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The present invention relates to a deep well 
pump. 

It is an object of the invention to provide a 
pump in which the string to contain the column 
of fluid being pumped, and a single relatively 
Small pressure line, comprise all of the mechanism 
necessary to be strung down the well casing, be 
tween the mouth of the well and the pump mecha nism perse. 
A further object of the invention is to provide 

a pump of this kind, wherein the actuation of a 
remote pumping device is controlled by a fluid 
displacing mechanism at the surface, acting upon 
the column of pumped muid. A further object 
is to provide a simple pumping mechanism, 
adapted to be located at the bottom of a well, 
urged in one direction by fluid under pressure, 
preferably air at constant pressure, and alter 
nately actuated in the other direction against 
the column of fluid by selective pressures applied 
at the top of the well against the column of liquid 
being pumped. 

In the drawing: 
Fig. 1 is a side elevation of the device partly 

broken away; w 
Fig. 2 is a vertical medial section of the pump 

ing mechanism perse; 
Fig. 3 is a sectional view of a modified type of 

plump. 
In the drawing, a well casing O is disposed in 

the usual manner in a well, which may be an oil 
well or a water well, or the like. The ensuing 
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description will be made in connection with a 
deep oil well, although. clearly the pump is ap 
plicable to any like fluid at any depth. The cas 
ing to has a head secured thereto. A well 
string 2 extends through the head and con 
nects with a T 3. This T receives a connection 
4, through which extends a high pressure air 

line 5 that extends down through the well string 
2. The other branch of the T 3 extends into a 
displacing mechanism, generally indicated at 6. 
The well string f2, made up of the necessary 

number of units, depending upon the depth of the 
well, is connected at its bottom to a pump hous 
ing 8. This, in turn, at its lower end, is connected 

- by a connector f 9 to a smaller secondary pump 
housing 20 that fits into the liquid-containing 
zone of the well through the medium of a tip 2 
connected thereto by a valve containing union 
22. The tip 2 has the usual ports 23 through 
which the liquid being pumped may flow. 
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The upper pump housing contains a sleeve or 
cylinder 25 attached to the upper edge of the con 
nector 9. This provides an annular space be 55 

housing 20 into the tip 2. 
the piston 27 and above the valve 34, is desig 

tween the housing and the cylinder 25, indicated 
at a. The cylinder 25 is sealed at its upper end 
at 26 and receives the end of the pressure tube 
5, which thereby opens into the upper end of 

the cylinder. 
The sleeve, likewise contains a reciprocable 

piston 27 secured to a piston rod 28 that extends 
through the connector 9 into the secondary 
pump housing 20. At its lower end the piston rod 
28 is secured to a ported member 29 that, in turn, 
is attached to a second piston 30. The piston 30 
is provided with an axial bore 3, the upper end 
of which flares to provide a valve Seat against 
which a ball valve 32 may seat in sealing relation 
to prevent the flow of liquid downward through 
the ported member 29 into the passage 3. The 
area between the pistons 2 and 30, and bounded 
by the cylinders 25 and 20, is designated as pump 
ing chamber C. 
The connector member 22 at the bottom of the 

secondary pump housing 20 has a valve seat sleeve 
33 that receives a ball valve 34 that seats thereon 
to prevent the flow of liquid downwardly from the 

The Space beneath 

nated as intake chamber d. 
The cylinder 25 has ports 36 that provide com 

munication between the pumping chamber c and 
the area a. 
A check valve port 3 leads from the pump 

ing chamber c past a ball check valve 38 into the 
S0aCe 0. 
A float valve 40 at the top of the pump mecha 

nism, within the compression chamber b, is oper 
ated by a float 4f pivoted at 42 to the cap 26. 
The valve 40 controls an outlet line 43 that ex 
tends within the pump housing 8 and communi 
cates through a port 44 with the interior of the 
well casing 0 outside of the Secondary pump 
housing or cylinder 20. 
The displacing mechanism 6 includes a valve 

housing generally indicated at 47. This valve 
housing has a central cylindrical bore 48 therein. 
This bore 48 terminates at one end in an inlet 49, 
somewhat smaller than the bore to provide a 
shoulder between them. The bore 48 opens 
through the housing wall at the opposite end. An 
insert 50 is secured in the end of the bore 48, and 
has a projection thereon for a purpose to be de 
scribed. 
A hollow extension 5, the interior of which is 

in communication with the bore 48, is secured to 
the housing 47. The extension has a head and 
a packing gland, through which a displacement 
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plunger 52 reciprocates. A power driven arm 53 
is secured to the plunger 52 to reciprocate it. 
Within the bore 48 slides a valve block 54, mov 

ing between the shoulder, between the bore and 
the inlet 49, and the projection on the insert 50. 
The space within the bore 48 and the extension 
5f to the right of the valve 54 is designated 
as the displacement chamber, indicated by 55. 
The valve housing 4 contains a compression 

by-pass 56that connects the displacement cham 
ber 55 with the outlet 49. This port opens into 
the bore 48 immediately to the right of the Valve 
block 54 when it is in its left position. The com 
pression port is controlled by a ball check valve 
57 that permits flow from the compression cham 
ber 55 to the outlet 49, but prevents flow in the 
reverse direction. 
The valve housing 47 also contains a principal 

outlet 58, that opens into the bore 39 to the left 
of the compression by-pass. This outlet is closed 
by the valve 54 in the position of the drawing. As 
the valve moves to the right, it first closes the 
by-pass 56, and then opens the outlet 58 to com 
munication with the inlet 49. The Sequence is 
the reverse of this when the valve 54 moves to the 
left. 
The valve housing 47 further contains a re 

filling port 59 that connects the outlet 58 with the 
displacement chamber 48, connecting into the 
latter at a point to the right of the valve 54 when 
the latter is in its right position. This refilling 
port 59 is controlled by a ball check valve 60 that 
permits flow from the outlet 58 to the displace 
ment chamber 55, but prevents reverse flow. 
The outlet 58 may be connected to whatever is 

to receive the oil, Such as a reservoir. 
Operation 

With the string disposed in the casing to so 
that the tip extends into the oil containing part 
of the well, an oil level may build up within the 
casing to some point such as L. The line 5 is 
connected to a Source of high pressure air. This 
pressure must be greater than the unit pressure 
exerted by a column of oil acting within the pump 
String. The connecting device is started by oper 
ating the rod 53 in to and out of the displacement 
chamber 55 by suitable motor. 
The String 2, the pump housing 8, and the 

pumping chamber c will be filled with oil. The 
displacement chamber 55 is also filled with oil, 
with the plunger. 52 withdrawn. The foregoing 
oil, at the start, may be filled into these parts, or 
may flow back from the reservoir into them. Flow 
back is always permitted when the valve 54 is in 
either extreme position, as the port 58 may be 
directly connected to the inlet 49, or may be in 
directly connected through the ports 59 and 56. 
After the pump has been in operation, these parts 
Will be kept filled automatically. 
The plunger 52, moving into the oil in the dis 
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placement chamber 55, forces displacement there 
of. As the check valve 60 closes the port 59, the 
pressure added by the plunger 52 causes the valve 
54 to move to the left. This first cuts off the out 
let 58, then opens the by-pass 56, permitting the 
oil to be forced past the check valve and into the 
String 2, the chamber a, and the pumping cham 
ber C. 
The condition when the mechanism is in the 

position of Fig. 1, therefore, is that pressure 
within the pump at the bottom of tine well con 
sists of air pressure acting to lower the piston 27, 
the previously described pressure of the column of 
oil acting within the pumping chamber c differen 
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tially beneath the piston 27 and above the piston 
30 to produce an upward force on both pistons, 
owing to the greater size of the piston 27. The 
resultant upward oil pressure acting in the pump 
ing chamber c is greater than the air pressure act 
ing downwardly in the compression chamber b, 
So that both pistons are raised. As a result of 
the foregoing, the mechanism, as shown in Fig. 1, . 
has the pistons in their upper positions with a 
high oil pressure acting throughout the string. 
This high pressure acts upon both ends of the 
valve block 54. . ? ? ??? 

The ascent of the lower piston 30 produces a 
low pressure within the intake chamber d, and oil 
is drawn in through the tip ports 23, past the 
check valve 34, into the chamber. The oil at high 
pressure above the piston 30 is prevented from 
escape to beneath the piston by the check valve 32. 
When the plunger 52 is withdrawn, or is re 

lieved of its force displacing it inwardly, the pres 
Sure within the displacement chamber 55 is low 
ered. The check valve 57 prevents escape of oil 
from the string with the valve block 54 to the 
left, so that the high pressure continues to act 
upon the left end of the valve block. As noted 
hereafter, this force may include a component 
due to Swelling of the tubes. 
This reduction of pressure on the right end of 

the valve block 54, accompanied by maintenance 
of pressure on the left end thereof, causes the 
valve block 54 to be moved to the right. This 
first cuts off the port 56, and thereafter opens 
the outlet port 58, the valve block coming to rest 
against the extension on the insert 50, sct that 
the port 59 is held open. When the port 58 is 
opened, the high pressure on the oil column is 
relieved, and becomes lower than the constant 
preSSure acting upon the top of the piston 27 and 
produced by the air. Thereupon, the piston 27 
is forced down, carrying with it the piston. 30. As 
the piston 30 moves down, the oil in the initake 
chamber d is forced through the port 3, past 
the check valve 32 and into the pumping chamber 
c. This oil constitutes the new charge of oil intro 
duced on each pump stroke. It may be assumed 
that the piston 30, in effect, merely moves through 
oil, so that its descent does not substantially en 
large the capacity of its pumping chamber c. 
Hence the pumping chamber is greatly reduced in 
size by the descent of the piston 27, forcing oil 
out through the ports 36 from the pumping cham 
ber C into the Space a and the string. This oil 
finally finds its way through the valve mecha 
ni Sm 6 into the outlet 58. 
Upon the next inward stroke of the plunger 

52, the valve 54 is shifted, and oil is again forced 
into the pumping chamber c, lifting the piston, 
However, the new charge of oil, previously en 
trapped above the piston 30, also contributes to 
the oil in the pumping chamber. The result is 
that on each downward stroke of the piston 27 
an amount of oil is forced out of the chamber.c 
equal to the sum of the amount added by the 
plunger 52 and that entrapped by the piston 30. 
The net gain per stroke is the amount of oil en 
trapped by the piston 30, 

It will be seen that the displacement chamber 
may always be refilled through the port 59, from 
the outlet 58. When the plunger 52 is withdrawn, 
it will draw refilling oil-past the check valve 60. 
During the displacement of the valve 54 on com 
pression stroke, it closes the outlet port 58 before 
opening the by-pass 56, thus preventing relief 
of the compression pressure through the outlet. 
Upon reverse movement, the valve 54 closes the 

  



2,884,178 
by-pass before opening the Outlet, thus prevent 
ing loss of high pressure before the valve has 
completely shifted, and assuring refilling of the 
entire valve mechanism, for a subsequent stroke. 
Further, if the pressures employed cause swelling 
of the tubing, the first result of rightward dis 
placement of the valve 54 will be to relieve this 
pressure in the tubes, permitting them to con 
tract to normal position. Preferably the space 
between the left end of the valve 54 in leftmost 
position, and that end when it opens the outlet 
8, is sufficiently large to absorb the oil displaced 

thus by the contracting tubes. Therefore, the Oil 
ejected upon opening of the outlet 58 will not 
spurt out at high velocity, but will flow at the 
velocity determined by the air pressure. By this 
means the force of the contracting of the tiub 
ing will move the valve 4 rapidly enough to 
maintain a relatively high pressure in the dis 
placement chamber 55, accelerating the plunger 
2 on the return or withdrawal stroke, and pro 

viding energy that may be stored in a flywheel 
for a subsequent displacement stroke. 
The check valve 38 acts to permit the oil un 

der pressure in the string to enter the pUmping 
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chamber C to lift the piston 2, even if the piston . 
moves down so that it closes of the ports 36. 
Further, as the piston 27 descends and closes off 
the ports 3, the gradual constriction of these 
ports decelerates the piston. So as to prevent too 
great an impact thereof against the elements 
initing the descent. The presence of the check 
valve 3 prevents escape of this resisting pres 
sure, whils permitting the reverse flow as above. 
The float valve 40 is opened by any oil that 

may leak past the piston 27 as soon as such oil 
reaches a critical level. It is thus prevented 
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from passing up the airline 5, or from restricting 
upward movement of the piston which might 
cause destruction of parts, owing to the incom 
pressibility of the liquid being pumped. 
The air pressure may desirably be about 10% 

above the normal hydrostatic pressure of the oil 
acting within the pumping chamber C. The com 
pression chamber b is preferably made large 
enough to prevent pressure fluctuations of more 
than 3%, when the piston 2 moves from one 
extreme to the other. 

In some installations, a spring may be em 
ployed in place of air pressure. This is particu 
larly true in shallower pumps, such as home well 
pumps. Such a modification is shown in Fig. 3, 
wherein the housing 8, the cylinder 25, the cap 
2, and the piston 27 appear as before. However, 
a spring 65 is employed between the cap 28 and 
the piston 27 to apply the fixed force greater than 
that due to the hydrostatic pressure opposing the 
piston 27, but less than the total pressure built 
up when the plunger 52 is driven inwardly. A 
drain tube 6 connects through the cap 26 to 
open to atmospheric pressure in the casing above 
the fluid level and prevents building up of ex 
cess pressure within the spring chamber. It also 
will carry of excess liquid that leaks past the 
piston 27. 
What is canned is: 
1. An apparatus for pumping liquid from a sup 

ply against the pressure of a column of the liq 
uld being pumped, comprising a pair of adja 
cent, differently-sized cylinders at the bottom of 
the column, a piston in each cylinder, the pistons 
being connected for movement together, the cyl 
inders and pistons forming a pumping chamber 
between them, a constant pressure means act 
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ing on the pistons to drive them in one direction 
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to reduce the size of the pumping chamber, an 
outlet between the pumping chamber and the 
column, to introduce column pressure to urge the 
pistons against the constant pressure, the col 
umn pressure producing greater force upon the 
large piston than the small One, valve means 
associated with the smaller piston to provide an 
intake chamber, said valve means being check 
valves to entrap liquid from the Supply into the 
intake chamber upon movement of the pistons by 
the column pressure, and to expel the entrapped 
liquid into the pumping chamber upon movement 
of the pistons by the constant pressure, whereby 
the cycling of the pistons introduces a new charge 
of liquid into the pumping chamber each cycle 
and pumps an equivalent amount into the column. 
a check valve controlled passage between the 
pumping chamber and column connecting beneath 
the larger piston in its lowest position, and pre 
venting flow from the pumping chamber and 
the column, means to effect said cycling of the 
pistons, comprising means to isolate the column, 
means to increase the pressure thereof to produce 
a force on the larger piston greater than that of 
the constant pressure, and to release said pres 
sure and free the column from isolation whereby 
the constant pressure may pump the liquid of 
the column. 

2. A pumping apparatus for lifting liquid from 
a supply against the pressure of the column being 
lifted, including a pumping mechanism located at 
the botton of the column, having pumping means 
actuated by increase and decrease of the pressures 
of the column of the liquid, above and below an 
opposing pressure, and means locatable above the 
bottom of the column for effecting increase and 
decrease of column pressures, comprising a valve 
housing with an inlet connecting into the column, 
an outlet from the housing, a valve member, a dis 
placement chamber in communication with the 
liquid column, and a displacement member mov 
able in to and out of the displacement chamber 
to change the size thereof, means admitting liquid 
to the displacement chamber, said displacement 
member, upon movement into the chamber, being 
adapted to operate the valve to cut the outlet of 
from the inlet, and to apply a pressure to the 
liquid in the column to actuate the pumping 
mechanism. 

3. A pumping apparatus for lifting liquid from 
a supply against the pressure of the column being 
lifted, including a pumping mechanism located at 
the bottom of the column, having pumping means 
actuated by increase and decrease of the pressures 
of the column of the liquid, above and below an 
opposing pressure, and means locatable above the 
botton of the column for effecting increase and 
decrease of column pressures, comprising a valve 
housing with an inlet connecting into the column, 
an outlet from the housing, a valve member, a 
displacement chamber, a displacement member 
movable inwardly and outwardly of the chamber 
to vary the size thereof, a passage adapted to 
connect the chamber and the liquid column, the 
valve being movable from a first position in which 
the inlet and outlet are in communication with 
the passage cut off, to a second position wherein 
the outlet is cut off and the inlet and passage are 
in communication, the valve being adapted to be 
moved from its first to its second position when 
the displacement member is moved inward. 

4. A pumping apparatus for lifting liquid from 
a Supply against the pressure of the column being 
lifted, including a pumping mechanism located at 
the bottom of the coiumn, having pumping means 
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actuated by increase and decrease of the pressures 
of the column of the liquid, above, and below an 
opposing pressure, and means locatable above the 
bottom of the column for effecting increase and 
decrease of column pressures, comprising a valve 
housing with an inlet connecting into the column, 
an outlet from the housing, a valve member, a 

2,384,178 
cut off, to a second position wherein the outlet is 
cut off and the inlet and passage are in com 
munication, the valve having a surface exposed. 
to column pressure and an opposite surface ex 
posed to - displacement chamber i pressure, anda 
check valve in the passage preventing flow from 
the column through the passage, the valve being: 

displacement chamber, a displacement member 
movable inwardly and outwardly of the chamber 
to vary the size thereof, a passage adapted to con 
nect the chamber and the liquid column, the valve 
being movable from a first position in which the 
inlet and outlet are in communication with the 
passage cut off, to a second position wherein the 
outlet is cut off and the inlet and passage are in 
communication, the valve having a surface ex 
posed to column pressure and an opposite sur 
face exposed to displacement chamber pressure, 
and a check valve in the passage preventing flow 
from the column through the passage, the valve 
being adapted to be moved from its first position 
toward its second upon inward movement of the 
displacement member, and the outlet and passage 
being disposed so that the outlet is cut off before 
the passage is opened. 

5. A pumping apparatus for lifting liquid from 
a supply against the pressure of the column being 
lifted, including a pumping mechanism located at 
the bottom of the column, having pumping means 
actuated by increase and decrease of the pressures 
of the column of the liquid, above and below an 
opposing pressure, and means locatable above the 
bottom of the column for effecting increase, and 
decrease of column pressures, comprising a valve 

... housing with an inlet connecting into the column, 
an outlet from the housing, a valve member, a dis 
placement chamber, a displacement member mov 
able inwardly and outwardly of the chamber to 
vary the size thereof, a passage adapted to connect 
the chamber and the liquid column, the valve be 
ing movable from a first position in which the inlet 
and outlet are in communication with the passage 
cut off, to a second position wherein the outlet is 
cut off and the inlet and passage are in communi 
cation, the valve having a surface. exposed to col 
umn pressure and an opposite Surface exposed to 
displacement chamber pressure, and a check valve 
in the passage preventing flow from the column 
through the passage, the valve being adapted to be 
moved from its first position toward its second 
upon inward movement of the displacement mem 
ber, and the outlet and passage being disposed so 
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adapted to be moved from its first position to 
ward its second upon inward movement of the 
displacement member, and the outlet and pas 
sage being disposed so that the outlet is cut off 

a before the passage is opened, the distance the 
valve must move from second position before 
opening the outlet being sufficient to reduce, at 
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least substantially, the pressure of swelling of 
the parts containing the liquid under pressure. 

7. In a pumping mechanism for raising a col 
umn of liquid from a supply, differently-sized 
cylinders, interconnected pistons in the cylinders, 
said cylinders and pistons forming a pumping 
chamber between the pistons, means establish 
ing a substantially constant pressure action to 
move the pistons in one direction, an outlet for 
connecting the pumping chamber with the col 
umn, means to increase and decrease the pres 
sure on the column of liquid in such manner as 
to cause the pistons to be reciprocated, means for 
placing a new charge of liquid in the chamber 
from the supply upon each cycle of movement of 
the pistons, and means for returning to the sup 
ply liquid which may leak past the larger pis 
ton from the pumping chamber. 

8. In a pumping mechanism for raising a col 
umn of liquid from a supply, differently-sized 
cylinders, interconnected pistons in the cylin 
ders, said cylinders and pistons forming a pump 
ing chamber between the pistons, means estab 
lishing a substantially constant pressure action 
on one of the pistons to move the pistons in one 
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ing chamber with the column, means to increase 
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...that the outlet is cut off before the passage is . 
opened, a second passage between the outlet and 
the displacement chamber, and a check valve 
therein to prevent flow of liquid from the displace 
ment chamber to the outlet. 
6. A pumping apparatus for lifting liquid from 

a supply against the pressure of the column be 
ing lifted, including a pumping mechanism lo 

- cated at the bottom of the column, having pump 
ing means actuated by increase and decrease of 
the pressures of the column of the liquid, above 
and below an opposing pressure, and means lo 
catable above the bottom of the column for ef 
fecting increase and decrease of column pres 
Sures, comprising a valve housing with an inlet 
connecting into the column, an outlet from the 
housing, a valve member, a displacement cham 
ber, a displacement member movable inwardly 
and outwardly of the chamber to vary the size 
thereof, a passage adapted to connect the cham 
ber and the liquid column, the valve being mov 
able from a first position in which the inlet 
and outlet are in communication with the passage 

direction, an outlet for connecting the pump 

and decrease the pressure on the column of liquid 
in such manner as to cause the pistons to be re 
ciprocated, means for placing a new charge of 
liquid in the chamber from the supply upon 
each cycle of movement of the pistons, and means 
preventing the entrapment of liquid in the cyl 
inder at that side of the larger piston opposite 
the pumping chamber in the event of leakage 
past said -piston from the pumping chamber. 

9. In a pumping mechanism for raising a col 
umn of liquid from a supply, differently-sized 
cylinders, interconnected pistons in the cylin 

’ders, said cylinders and pistons forming a pump 

60 

ing chamber between the pistons, means for 
maintaining a substantially constant pneumatic 
pressure in the larger cylinder behind the larger 
piston, so as to be effective on Said piston to move 
both pistons in one direction, an outlet for con 
necting the pumping chamber with the column, 
means to increase and decrease the pressure in 
the column of liquid in such manner as to cause 
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the pistons to be reciprocated, means for placing 
a new charge of liquid into the chamber. from 
the supply upon each cycle of movement of the 
pistons, means for placing the portion of the 
larger cylinder behind the piston therein in com 
munication with the supply, and valve means for 
controlling said communication so as to per 
mit liquid which leaks past the larger piston 
to return to supply, said last-named valve means 
including a float for moving the valve to Open 
position. 

10. In an apparatus for Operating a sub-sur 
face pumping mechanism located at the bottom 
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of a column of liquid to be lifted and having 
pumping means actuated by increase and decrease 
of the pressures of said column of liquid, a hous 
ing member having a displacement chamber con 
nected to the column, a displacement member 
movable into and out of said chamber, an out 
let from the housing providing a pressure reliev 
ing liquid discharge means, and valve means for 
controlling the outlet, said valve means being 
arranged to be maintained closed during opera 
tion of the displacement member into the cham 
ber and to be opened during operation of the 
displacement member out of the chamber. 

11. In an apparatus for operating a sub-sur 

O 

relieving and liquid discharge means, 

5 
crease of the pressures of the column, a hous 
ing member having a displacement chamber con 
nected to the column, a displaceable member 
movable into and out of the chamber to vary the 
volume thereof, an outlet providing a pressure 

valve 
means for controlling the outlet and arranged to 
be maintained closed when the displacement 
member is moved in Wardly to decrease the vol 
line of the chamber and apply pressure to the 
liquid column and to be open when the displace 
ment member is moved outwardly to increase 
the volume of the chamber, and means admitting 
liquid to the chamber during the outward move 

face pumping mechanism located at the bottom is ment of the member. 
of a column of liquid to be lifted and having 
pumping means actuated by increase and de 
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