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My invention relates to pumps adapted to 
be operated by means of air or other gas un 
der pressure, and particularly to pumps of 
the above type for use in pumping liquids 
through considerable vertical heights, as in 
pumping liquids from wells, and to a method 
of operating such pumps. My invention is 
particularly adapted for use in pumping oil 
from oil wells but may also be advanta 
geously used for pumping other liquids. 
An important object of the invention is 

to provide a pump for the above purpose 
which is simple in operation and which is 
substantially free from moving parts which 
are subjected to excessive wear during opera 
tion and hetween which tight joints must 
he maintained. A further object of the in 
vention is to provide a pump which is effec 
tive, durable, and economical in operation. 
A further object is to provide a pump adapt 
ed for use in pumping liquids from wells, in 
which substantially all the moving parts are 
located above the surface of the ground so as 
to facilitate inspection and repair thereof. 
A further object of the invention is to pro 
vide in certain cases for recovery from the 
air or gas used as an operating medium, of 
volatile constituents entrained by such air 
or gas from the liquid being pumped, for 
example, the recovery of gasoline in pump 
ing hydrocarbon oil. 
My improved liquid pump comprises es 

sentially a plurality of working chamberslo 
cated one above another, means for creating 
relatively high and low pressures in alter 
nate chambers and for periodically reversing 
the condition in all the chambers simultane 
ously, from high pressure to low pressure, 
and vice versa, and suitable passage means 
and valve means between said chambers, 
the arrangement being such that liquid is 
forced from each chamber in which high 
pressure exists into the low pressure cham 
ber next above the same, so that the above 
described alternate applications of high and 
low pressure to the respective chambers 
causes the liquid being punped to be con 
tinually moved upward throughout the 
height of the pump. An effective means of 
applying the above-described difference in 
pressure in adjoining chambers consists in 
creating a condition of pressure and vacuum 
in alternate chambers, and periodically 
changing the condition in each chamber 
from pressure to vacuum, and vice versa. 
The accompanying drawings illustrate en 

line 3-3 in Fig. 2. 

bodiments of my invention and referring 
thereto: 

Fig. 1 is a partially diagrammatic vertical 
Section of an oil well provided with a pump 
according to my invention. 

Fig. 2 is a horizontal section through such 
an oil well and pump, on line 2-2 in Fig. 3. 

Fig. 3 is an enlarged vertical section on 

Fig. 4 is a side elevation of a means for 
controlling the application of pressure and 
vacuum to the respective chambers. 

Fig. 5 is a diagrammatic vertical section 
of a modified form of the invention. 

Fig. 6 is a partial vertical section of an 
other modification of the invention. 

Figs. 7 and 8 are horizontal sections on 
lines 7-7 and 8-8 respectively in Fig. 6. 

Fig. 9 is a partial vertical section of an 
other modified form of the invention. 

Fig. 10 is a horizontal section on line. 
10-10 in Fig. 9. 

Fig. 11 is an enlarged horizontal section 
of a control valve for the form of the inven 
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tion shown in Fig. 9, taken on line 11-11 
in said figure. 

In the form of my invention shown in 
Ifigs. 1 to 3 my pump is shown as applied 
particularly in connection with an oil well, 
the bore of which is indicated at 1. Such 
well may be provided with the usual water. 
string or casing 2 which may be cemented 
off as at 3 to prevent entrance of water into 
the portion of the bore in which the oil en 
ters.for example from an oil sand indicated 
at 4. The pump comprises a main vertical 
casing indicated at 5 and extending sub 
stantially throughout the depth of the bore 
hole and provided at intervals with horizon 
tal partitions 6 which divide the space with 
in said casing 5 into a plurality of vertical 
chambers 7 located contiguously one above 
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another so as to form a continuous series of . 
such chambers. Casing 5 must extend to 
such a depth in the well that the lowermost 
chamber 7 extends below the normal oil 
level of such well. Each of the chambers 7 
is of such height that the oil being pumped 
may be raised from one chamber to the next 
by means of the pressure and vacuum avail 
able. 
may be from 20 to 100 feet or more in height. 
In practice it is convenient to form casing 
5 of a plura'ity of sections or units as indi 
cated at 8 in Fig. 3, there being for example 
one of such casing units corresponding to 
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each vertical sections 7, and the adjoining 
units 8 being connected together for example 
by a bushing or coupling member 9 in each 
of which is formed or mounted one of the 
horizontal partitions 6. Casing 5 is pro 
vided at its lower end, and below the lower 
most partition 6, with a perforated portion 
10 which is adapted to permit the entry or 
flow of oil into the interior of said casing. 
Suitable discharge means such as pipe 29 are 
provided for conducting the cil from the 
pump to a pipe-line, storage tank, or other 
destination. 
The chambers 7 above described constitute 

the air or gas chambers to (which pressure 
and vacuum are alternately applied, and 
within each of said chambers there is pro 
vided an inner vertically extending cylin 
drical tube or pipe 11, the interior of which 
constitutes a vertical passage or oil cham 
ber 12. Said cylindrical tubes 11 extend 
downwardly from each partition 6 to within 
a short distance of the bottom of the corre 
sponding chamber 7, so as to provide a com 
munication between the air or gas chanbers 
and the oil passages, as at 18. There is also 
provided between each of said oil chambers 
or passages 11 and the chamber 7 immedi 
ately above the same, a single valve port 15 
having suitable valve means such as check 
valve 13 adapted to be opened by an excess 
in pressure from below so as to permit the 
flow of oil upwardly therethrough and to be 
closed by an excess of pressure from above 
so as to prevent the downward return of any 
oil from above. As shown in Fig. 3 the re 
spective cylindrical tubes 11 may be screwed 
or otherwise mounted at their upper ends 
upon suitable supporting means 19 on the 
corresponding partitions 6. Each check 
valve 13 may be adapted to cooperate with 
a valve seat 14 so as to control communica 
tion through opening 15 in partition 6 and 
suitable heans may be provided for main 
taining check valve 13 in proper position. 
For this purpose the stem 16 of said valve 
may be provided with ribs or vanes, 17 
adapted to engage guide means, for ex 
ample, the inner wall of the supporting 
means 19 so as to guide the valve vertically, 
and adapted upon opening movement of the 
valve to engage the under side of partition 
6 so as to limit such opening movement and 
retain the valve in such position as to be 
closed upon application of pressure from 
above. . . . 

Suitable means are provided for alter 
nately applying high pressure and low pres 
sure to the respective chambers. 7 in such 
manner that opposite conditions prevail at 

' all times in alternate chambers. Such means 
may comprise pipes 20 and 21 adapted to 
conduct air or other gas to and from said 
chambers, pipe 20 being connected to every 
alternate chamber 7 as at 22 and pipe 21 
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being connected to the remaining chambers 
7 as at 23. High pressure tank or receiving 
means 24 and low pressure tank or receivin 
means 25 are also provided, together wit 
suitable means for maintaining conditions of 
high and Mow pressure respectively in said 
tank, for examp’e, an air compressor indi 
cated diagrammatically at 26 may be con 
nected by pipes 27 and 28 to the respective 
tanks in such manner as to continually ex 
haust the air or gas from low pressure tank 
25 and to discharge the same into the high 
pressure tank 24. The pressure maintained 
in the high pressure tank 24 may be any 
suitable pressure, preferably greater than at 
mospheric, while any relatively low pres 
sure may be maintained in tank 25. It is 

8. 

of advantage however, in order to obtain 
the maximum lift in each section of the 
pump, to maintain a vacuum in said tank 
25, or in other words a pressure below. atmos 
pleric. In the description which follows it 
will therefore be assumed that a pressur? 
greater than atmospheric will be maintained 
in tank 24, and a vacuum in tank 25. In 
stead of the above arrangement, if air is used 
as the working medium, a vacuum pump 
may be connected to tank 25, with an open 
discharge, and a compressor having an open 
intake may be connected to tank 24, or any 
other suitable means may be provided for 
maintaining the desired vacuum and pres 
sure in the respective tanks. Means are also 
provided for alternately establishing com 
munication between pipes 20 and 21 and 
tanks 24 and 25. For this purpose an in 
termittently operated double control four 
way valve may be provided as indicated at 
30, said valve being provided with a ro 
tatably mounted member 31 provided with 
ports 32 and 33 adapted to control communi 
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cation, upon rotation of said rotary member 
31, between pipes 20, and 21 and pipes 34 
and 35 leading respectively to the pressure 
tank 24 and the vacuum tank 25. The ro 
tary member 31 may be operated by any 
suitable mechanical means in such manner as . 
to be periodically rotated through one quar 
ter of a revolution so as to reverse the con 
nections between said pipes. h- 

In Fig. 4 there is shown a mechanism 
???????? to operate the double control valve 

in t 
mounted to rotate in a cylindrical bearing 
37, the respective pipes 20 and 21, 34 and 35 
being connected to passages 38 in said bear 
ing adapted to register with the ports 32 
and 33 in the rotary member. Said rotary 
member is adapted to be operated through 
gear wheels 39 and 40, upon operation of 
ratchet wheel 41, for example by means of 
pawl 42, Said pawl may be pivoted at the 

his manner. Rotary member 31 may be 
o 

upper end of a rod 43 adapted to slide ver. 
tically in bearing 44 Cam wheel 45 is 
adapted upon rotation in the direction indi 130 
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cated by the arrow to gradually raise and 
then suddenly drop bar 43 together with 
pawl 42. In the upward novement, said 
pawl passes over the teeth of the ratchet 
wheel 41 without operating the same, but 
upon the sudden dropping of bar 13, pawl 
42 engages a tooth of said wheel and causes 
sufficient rotation of the same to move rotary 
member 31 through one quarter revolution. 
Bar 43 may be made heavy enough to cause 
it to operate by gravity, or spring means 51 
may be provided for this purpose. Suitable 
means such as leaf spring 46 may be pro 
vided for permitting the pawl to be pressed 
inwardly during the upward movement of 
rod 43 so that the pawl may pass over the 
ratchet wheel and for causing the pawl to 
be forced outwardly into engagement with 
said wheel so as to effect rotation on the 
downward movement of bar 43. Catch 
means indicated at 50 may also be provided 
to prevent rotation of ratchet wheel 41 in 
the reverse direction during upward move 
ment of bar 43. Cam member 45 mmay be 
operated for example by means of a worn 
gear 47 so as to produce a slow motion of 
said cam member, the shaft 48 of said worm 
gear being provided with suitable driving 
means such as gear wheel 49 which may be 
connected to any source of motive power 
for example to an electric motor not shown, 

It will be understood that for the purpose 
of clearness the parts are somewhat dis 
torted in the drawings, for example, each 
chamber 7 is represented as of greater di 
ameter in proportion to its height than is 
actually the case. Furthermore only por 
tions of the entire height of the pump are 
shown, each of the brakes in Fig. 1 repre 
senting the omission of at least several hun 
dred feest of the well. 
The operation of the above described for 

of my invention is as follows: 
With the parts in the position shown, the 

lowermost chamber 7 and every Fecond 
chamber thereabove throughout the height 
of the pump is in communication with the 
vacuum tank 25 and a condition vacuum 
therefore exists in said chambers. The re 
maining chambers 7 on the other hand are in 
communication with pressure tank 24 so as 
to maintain a pressure greater than atmos 
plheric within the latter chambers. At this 
time oil is being drawn up into the lower 
most chamber 7 through the valve opening 
15 at the bottom thereof due to the vacuum 
in said chamber. In the second chamber 
from the bottom a condition of pressure ex 
ists and in the third chamber one of vacuum 
and the combined effect of such pressure and 
acuum is to force oil from said second 
chamber through the oil passage, 12 within 
said chamber and into said third chamber. 
This action is repeated in every pair of 
chambers throughout the height of the pump 

and since a condition of pressure exists in 
the uppermost chamber 7 oil is also being 
discharged through pipe 29 to the storage 
means. As long as the fotary member 31 of 
valve 30 remains in the position shown the 
above conditions will be maintained and the 
period allowed for such operation to con 
tinue should be such as is found by practice 
sufficient to permit the maximum displace 
ment of oil from each section to the one 
above or in other words until the lifting of 
the oil has practically ceased under these 
conditions. The operating mechanism for 
rotary member 31 is so tinned that at the 
expiration of such period, said rotary innen 
ber will be moved one quarter revolution so 
as to reverse the conditions in the respective 
chambers, pressure being then applied to 
the lowermost chamber, vacuum to the next, 
etc., alternately to the top of the pump. The 
operations occurring in each section of the 
pump are therefore an intermittent raising 
of oil within the pressure chamber 7 during 
which the valve 13 directly below said chann 
ber is open while the one above is closed, 
followed by a discharge of such oil through 
the corresponding passage 12 and into the 
chamber 7 next above, at which time the 
valve 13 below the former chamber is closed 
and the valve leading into the chamber next 
above is open. The gaseous medium used 
for creating pressure and vacuum in the 
chambers may be air, or in case of pump 
ing hydrocarbon oil fron oil wells such me. 
dium may advantageously consist of hydro 
carbon gas, in order to eliminate evapora 
tion of volatile hydrocarbons from the oil 
and also to prevent possibility of explosion 
which might result if air were ??! 
In the form of the invention shown in Fig. 

5 the construction is similar to that above 
described except for the location of valves 
13. In this case the opening between each 
oil passage 12 and the working chamber 7 di 
rectly above the same is open at all times, 
while the lower end of each of the inner 
cylindrical tubes 11 is closed as at 52 and is 
provided with a valve port 15 adapted to 
be controlled by check valve 13. The se 
quence of operations is the same as in the 
orm of the invention first described but 

this modification possesses the advantage 
that any oil which is once forcéd up into 
one of the oil passages 12 can not return to 
the corresponding working chamber 7 upon 
the reapplication of vacuum thereto. All of 
such passages are therefore continually filled 
with oil as indicated in Fig. 5, and there is 
no unnecessary movement of the oil. In 
either case, however, there is only a single . 
check valve between each working chamber 
and the next. The path of the oil, when 
the parts are in the position shown is in 
dicated by the arrows in said figure. 
I have also shown in Fig. 5 a simple means 
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which may be used in connection with any 
of the medifications of my invention, for 
recovering from the air or gas used as a 
working medium in the pump any volatile 
constituents which may be removed by such 
air or gas from the f??????? being pumped. 
For this purpose the discharge pipe 27 lead 
ing from the compressing means 26 may leal 
to suitable cooling or condensing means, 
such as cooler 81 provided with inlet and 
outlet pipes 82 and 83 for cooling medium, 
for example water. From cooler 81 pipe 84 
may lead to an absorber 85 through which 
the compressed and cooled air or gas passes 
upwardly, while a suitable absorbing me 
dium is passed through preferably in the 
reverse direction, inlet, and outlet pipes 86 and 87 being provided for supplying and 
carrying away such absorbing medium. 
From the absorber, pipe 88 leads to the high 
pressure, receiving means 24. The absorb 
ing medium passing from the absorber may 
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be treated in any suitable manner to re 
cover the volatile material absorbed there 
by, for example, it may be subjected to a 
partial distillation. The liquid used as an 
absorbing medium will depend of course 
upon the volatile constituent which is to be 
recovered. In pumping hydrocarbon or 
mineral oil from oil wells, the volatile con 
stituents which may be carried off by the air 
or gas used as W????? medium will consist 
of the more volatile hydrocarbons, and any 
solvent for such materials which is itself not 
readily volatile may be used, such as naph 
tha lor mineral seal oil. Upon subsequent 
#??? of She ?????? ? d??? of through pipe 87, a ualitv of gaso line :P ????' nå i'li: 
oil may then be cooled and returned to pipe 
86 leading to the absorber. Provision may 
also be made for drawing off from the low 
and high pressure receiving means, and from 
the cooler, any volatile constituents which 
may condense and collect at these points, 
suitable drain, pipes 89, 90, and 91 being provided for this purpose if desired. 
As shown in Fig. 6, I may form all of the 

vertically extending tubes or pipes concentri 
cally one within another, for example, each 
of the oil passages in such case may be lo 
cated between the outer casing 5 and an in 
ner casing section 53, the interior of each 
of said inner casing sections constituting a 
working chamber 7. Pipes 20 and 21 may 
be arranged one within the other and may 
be dis centrally within said working 
chambers 7 and provided with passages 22 
and 23 leading from the respective pipes 
20 and 21 into the alternate working cham 
bers throughout the height of the pump. 
Each chamber 7 may be closed at the to 
by means of a head member 54 attache 
to or formed on the corresponding casing 
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section 53, and each of the oil passages 12 
may be closed at the bottom by means of an 
annular horizontal partition 55 extending 
between the outer and inner casings 5 and 
53. The annular opening 18 above the head 
member 54 of each chamber 7 is adapted to 
permit communication between the corre 
sponding oil passage and the chamber 7 next 
above. Partitions 55 are provided with 
suitable valve ports 15 and check valves 13 
adapted to be operated as above described 
to control communication between the re 
spective oil passages. The operation of this 
form of the invention is substantiaily the 
same as that shown in Fig. 5 and does not 
require detailed description. Assuming that 
a condition of pressure exists in the upper 
chamber 7 and one of vacuum in the lower 
chamber 7 the valves 13 will be in the posi 
ton shown and oil will therefore be drawn 
up into the lower chamber 7 and discharged 
from the upper chamber through the corre 
sponding oil passages 12 and discharge 
pipe 29. 
Instead of connecting the two gas or ir 

conducting pipes 20 and 21 to alternate 
working chambers 7, and providing control 
valve means located at the surface for al 
ternately applying pressure and vacuum to 
said pipes, I may in some cases provide a 
connection from each of said pipes into each 
working chamber and control the communi 
cation between said pipes and said working 
chambers through E means located with 
in the pipes themselves as shown in Fig. 9. 
In this form of the invention one of the gas 
or air supply pipes for example pipe 60 
may be permanently connected to a source 
of pressure and the other pipe 61 to a source 
of vacuum. For this purpose said pipes may 
be connected respectively to suitable pres 
sure tank and vacuum tank, said tanks being 
provided with suitable means for paintain 
ing pressure and vacuum therein. Or I may 
connect, pipe 60 to the discharge, and pipe 
61 to the intake, of an air compressor or 
blower, indicated diagrammatically at 62. 
Pipes 60 and 61 may be provided with valve 
ports 63 and with suitable valve means such 
as sliding valves 64 adapted to control com 
munication through said yalve ports. Said 
valves 64 may be mounted on operating 
means such as valve rods 65 extending 
throughout the height of pipes 60 and 61 
and extending through ??? boxes 66 at 
the upper ends of said pipes so as to main tain tight working joints at these points. 
Valve ports 63 are arranged alternately in 
successive working chambers 7 so that when 
the valve port 63 connecting one of the gas 
or air supply pipes to a certain working 
chamber 7 is open the valve port connecting 
the other of said pipes to the said cham 
ber is closed, while in the next adjoining 
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working chamber 7 the location of the valve 
ports and valves therefor is such that the 
conditions are just the reverse of those in 
the first mentioned working chamber. In 
this form of the invention casing 5 is pro, 
vided as in the other forms above described 
with suitable oil passages 12, and with valve 
ports 15 and check valves 13 adapted to con 
trol connmunication between said passages. 
Discharge ??? 29 may be connected to the 
uppermost oil passage or chamber 12 so as 
to permit discharge of oil therefrom. Suit 
able operating means are provided for valve 
rods 65 to effect periodic movement thereof 
so as to reverse the connections from pipes 
60 and 61 to each of the working chambers 
7. Said valve rods may be provided for 
example with a cross-head 67 at their up 
per ends and any suitable means may be 
rovided for alternately moving said cross 
Ë up and down. For this purpose a 
quick-acting lever arrangement comprising 
levers 68 and 69 pivoted at 70 may be con 
nected at one end to said cross-head, for 
example by means of slot 71 in lever arm 
68 engaging a pin 72 on said cross-head, 
and connected at the other end to a link 73 
whose other end is mounted eccentrically, 
as at 74, on wheels 75. Said wheel 75 may 
be operated for example by means of worm 
gear 76 provided with suitable driving 
means such as gear wheel 77 which may be 
connected to any suitable source of power, 
so as to impartan alternate up and down 
motion to link 73. Suitable means such as 
a spring 78 may be connected to lever arms 
68 and 69 so that when arm 69 is swung 
by link 73 beyond the dead center position, 
said spring 78 will cause lever arm 68 to 
be suddenly swung upward or downward 
as the case may be so as to raise or lower 
the valve rods 65 and valves 64. 
In the operation of this form of the in 

vention a condition of pressure exists at 
all times within pipe 60 and a condition of 
vacuum exists at all times within pipe 61 
and the above described operation of the 
valve means 64 will therefore cause vacuum 
and pressure to be alternately applied to 
the respective working chambers p so as to 
effect upward movement of the oil within 
the oil passages 12 substantially as above ??????????????? 

In the forms of the invention shown in 
Figs. 6 to 11 inclusive it will be seen that the 
gas passage means.20 and 21 or 60 and 61, for applying relatively high and relatively 
low pressure to the alternate working cham 
bers, extend within such working chambers. 
Such a construction leads to the maximum 
utilization, for pumping purposes, of the 
space which is available within the well cas ing or water string 2, as it is evident that a 
working chamber of larger cross-sectional 

area may be thus provided within an outer 
casing of a given size than when the gas pas 
sage pipes. 20 and 21 are located outside the 
working chambers as shown in Fig. 2. 

In any of the forms of my invention above 
described, the operating mechanism for the 
reversing means may be so regulated in speed 
that the desired time occurs between succes 
sive changes from pressure to vacuum, or 
vice versa, in the respective working cham 
bers. This time should be such as to permit 
the oil to rise in each vacuum chamber to 
substantially the maximum possible height. 
No definite time can be specified. It includes 
both the time necessary for exhausting the 
air or gas from one series of alternate cham 
pers, and building up the desired pressure in 
the remaining chambers, and the time re 
quired to raise the column of oil through 
the necessary height. The time interval 
will therefore depend upon the depth of the 
well, the height of each working chamber, 
the capacity of the pressure vacuum appa 
ratus, the viscosity and density of the oil 
and other factors, and must be determined 
by trial in each case. 

It is also realized that in general there 
will be an appreciable tendency to lag. in 
reaching equilibrium in the lower working 
chambers, and that this tendency will be es 
pecially pronounced in very deep wells. 
This may be overcome, however, by increas 
ing the size or number of the openings from 
the air or gas supply pipes into the lower 
working chambers, so as to provide between 
the chambers and said supply pipes, a re 
striction in the air or gas flow varying in 
versely in proportion to the depth. The ex 
hausting and supplying of air or gas to the 
working chambers will therefore be substan 
tially uniform throughout the height of the 
pump. 
The discharge of oil from the top chamber 

of the pumps shown in the drawings is in 
termittent, as oil will be discharged only 
when a condition of pressure exists in the 
uppermost working chamber7. If it is con 
sidered necessary or desirable, in any case, 
to provide continuous discharge, any of the 
forms of the invention shown may readily 
be converted into a duplex pump. For ex 
ample, a pair of similar but oppositely ar 
ranged pumps may be inserted side by side 
in the well; or vertical partitions may be 
provided so as to separate the working cham 
ber and the oil passage means in each section 
yertically into two similar halves, and suita ble openings may be provided for admitting 
air or gas from the respective supply pipes 
to the two working chambers thus provided 
at each level. The parts would in such case 
be so arranged that when pressure is applied 
to one of the working chambers at a certain 
level, vacuum is applied to the other one, so 
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that oil will be continually discharged from 
one or the other of the working chambers at 
the top of the pump, 
While TI have described my improved 

pump as applied particularly to the pump 
ing of oil from wells, it will of course be un 
derstood that it may be used advantageously 
in pumping any liquid through great 
heights, and that any gaseous medium may 
be used for creating the desired condition of 
pressure and vacuum. 

Furthermore, it will be understood that 
while I have described a pump in which 
pressure and vacuum are used, my inven 
tion comprises broadly the establishment of 
a difference in pressure between the adjacent 
chambers. It is only necessary to establish relatively high pressure and relatively low 
pressure in alternate chambers, and to peri 
odically reverse the condition in each cham 
ber. Such relatively high and low pressures 
may consist of pressure on the one hand and 
vacuum on the other, or both such pressures 
may be greater than atmospheric, if desired, 
one being sufficiently greater than the other 
to give the desired pumping action. In 
some cases, atmospheric pressure nay be ad 
vantageously used for either the high or low 
pressure, preferably the latter. Each of the 
working chambers may then be placed in 
direct communication with the atmosphere 
during its low pressure period, and in com 
munication with a source of pressure greater 
than atmospheric during its high pressure 
period. The communication to the atmos 
phere may be secured through a pipe extend ing throughout the height of the pump, and 
open to the atmosphere at the surface; for 
example, in the form of the invention shown 
in Figs. 9 to 11, pipe 61 may be open to the 
air above the surface of the ground and pipe 
60 may be connected to the discharge side 
of the air compressor or blower 62. Or if 
desired, means may be provided for plac 
ing each of the working chambers, during its 
low pressure period, in communication with 
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the air in the well ????"|{?????????? casing, so as to provide for more immediate and di 
rect escape of the air orgas from such cham 
bers at the beginning of the low pressure period. For example, in Fig. 9, pipe 61 may 
be provided with outlet pipes extending 
through the walls of casing 5 into the air 
around said casing at intervals throughout 
the height of the pump, there being, say, one 
or more such outlets in the portion of said pipe adjacent each chamber 7. Pipe 
would in such case be connected to the high 
pressure side of the air compressor or blower 
as before, while the intake of said compres 
ser would be open to-the air. 
In any of the above forms of my apparatus 

for ? liquids, any number of work ing chambers may be used, located one above 
another. The number of chambers required 

60. 
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in any case will depend upon the height 
through which the liquid must be pumped 
and the maximum in height of each 
chamber under existing conditions. In 
pumping from shallow wells, two sections 
may in some cases be sufficient, but this num 
ber may be increased almost indefinitely for 
pumping from deep wells. 
When the relatively low pressure used 

consists of a vacuum, it is only necessary, in 
Order to provide for complete filling and 
emptying of each working chamber at each 
operation of the pump, that the casing ex 
tend to such a depth below the normal liquid 
level in the well, as indicated in Figs. 1 
and 5, that upon creation of a vacuum 
in the lowermost chamber the liquid will 
be drawn up substantially to the top of 
said chamber. For this purpose it is de 
sirable, when pumping oil for example, that 
the top of the lower-most working chamber 
be not over about 30 feet above the normal 
liquid level. On the other hand, if the rela 
tively low pressure is itself equal to or 
greater than the air or gas pressure normally 
existing in the well, ???en the casing must 
extend to such a depth that the liquid will 
be forced up into the lowermost chamber 
against the pressure in said chamber during 
its relatively low pressure period. 
What I claim is: 
1. Aliquid pump comprising a plurality 

of working chambers located contiguously 
one above another so as to form a substan 
tially continuous series of such chambers, a liquid conducting passage extending within 
and substantially coterminous with each of 
said working chambers, each of said liquid 
conducting passages communicating at its 
lower and upper ends respectively with the 
next higher working chamber, :: valve 
means in each of said liquid conducting pas sages permitting only upward flow of ??? 
therethrough, means for creating relatively 
high pressure and relatively low pressure 
in alternate working chambers, and means 
for periodically changing the condition in 
each working chamber from relatively high 
pressure to relatively low pressure, and vice 
WeS8. 

2. A construction as set forth in claim 1, 
in which the means for creating relatively 
high pressure and relatively low pressure in 
the working chambers include two gas pas 
sage means extending within said working 
chambers and communicating respectively 
with alternate working chambers. 

3. A liquid pump comprising casing means 
provided with a plurality of working cham 
bers located one above another, a plurality 
of liquid passage means connecting adjoin 
ing working chambers and communicating 
with said adjoining chambers at the lower 
portions of said chambers, a single check 
valve in each of said passage means adapted 
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to permit flow of liquid through said pas 
sage means in an upward direction only, 
means for creating relatively high pressure 
and relatively low pressure in alternate 
working chambers, and means for periodi 
'ally changing the condition in each work 
ing chamber from relatively high pressure 
to relatively low pressure, and vice versa. 

4. A liquid pump comprising a plurality 
of working chambers located contiguously 
one above another so as to form a substan 
tially continuous series of such chambers, a liquid conducting passage extending with 
in and substantially coterminous with each 
of said working chambers, each of said liquil 
conducting passages communicating at its 
lower and upper ends respectively with the 
working chamber within which it extends 
and with the next higher working chanbei', 
check valve means in each of said liquid 
conducting passages permitting only upward 
flow of liquid therethrough, means for cre 
ating pressure and vacuun in alternate 
working chambers and means for periodical 
v changing the condition in each of said 
chambers from pressure to vacuun and vice 
WeS8. 

5. A construction as set forth in claim 4, 
the means for creating pressure and vicut in 
in the alternate NRF: chamhlbers incul 
ing two gas passage means extending within 
said working chambers and communicating 
respectively with the "alternate working 
clanubers adjacent the upper ends thereof. 

(5. A liquid pump comprising a plurality 
of working chambers located continguously 
one above another so as to form a substan 
tially continuous series of such chambers, 
a liquid conducting passage extending with 
in and substantially coterminous with each 
of said working chambers, each of said liquid 
('ondicting passages communicating at its 
lower and upper ends respectively with the 
working chamber within which it extends 
and with the next higher working chamber, 
a single check valve in each of said liquid 
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conducting passages, said check valve being 
located at the lower end of the respective 
liquid conducting passage and being adapted 
to permit only upward flow of liquid there 
through, neans for creating relatively high 
pressure and relatively low pressure in alter 
nate working chamber's, and means for pe 
riodically changing the condition in each 
working chamber from relatively high pres 
sure to relatively low pressure and vice 
WS. 

7. A liquid pump comprising a casing pro 
vided with a plurality of working chann 
bers located one above another, a plurality of 
liquid passage means connecting adjoining 
working chambers and communicating with 
said adjoining working chambers at the 
lower portions of said chambers, a single 
check valve in each of said passage means 
adapted to open upwardly only, means for 
creating pressure and vacuum in alternate 
working chambers, and means for period 
ically changing the condition in each of said 
chambers from pressure to vacuum and from 
vacuum to pressure, said change being ef 
fected simultaneously in all of said chann 
bers. 

S. A liquid pump comprising a plurality 
of working chambers located one above an 
other, liquid conducting passages connecting 
adjacent working chanbers, check valves lo 
cated in the respective liquid conducting pas 
sages and permitting only upward flow of 
liquil therethrough, two gas passage means 
extending substantially throughout the 
height of said pump and within said work 
ing chambers and communicating respective 
ly with alternate working chambers, and 
means for alternately applying relatively 
high and relatively low pressure to said gas 
passages. 
In testimony whereof I have hereunto sub 

scribed my name this 9th day of October, 
1924. 

EDSON R. WOLCOTT. 
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