of
larger diameter than the pumping cylinder and
having one end in constant fluid communication
with the opposite end of the pumping cylinder,
a piston in the motor cylinder, a mechanical con-
nection between the piston and plunger, means
for supplying gas under pressure alternately, first
to both ends of said motor cylinder and then only
to the said one end of the motor cylinder, said
motor cylinder having at its opposite end a re-
stricted outlet which communicates with the
liquid discharged by the pump at a point in the
vicinity of the pumping mechanism in order to
supply lift gas to the discharged liquid.

3.1In a gas-operated well-pumping mechanism,

~a single-acting plunger pump adapted to draw
" liquid from a body of liquid standing in the well,

and discharge that liquid into the well tubing,
raid pump including a cylindér having a pump-
ing chamber at one end and a pumping plunger
in.'said . cylinder, a motor cylinder of larger
ciameter than the pumping cylinder and having
one end ‘in:constant fluid communication with
the opposite end of the pumping cylinder, a piston
in the motor cylinder, a mechanical connection
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between the piston and plunger, means for sup-
plying gas under pressure continuously to said
one end of the motor cylinder, valve means op-
erated automatically at the end of each stroke
of the piston for placing the opposite end of the
cylinder in communication with the source of
gas under pressure at the end of the suction
stroke and closing communication at the end of
the pumping stroke, said motor cylinder having
at its opposite end a restricted outlet.

4. In a gas-operated well-pumping mechanism
adapted for attachment to the well tubing, a
single-acting plunger pump adapted to draw
liquid from a body of liquid standing in the
well, and discharge that liquid into the well tub-
ing. said pump including a cylinder having a
pumping chamber at one end and a pumping
piunger in said cylinder, a motor cylinder of
larger diameter than the pumping cylinder and
having one end in constant fluid communication
with the opposite end of the pumping cylinder, a
piston in the motor cylinder, a mechanical con-
nection between the piston and plunger, means
for supplying gas under pressure continuously to
said one end of the motor cylinder, valve means
operated automatically at the end of each stroke
of the piston for placing the opposite end of the
cvlinder in communication with the source of
gas under pressure at the end of the suction
stroke and closing communication at the end
of the pumping stroke, said motor cylinder hav-
ing at its opposite end a restricted outlet adapted
to communicate with the well tubing in order
to supply lift gas to the discharged liquid.

5, In a gas-operated well-pumping mechanism,
a single-acting plunger pump adapted to draw
liquid from a body of liquid standing in the well,
and discharge that liquid into the well tubing,
said pump including a cylinder having a pumping
chamber at one end and a pumping plunger in

said cylinder, a motor cylinder of larger diameter:

than the pumping cylinder and having one end
in constant fluid communication with the oppo-
site end of the pumping cylinder, a piston in the
motor cylinder, a mechanical connection between
the piston and plunger, means for supplying gas
under pressure continuously to said one end of
thz motor cylinder, valve means carried by the
piston and operated automatically at the end
of each stroke of the piston for placing the oppo-
site end of the cylinder in communication with
the source of gas under pressure at the end of
the suction stroke and closing communication
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at the end of the pumping stroke, said motor .

cylinder having at its opposite end a restricted
outlet.

6. In a gas-operated well-pumping mechanism
adapted for attachment to the well tubing, a
single-acting plunger pump adapted to draw
liquid from a body of liquid standing in the well,
and discharge that liquid into the well tubing,
said pump including a cylinder having a pump-
ing chamber at one end and a pumping plunger
in said cylinder, a motor cylinder of larger
diameter than the pumping cylinder and having
one end in constant fluid communication with
the opposite end of the pumping cylinder, a
piston in the motor cylinder, a mechanical con-
nection between the piston and plunger, means
for supplying gas under pressure continuously to
said one end of the motor cylinder, valve means
carried by the piston and operated automatically
at the end of each stroke of the piston for placing
the opposite end of the cylinder in communica-
tion with the source of gas under pressure at

G0
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the end of the suction stroke and closing com-
munication at the end of the pumping stroke,
said motor cylinder having at its opposite end a
restricted outlet adapted to communicate with
the well tubing in order to supply lift gas to the
discharged liquid.

7.-In a gas-operated well-pumping mecha-
nism, a plunger pump adapted to draw liquid
from a body of liquid standing in the well and
discharge that liquid into the lower end of the
well tubing, said pump having a cylinder and
pump plunger, a motor cylinder, a piston assem-
kly in said motor cylinder, said assembly com-
prising a valve element and a valve seat ele-
ment adapted when the valve is seated to con-
stitute a movable piston in the cylinder and
adapted when unseated to permit flow of fluid
froin one end of the motor cylinder to the other
past the piston assembly, said pump plunger be-
ing connected to one of said elements for move-
ment therewith, said elements being adapted to
move into seating  relation when the pump
plunger moves away from the other element, a
spring between said elements acting in a direc-
tion to unseat said valve, means for limiting
movement of said other element toward both
ends of the motor cylinder, means for supplying
gas under pressure to that end of the motor
cylinder closest to the pumping cylinder, said
motor cylinder having a restricted outlet at its
oppesite end, the net effective areas of thé valve
element and the piston assembly and the strength
of the spring being such that when the valve ele-
ment is unseated the pressure acting on the as-
sembly effects a strcke of the pump plunger in
one direction, while the spring holds the valve
element unseated until said other element en-
gages said limiting means and the pressure act-
ing on the assembly when the valve is seated
effects a stroke of the pump plunger in the oppo-
site direction and produces sufficient back pres-
sure at said opposite end of the motor cylinder
to keep said valve element seated until said other
element engages its limiting means in that di-
rection. ’

8. In a gas-operated well-pumping mechanism,
a plunger pump adapted to draw liquid from a
body of liquid standing in the well and discharge
that liquid into the lower end of the well tubing,
said pump having a cylinder and pump plunger,
a motor cylinder, a piston assembly in said motor
cylinder, said assembly comprising a valve ele-
ment and a valve seat element adapted when
the valve is seated to constitute a movable pis-
ton in the cylinder and adapted when unseated
to permit flow of fluid from one end of the motor
cylinder to the other past the piston assembly,
said pump plunger being connected to one of
said elements for movement therewith, said ele-
ments being adapted to move into seating rela-
tion when the pump plunger moves away from
the other element, a spring between said ele-
ments acting in a direction to unseat said valve,
means for limiting movement of said other ele-
ment toward both ends of the motor cylinder,
means for supplying gas under pressure to that
end of the motor cylinder closest to the pump-
ing cylinder, said motor cylinder having a re-
stricted outlet at its opposite end which com-
municates with the liquid discharged by the
pump at a point in the vicinity of the pumping
mechanism, the net effective areas of the valve
element and the piston assembly and the strength
of the spring being such that when the valve
element is unseated the pressure acting on the
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assembly effects a stroke of the pump plunger
‘in one direction, while the spring holds the valve
element unseated until said other element en-
gages said limiting means and the pressure act-
ing on the assembly when the valve is seated
effects a stroke of the pump plunger in the op-
posite direction and produces sufficient back
pressure at said opposite end of the motor cylin-
der to keep said valve element seated until said
other element engages its limiting means in that
direction. A

. 9. In a gas-operated well-pumping mecha-
nism, a single-acting plunger pump adapted to
draw liquid from a body of liquid standing in
the well and discharge that liquid into the well
tubing, said pump including a cylinder having a
pumping chamber at one end and a pumping
plunger in said cylinder, a motor cylinder of
larger diameter than the pumping cylinder and
having one end in constant fluid communica-
tion with the opposite end of the pumping cylin-
der, a piston assembly in said motor cylinder,
sald assembly comprising a valve element and a

valve seat element adapted when the valve is

seated to constitute a movable piston in the
cylinder and adapted when unseated to permit
flow of fluid from one end of the motor cylinder
to the other past the piston assembly, said pump
plunger being connected to one of said elements

for movement therewith, said elements being g

adapted to move into seating relation when the
pump plunger moves away from the other ele-
ment, a spring between said elements acting in
a direction to unseat said valve, means for lim-
iting movement of said other element toward both
ends of the motor cylinder, means for supplying
gas under pressure to said one end of the mofor
cylinder, said motor cylinder having a restricted
outlet at its opposite end, the areas of said valve
element and seat element and plunger and the
strength of said spring being such that when the
valve element is unseated the gas pressure, act-
ing on the valve and plunger, effects a pump-
ing stroke thereof, while the spring holds the
valve element unseated until said other element
engages sald limiting means and the ‘pressure
‘acting on the net effective area of the piston
assembly when the valve element is seated effects
a suction stroke of the plunger and produces
sufficient back pressure at said opposite end of
the -motor cylinder to hold the valve element
seated against the force of the spring until said
other element engages’ said limiting means in
the opposite direction.
10. Inagas-operated well-pumping mechanism,
. & single-acting plunger pump adapted to draw
liquid from a body of liquid standing in thewell
and dischafge that liquid into the well tubing,
sald pump including a cylinder having a pump-
ing chamber at one/end and a pumping plunger
in said cylinder, a motor cylinder of larger diam-
eter than the pumping cylinder and having one
- end in constant fluid communication with the ‘op-
posite end of the pumping cylinder, a piston as-
sembly in said motor cylinder, said assembly
comprising a valve element and a valve seat ele-
ment-adapted when the valve is seated to consti-
tute a movable piston in the cylinder and adapted
when unseated to permit flow of fluid from one
end of the motor cylinder to the other past the
piston assembly, said pump plunger being con-
nected to one of said elements for movement
therewith, said elements being adapted to move
into seating relation when the pump plunger
moves away from the other element, a spring be-
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tween sald elements acting In a direction to un-
seat said valve, means for limiting movenient of
said other element teward both ends of the motor
cylinder, means for supplying gas under pressure
to said one end of the motor cylinder, said motor
cylinder having a restricted outlet at its opposite
end communicating with the liquid discharged by
the pump at a point in the vicinity of the pump-
ing mechanism in order to supply lift gas to the
discharged liquid, the areas of said valve element
and seat element and plunger and the strength
of said spring being such that when the valve
element is unseated the gas pressure, acting on
the valve and plunger, effeczts a pumping stroke
thereof, while the spring holds the valve element
unseated until said other element engages said
limiting means and the pressure acting on the net
effective area of the piston assembly when the
valve element is.seated effects a suction stroke of
the plunger and produces sufficient back pressure
at said opposite end of the motor c¢ylinder to hold
the valve element seated against the force of the
spring until said other element engages said lim-
iting means in the opposite direction.

11. In a gas-operated well-pumping mecha-
nism, a plunger pump adapted to draw liquid
from a body of liguid standing in the well and
discharge that liquid into the lower end of the
well tubing, said pump having a cylinder and
pump plunger, a motor cylinder, a rodless piston
in said motor cylinder and provided with an
opening therethrough, a valve carried by said pis-
ton for controlling said opening and having a
valve rod connected to said plunger; said valve
being adapted to close said opening on separating
movement of said piston and plunger, a spring
between the piston and valve acting in a direction
to open said valve, means for limiting movement
of the piston in both directions, means for sup-
plying gas under pressure to that end of the mo-
tor cylinder adjacent said plunger, said: motor
cylinder having a restricted outlet at its opposite
end, the net effective areas of said piston and
valve and the strength of said spring being such
that when the valve is open the pressure acting
on the valve effects a stroke of the plunger in one
direction while the spring holds the valve open
until the piston engages said limiting means and
the pressure acting on the piston and valve when
the valve is closed effects a stroke of the plunger
in the opposite direction and produces sufficient
back pressure at said opposite end of the motor
cylinder to hold the valve closed until the piston
engages its limiting means in that direction.

12. In a gas-operated well-pumping mecha~
nism, a plunger pump adapted to draw liquid
from a body of liquid standing in the well and
discharge that liquid into the lower end c¢f the
well tubing, said pump having a cylinder and
pump plunger, a motor. cylinder, a rodless piston
in said motor cylinder. and provided with an
opening therethrough, a valve carried by said pis-

~ ton for controlling said opéning and having a
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valve rod connected to said plunger, said valve
being adapted to close said opening on separating
movement of said piston and plunger, a spring
between the piston and valve acting in a direction
to open said valve, means for limiting movement
of the piston in both direztions, means for suv-
plying gas under pressure to that.end of the mo-
tor cylinder adjacent said plunger, said motor
cylinder-having a restricted outlet at its opposite
end which communicates with' the liquid dis-

charged by the pump at a point in the vicinity of -

the pumping mechanism, the net effecti_ve areas
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of sald piston and valve and the strength of said
spring being such that when the valve is open the
pressure acting on the valve effects a stroke of the
plunger in one direction while the spring holds
the valve open until the piston engages said lim-
iting means and the pressure acting on the pis-
ton and valve when the valve is closed effects a
stroke of the plunger in the opposite direction and
produces sufficient back pressure at said opposite
end of the motor cylinder to hold the valve closed
until the piston engages its limiting means in that
direction,

13. In a gas-operated well-pumping mecha-
nism, a single-acting plunger pump adapted to
draw liquid from a body of liquid standing in the
well and discharge that liquid into the well tub-
ing, said pump including a cylinder having a
pumping chamber at one end and a pumping
plunger in said cylinder, a motor cylinder of
larger diameter than the pumping cylinder and
having one end in constant fluld communication
with the opposite end of the pumping cylinder, a
rodless piston in said motor cylinder and provid-
ed with an opening therethrough, a valve carried
by said piston for controlling said opening and
having a valve rod connected to said plunger,
said valve being adapted to close said opening
on separating movement of said piston and
plunger, a spring between the piston and valve
acting in a direction to open said valve, means
for limiting movement of the piston in both di-
rections, means for supplying gas under pressure
to said one end of the motor cylinder, said motor
cylinder having a restricted outlet at its opposite
end, the areas of said valve and piston and
plunger and the strength of said spring being
such that when the valve is open the gas pressure
acting on the valve and plunger effects a pump-
ing stroke thereof while the spring holds the valve
open until the piston engages said limiting
means, and the pressure acting on the piston
and the net effective area of the valve when the
valve is closed effects a stroke of the plunger in
the opposite direction and produces sufficient
back pressure at said opposite side of the motor
cylinder to hold the valve closed until the piston
engages its limiting means in that direction. )

14, In a gas-operated well-pumping mecha-~
nism, a single-acting plunger pump adapted to
draw liquid from a body of liquid standing in the
well and discharge that liquid into the well tub-
ing, said pump including a cylinder having a
pumping chamber at one end a pumping plunger
in said cylinder, a motor cylinder of larger di-
ameter than the pumping cylinder and having
one end in constant fluid communication with
the opposite end of the pumping cylinder, a rod-
less piston in said motor cylinder and provided
with an opening therethrough, a valve carried
by said piston for controlling said opening and
having a valve rod connected to said plunger,
said valve being adapted to close said opening
on separating movement of said piston and
plunger, a spring between the piston and valve
acting in a direction to open said valve, means
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for limiting movement of the piston in both di- .

rections, means for supplying gas under pressure
to said one end of the motor cylinder, said motor
cylinder having a restricted outlet at its opposite
end ‘which communicates with the liquid dis-
charged by the pump at a point in the vicinity
of the pumping mechanism, the areas of said
valve and piston and plunger and the strength of
said spring being such that when the valve is open
the gas pressure acting on the valve and plunger

12

effects a pumping stroke thereof while the spring
holds the valve open untii the piston engages said
limiting means, and the -pressure acting on the
piston and the net effective area of the valve when
the valve is closed effects a stroke of the plunger
in the opposite direction and produces sufficient
back pressure at said opposite side of the motor
cylinder to hold the valve closed until the piston
engages its limiting means in that direction.

15. In a gas-operated well-pumping mecha-
nism, a plunger pump adapted to draw liquid
from a body of liquid standing in the well and
discharge that liquid into the well tubing, a pump-
operating motor comprising a cylinder and a
piston therein, said piston being connected to the
pump plunger, means for supplying gas under
pressure to one end of said cylinder, a restricted
outlet for the other end of the cylinder, 2 valve
for by-passing said piston, said valve being held
closed during a stroke of the piston toward said
other end of the cylinder by the back pressure
developed at sald end by the restricted outlet, a
spring for opening said valve on a drop in said
back pressure, and means for closing said valve
when the piston completes its stroke in the op-
posite direction.

16. In a gas-operated well-pumping mecha-
nism, a plunger pump adapted to draw liquid
from a body of liquid standing in fthe well and
discharge that liquid into the well tubing, a
pump-operating motor comprising a cylinder and
a piston therein, said piston being connected to
the pump plunger, means for supplying gas
under pressure to one end of said cylinder, a re~
stricted outlet for the other end of the cylinder
which communicates with the liquid discharged
by the pump at a point in the vicinity of the
pumping mechanism in order to supply lift gas
to the discharged liquid, a valve for by-passing
said piston, said valve being held closed during a
stroke of the piston toward said other end of the
cylinder by the back pressure developed at said
end by the restricted outlet, a spring for opening
said valve on a drop in said back pressure, and
means for closing said valve when the piston
completes its stroke in the opposite direction.

17. In a gas-operated well-pumping mecha-
nism, a single-acting plunger pump adapted to
draw liquid from a body of liquid standing in the
well and discharge that liquid into the well tub-
ing, said pump including a cylinder having a
pumping chamber at one end and a pumping
plunger in said cylinder, a motor cylinder of
larger diameter than the pumping cylinder and
having one end in constant fluid communication
with the opposite end of the pumping cylinder,
a piston in the motor cylinder, a mechanical con-
nection between the piston and plunger, means
for supplying gas under pressure to said one end
of said cylinder, a restricted outlet for the other
end of the cylinder, a valve for by-passing said
piston, said .valve being held closed during a
stroke of the piston toward said other end of the
cylinder by the back pressure developed at said
end by the restricted outlet, a spring for opening
said valve on a drop in said back pressure, and
means for closing said valve when the piston

. completes its stroke in the opposite direction.
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18. In a gas-operated well-pumping mecha-
nism, a single-acting plunger pump adapted to
draw liquid from a body of liquid standing in the
well and discharge that liquid into the well tub-
ing, said pump including a cylinder having a
pumping chamber at one end and a pumping
plunger in said cylinder, a motor cylinder of
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larger diameter than the pumpixig cylinder and-

having one end in constant fluid communication
with the opposite end. of the pumping cylinder,
a piston in the motor cylinder, a mechanical con-
nection between the piston and plunger, means
for supplying gas under pressure to said one end
of said cylinder, g restricted outlet for the other
end of the cylinder which communicates with the
liquid discharged by the pump at & point in the
vicinity of the pumping mechanism in order to
supply lift gas to the discharged liquid, a valve
for by-passing said piston, said valve being held
closed during a stroke of the piston toward said
other end of the cylinder by the back pressure
developed at said end by the restricted outlet, a
spring for opening said valve on a drop in said
back pressure, and means for closing said valve
when the piston completes its stroke in the op-
posite direction, : o
19, In a gas-operated well-pumping mecha-
nism, a tubular casing constituting an extension
of the well outflow tubing, a cylindrical housing
co-axially mounted within and in spaced rela-
tion to said casing and having two spaced trans-
verse walls intermediate its ends, the upper end
of said housing being adapted to be secured to
and in axial alignment with a gas supply pipe
located within the well outflow tubing, a cen-
trally located axial opening in the upper trans-
verse wall, an upwardly projecting scale trap se-
cured in said opening, a gas-operated recipro-
cating motor including a co-axial motor cylinder
fixed with respect to and below the lower trans-
verse wall in spaced relation to the cylindrical
housing, said lower transverse wall having a pas-
sage for flow of gas from the space between the
transverse walls into the space between the mo-
. tor cylinder and the housing, a gas inlet port for
sald motor communicating with the space be-
tween the cylinder and housing, valve means in
" the space between said transverse walls and op-
erable in response to a predetermined pressure
on the outside of said housing for opening com-
munication between said gas supply opening: in
the upper transverse wall and the space between
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the housing and casing, and a plunger pump se-
cured to and depending from said housing and
adapted to be operated by said motor to draw
liquid from the well and discharge it into the
space between the housing and casing,

20. In a gas-operated well-pumping ‘mecha-
nism adapted to be carried by a gas supply pipe
and inserted with said pipe into the outflow tub-
ing of the well while such tubing is in place, a
cylindrical housing adapted to be secured to the
lower end of the gas supply pipe and being of

“slightly less outside diameter than the inside
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diameter of the outflow tubing, a transverse wall
in said housing, a reciprocating gas-operated
motor having a cylinder secured to the lower side
of said wall and extending .downwardly there-
from in spaced relation to the housing, means
for supplying gas to said motor including a gas
flow passage connecting the space above the
transverse wall with the space between the cyl-
inder and the housing and an inlet port for the
lower end of the motor cylinder communicating
with the space betweén the cylinder and hous-
ing, a plunger pump depending from and fixed
to said housing and having an inlet communicat-
ing with the well space exteriorly of the outflow
tubing, and an outlet communicating with the
space between the housing and tubing, and
means effective to close the lower end of the tub-
ing when the pumping mechanism is placed in
position,
CHARLES M, O'LEARY.
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