June 24, 1930.

. C. H. HARDIE ET AL

1,766,382

MULTISTAGE AND EXPANSION FLUID PUMP

Filed March 5, 1929

-

e

Vet
T = T e e e e e e e

P

—_— i =

==

= H - % — %~ - i—.———fi——*,-—!—‘—
5

Wi

\\\//"ﬁ;;‘ 7
e

Nl

e R

3 Sheets-Sheet 1

éiw % € WL

1
IR Al
N P @5
]
L5 N VN
‘ - ¢ R B /’L/JZ
A ‘ ) 72
ST _EvmnToRs
A ‘

P

A TromraE:



C. H. HARDIE ET AL 2

June 24, 1930.

1,766,38

MULTISTAGE AND EXPANSION FLUID PUMP

3 Sheets-Sheet 2°

Filed March 5, 1923

7NN TORS

SO ) N
PP A s 25 AP e = SSNSAAIN, >
A A . M == T
7& N \M/x =} b i : mm//f/ \ < /M/
Nz AN e e
3 & ) Bl Jvﬂa/zr_ﬂm\M\mvn@»n i T Al
! HASS =
o 18 _ = &
J ~N N — = e a.ﬁ
I ™ ) & M_ “\\n.l Z UJW
nll- = %
2 — N NI e Pl
] ; 37, NI RSS2 7y
N nll S

L e o lorres
M 4
Az

R Ze ‘
- S hirrses S erresie

N7,
T

R TTE AR RERT
R AR RN R AR ]

To7I-

TN
AT

1

&

Ya

ISR e ey §

NONN o
N,

I
Latlinil




°

June 24, 1930

1,766,382

C. H. HARDIE ET AL
MULTISTAGE AND EXPANSION FLUID PUMP

3 Sheets~Sheet 3

29

Filed March 5, 19

A

T

I .6

!
~< b R
S
=2E
Y= (EHZE
SN il =N

Fa=g
57072

4

N VEANTORS,

s S e

@
W TS

<7/

G

OSSR

A7 rorneys



Patented June 24, 1930

UNITED STATES

1,766,382

PATENT OFFICE

CEARLES H. HARDIE, OF SOUTH

GATE, AND WILLIAM JONES, OF LOS ANGELES,
CALIFORNIA :

MULTISTAGE AND EXPANSION FLUID PUMP

Application filed March 5,

~ The principal object of this invention is'to

provide a fluid lift which will elevate fluid

from the bottom to the top of a well by suc-

cessive expansions of compressed air in direct
5 contact with the fluid.

Another object of this invention is to pro-
vide a pump or fluid lift operated by com-
pressed air or casing head gas under pres-
sure adapted to elevate fluid from one cham-

10 ber to the one above it by expansion of the
compressed air or gas, the number of expan-
sions being determined by the pressure ot the

compressed air, each successive expansion’

lifting a column of fluid upward, the force
15 of expansion generally being employed to
exert pressure on decreasing elevation at each
expansion, such as is in compound or triple
expansion steam engines is converted into
longitudinal expansions.

Still another object of the invention is to
provide a fluid lift that ig free from recip-
vocating parts ordinarily employed in pump-
ing mechanisms, such as sucker rods, jacks,
working barrels, and the like. :

A further object is to provide a fluid lift
which will operate in wells which are of
great depth or in which the bore is irregular
in formation. e

Referring to the drawings in which a
single embodiment of the invention is illus-
trated by way of example:

Fig. 1 is a view showing the fluid lift in-
stalled in a well. ‘

Fig. 2 is a sectional view of the upper por-
5 tion of the fluid lift taken on line 2—2 of
g, 1.

Iig. 8 is a sectional view showing an inter-
mediate portion of the fluid lift taken on line
3—3 of Fig. 1. . ‘

Fig. 4 is a sectional view similar to Figs. 2
and 3 taken on line 4—4 of Fig. 1. ;

Tig. 5 is a sectional view showing the lower
end of the fluid 1ift taken on line 5—5 of
Fig. 1. :

Fig. 6 is a sectional view similar to Fig. 5
showing the position of the fluid control
valves when fluid first enters the fluid 1ift.

Fig. 7 is a view similar to Fig. 6 showing
fluid being transferred or lifted from one
lifting chamber to the one above it.
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1929, Serial No. 344,392.

" Iig. 8 is a view showing the position of the
fluid control valves immediately after the
second lifting chamber has been filled with
fluid. ‘
The fluid lift consists primarily of a plu-
rality of high pressure air or gas chambers
interposed between a plurality of lifting
chambers. Compressed air or casing head
gas is introduced into the uppermost high
pressure chamber and is conducted to each
of the succeeding high pressure chambers:
through conduits passing through the lift-
ing chambers. ‘ '
Starting *with the uppermost, the high
pressure chambers are designated at 10, 11, 12,
18, 14, 15, 16, and 17, and are connected so
that air may pass from one chamber to the
next by pipes or conduits 20, 21, 22, 23, 24, 25,
and 26, compressed air or gas under pressure
being introduced into the high pressure
chamber 10 through a pipe 28. The lifting
chambers are designated at 30, 31, 32, 83, 34,
35,86, and 37, and are connected by pipe lines
40, 41, 42, 43, 44, and 45, in order to allow
fluid to be transferred or lifted from one fluid
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_chamber to the one above it and finally dis-

charged through a pipe line 46 in the cham-
ber 30 to storage.

As illustrated the fluid lift is shown more .
or less diagrammatically so far as assembling go
details are concerned, such as couplings,
unions, etc., it being understood that suitable °
fittings may be employed so that the fluid lift -
may be assembled in sections and lowered ..
into the well —W— within the casing —C—. 8§
Fluid enters the lowermost lifting chamber
and is forced therefrom into the succeeding
lifting chambers by expansion of compressed
air. The rising column of fluid and the ad- ..
mission of compressed air to effect it is con- 9o
trolled by a system of valves and floats more
fully described in detail as follows: O

Referring now to Figs. 3, 4, and 5, the
fluid Lift is submerged below the fluid level
so that fluid will fill the chamber 37 by grav-
ity. Fluid enters the chamber 37 through
the check valve 60 lifting the ball 61 off its
seat, at the same time fluid enters the pipe
40 -through check valve 62 lifting the ball . .
63, and continues to fill the chamber 87 and 100

95



10

15

20

%9

30

36

2

rise in the pipe 40 until the level of fluid
in pipe 40 is equal to the fiuid in chamber 37.

During the above stated interval air above
the fluid 1n the chamber is allowed to escape
to atmosphere through the vent pipes 50, 51,
52, 53, and 54. A plate or head 65 forms a
division between the lifting chamber 37 and
high pressure chamber 17 and is also utilized
to carry a balanced piston valve 66 which
is slidable in a bore 67 and urged forward
by an expansion spring 68. The piston valve
consists of three pistons 69, 70, and 7 1, which
are connected by two reduced portions 72 and
73, and normally lies in the position shown
in Fig. 5 at which time vent ports 74 and
75 are opened and high pressure air ports 76
and 77 are closed.

The piston valve serves to open and close
the ports 74, 75, 76, and 77 at proper intervals
and is actuated by opening and closing needle

* valves 78 and 79 respectively. The needle

valve 79 is operated by a float 80 which is
connected to one end of a pivotedly mounted
lever 81 the other end of which is connected
to the stem 82 of the needle valve 79. Nor-

" mally the needle valve 79 closes a port 83

leading from the valve cage 84 in the plate
65 to the high pressure chamber 17. The
port 83 remains closed until fluid entering
the chamber 87 reaches the float 80 and lifts
same which in twin through the lever will
move the needle valve 79 down, opening the
port 83 and admitting high pressure air into
the valve cage 84 thence to the end of the
bore 67 through a port 85. High pressure

“air from the chamber 17 will then act on the
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piston 69 of the piston valve 66 and move the
piston valve to the position shown in Fig. 6
which will open the ports 76 and 77 and al-
low high pressure air from the chamber 17
to enter the chamber 87. In order to return
the piston valve to normal position the needle
valve 78 is actuated by means of a float S8
which is of sufficient weight to pull the valve
from its seat against the action of a spring
89 (when the chamber 37 is empty) and open
a port 80 entering the bore 67, thus equalizing
air pressure on both ends of valve, the float
88 being connected to the valve 78 by a cable
91.

When the fluid 1ift is first installed and no
high pressure air is introduced, fluid will en-
ter the chamber 37 by gravity, air above the
fluid will have a clean vent to atmosphere
and will lift the float 80 which in turn will
cause the needle valve 79 to open ports 83 and
85. High pressure air is then admitted
through the pipe 28 and will charge all of the
high pressure chambers 11, 12, 13, 14, 15, 186,
and 17, the pressure in the high pressure
chambers continuing to increase until suf-
ficient pressure is developed to overcome the
resistance of the spring 68 at which time the
piston 66 will be moved to the position shown
m Fig. 6 by high pressure air from the

1,766,382

chamber 17 entering the bore 67 through the
ports 83 and 85. It will be noted that when
the lifting chamber 87 is filled with fluid the
needle valve 78 closes the port 90, hence a
bleeder port 92 serves to vent any air in bore
67 back of the piston 71 of the piston valve
when it is being moved over.

At the moment the piston valve is moved
to the position shown in Fig. 6 high pres-
sure air from the chamber 17 will enter the
lifting chamber 87 through the ports 76 and
77 passing around the reduced portion 72 of
the piston valve and exert sufficient pressure
on the fluid in the chamber to cause it to be
transferred into the lifting chamber 36
through the pipe 40 at which time the ball
of the check valve 60 will be seated and the
ball 63 of the check valve 62 unseated, the
rising column of fluid will lift a valve 98
seated in the upper end of the pipe 40 as
shown in Fig. 7.

The valve 98 is connected to one end of a
pivoted lever 99, the other end of the lever
having a pin 100 slidzble in a slot 102 in the
stem 103 of a needle valve 104 which is
normally pulled downward by the weight of
a float 105 connected to the valve stem by a
cord 106 against the action of a spring 107
when the chamber 36 is empty as shown in
Figs. 5 and 6. During the interval when the
chamber 86 is being filled, the valve 104 re-
mains unseated due to the tilted position of
the lever which will carry the pin 100 to the
lower end of the slot 102 and prevents up-

“ward movement of the valve stem due to the

action of the spring 107, thus allowing air
above the fluid in the chamber to pass through
the vent pipes 51, 52, 53, and 54 to atmosphere.

As the fluid in the chamber recedes due to
the high pressure air entering fluid chamber
through the ports 76 and 77 from the high
pressure air chamber 17 and forcing the fluid
mn the pipe 40 upward into the chamber 36
the float 80 will first return to normal position
and close the port:83 cutting off high pressure
air to the piston 66, which will remain in the
position shown in Figs. 6 and 7 allowing high
pressure air from the chamber to continue to
expel the fluid in the chamber 37 into the
chamber 86 through the pipe 40 until the
chamber 36 is empty, at which time the wei ght
of the float valve 88 will open the port 90 and
allow the compressed air in the chamber 87
pius the action of the spring 88 to return the
piston 66 to its former position as shown in
Fig. 5, thus cutting off high pressure air
from the chamber 17, it being noted that the
check valve 61 is closed due to high pressure
air in the chamber 37. '

From the foregoing it will be seen that dur-
ing the transferring of fluid from the cham-
ber 37 to 36 the chamber 87 is charged with
compressed air from the high pressure cham-
ber 17 and finally cut off or closed to addi-
tional compressed air from the chamber 17
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or fluid when all the fluid in it has been trans-
ferred to the chamber 36 from the chamber
37. The remaining air entrapped inthecham-
ber 37 is compressed and therefore capable
of expansion. At the moment the float valve
88 drops and opens the port 90 the expansion
of the air in the chamber 37 will exert a pres-
qure on the fluid in the chamber 36 through
he pipe 50 (ports 74 and 75 then being open)
and force the fluid from the chamber 36 into
the chamber 85 through pipe 41 which will
lift 2 valve 110 similar to the valve 98 and
611 the chamber 85 in a like manner to the
chamber 38.

During the filling of the chamber 85,
needle valve 109 of the same construction and
operation as the needle valve 104 will open &
port 111 allowing air above the fluid in the
chamber 85 to be vented through the pipes
52,53, and 54, Theneedle valve 109 will close
the port 111 when the chamber 85 is full.
Simultaneously the needle valve 104 will be
angeated and allow compressed air from the
eylinder 37 to pass through pipes 50 and 51
and force the fluid from the chamber 35into
the chamber 34 through the pipe 42. The
valve 112, needls valve 114, and float 115 in
the chamber 34 will function the same as in
the chambers 35, 36, there being gufficient coxn-
pressed air in the chambers 35, 86, and 87 to
Force the fluid from the chamber 34 into the
chamber 83 through the pipe 43, air above the
fluid entering the chamber 33 will be vented
to atmosphere through pipe lines 118, 119,
120, and 121.-

From the foregoing it-will be seen that the
1igh pressure air entrapped in the chamber 37
lias by successive expansion elevated the fluid
2.0m the chamber 87 to chamber 83 the pres-
sure being reduced at each expansion but still
vemaining sufficiently compressed to. effect
lifting of the fluid from one lifting chamber
to the.one above it before the pressure is re-
duced below a point of further effective ex-
pansion. The pressure in the chamber 37 1is
obviously greatest when first charged with
high pressure air from the chamber 17, hence
capable of lifting the fuid the greatest dis-
tance during the first expansion, Viz. when
transferring the fluid from chamber 37 to 363
for example, if 250 bs. of air pressure iz em-
ployed the chamber 17 may be approximately
500 £t. in length. During the first expansion
the pressure will be reduced to approximately
195 Ths. therefore capable of further expan-
sion and of lifting fluid approximately 250
ft. during the second expansion, i. e. from
chamber 86 to chamber 35, hence the cham-
ber 16 may be approximately 250-ft. in height.
During the second expansion the pressure
in the chambers 36 and 87 will be equalized
or reduced to approximately 125 Ibs. the ex-
pansion being capable of lifting the fluid
£rom the chamber 35 to 34 or a distance of 166
ft. The air pressure in the chambers 35, 36,

3

and 37 is then equalized, i. e. at the com-
pletion of the third expansion after the fluid
has been lifted from the chamber 34 to 33.
Air pressure in the chambers 34, 35, 36, and
37 is then equalizéd and the pressure reduced
to approximately 83 lbs., at which time the
original pressure of 250 lbs. has been re-
duced to approximately 83 Ibs. and is not em-
ployed for further lifting of fuid unless de-
sired. At the moment the fluid has been
transferred from chamber 34 to 33 the weight
of the float 115 will unseat the valve 114 and
allow compressed air in the chamber to enter
pipes 53 and 54, also pipe 130 which passes
through the chamber 83 and enters a valve
cage 131in a head 132 which forms a division
between the chambers 33 and 13.

As previously referred to the pipes 53 and

the fluid from chamber 37 to 34.
when the valve 114 is opened by the float 115
the expansion of air in the chamber through
the pive 120 will 1ift a ball check valve 134
and allow o
on a piston 135 on the stem of a valve 136 nor-
mally held seated by an expansicn spring 187
and closing a port 188 communicating with
the high pressure air chamber 13, The pres-
sure exerted on the piston 135 by the expan-
sion of air from the chamber 34 plus the high
pressure air in the chamber 13 through port
138 in the head 132 will unseat the valve 136
which will'allow high pressure air to pass
through the port 188 and a port 140 and actu-
ate a balanced piston valve 142 in order to
communication between the high pres-
e chamber 13 and the lifting chamber 33.
t will bs noted that the outer end of the
pipe 54-1s reduced at 54* in order to prevent
air from the chamber 34 escaping too rapid-
Iy fnd to insure the Lifting of the check valve
134, ’

1

I

The piston valve 142 consists of three pis-
Hons 143, 144, and 145, connected by reduced
portions 142* and is slidable in a bore 146 and
normally held in the position shown in Fig.
3 by an expansion spring 147. When in this
position thie piston 144 closes a port 148
thereby preventing high pressure air from
the chamber 18 entering the chamber 33, also
opening: vent port 149 between the pistons
144 and 145. VWhen the valve 187 is actuated,
the piston’ valve 142 will be moved . over
(against the resistance of the spring) clos-
ing the vent port 149 and opening the port
148 which will allow high pressure air from
the chamber 13 to enfer the chamber 33
through the port 148 and a port 150.

High pressure air entering the chamber
99 will force the fluid therein into the cham-
bor 82 through pipe 44. When the chamber
53 1s practically empty the float valve 152
will pull the needle valve 153 from its seat
and open a port 154 which will admit air
prossure i the chamber 33 to act on the pis-

54 serve as ventd pipes during the elevating of -
However.

n the pipe 130 to exert pressure .
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ton 142 and return same to normal position
cutting off any more high pressure air enter-
ng same.

The high pressure air entrapped in the
chamber 33 will then pass up pipe 118 and
force the fluid in chamber 32 into the cham-
ber 31 through pipe 45. Expansion of air
n the chambers 32 and 83 which is then re-
duced in pressure but equalized will pass
through pipe 119 and force the fluid in the
chamber 31 into the chamber 30 through pipe
45.  In alike manner expansion of air in the
chambers 31, 82, and 33 will pass through
pipe 120 and force the fluid in chamber 30
through pipe 46 to storage.

During the filling of the chambers 30, 31,
and 82, needle valves 156, 157, and 158 con-
nected to floats 160, 161, 162, and pivoted
levers 164, 165, and 166 connected to valves
167, 168, 169 normally closing the upper ends
of the fluid fransfer pipes 43, 44, 45, and 46
function in the same manner as in the cham-
bers 83, 84, 85, 86, and 87, the lower end of
the transfer pipes being provided with check
valves 437, 448 452 and 46 Immediately
after the fluid in the chamber 34 has been
transferred to the chamber 33 the chamber 37
will again be filled with fluid entering same
by gravity and the operation repeated as pre-
viously described.

In the event that the supply of compressed
air should be cut off during the operation of
the fluid 1ift and fluid partially filling the
chambers 36 and 37 after the air in the cham-
ber 87 had been reduced below expansion, the
fluid 1ift would be rendered inoperative, be-
cause due to the normal position of the piston
valve 66 no high pressure air could enter
the chamber 37, nor could this chamber fill
and operate float 80 because the vent through
pipe 51 would be closed by needle valve 104.

In order to continue operation air pressure
in excess of that ordinarily employed is ad-
mitted to increase the pressure in the high
pressure chambers, this extra pressure will
enter a port 170 in the division plate 172 and
act on a piston 173 slidable in a bore 1732
formed in said division plate which when
moved over against the action of a spring 174
will open a port 175 which will allow the
pressure developed in the chamber 16 to
iorce the fluid from the chamber 36 to cham-
ber 85, and when empty the needle valve 104
will be opened by float 105 and operation
continued as  heretofore described. A
branch pipe 51* forms communication be-
tween the bore 173 and the vent pipe 51, and
is provided to permit escape of air during
movement of the piston 178, or prevent pres-
sure developing in the space back of the pis-
ton. The chamber 87 will eventually be re-
lieved of compressed air through the vent
pipes after the chamber 34 has been dis-
charged, thus allowing it to fill by gravity,
1t being noted that the piston 173 normally

1,766,382

closes the port 175 and only operates when
excessive high pressure air is employed.

From the foregoing it will be seen that
fluid entering the chamber 37 is lifted from
that chamber to chamber 33 by successive ex-
pansions of compressed air, then lifted again
from the chamber 33 through the chambers
32, 31, and 80, by another series of expansions
and finally discharged at the top of the well.

Although it would be possible to raise the
fluid by a single expansion, an excessive
pressure would be required. By employing
a plurality of fluid chambers the maxitaum
effectiveness or energy of the initial pressure
may be obtained, i. e. by admitting com-
pressed air successively into a plarality of
superimposed chambers. The fluid may be
raised from the chamber to another in an
econontical manner. For example, 100 Ibs,
of air pressure will sustain a 250 foot column
of water; by admitting this air into another
chamber the fluid therein may be raised an-
other 115 ft,

It will be understood however that by sub-
stituting another chamber 83 and head 139
with the valves therein another series of fluid
lifting and high pressure chambers may be
provided to lift the fluid still further and this
system can be cmployed as often as necessary
depending upon the depth of the well.

While we have shown an embodiment of
our invention especially adapted for raising
or elevating hydrocarbons from oil wells, it
will be understood that it may be applied
with equal facility to the Lifting of fluids,
such as water, from deep water wells, or
for pumping any kind of slush or other fluid,
or semi-fluid materials.

We claim :

1. A fluid Iift comprising a plurality of
high pressure air chambers, a plurality of
fluid lifting chambers interposed between
said high pressure air chambers, conduits
connecting said fluid lifting chambers, con-
cluits connecting said high pressure air cham.-
bers, and means for controlling the admis-
sion of compressed air from said high pres-
sure air chambers to said lifting chambers to
effect a plurality of expansions of com-
pressed air in said fluid lifting chambers,

2. A fluid 1ift comprising a plurality of
fluid lifting chambers, a plurality of high
pressure air chambers between said fluid 1;Ft-
ing chambers, valve operated means for ad-
mitting compressed air from said high pres-
sure air chambers to the lowermost of said
fluid lifting chambers when filled with fluid,
valve operated means for cutting off admis-
sion of compressed air from said high pres-
sure air chambers to the lowermost of said
fluid lifting chambers when the fluid in the
lowermost of said fluid lifting chambers has
been transferred to the fuid lifting chamber
above it, fluid operated valves in the suc-
ceeding fluid lifting chambers to admit com-
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pressed air from said lowermost fluid lifting
chamber to force fluid from one fluid lifting
chamber to the one above it by successive ex-
pansion of the compressed air in the lower-
most of said fluid Lifting chambers.

3. A fluid lift comprising a plurality of
fluid litting chambers, a plurality of high
pressure chambers interposed between said
fluid lifting chambers, pipe lines passing
through said fluid Lifting chambers and con-
necting said high pressure chambers, a pipe
extending from the lower end of each flud
lifting chamber through the high pressure
chamber above through the fluid lifting
chamber above the high pressure chamber
and terminating adjacent the upper end of
the fluid lifting chamber for transferring
fluid from one fluid lifting chamber to the
one above it, pipe lines in said fluid lifting
chambers for first venting the air from said
fluid lifting chambers, then admitting air
from the high pressure chambers to force
the fluid from one lifting chamber to the
one above, and valve mechanism operated
by the rise and fall of the fluid entering the
fluid 1ift and the fluid lifting chamber for
controlling the venting of air in thefluid lift-
ing chambers and the admission of air from
the high pressure chambers to force the fluid
upward by successive expansions of com-
pressed air from one fluid lifting chamber to
the one above it.

4. A fluid 1ift comprising a plurality of
fluid lifting chambers, a plurality of high
pressure chambers interposed between said
fluid lifting chambers, pipe lines passing
through said fluid lifting chambers and con-
necting said high pressure chambers, a pipe
extending from the lower end of each fluid
lifting chamber through the high pressure
chamber above through the fluid lifting cham-
ber above the high pressure chamber and
terminating adjacent the upper end of the
fluid lifting chamber for transferring fluid
from one fluid lifting chamber to the one
above it, pipe lines in said fluid lift-
ing chambers for first venting the air
from said fluid lifting chambers, then ad-
mitting air from the high pressure cham-
bers to force the fluid from one lifting
chamber to the orie above, a check valve in the
lowermost of said fluid lifting chambers for
admitting fluid therein, a valve between the
lowermost of said fluid lifting chambers and
the high pressure air chambers adapted to
open and close ports at proper intervals to
exhaust the air from the lowermost of said
fluid lifting chamber and admit air from said
high pressure air chambers for successive ex-
pansions to force the fluid in the succeeding
lifting chamber upward, and valve mecha-
nism operated by the rise and fall of fluid in

the lowermost of said fluid lifting chamber to |

actuate said avlve,
5. A fluid lift comprising a plurality of

5

fluid lifting chambers, a plurality of high
= ) @ f
pressure air chambers interposed between

said fluid lifting chambers, a check valve in-

the lowermost of said fluid lifting chambers
for admitting fluid therein, a head between
the lowermost of said fluid lifting chambers
and the high pressure air chamber above it, a
balanced piston valve slidable in a-bore in said
head adapted to open vent ports in said head
for exhausting the air in the lowermost of
said fluid lifting chambers while being filled
with fluid, then closing said vent ports when
the lowermost of said fluid lifting chambers
are filled with fluid and opening ports from
said high pressure air chambers and again
opening said vent ports and closing said ports
from the high pressure air chamber when the
fluid in the lowermost of said fluid lifting
chamber has been transferred to the fluid
lifting chamber above it, needle valves for
admitting compressed air alternately to each
end of the bore in said head to actuate said
halanced piston valve, and floats for actuat-
ing each of said needle valves. ’

6. A fluid lift comprising a plurality of
fluid lifting chambers, a plurality of high
pressure air chambers interposed between
said fluid Lifting chambers, each of said high
pressure air chambers being of greater length
than the one above it, conduits connecting
said fluid lifting chambers, conduits connect-
ing said high pressure air chambers, and
means for controlling the admission of com-
pressed air from said high pressure air cham-
bers to said lifting chambers to effect a plural-
ity of expansions of compressed air 1n said
fluid Lifting chambers.

In testimony whereof we affix our signa-

tures.
CHARLES H. HARDIE.
WILLIAM JONES.
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