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, 1

This invention relates to new and useful im-
provements in pumping mechanisms.

As is well-known, certain strata of the earth’s
formation are pervious, while other overlying or
underlying strata are impervious and these strata
are not planular, but are frequently warped or
folded. Since crude oil is lighter than natural
ground water, it seeks an elevation ahove the
water and, therefore, crude oil is-usually found
in the uppermost portions or domes of the folded
strata or, geologically, the anticlines. = An im-
pervious strata, known as cap rock, generally
overlies the anticlines so as to prevent upward
migration of the- oil “which consequently  ac-
cumulates in said anticlines. Due to the oil being
supported in this position by the pressure of the
ground water and the cap rock preventing mi-
gration of said oil the latter is necessarily under
considerable pressure. 'Therefore, upon a well
bore being drilled through the cap rock, there
is a sudden release of pressure which causes the

oil to flow upwardly through the well bore to

the surface, the first cycle of most wells. How-
ever, as the pressure declines, the natural flow
ceases and the oil must be lifted artificially to
the surface. Crude oil, under the above condi-
tions, contains all phases from light, volatile
gases to heavy hydrocarbons and it is necessary
to control the pressure exerted against the ex-
posed surface of the producing strata, because a
pressure too low will accelerate the migration of
the oil to a velocity sufficient to carry sand and
silt from the pervious strata and thereby clog or
sand up the well bore. Also, encroachment of
the ground water into the well bore is permitted,
since said water will flow from a high pressure
region to a region of low or diminished pressure.
In addition, as the pressure on the formation
or strata drops, the gases and/or lighter hydro-
carbons disassociate or escape from the heavier
hydrocarbons of the crude oil and evolve in a
gaseous condition. The evolution of these gase-
ous constituents not only reduces the quality of
the remaining oil but also tends to gas lock the
pumps employed to lift said oil.

With conventional rod pumps, the reciprocal
motion of the rod is principally harmonic and
transmits to the pump plunger or piston a re-

ciprocal motion having a non-uniform velccity,
the stretch of the rod further varying the ve--

locity. During the downstroke, the plunger gath-
ers an accumulation of crude oil thereabove and

the upward motion of said plunger increases non--
uniformly in velocity until it approaches the mid-

: dle of its upstroke.

2 .

However, due to the weight

. of the column of oil or hydrostatic load, imposed
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upon the plunger, the rod is stretched or elon-
gated and the velocity is retarded until the inertia-
of said column is overcome. ' The velocity then
exceeds that of the harmonic motion for a por-
tion of the upstroke and is finally retarded non-
uniformly by the rod reaching its upper limit of
travel. The acceleration imparted to the plunger
creates a low vacuum or suction within the work-
ing barrel therebelow, thereby permitting 'gas
to evolve from the oil which decreases the quality
of the latter. The down-stroke of the conven-
tional plunger is substantially harmonic except

_for deviations caused by passing downwardly or

falling through the accumulated oil and over-
travel of said plunger, the latter being due to
stretchinig or elongation of the rod by the down-
ward acceleration of the mass thereof. Under’
any condition of . conventional well pumping,
wherein the plunger is reciprocated in a straight’
line motion translated from rotary ‘or _circular
motion, the actual working. time of the pump is
substantlally one-half the time of a ccmplete

* cycle and the remaining time is consumed in

dropping said plunger for a return stroke,

One obJect of the invention is to provide an
improved pump mechanism for éfficiently and’
economically elevating well fluids from a. pro-
ducing formation in accmdance with the fore-
going prerequisites so as to prevent the separa-
tion of the well fluids and-the escape of the va.l—
uable lighter hydrocarbons.

An 1mportant object of the 1nvent1on is to pro-
vide an improved pumping mechanism havmg
expansible means adapted to be infiated and de-
flated. to lift fluids within a well-bore, the con-
ducting means having-a: relatwely small dlame-
ter and volume wheréby the pressure.: ﬁuld may';
be conducted to and exhausted from said -mem-
ber as rapidly as desirable within -the limits of
good-practice, as controlled-by the characteristics,
and condition of the producing formation:

Another object of the invention is: to provide:
an improved pumping mechanism, of the char-
acter described, wherein the pressure fluid may
be. exhausted at a rate faster than: the rate of
supplying of said fluid, thereby minimizing the
duration of the non-lifting intervals -and ma-
terially increasing -the duration of -the lifting
intervals so as to permit the use of a ﬂuid of rela-~
tively low pressure or volume.

A further object of the invention 1s to provlde
an 1mproved -pumping mechamsm, of the char-
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acter described, wherein the expansible member is
elastic and is disposed within a chamber for
receiving ‘and accumulating well fluids, said
member and chamber having substantially equal
dimensions so that the area of the chamber is
completely filled or occupied by the inflated
member, one end of said member: being free so
as to permit collapsing thereof upon deflation,
‘whereby the deflated member occupies only a
small area of said chamber and a maximum vol-
ume of well fluids may be displaced upon infla=
" ‘tion of said member without undue dlstortlon or
stretching -thereof.

10-

Still ‘another object of the’ mventmn is to

provide an improved pumping mechanism, of
the character described, which may include a
single expansible member and receiving -cham-

ber or a plurality of the same, whereby-in deep -:

wells the fluids may be-lifted in stages so as to
eliminate . the necessity of: placing the lifting
fluid under an excessivé pressure.

A still further.object of the inventicn is to
provide an improved pumping mechanism, of the
character described, having valve means for con-
trolling ‘the  admission of the pressure fiuid to
the expansible member and exhaustion of said
fluid therefrom, the valve means being so con=
structed as to.open and remain open for sup-
plying the fluid until inflation of said member
is completed, the excess pressure acting upon and
closing said valve means and opening an-exhaust
port to permit escape of said fluid and deﬂatlon
of the member.

‘Another object of the 1nvent10n is to prov1de
an improved pumping mechanism, of the char-
acter described, having means for positively con-
trolling the rate of exhaustion of the pressure
fluid and thereby determine the rate of entry
of the well fluids into the pumping mechanism
from’ the producing formation and the vacuum
or suction exerted upon said well fluids, due to
the exhaustion rate of said pressure fluid, so
‘as to prevent liberation of the  lighter hydro-

“carbon constituents from the well fluids; the con-
trolling means being adjustable in accordance
with the characteristics and conditions: of -the

formation to prov1de the most des1rab1e opera-

tion.

A construction: designed to carry out the in-
vention will be hereinafter described together
with other features of the invention.

The invention will be more readily understood
from a reading of the following specification and
by reference to the accompanying  drawings,
wherein an example of the invention is shown,
anhd wherein:

Pigure 1 is a view; partly in elevatlon and
partly in section, of a pumping mechanism; con-
structed in accordance -with the -invention,
mounted in a well bore,

PFigures 2 and 3 are ‘enlarged, longltudmaJ
sectional views, partly in elevation, of the lower
portion of the pumping mechanism and showing
the two lowermost stages,

- Pigure 4 is an enlarged, transverse vertlcal
sectional view of the upper portion of the lower-
most: stage, showing the connection of the ex-
pansible member and the check valve construc-
tion,

Flgure 5-is a_view, 51m11ar to Figure 4, of the
upper portion of one of the upper stages shown
in Figure 3,

Figures 6 and 7 are views, s1m11ar to- Flgure 2,
of the lowermost stage and showing the expan-
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sible member deflated and partially inflated, ré~
spectively, )

Figure 8 is an enlarged, transverse, vertical,
sectional view of the surface control valve in its
closed, exhausting position,

Figure 9 is a reduced, horizontal, cross-sec-
tional view, taken on the line 9—9 of Figure 8,

Figure 10 is a view, similar to Figure 8, with
the valve member in elevation and showing the
same in its open, fluid admitting position, and

" Figure 11 is an enlarged, transverse, vertical,
sectional view of g moisture trap.

In the drawings, the numeral 18 desighates a
well bore which extends to the producing forma-
tion F and has the usual well casing || mounted
therein. A well or casing head 12 is connected
to the upper end of the casing 14 at the surface
and includes the wusual lateral ouflets {3 and
carries - a flow cross 14. Depending from the
head (2 and communicating with the cross 14
is a tubing or flow pipe, indicated generally at
{9, which extends axially through the casing to
a point below the level of the well fluids and in-
cludes -several spaced sections. The annular
space between the:tubing and casing is preéfer-
ably sealed off within the head 12 in a conven-
tional manner by suitable means (not shown)
so as to permit the holding of a desirable back- -
pressure upon the formation F. A pump cham-
ber A is mounted on the lower end of the tubing
and is preferably disposed within the well fluids
and below the level thereof. As is clearly shown
in Figure 4, the lower end of the chamber A is -
connected by suitable coupling collars 16 and 17
and g swaged nipple 18 to a perforated bull plug
or. other well screen 19 which has been shown
for the purposes of illustration as being dis-
posed within the open well bore. In deep wells,
similar pump chambers B are connected in the
tubing 15 at predetermined, spaced intervals and,
as will hereinafter be more fully explained, the
number of such chambers being subject to varia-
tion.

As is clearly shown in Figures 2 and 4, ‘the
chamber A includes an elongate, tubular body or
sleeve 20 of greater diameter than the tubing and
communicating therewith., The collar {6 con-
nects the lower end of the sleeve to the nipple
18, while the upper end of the sleeve is connected
by a similar collar 2{ to a swaged nipple 22 which,
in turn, is secured to a section of the tubing by.a
coupling collar 23. The external diameter of the
latter collar is.enlarged 80 as to provide a rela- .
tively thick wall. Thus, the well fluids may flow
through the perforations of the bull plug 18 into
the nipple 18 and then into the interior of the
chamber A, the height or level attained by said
fluids being determined by the depth or position
of said chamber. For controlling the admission
of the fluids to the chamber, the usual standing
valve 24 is mounted in the lower end of the nipple
18 above the perforated plug (8. The valve 24
includes a conventional seat 25, ball 26, and céom-
bined clamping ring and ball cage 21, the clamp-
ing ring of the cage and the seat being confined.
between the upper end of the perforated plug
and the lower end of the nipple by the collar {7,

An elongate, expansible member or tubular sack
28, of rubber or other suitable elastic material, is
disposed in the chamber A and has a closed
lower end. As shown in Figure 4, the upper open
end of the sack 28 is reduced in diameter and
the annular wall thereof preferably thickened and
reinforced to provide a neck 29. A suitable clamp-
ing ring or split bank 89 fastens the reinforced
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he¢k 29 in surrotnding relation around a-short
sleeve or nipple 31 which is provided with a plu-
rality of external, peripheral grooves or recesses
32 for coacting with and receiving the material
of said neck to seal off therebetween upon tighten-
ing of the band; or if desired the neck of the sack
could be vilcanized on the nipple. The nipple 31
is of less diameter than the bore of the swaged
nipple {8 and is screw-threaded info a reduced,
intermedial screwed counter bore 33, of the collar
23; so .as to ‘depend internally of said swaged
nipple. A partition 34 extends transversely across
the intermediate portion of the bore of the nipple
31 so as to separate the upper portion of the bore
of said nipple from the lower portion thereof.
The nipple has a plurality of ports 25 formed
therein immediately above the partition for estab-
lishing communiecation between the interior of
the chamber A and the tubing section, i5, which

is connected to the upper end of the collar 23. :

The lower end of the nipple projects downwardly
from the neck 29 into the sack and is reduced at
its lower end; being provided with a constricted
opening 38, whereby collapsing of the sack upon
deflationn thereof is facilitated (Figure 6). : For
trapping well fluids within the tubing above the
chamber A, a check valve 37, which is substan-
tially identical to the valve 24, is disposed within
the collar 23 upon an internal, annular shoulder
38 immediately above the counter bore 33.

The sack 28 is normally deflated or collapsed
as shown in Figure 6 5o as to occupy only a small
portion of the area of the chamher A. However,
upon inflation, the sack will substantially fill or
occupy the entire area of its chamber (Figures
2 and 4) and, due to said sack normally having
an external diameter substantially equal to the
internal diameter of its chamber and a substan-

tially equal length, there is little or no stretch--

ing or distortion of the sack upon inflation there-
of. Since the purpose of the sack is to displace
or force well fluids from the chamber A into the
communicating tubing 15 thereabove, it is essen-
tial that said sack occupy 2s little space as pos-
gible, when collapsed, to permit the accumulation
of a maximum volume of said fluids within sald
chamber and, when inflated; to substantially fil
the chamber so as to elevate the fluids. In order

to assure initial inflation of the lower portion of:
the sack, so as to prevent the trapping of fluid

© within the chamber therebelow, the annular wail
of the lower portion of said sack may be reduced
in thickness as shown at 39:in Figures 6 and 7.
If desired, the same results could be obtained by
inverting the sack. . .

For inflating the sack 28 and permitting the
collapse or deflation thereof, a suitable pipe or
macaroni string 40, extends through -the wall of
the nipple 22 and into the lower portion of the
nipple 31 below the partition 84 so:as to com-
municate with the bore of said nipple and the
sack. As has been explained, the sack is normally
collapsed or deflated so as to occupy. only a'small

area of the chamber A (Figure 6) and such col-.

lapse or deflation will be assisted by the pressure
of the well fluids, due to the fact that saig cham-

ber is immersed in said well fluids which are ad~’

mitted by and through the valve 24. A suitable

pressure or lifting fluid, such as air-or gas, is con--
ducted downwardly through the string 49, which:

extends up through the casing i to the casing
head {2 and delivered to the sack for inflating
the same.
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This inflation of the sack will close
the valve 24 against downward escape of the well’

flui_ds from the chamber and will displace or.force, 75

6
fluids ‘accumulated in  said- chamber, tipwardly
therein and. ou$’ through the ports 3% into the
upper portion of "the nipple 31 above the par-
tition ‘34 and then through the valve 31 info the
tubing: 15. - As indicated in Figure 7, the inflation
of the sack will be gradual and the lower portion
thereof will be initially inflated so as to prevent .
the trapping of well fluids below sald sack. Man-
ifestly, the elevated well fluids will be trapped and
sccumulated within the tubing due to the provi-
sion of the valve 31.. Upon the complete expansion
of the sack as shown in Figures 2 and 4, said sack
will fll or occupy substantially the entire area
of thé chamber-A, whereby little or no well fluids
remain within said chamber and also whereby a
maximum. volume of said fluids is displaced up-
wardly.. The pressure fluid is then permitted to
escape. from the'sack, as will be hereinafter de-

scribed, so 4s to'permit collapse or deflation there- -

of and the admittance of additional well fluids
into the chamber A due to opening of the valve 24.
Tt is pointed out that the small diameter of the
string 40 makes it possible to quickly inflate and
deflate the. sack; because only the pressure fluid
within . said sack need be replaced or exhausted;
however, the sack may be more quickly deflated
than inflated; as will hereinafter be more fully
explained. : _

As shown in Figure 1, the macaroni string 40

- i connected through one: of the lateral outlets

13 of the head {2 to a line 42 which has connec+
tion with the outlet side of a surface control valve
43. ;A suitable conductor or line 44, having a
conventional needle valve 45 mounted therein,
connects the inlet side of the valve 43 to a storage
tank 46, to which a fluid, such as air or gas, is sup-.
plied under pressure by a suitable compressor 47
and. pipe 48. A motor or engine 49 is provided
for driving the compressor. . o

As shown in Figures 8 to 10, the control valve
43 includes a"cylindrica] block 51 and a cylindrical
head. 50 which are secured together by suitable
bolts. - . .

An axial, cylindrical bore 52 is. formed in the
upper portion of the block 51 which is provided
with radial outlet and inlet ports 53 and 54 which
extend from the bore and have their outer por-
tions screw-threaded for receiving the outlet and
inlet lines 42 and 44, respectively, whereby the

} bore - establishes .communication. between -said

lines. An axially-alined, reduced counterbore 8%
communicates with the lower end of the bore. 52
and extends entirely through the lower portion of
the block 51 so as to be open to atmosphere. In

. the lower porticn of thé head 58, a counterbore

58, of slightly greater diameter than the counter-
bore 55, is formed and terminates short .of. the
upper end of said head so as to be closed against
the atmosphere. A cylindrical valve piston 57 is
slidably mounted within' the cylindeéi 52 and in-
cludes an intermediate annular piston head. 58
having axial, reduced shanks or plungers 59 and
69, preferably made integral with its top and bot-
tom and complementary to and slidably engage-

' gble “within the counterbores 58 and 58, respec-

tively.- The piston 58 is of less height or length
than its cylinder and the plungers 58 and €0 are
slightly less in length, than their respective coun~
terbores, whereby said piston is freely reciprocal
within the valve block. Since the upper: plunger
59 is of greater diameter than the lower plunger
60, the top of the piston 58 has a greater effec-
tive cross-sectional area than the bottom thereof.

For sealing off the cylinder 52 and between the
plungers and their counterbores, the inner ends
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of the latter, adjacent said cylinder, are counter=
bored or recessed as shown at 61 and 62, respec-
tively, to receive- annular packing members or
rings 83 and €4, of rubber or other suitable elas-
" tic material. The ubper recess 61 and packihg
ring 83, which are disposed in the head 59 gbove
-the cylinder, are of a diameter slightly greater
than the diameter of said ¢ylinder so as to project
-~ peripherally therebeyond for ehgaging the upper
end of the block 51 and sealing off the upper end
-..of the cylinder when said head is secured to said
block. = The upper portion of the valve block,
“ which is engaged by the ring 63, serves as g shoul-
der or seat for supporting and retaining said ring
in place. ~ The external diamieter of the lower
“recess 62 and packing ring 64 is slightly less than
the diameter of the cylinder, whereby said ring
seals’off around the lower plunger 60, as well gs
- between said cylinder “and the lower ‘counter-
-bore 55. - o i
" In order to prevent the piston 58 from engag-
ing the botfom of the cylinder and closing the
inlet port §4, an annular shoulder 65, which is
of less diameter than the upper plunger- 58, is
formed at: the upper end.of the plunger 68 and
engages the packing ring 64 when the valve piston
is' in its lower position (Figure.8). :Thus, even
when the shoulder 8% is seated against the ring

5

- 8

indnd closes the upper end of said dict.  The
ball: 70 is héld in engagement with its seat by
means of a coiled spring T and‘an adjusting
screw 12 which is screw-threaded through g siiit-
able packing nut or collar: 73, the latter being
screw-threaded into the ubper end of the valve

" chamber €9 for closing the same. A transverse

10
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64, the efféctive area of the bottom of the piston -

head is greater than:that of its top and the ad-
‘mission of pressure fluid throigh the inlét port
54 will resulf in the fluid acting upon the bottom
.of -the piston heéad &nd lifting the piston 57 to
the position shown in Figure 10. Sinee the outs

let port 8% is disposed in a Lorizontal plane a @

" slight distasce above the inlet- porf, communica-
tion between said ports'is established upon this
this upward movement of the piston. Due to this
communication, the pressure fluid from the stor-
age tank 48 is permitted o flow through the line
42 and pipes 41 and 49 to the interior of the sack
28 for inflating the same as has been explained
hereinkefore. - The piston 57 will remain in its
upper position (Figure 10) until the sack is filly
expanded or inflated &s shown in Figures 2 and
4. Due to the opening of ‘the dutlet port 53, the
pressure beneath the piston head 58 will be ma-
terially reduced and said piston head will cease
to move upwardly when-its bottom is above said
port. Therefore, the top of the piston head will

be spaced below the upper end of the cylindgr’

when the piston 87 is in its upper position,
For by-passing pressure fluid to the upper end

of: the. cylinder @bove the piston head and for:
.constantly equalizing the pressure above and be-
low said piston head §8, a small duct §% extends:
vertically through the piston Head adjacent the
This by-passing of pressure.
fluid to-the upper end of the cylinder above the'

periphery thereof,

biston does not.alter the operation of the valve,

. as heretofore explained, due to the greater cross-

sectional area of the bottom ¢f said piston. In

order.-to lower the piston 5T and shut off the sup-:
ply of pressure fluid upon complete inflation of .

the sack 28, it is necessary to conduct said fluid

to the upper counterbore 56, whereby the pres-
sure of the fluid will' act upon the upper end:

of the plinger 53. ' For accomplishing this puz-
pose, an inclined port 67 extends from the upper

portion of the bore 52 to: the upper end of the |

block §/ and communicates with a vertical duct

68 formed in the head 50, -An enlarged valve

chamber &9 is formed above the duct §8 and
heuses a. spring-pressed- ball- 1¢ which is seated

“30
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- below the cylinder 52

or duct 74 establishes communication befween
the valve chambér and the upper end of the
counterbore 58. : ) '
It is pointed otit that-the ball 79 is normally
seated and the compression of the spring Tf is
adjusted by means of thé scréw 72 to hold the
valve in its seated position until the pressure
within the cylinder 52 exceeds the pressure neces-
sary to completely inflate the expansible sack
23. Manifestly, since the pressure of the fluid -
within the tank 46 i3 in excess of the pressure
required to completely inflate the sack, said pres-
sure will build up within the cylinder and will
unseat the ball 70 and flow through the cham-
ber 69 and duct. 714 into the upper counterbore
58,  ‘The combined area of the plunger 59 and
the top of ‘the piston head 58 being greater area
than the bottom of said head, due to the pro-
vision of the plunger 68 and shoulder 65, the
admission of the pressure fluid to the upper ¢oun-
terbore will result in downward movement of the
piston 87 from its upper, opben position to its
lower closed position (Figure 8). As has been
explained, the piston head %8 overlies or covers
the outlet port 53 so as to shut off the flow of
the pressure fluid to the line 42 when the piston
‘Is in its lower. position. It is pointed out that
the ball valve T8 will seat and close the duct
§8 upon movement of the valve element to its
lower position, since the pressure exerted against:
“sald ball valve is no longer sufficient to with-
stand the compression or force of the spring L
and due to the equalization of the pressure with-
in the chamber 88 with the pressure within said
duct. Manifestly, the seating of the ball valve
will .shut off the flow of pressure fluid to the
upper counterbore ‘56 and said fuid. will be
trapped within said ‘counterbore as well as- in
the duct 14 and chamber 69.. In order to relieve
this pressure, and permit subsequent upward
movement of the piston, an axzial duct 78, of rel-
atively small -diameter extends eéntirely through
the piston 57, establishes communication be-
tweed the upper counteibore and tha atmosphére
and thereby perniits the trapped pressure to bléed
or dissipate itself from said courterbore: radidl
duct 74 and chamber §9. As soon as this: trapped
pressure fluid approaches atmospheric pressure,
a predetermined pressure drop occurs and the
pressure exerted against the greater area of the
bottom of the piston head will again raise the
piston so as to open the outlet port 53 and there-
by supply pressure fluid to the expansible sack 28.
_For' confrolling the escape of the bressiire
fluid from the expansible sack, an angular by-

~ pass duct or port 75 is formed in the valve block

51 and extends downwardly from the outlet port
53, then diametrically of said body immediately
and the lower packing ring

- 64 and its recess 53. A manually-adjustable,

70.

75

needle valve 17, similar to the needle valve 45 is
connected to the by-pass diict 78 by means of 3
short pipe 18 which is screw-threaded into the
outer end of said duct. The lower counterbore
55 intersects the by-pass duct 16 and said duct
is closed by the plunger 60 when the piston is in

* Ibs upper or raised position as shown in Figure




2,404,524

9

10. For establishing communication between the
two portions of the by-pass duct, an annular
groove or recess 19 is formed in the external
periphery of the plunger 60 and this groove reg-
isters with said duct when the piston is in its
lowered position (Figure 8). Thus, when the
fluid pressure is cut off from the expansible sack
by the piston being in its lower position, the fluid
within said sack may exhaust by flowing up-
wardly through the pipe 40 into the line 42, port
53, duct 716, groove 19 and pipe 18, and then out
through the valve 11. Since the upward move-
ment of the piston to its open position moves the
groove 19 out of registration with the by-pass
duct, flow through said duct is prevented and
there will be no escape of . the fluid flowing
through the valve 43 to the expansible sack.

The needle valve 17 is conventional and merely
meters or regulates the rate of flow of the pres-
sure fluid exhausted from the expansible sack
and, therefore, the rate of deflation or collapse of
said member as well as the rate of entry of the
well fluids into the chamber A. It is pointed
out that the valve 1T may have its outlet or dis-
charge opening connected to the intake of the
compressor 471 or may, as shown be open. to the
atmosphere. The valve 45 is substantially iden-
tical to the valve 1T and is provided for the pur-
pose of controlling the rate of flow of the pres-
sure fluid supplied through the valve 43 to the
sack 28. The adjustment of these needle valves
is subject to variation and said adjustments may
be dissimilar, whereby the pressure fluid may be
exhausted from the sack at a different or faster
rate than the admittance of said fluid thereto.
It is desirable to exhaust the pressure fluid at a
rate much more rapid than the admittance rate
of said fluid, whereby the actual working or lift-
ing time may be of prolonged duration.

Due to the relatively large volume of the cham-
ber A, a sizable quantity of well fluids may be
lifted upon each inflation of the expansible sack
and such inflations may be infrequent so as to
permit the use of a lifting fluid of relatively small
volume or low pressure. Since the exhaustion
rate of the pressure fluid .controls the rate of
entry of the well fluids info the chamber A as
well as the vacuum or suction exerted upon said
well fluids and the velocity of the same in flowing
from the formation F, separation and escape of
the lighter hydrocarbon. constituents from -the

well fluids may be prevented by properly adjust-

ing the exhausi needle valve 1T in accordance
with the characteristics and condition of the pro-
ducing formation. Of course, this valve is ad-
justed to provide a maximum rate of exhaustion
without creating an undesirable or excessive
vacuum or- velocity of flow. Also, a desirable
back-pressure is held upon the formation by the
means  (not shown) within the casing head 2
which seals off the space between the casing i1
and tubing 15, In order to provide a relatively
slow admission of ‘the pressure fluid, the needle
valve 45 may be suitably adjusted so as to admit
said fluid at the desired rate.

“A pump of the construction described herein-
before is limited as to the depth of its installa-
tion below the surface, due to the fact that if
would be uneconomical to employ an operating
fluid having an excessively high pressure. ‘There-
fore, in wells relatively deép, it is desirable to
employ a plurality of lifting stages and each stage
includes one of the chambers B as shown in Fig-
ures 1, 3 and b.

Each chamber B is very similar to the cham-
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ber ‘A, but is of greater length, and includes a
similar sleeve 89 having its upper end connected
to the tubing 15 by a. collar 81, a swaged. nipple
82 and a coupling collar 82. As shown in - Fig-
ures 3 and 5, a similar collar 84, swaged nipple
85 and coupling collar 86 connect the lower end
of the sleeve to the tubing therebelow. The up-
per coupling collar 83 has an enlarged external
diameter to provide a relatively-thick wall and
the bore of said collar has its lower portion en-
larged to form a recess or socket 87 for receiv-
ing the upper end of the swaged nipple 82. As
shown by the numeral 88, the bore of the upper
end or neck of the mpple is substantially edual
to the external diameter of the tubing 15, where-
by a short pipe sleeve 89, of substantially the same
diameter as said tubing, may extend through said
nipple neck-and be screw-threaded within - the
internal Jower portion of the collar 83. The short
sleeve 89 depends a shor distance into the cham-
ber B and has its lower end connected to a
swaged nipple 89 by a special coupling collar 81
which -is substantially identical to the collar 23
and which includes an internal, annular shoul-
der 82 and a reduced, screw-threaded counter-
bore. or socket 93 therebelow. A check valve 94,
substantially identical to the valves 24 and. 87,
is mounted within the collar 91 and is held in
posmon by being clamped between the shoulder
92 .and.the lower end of the short sleeve. 89 for
trapping well fluids-thereabove, as will be here-
inafter more fully explained. The -counterbore
83 receives the upper end of a tapered- nipple
9% which extends through the upper end. or neck
of the swaged nipple 80 to a point slightly below
said neck. The nipple 85 is substantially iden-
tical to the nipple 31-and has a similar transverse
partition 96 with radial ports §T thereabove. for
establishing communication between the  upper
portion of said nipple 85 and the exterior thereof.

As is clearly shown in Figure 5, an expansible o

member or sack 88, substantially identical to but
of a less diameter and greater length than the
sack 28, has its reduced, reinforced upper end
or neck 99 engaging around. and fastened to the
lower .portion of the inner nipple 95 above its
tapered or constricted throat 102 by a suitable
clampmg ‘band or ring 180. External, peripheral
grooves- 101 are formed in the inner nipple for
receiving the matenal of the tube neck 99 upon
tlghtemng of the band 180. ‘The pressure fluid is
conducted 1o the sack 98 from the pipe 40 by a
branch pipe 103, which extends from said pipe,
through the swaged nipple 82, then through the
swaged nipple 90 into the lower portion of the
nipple 85 below its partition 86 so as to communi-
cate with the interior of said sack. An elongate,
cylindrical sleeve 104, of less diameter than the
sleeve 80, surrounds the sack 98 and depends from
the nipple 99 to which it is connected by means
of a suitable collar- 105. The sleeve 164 is of
greater length than the sleeve 20 of the chamber
A, -but of less length than the sleeve 80, so as to
terminate above the lower end thereof and is con-
nected by means of a collar 106, a swaged nipple
167-and ‘s special coupling collar {08 to-a per-

~ forated bull plug 199, which -is preferably. dis-

- lower -swaged nipple.85. :

70

posed within the reduced or neck portion of:-the
-A “check valve 110 is
mounted in-the coupling collar.- 188 by being
clamped between the nipple 107 and plug 189 and -
this valve as well as' the: other parts are sub-

stantially . ‘identical to ‘the valve 24; plug 25,
swaged nipple 18 and collars 16 and T of the
chamber A. 'The sleeve 104 and the elements
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! connected thereto provide an accumulating

‘ cbamber Cof substant1ally the same capac1ty as

from said chamber A by the sack 28.
 Upon inflation of the sack 28 as shown in
| Figure 2, the well fluids liftéd from the chamber
A through the valve 87 will build up or acéumu-
' late within the tubing (5 thereabove and within
| the chamber B. - Although the chamber B and
its sleeve 80 have substantially the same diam-
| eter as the chamber A and its sleeve 28, the
former are of greater length so as to have siib-
: stant1ally the same capacity or volume for ac-
| cumulating the lifted well fluids. The sack 98
- is actuated. in exactly the same manner as the
sack 28 and is preferably inflated and deflated
simultaneously therewith. As soon as the well
- fluids commence t6 accumulate within the cham-
L ber C, said fluids will flow through thé per-
forations of the plug 109 past the valve 110 into
: the chamber C upon exhaustion of the pressure
- fluid and:deflation of the sack 98. Initially no
" well fluids are present within the chamber C to
resist inflation of its sack 98 and, therefore, said

| gack will be inflated prior to the inflation of the &

. sack 28 so as to prevent said-fluids when subse-
. quently elevated into the chamber B by said sack
98 from entering said chamber C. 'Thus, the
- lifted well fluids will substantially 8ll the cham-
ber C upon first entering said chamber and will
' continue to fill the same upon each subsequent
- actuation of the sack 28. 'Upon inflation of the
" sack 98, the valve {10 will be closed and the well
fluids within the chamber C will ‘be forced or
- lifted upwardly through the space between the
mpples 90 and-95, then through the ports §7,
" the upper portion of said nipple 95 and valve 84
-into the short sleeve 89 and tubing 15 thereabove
i (Figure 5).. -As has been explained, the valve 94

.| functions in the same manner as the valve 37 of ¢

i ‘the chamber A for trapping and preventing the
escape of well flmds lifted therethrough.  With

‘the surfaCe ccontrol valve 43 in the position shown.

'in Figure 8, the pressure fluid within the sack
98 will exhaust through the pipe 103 into the pipe
- 49 and will be conducted together with the pres-

sure fluid from the sack 28 to the surface so as

.to escape by means of the line 42, angular duct
76, groove 19, pipe 18 and needle valve 711.

- flow into-the chamber C so as to assist in col-
‘lapsing or deflating the sack 98 and to substan=

The
well fluids within the chamber B will then again &
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explanatory thereof and various changes in the
size, shape and materials, as well as in the details
of ‘the illustrated construonon ‘may be made,
within the scope of the appendéd claims, with-
out departing from the spirit of the invention.

What I claim and desire to secure by Letters
Fatent is:

1. In a well pumping apparatus, the combina-
tion of, an accumulating chamber adapted to be
immersed in the liguid in g well, an elongite ex-
pansible sack mounted in said chamber and free
to collapse, a conductor for supplying pressure
fluld to the upper end of the sack and for ex-
haustizig such pressure fluid therefrom connect-
ed to said sack and adapted to extend to the top.
of a well, the lower end of the sack bemg free
and unsupported, an automatic valve for alter-
nating supplyiitg pressure fitid to the conductor
and exhausting such fluid therefrom, means for
supplying fluid under- pressure to said valve, a
well fubing extending from the upper end of said
chambeér, means for discharging well liquid from
the chamber to the tubing; means for controlling -
the supply .6f pressure fluid to the valve, and
means for centroiling the exhaustmg ‘of pressure
fluid from the valve, whereby the pressure fluid
may be exiausted from the sack at a higher rate
thaa that at which it is supplied thereto. )

2. In a well pumping apparatus, the combina-
tion of, an accumulating chamber adapted to be
immersed in the liquid ina well,-an elongate ex-~
pansible sack mounted in said chamber and free
to collapse, a conductor for. supplying pressure

-fluid to the upper end of the sack and for ex-

hausting such pressure fiuid therefrom connect-
ed to said sack and adapted to extend to the top
of a well, the lower end of the sack being free
and unsupported, an automatic valve for alter-

“nating supplying pressure. fluid to-the conductor

and: exhausting such fluid therefrom, means for

. supplying fiuid ‘under pressure -to- said- valve, a

well tubing extending from-the upper end of said
chamber, means for discharging well liguid from
the chamber to. the tubmg, a control valve con-
nected in the fluid _bressure supply, and a control
valve connected with the pressure fluid exhaust-
of the valve.

3. A-well pump including a cylmder adapted to
be immersed in a well, g well fluid-inlet valve at
the bottom ‘of the cylinder, a well fluid outlet.

- valve at the top of the cylinder, a well tubing

‘tially fill said chamber, whereby said well fluids -

‘Wwill be lifted or forced upwardly upon _subse-
iquent inflation of said sack, ‘

.- In order to prevent the creation of an undesir-
‘able pressure within the chamber B and to per-
mit the escape of any excess well fluids which
might accumulate therein; a plurality of vent

openings 111 are formed in-the swaged nipple 82 &
‘which is dlsposed at the top of the chamber above-

its sleeve 80. A moisture trap 112 (Figure 11)
‘may be connected in the macaroni stnng 49 ad-
.jacent thé point at which said string 40 extends
through: the swaged nipple 22 of the chamber-A.
. Thé plpe is d1v1ded in the trap and the ends
thereof offset in the usual manner. A spring-.
pressed- downvvardly opening dumping valve 115
iengages a.Seat- 114 in-the bottom of the trap.

-'Periodically incréasing the pressure of the fluid. <

flowing through the string 40 will exert suffi-
‘clerit "pressure upon-the liquid accumulated in

-the trap to open the valve and mscharge such

hqu1d

The foregomg descnptmn of the mventmn 1s'
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conuected with-the top of the cylinder, an ex-
pansible sack in the cylinder disposed to expand
to the full internal cross-sectional area of said
cylinder, the upright wall of the cylinder being
imperforate, means for- suspending thesack in
the cylinder, and means for supplymg a pressure
fluid to the sack through its support.

4. A well pump as set forth in claim 1, and a-

moisture trap connected in the pressure supply -

means adjacent the chamber.

5. A well pump including, a cylindrical cham-
ber adapted to be immersed in the liquid in a well
and having g well fluid inlet valve at its bottom,
a nipple mounted at the top of the ‘chamber and

~extending only into the upper end‘of said cham~

ber, an inflatable elastic sack suspended from said
nipple and dependirg into "said chamber, said
sack being free to collapse, means-for supplying.
a pressure fluid to and exhausting such fluid from
the nipple for said sack to inflate -the latter to
the inner .annular wall of the cylinder and to-

collapse said sack, means ‘for conducting ‘well -

fluid displaced by the sack from the-cylinder, and
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a well tubing connected to said conducting
means.
6. A well pump as set forth in claim 5, and a
" back flow valve connected with the tubing above
said nipple.
7. A well pump including, a cylindrical cham-
ber having an inlet valve at its bottom, an elas-
tic. sack suspended in the chamber; and means

[

for- supplying a° pressure fluid to the sack, the -

lower wall of the sack being reduced in thick-
ness to cause initial expansion thereof, whereby
the trapping of ‘well fluid in the chamber is pre-
vented,

8. A well pump including .a cylindrical cham-
ber adapted to be immersed in the liquid .in a

10

15

well and having a well fluid inlet valve at. its -

bottom; a nipple mounted at the top of the cham-
ber and extending only into the upper end of said
chamber, an inflatable elastic sack suspended
from said nipple and depending into said cham-
ber, said nipple having a pressure fluid passage
and a well fluid discharge passage separate from

20
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the pressure fluid passage .connected with the
chamber, a single conductor connected with the
pressure fluid passage of the nipple for supplying
and exhausting pressure fluid, and a-well tubing
connected with the fluid discharge passage in
said nipple.

9. A well pump including, a cylinder -adapted

- to be.installed in a well, a well fluid inlet valve
.at the bottom of the cylinder, a well fluid outlet

valve at the top of the cylinder, a well tubing
connected with the top of the cylinder, an ex-
pansible sack in the cylinder disposed to- -expand
to the full internal cross-section area of said ¢yl-
inder, the upright wall of the cylinder being im- -
perforate, means for suspending the sack in the’
cylinder, means for supplying a pressure fluid-to

-the sack through its support, and a larger cylin-

der surrounding and spaced from the first named
cylinder and communicating therewith through
the well-fluid inlet valve thereof. .

JOSEPH R. NORTON.




