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EXEMPLARY CLAIM

Energy amplifier apparatus includes a pair of vertically
extending concentric cylinders, with air entrained in
water flowing downwardly through a conduit within the
inner cylinder to a separator where the air is separated
from the water. The falling water compresses the en-
trained air and a separator in the inner cylinder is used
to separate the compressed air from the water, with the
water flowing upwardly between the inner and outer
cylinders and the compressed air flowing upwardly in a
separate conduit from [the upper portion of] the inner
cylinder.

17 Claims, 2 Drawing Sheets
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1
ENERGY AMPLIFIER APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to energy amplifying appara-
tus, and more particularly, to apparatus for utilizing the
force of gravity to compress air entrained in falling
water and for separating the compressed air from the
water for utilization of the compressed air.

2. Description of the Prior Art

During the latter part of the nineteenth century and
the first part of the twentieth century, hydraulic air
compressors were used as a comparatively simple solu-
tion for utilizing water power to compress air when
compressed air in large quantities was required and
where water was available. However, in the twentieth
century, the availability of cheap fossil fuels, such as
gasoline [and], diesel fuel, and electricity, made the
relatively cumbersome apparatus and relatively high
initial installation costs of such hydraulic air compres-
sors impractical. A hydraulic compressor uses falling
water for compressing air without the use of mechanical
moving parts. Air is entrained by water falling through
a venturi. As the water and entrained air falls, the air
entrained in the water is compressed in accordance with
the distance that the entrained air and water falls. At the
bottom of the air compressor, the compressed air is
separated from the water and then conducted or piped
to a location at which the compressed air is to be used.

Two factors are of relative importance in analyzing
hydraulic compressors. One factor is the eductor which
is used to entrain air in falling water, and the second
factor is the total height or depth that the water falls.
The compression of the air is accomplished by the
weight of the falling water, and the extent of the com-
pression is accordingly a factor of the height of the
water column above the separator where the air is sepa-
rated from the water. Thus the entrainment of the air in
terms of cubic feet of air per gallon of water becomes
meaningful when a time factor or scale is considered.
The more air per gallon of water per minute [than]
that an eductor can entrain, the more efficient the hy-
draulic compressor or energy amplifier will be. How-
ever, the ability of a separator to separate the air from
the water is a third factor which must be taken into
consideration in terms of size. The smaller the overall
size of the apparatus, and the greater the output in terms
of compressed air, obviously the greater the likelihood
of commercial usage. Thus a relatively small diameter
separator is highly desirable.

One of the drawbacks of prior art hydraulic compres-
sors or energy amplifiers has been the relatively large
quantity of water required and the relatively large area
or volume required as a base installation for the appara-
tus. Another drawback of the prior art is the difficulty
in separating the compressed air from the water, and the
cumbersome apparatus required for separation.

Another drawback of the prior art comprises friction
losses by the falling water in metal pipe which substan-
tially reduces efficiency.

The apparatus of the present invention utilizes rela-
tively small area or volume for both the entrainment of
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2
the air and for the separation of the air from water to
provide an efficiency substantially improved over the
prior art.

For an in-depth study of the history and theory of
hydraulic air compressors, see Information Circular
7683, Bureau of Mines, U.S. Department of Interior,
May 1954, entitled “Hydraulic Air Compressors.” The
circular is authored by Leroy E. Schulze.

SUMMARY OF THE INVENTION

The apparatus of the present invention comprises an
energy amplifier apparatus including a single elongated
cylinder for hydraulically compressing air using [mul-
ti-stage] air entrainment and [multi-stage] air-water
[separators] separator coaxially disposed within the
single cylinder.

Among the objects of the present invention are the
following:

to provide new and useful energy amplifier appara-
tus;

to provide new and useful apparatus for hydraulically
compressing air;

to provide for the [multi-stage] entrainment of air in
a single cylinder;

to provide new and useful [multi-stage] air-water
separator apparatus;

to provide new and useful energy amplifier apparatus
in a single cylindrical column; and

to provide new and useful apparatus for amplifying
the energy of falling water.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a vertical view in partial section of the
apparatus of the present invention.

FIG. 2[, including FIGS. 2a and 2b,] is an enlarged
view in partial section of the apparatus of FIG. 1.
[FIG. 2b comprises a continuation of FIG. 2a.]

FIG. 3 is a view in partial section of a portion of the
apparatus of FIG. 1 taken generally along line 3—3 of
FIG. 1.

FIG. 4 is a view in partial section of a portion of the
apparatus of FIG. [2a] 2 taken generally along line
4—4 of FIG. [2a] 2.

FIG. § is a view in partial section of a portion of the
apparatus of FIG. [2a] 2 taken generally along line
5—S5 of FIG. [2a] 2.

LFIG. 6 is a view in partial section of a portion of the
apparatus of FIG. 2b taken generally along line 6—6 of
FIG. 2b.]

[FIG. 7 is a view in partial section of a portion of the
apparatus of FIG. 2b taken generally along line 7—7 of
FIG. 2b.]

FIG. [8] 6is a view in partial section of a portion of
the apparatus of FIG. [2b] 2 taken generally along line
[8—8] 6—6 of FIG. [2b] 2.

LFIG. 9 is a view in partial section of a portion of the
apparatus of FIG. 2b taken generally along line 9—9 of
FIG. 2b.]

FIG. [10] 7 is a perspective view of a separator
cone employed in the apparatus of the present inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1is a view in partial section of energy amplifier
apparatus 10 of the present invention. The view is bro-
ken for convenience due to the extended overall length
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of the apparatus. The energy amplifier apparatus 10
includes an outer cylinder or cylindrical housing 12
which extends into ground 2, such as in a well, or the
like. The overall length of the cylinder 12 may be any
appropriate length, depending on the available space
and resources and the air pressure desired. Typically,
the overall length of the cylinder 12 will be from about
one hundred (100) feet to about two hundred fifty-four
(254) feet (30.5-77.5 meters). With the apparatus of the
present invention, this yields compressed air from forty-
three (43) P.S.1. to about one hundred ten (110) P.S.1,
which is sufficient air pressure for air turbines of con-
temporary design. Greater lengths may be used to ob-
tain higher pressures for applications requiring higher
pressures, such as air lift pumps of water, to obtain
deeper submergence ratios, etc. The cylinder 12 is open
at the top but is closed at the bottom by a lower cylinder
head or cylinder bottom 14, which comprises a lower
end wall for the outer cylinder.

Within the outer cylinder 12 is an inner cylinder 20.
Between the inner cylinder and outer cylinder is a space
18. The purpose of the space 18 will be discussed in
detail below in conjunction with FIGS. 2a and 2b. The
inner cylinder 20 is preferably disposed at the lower
portion of the outer cylinder 12, adjacent the bottom 14
of the outer cylinder 12.

Extending upwardly from the inner cylinder 20 are
[four] two pipes, including [three] down [pipes]
pipe T2, 102, and 132], and a compressed air pipe 150.
The down [pipes] pipe 72[, 102, and 132 carry]}
carries water and entrained air downwardly to the inner
cylinder 20, and to [separators] a separator within the
inner cylinder 20, and the compressed air pipe 150
carries compressed air from the inner cylinder 20 up-
wardly to appropriate storage tanks or to equipment,
such as an air turbine, and the like, which will utilize the
energy of the compressed air.

While various sizes of inner and outer cylinders may
be used, nominally the diameter of the outer cylinder 12
may be about thirty inches, while the nominal diameter
of the inner cylinder 20 may be about twenty-six inches.
The diameter of the [three] down [pipes] pipe for
transmitting water and entrained air to the [separa-
tors]) separator within the inner cylinder 20 is about
eight inches. The overall length or height of the outer
cylinder 12 may be as desired, but preferably from
about one hundred to three hundred feet, as discussed
above, for an air turbine application.

FIG. 2 comprises an enlarged view in partial section
of the apparatus of FIG. 1, with portions broken away,
to illustrate the [eductors] eductor and the [separa-
tors} separator within the inner cylinder 20. [FI1G. 2 is
broken down or separated into FIGS. 2a and 2b, with
FIG. 2a comprising the upper porticn of the apparatus
10, and FIG. 2b comprising a continuation of FIG. 2a
from the bottom or lower portion of FIG. 2a. Accord-
ingly, reference will be made to both FIGS. 2a and 2b
in the following discussion.]

The energy amplifier apparatus 10 of the present
invention comprises the outer cylinder 12 extending
downwardly into the ground 2 a finite distance, as pre-
viously discussed. The outer cylinder 12 extends up-
wardly out of the ground a short distance, for conve-
nience of working with the apparatus and also for con-
venience of draining water from the outer cylinder 12
through an aperture 16. The flow of the water will be
discussed in detail below.
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Extending upwardly from the interior of the outer
cylinder 12 [are three eductors] is eductor 160[, 180,
and 1907 . The [eductors are] educror is secured to the
[three] down [pipes, respectively down pipes 102,]
pipe 72[[, and 132]. The purpose of the [eductors]
eductor is to entrain air within a flow of water. The
water, with the air entrained, then flows downwardly
by gravity through the down [pipes] pipe to a [multi-
stage] separator portion 20 of the apparatus 10. The
separator portion 20 comprises an inner cylinder, within
which [are three separators] is the separator. At the
top of the separator portion 20 is an air cavity 32 which
receives compressed air from [each of] the [three
separators] separator. Compressed air from the air cav-
ity 32 flows upwardly in the pipe 150.

Above the top of the outer cylinder 12 the pipe 150 is
secured to an elbow 152. The elbow 152 includes a
pressure relief valve 154 [limits] to limit the maximum
pressure of the compressed air flowing upwardly in the
pipe 150. Another pipe 156 is also secured to the elbow
152, and a valve 158 is shown in pipe or compression
line 156. Compressed air then flows through the pipe
156 and through the valve 158 to a storage tank or to an
appropriate location for use of the compressed air with
machinery, or the like.

The eductor 160, which is secured to down pipe
[102] 72, is shown in partial section. The eductor 160
includes a water inlet 162 which is appropriately se-
cured to a source of water, such as to a pipe connected
to a reservoir and a pump. The water flowing out of the
aperture 16 of the outer cylinder 12 may flow to a reser-
voir, and may in turn [in]} be pumped to the inlet of the
[eductors 160, 180, and 1907 eductor. The water is then
reused by recirculating it back to the [eductors] educ-
tor.

From the inlet 162, water under pressure flows into
and through a converging nozzle 164 and into a vacuum
chamber 168. The vacuum chamber 168 is connected to
an air inlet 166. The water from the nozzle 164 flows
through the vacuum chamber 168 and into a venturi
170. The flow of the water from the nozzle 164 into the
venturi 170 results in a drop in the air pressure in the
vacuum chamber 168 which draws air through the air
inlet 166. Th air mixes with the water in the vacuum
chamber 168 and in the venturi 170. The air is thus
entrained into the water and the combination air and
water then flows through a diverging cone 172 of the
eductor into the down pipe [102] 72.

A single nozzle eductor or water jet exhauster is
illustrated in FIG. [2a] 2, but preferably, for more
efficiency, multi-nozzle water jet exhausters or eductors
may be used with apparatus of the present invention to
maximize the amount of air entrained in the water.
Thus, by enlarging the vacuum chamber 168 and the
venturi, and by increasing the number of nozzles
through which the water flows into the venturi area of
the eductor, a greater efficiency may be obtained by
entraining more air per volume of water flowing
through the eductor than is possible with a single nozzle
eductor [, such as the illustrated eductors 160, 180, and
190]. Such multi-nozzle water jet exhausters are state
of the art apparatus for various applications.

[ The eductors 180 and 190 are substantially identical
to the eductor 160. All three of the eductors are thus
open to the intake of air and each eductor is connected
to a source of water.] The flow of the water from a
nozzle or nozzles into the venturi results in low pressure
developing which causes a suction through an air inlet,
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such as air inlet 166. The in-flowing air is mixed with
the water in the venturi [sections] section of the
[eductors] eductor. The water, with the air entrained,
then flows through [each of] the down [pipes] pipe
72[, 102, and 132]. From the [eductors] eductor, the
water and entrained air flows downwardly through the
down [pipes] pipe under the force of gravity. The
falling water compresses the entrained air as the water
and air move downwardly in the [pipes] pipe. The
amount or degree of compression varies according to
the length of the column of water and accordingly with
the overall length of the pipe [or pipes] between the
[eductors] eductor and the separator [or separators].
The longer the pipe, or the length of fall of the air and
water, the greater the compression of the entrained air.

The air and water is separated at the bottom or lower
portion of the outer cylinder 12 by [separators] a
separator within the inner cylinder 20. The inner cylin-
der 20 includes a cylinder wall 22 which is closed at its
top by a cylinder head 24 and at its lower end by a
bottom 26. Spaced apart downwardly from the cylinder
head or top 24 is a bulkhead 30 which is sealingly se-
cured to the cylinder wall 22. Within the cylinder 20
and between the cylinder head 24 and the bulkhead 30
is the air cavity 32. The compressed air pipe 150 extends
through the cylinder head 24 and communicates with
the air cavity 32.

The [three] down [pipes 102,] pipe 72, and 132
extend] extends through both the top cylinder head 24
and the bulkhead 30. The [pipes are] pipe is appropri-
ately sealingly secured to the heads.

FIG. 3 is a view in partial section of the apparatus of
the present invention taken generally along line 3—3 of
FIG. 1. It comprises a vertical view in partial section
through the outer cylinder 12 above the upper wall or
cylinder head 24 of the cylinder 20. The [three] down
Lpipes] pipe 72[[, 102, and 132 are] is shown [spaced
apart from each other and] disposed symmetrically
with respect to the cylinder 20, and with respect to its
cylinder head 24. The compressed air pipe 150 is also
shown with respect to the cylinder 20 and its cylinder
head 24.

The inner cylinder 20 includes a pair of outer tubes 40
and 44 secured to the outer periphery of the cylinder 20
and disposed diametrically apart from each other across
the cylinder. The tubes 40 and 44 are shown more
clearly in [FIGS. 2a and 2b] FIG. 2.

The down pipe 72 includes an inwardly extending
portion 74 which extends to the center of the cylinder
20 above the cylinder head 24. The inwardly extending
portion 74 terminates in the center of the head 24, coaxi-
ally with respect to the cylinder 20, and concentric with
respect to the head 24. The relationship between the
down pipe 72, its inwardly extending portion 74, and a
centrally or coaxially disposed lower portion 76 is fur-
ther illustrated in FIG. [2a] 2. The centrally disposed
portion 76 of the down pipe 72 extends through both
the cylinder head 24 and the bulkhead 30 coaxially with
respect to the inner cylinder 20 and terminates in a
lower portion 78 above a separator 60.

FIG. 4 is a view in partial section of the apparatus of
FIG. [2a] 2 taken generally along line 4—4 of FIG.
[2a] 2. The [Figure] figure illustrates the interior of
the air cavity 32 of the inner cylinder 20 above the
bulkhead 30. The central portion of the down pipe 76 is
located coaxially within the inner cylinder 20, and con-
centrically with respect to the bulkhead 30. [ The down
pipes 102 and 132 continue downwardly in a straight
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6
line, as they are shown in FIG. 2a and in FIG. 3.] The
air transport tubes 40 and 44 are also shown in FIG. 4 as
sealingly secured to the outer periphery of the inner
cylinder 20.

Returning again to [FIGS. 2a and 2b] FIG. 2, it will
be noted that spaced apart below the bulkhead 30 is
[another bulkhead 50] bortom 26. A chamber 52 is
defined between the [bulkheads] bulkhead 30 and
[50] bottom 26. The chamber 52 comprises the [first
stage] separator for the energy amplifier apparatus 10.

About one-fourth of the way downwardly between
the bulkhead 30 and the [bulkhead 507 botrom 26 is a
separator cone 60. The separator cone 60 is of a gener-
ally circular configuration, slightly less in overall diam-
eter than the interior diameter of the inner cylinder 20.
The cone 60 is concentrically disposed within the inner
cylinder 20 and is secured to the interior of the cylinder
walls 22 by a plurality of gussets or braces 68. The cone
60 includes a central apex 62 and a generally flat outer
portion 64. Between the apex 62 and the flat portion 64
is a concavely curved portion 63. The curved portion
63 blends into the generally flat portion 64, and the flat
portion 64 terminates at an outer edge 66. A relatively
narrow space exists between the outer edge 66 of the
separator cone 60 and the interior of the wall 22 of the
cylinder 20. The apex 62 is centrally disposed with
respect to the cone 60, and accordingly with respect
also to the cylinder wall 22 of the cylinder 20.

Above the cone 60 is the down pipe 72. As best seen
in FIG. 3, the down pipe 72[, along with the down
pipes 102 and 32, are] is spaced apart relatively sym-
metrically with respect to the inner cylinder 20 and also
with respect to the outer cylinder or casing 12. How-
ever, as may be seen in FIG. [2a] 2 and also in FIGS.
3 and 4, the down pipe 72 includes an inwardly extend-
ing portion 74 and a central portion 76. That is, the
down pipe 72 includes a portion 74 which extends
downwardly inwardly to where it transitions to a cen-
tral portion 76 just above the cylinder head 24 of the
cylinder 20. The central portion 76 then extends down-
wardly through the cylinder head 24, through the bulk-
head 30, and into the upper portion of the chamber 52,
substantially coaxially with the cylinder 20 and also
with the separator cone 60. The central portion 76 of
the down pipe 72 terminates in a bottom 78 which is
disposed at about the same level as the apex 62 of the
separator cone 60.

Water flowing into the eductor [180] /60 entrains
air, and the air and water together flow downwardly
through the pipe 72. As the air and water fall in the pipe,
the entrained or trapped air is compressed in a relation-
ship which varies according to the length of the pipe 72.
For separation purposes, the down pipe 72 curves in-
wardly just before reaching the cylinder 20 so that the
bottom portion 78 of the tube 72 will be coaxially dis-
posed in the chamber 52 of the cylinder 20 and over the
apex 62 of the cone 60. The water and entrained air
accordingly flow through the pipe 72 and into the sepa-
rator chamber 52 and onto the cone 60.

The cone 60 causes the water to move outwardly
from its original downward flow. As the water moves
outwardly from the curved portion 63 of the cone to the
flat portion 64, there is a change in the direction of the
flow of the water and entrained and compressed air in
the amount of about ninety degrees. During the change
of direction, and particularly on the generally out-
wardly flow of the air and water on the flat portion 64
of the cone, a separation between the air and water
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takes place. The entrained and compressed air separates
from the water and the compressed air flows upwardly
(rises) toward the top portion of the chamber 52, while
the water flows downwardly, through the space be-
tween the outer edge 66 of the cone and the walls 22 of
the cylinder, and downwardly into the lower portion of
the chamber §2.

The compressed air, rising in the chamber 52, flows
outwardly through a pair of apertures 54 and 56 into the
air transport tubes 40 and 44, respectively. The com-
pressed air continues to rise in the chambers or air trans-
port cavities 42 and 46 of the air tubes 40 and 44, respec-
tively. From the air tubes 40 and 44 the air flows in-
wardly into the air cavity 32 through a pair of apertures
34 and 36 from the air tubes 40 and 44, respectively. The
apertures 34 and 36 extend through the cylinder walls
22 of the cylinder 20 adjacent the tops of the air trans-
port tubes to provide communication between the air
cavity 32 and the air chambers 42 and 46 of the air tubes
40 and 44, respectively.

Most of the entrained air is separated from the water
by the separator 60 between the end or bottom 78 of the
down pipe 72 and the outer edge 66 of the air separator
cone 60. With respect to the cone 60, most of the air is
separated as the water flows substantially horizontally
over the flat portion 64 of the air separator cone 60.
However, some of the entrained air flows over the outer
edge 66 and downwardly with the flow of water into
the lower portion of the chamber 52. The water with a
residue of the entrained air, flows between the outer
edge 66 of the cone 60 and the inner wall 22 of the
cylinder 20. The water flows downwardly in the cham-
ber 52 to the [bulkhead 507 bortom 26, which defines
or comprises the bottom of the chamber 52. [ The bulk-
head 50 also defines the top of a second separator cham-
ber 82 disposed beneath the first separator chamber
52.

A plurality of apertures [58] /I8 extend through the
cylinder wall 22 above the [bulkhead 507 bottom 26, as
shown in FIG. [2b] 2, to provide communication
between the chamber 52 and the space 18 (see FIGS. 1
and [2a] 2) between the inner cylinder 20 and the
outer cylinder 12. Between the separator cone and the
[bulkhead 507 bottom 26, substantially all the rest of
the entrained air, not separated on the top of the separa-
tor cone 60, is separated from the water before the
water flows out of the chamber 52 through the aper-
tures [58] 118.°

The air thus separated rises in the chamber 52 to the
underside of the separator cone 60, which comprises a
dome 65. Adjacent the apex 62, a tube 70 extends
through and is secured to the separator 60. The top of
the tube 70 extends slightly above the bottom 78 of the
down pipe 72. The purpose of the tube 70 is simply to
bleed away the air trapped beneath the dome 65 of the
separator cone 60. The air is thus conveyed into the
upper portion of the chamber 52 where the air mixes
with the air separated by the separator cone 60. Accord-
ingly, substantially all of the entrained air, under pres-
sure, is separated from the water and flows out of the
chamber 52, into the transport tubes 40 and 44, and
upwardly into the air cavity 32.

From the air cavity 32, the compressed air flows
upwardly through the compressed air pipe 150 which
conveys the air for utilization at the top of the appara-
tus, as illustrated in FIGS. 1 and [2a] 2.

At the top of the air transport pipe 150 is an elbow
152 to which is connected another pipe 156. A pressure
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8
relief valve 154 is also connected to the elbow 152 for
the purpose of limiting the pressure of the compressed
air. From the pipe 156, the air flows through a valve 158
for distribution or transport, as desired.

[The down pipes 102 and 132 extend downwardly
through the chamber 52. As with the down pipe 72, and
particularly the central portion 76 of the down pipe 72,
the down pipes 102 and 132 are sealingly secured to the
cylinder head 24, and the bulkhead 30 and also to the
separator cone 60 through which the down pipes 102
and 132 extend. Obviously, to prevent loss of efficiency
due to escape of air and water, the down pipes must be
sealingly secured to the respective bulkheads and cones
through which they extend.]

[Within the chamber 52, the down pipe 102 includes
an inwardly and downwardly extending portion 104.
Secured to the inwardly and downwardly extending
portion 104 of the down pipe 102 is a central portion
106. The purpose of the inwardly extending portion 104
is simply to permit the down pipe 102 to be centrally
located with respect to the inner cylinder 20 within the
chamber 52. The inwardly extending portion 104, like
the inwardly extending portion 74 of down pipe 72, is
simply an intermediate portion between the central
portion 106 and the main portion of the down pipe
102.}

[ The central portion 106 of the down pipe 102 ex-
tends through the bulkhead 50 and it is sealingly se-
cured thereto, as shown in FIG. 2b. The down pipe 132
also extends through the bulkhead 50 and is also seal-
ingly secured thereto. The down pipe 132 continues
downwardly through a chamber 82 defined between
the bulkhead 50 and a lower bulkhead 80. The bulkhead
80 comprises the lower or bottom end wall of a cham-
ber 82 which extends between the bulkhead 50 and the
bulkhead 80 and within the cylinder walls 22 of the
inner cylinder 20. At the lower portion of the chamber
82 is a plurality of apertures 88 which extend through
the cylinder wall 22 to provide communication for the
flow of water from the chamber 82 within the inner
cylinder 20 to the chamber or space 18 between the
inner cylinder 20 and the outer cylinder 12.]

[ The chamber 82 comprises a second stage separa-
tor, or a second separator, for the apparatus of the pres-
ent invention. Within the chamber 82, substantially
identical to the separator cone 60, is a separator cone 90.
The separator cone 90 includes a central apex 92, and a
somewhat concavely curved portion 93 which extends
downwardly and outwardly from the apex 92. The
curved portion 93 transitions to a flat, outwardly ex-
tending portion 94. The separator cone 90 terminates in
an outer or peripheral edges 96. The outer or perpheral
edge 96 is, like the edge 66 of the separator cone 60,
spaced inwardly, and slightly apart, from the inner wall
of the inner cylinder 20. Since the cone 90 is substan-
tially symmetrical in overall design, and is located coax-
ially with respect to the cylinder 20, there is a uniform
distance between the inner wall 22 of the cylinder 20
and the outer edge or rim 96 of the cone 90. The separa-
tor cone 90 is secured to the cylinder wall 22 by a plu-
rality of plates or gussets 98.]

[Beneath the separator cone 90, extending down-
wardly and outwardly from beneath the apex 92, is a
dome 95. A tube 100 provides communication between
the dome 95 and the upper portion of the chamber 82
above the separator 90. The down pipe 106 terminates
in a bottom 108 slightly above, and substantially con-
centric with the apex 92 of the separator cone 90.]
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[ An aperture 84 extends through the cylinder wall
22 below the bulkhead 50 to provide communication
between the chamber 82 and the chamber or air trans-
port cavity 42 of the air transport tube 40. A second
aperture 86 extends through the cylinder wall 22 dia-
metrically opposite the aperture 84 to provide commu-
nication between the chamber 82 and the air cavity 46
of the air transport tube 44.]

[The down pipe 132, as discussed above, extends
through the bulkhead 50, and it also extends through the
cone 90. Beneath the cone 90, the down pipe 132 in-
cludes an inwardly and downwardly extending portion
134 which connects to a centrally disposed portion 136.
The central portion 136 extends downwardly coaxially
with respect to the cylinder 22 through the lower bulk-
head 80.}

[The action of the air and water flowing down-
wardly through the down pipe 102 and onto the separa-
tor cone 98 is substantially the same as discussed above
with respect to the separator chamber 52 and the sepa-
rator cone 6. The water, with entrained air, flows
downwardly through the pipe 106 and onto the separa-
tor cone 90. The water flowing outwardly over the
generally flat portion 94 of the cone, which is substan-
tially horizontal, allows the entrained air to separate
from the water. The separated and compressed air rises
in the upper portion of the chamber 82 above the sepa-
rator cone 90 and flows outwardly through the aper-
tures 84 and 86 into the air transport cavities 42 and 46,
respectively.}

[A portion of the entrained air does not separate
from the water before flowing between the edge or
outer periphery 96 of the separator cone 90 and the wall
22 of the cylinder 20. The compressed air that remains
entrained in the water then flows downwardly within
the chamber 82 beneath the separator cone 90 and sepa-
rates out of the water before the water flows through
the apertures 88 out of the chamber 82 and into the
chamber 18. The compressed air rises within the cham-
ber 82 to collect beneath the dome 95 of the separator
cone 90. The air from the dome 95 then bleeds or flows
through the tube 100 from beneath the dome 95 of the
cone 90 to the upper portion of the chamber 82 above
the cone 90 to join with the other air separated from the
continual flow of water over the cone 90.3

[Between the lower bulkhead 80 of the chamber 82
and the bottom 26 of the cylinder 20 is a third separator
stage which includes a separator chamber 112. Within
the separator chamber 112 is a separator cone 120. The
cone 120, like the cones 60 and 90, is generally circular
in configuration, with a central apex 122 extending
upwardly above a generally flat outer planar portion
124. The cone includes a generally downwardly and
outwardly curved portion 123 between the apex 122
and the flat or planar portion 124. The planar portion
124 of the cone 120 terminates in an outer peripheral
edge 126 which is spaced slightly inwardly from the
inner portion of the cylinder wall 22.]

L[ The cone 12 is secured to the cylinder walls 22 by a
plurality of gussets or braces 128. The bottom of the
cone 120, between the apex 122 and the flat portion 124,
defines a dome 125. A tube 130 extends through the
cone 120 to provide communication between the dome
125 and the upper portion of the chamber 112 above the
separator cone 120.]}

[The bottom end of the central portion 136 of the
down pipe 132 terminates in a bottom portion 138
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10
which is disposed substantially concentrically to, and
about even with, the apex 122 of the separator 120.]

L At the lower portion of the chamber 112 is a plural-
ity of apertures 118. The apertures extend through the
cylinder walls 22 to provide communication between
the lower portion of the chamber 112 and the space 18.
At the upper portion of the chamber 112, above the
separator cone 120 and adjacent the bulkhead 80, are a
pair of apertures 114 and 116. The apertures 114 and 116
extend through the cylinder wall 22 to provide commu-
nication between the upper portion of the chamber 112
and the air transport cavities 42 and 46, respectively.]

[The action of the water and entrained air in the
third separator stage, defining the chamber 112, is sub-
stantially as has been discussed in detail above in con-
Jjunction with the first separator stage and the second
separator stage, including the chamber 52 and its sepa-
rator cone 60 and the chamber 82 and its separator cone
90, respectively. Thus, the entrained air flows down-
wardly through the down pipe 132 and onto the separa-
tor cone 120 through the bottom 138 of the center por-
tion 136 of the down pipe or tube. As the water flows
downwardly and outwardly, substantially horizontally,
over the flat portion 124 of the separator cone 120, the
entrained and compressed air separates from the water
and flows upwardly in the chamber 112. The water,
with some air yet entrained, flows downwardly into the
lower portion of the chamber 112 between the outer
periphery 126 of the separator cone 120 and the interior
of the cylinder wall 22. The air not separating from the
water above the cone 120 separates from the air beneath
the cone 120 in the chamber 112, and flows upwardly to
be trapped against the dome 125 of the cone 120. The air
flows out of the dome 125 through a tube 130 which
extends through the separator cone 120 adjacent the
apex 138 and outwardly with respect to the down pipe
136. The air from the upper portion of the chamber 112
then flows outwardly through the apertures 114 and 116
into the air transport cavities 42 and 46, respectively.]

As discussed above, the air transport tubes 40 and 44
are sealingly secured to the outer periphery of the cylin-
der wall 22 of the inner cylinder 12, as shown in detail
in FIGS. 3, 4, and 5L, 6, 7, 8, and 9]. The air transport
cavities 42 and 44 communicate with the separator
[chambers] chamber 52[, 82, and 112] through the
apertures 54, 56 of the chamber 52, apertures 84, 86 of
the chamber 82, and apertures 114 and 116 of the cham-
ber 112]. From the separator [chambers] chamber,
the air flows into the chamber or air cavity 32 and
thence upwardly through the pipe 150. The water,
minus the entrained air, flows outwardly from the
[chambers] chamber 52[, 82, and 112,] through the
apertures [58, 88, and] 118[, respectively,] into the
space or chamber 18 between the outer cylinder 12 and
the inner cylinder 20.

The substantially constant flow of the water through
the down [pipes] pipe, through or from the [educ-
tors] eductor, provides a slightly larger head of down-
wardly moving water than the upwardly flowing water,
and the water accordingly flows upwardly through the
space or chamber 18 within the outer cylinder 12 and
out through the aperture 16 disposed near the top of the
pipe 12. The water from the aperture 16 (see FIG. [2a]
2) then flows into a basin or reservoir for reuse with the
[eductors] eductor 160L, 180, and 190] for the en-
trainment of more air, and so on. The water is reuseable,
and accordingly is recycled. The only energy input
required for the energy amplifier apparatus of the pres-
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ent invention is the energy required to pump the water
from the basin or reservoir (not shown), to which the
water flows from the aperture 18 to the [three educ-
tors] eductor. Gravity supplies the energy for com-
pressing the air entrained in the falling water.

FIG. 4 is a view in partial section of the apparatus of
FIG. [2a] 2 taken generally along line 4—4 of FIG.
[2a3 2. It comprises a vertical view in partial section
through the inner cylinder 20 above the bulkhead 30.
The air transport tubes 40 and 44, with their interior
chambers 42 and 46, respectively, are clearly shown.
The tubes 40 and 44 are diametrically opposed to each
other and are secured to the outer periphery of the
cylinder wall 22 of the inner [cyinder] cylinder 20.
The tubes 40 and 44 do, as best shown in [FIGS. 2a and
2b] FIG. 2, extend vertically axially along the cylinder
20.
The bulkhead 30 is shown extending completely
across, and appropriately secured to, the cylinder walls
22 of the inner cylinder 20. [All three down pipes]
Down pipe 72, 102, and 132 are] is shown extending
through the bulkhead 30 within the cylinder wall 22.
The central portion 76 of the down pipe 72 is shown
disposed coaxially with respect to the inner cylinder 20
and to the bulkhead 30.

FIG. 4 is taken lower, with respect to the inner cylin-
der 20, than is FIG. 3. By comparing FIGS. 3 and 4, it
is seen that the central portion 76 of the down pipe 72 is
disposed beneath the inwardly and downwardly extend-
ing transition portion 74. As shown in FIG. &4, and as
also shown in FIG. [2a] 2, the lower portion 76 of the
down pipe 72 is disposed centrally of the cylinder 20
and the bulkhead 30 for depositing the water and com-
pressed and entrained air on the cone 60 for the separa-
tion of the entrained air from the water flowing down-
wardly from the pipe 72.

FIG. 5 is a view in partial section of the apparatus of
FIG. [2a] 2 taken generally along line 5—5 of FIG.
[2a] 2. It comprises a view of the apparatus 10 taken
below the bulkhead 30 of FIG. [2a] 2, at about the
bottom or lower termination 78 of the central portion 76
of the down pipe 72, and at the top of the separator cone
60. The apex 62 of the cone 60 is shown centrally dis-
posed with respect to both the separator cone 60 and
the inner cylinder 20, and also with respect to the lower,
central portion 76 of the down pipe 72.

The air transport tubes 40 and 44 are shown substan-
tially the same in FIG. 5 as they appear in FIGS. 3 and
4. [The down pipes 22 and 132 also appear substantially
as shown in FIGS. 3 and 4. The down pipes 102 and 132
ext;nd through, and are sealed to, the separator cone
60.

The separator cone 60 is shown inside the inner cylin-
der 60, with the outer periphery 66 of the separator
cone 60 spaced apart from the interior of the wall 22 off
the inner cylinder 20. The cone is secured to the cylin-
der walls 22 by four braces or gussets 68. The braces or
gussets 68 are spaced apart about 90 degrees from each
other to provide appropriate strength for supporting the
separator cone 60. The tube 70, which bleeds air from
beneath the cone 60, is shown extending outwardly and
upwardly from the cone adjacent the apex 62.

LFIG. 6 is a view in partial section of the apparatus
of FIG. 2b taken generaily along line 6—6 of FIG. 2b.
It is substantially identical to FIGS. 3, 4, and §, but
taken below FIGS. 3, 4, and 5. It is a view in partial
section through the lower portion of the separator
chamber 52 slightly above the lower bulkhead 50. The
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bulkhead 50, like the bulkhead 30, is appropriately se-
cured to the inner walls 22 of the cylinder 20. The bulk-
head 50 comprises the bottom of the chamber 52 and the
top of the chamber 82. The air transport tubes 40 and
44, with their chambers 42 and 46, respectively, also
appear in FIG. 6 as they did in FIGS. 3, 4, and §.]

[The down tube or down pipe 132 is shown extend-
ing through, and sealed to, the bulkhead 50. The central
portion 106 of the down tube 102 is shown disposed
coaxially within the inner cylinder 20 and the bulkhead
50. Referring to FIGS. 2a and 2b, the distance between
where FIGS. 5 and 6 are taken shows the inwardly
extending portion 104 of the down pipe 102 and the
central portion 106 which is shown in FIG. 6. The
central portion 106 is secured to the bulkhead 50, and
like the down pipe 132, extend through the bulkhead 50
and into the separator chamber 82, as best shown in
FIG. 2b.] :

LFIG. 7 is a view in partial section of the apparatus
of FIG. 2b taken generally along line 7—7 of FIG. 2b.
It comprises a view in partial section in the separator
chamber 82, through the air transport tubes 40 and 44,
the air cylinder 20, and through the separator cone 90.]

[ While FIG. 5 comprises a view above a separator or
separator cone, FIG. 7 is taken through a separator
cone. The separator 90 is shown supported by four
gussets 98 secured to the inner periphery of the cylinder
wall 22 of the inner cylinder 20. The down pipe 132 is
sealingly secured to, and extends through, the separator
cone 90. The outer periphery 96 of the separator 90 is
shown spaced apart slightly from the inside or inner
periphery of the cylinder walls 22.]

[Looking downwardly through the separator cone
90, the inwardly extending portion 134 of the down pipe
132 is shown extending from the down pipe 132 to the
center of the cylinder 20. This is shown in greater detail
in FIG. 2b.]

FIG. [8] 6 is a view in partial section of a portion of
the apparatus of FIG. [2b] 2 taken generally along line
[8—8] 6—6 of FIG. [2b] 2. It comprises a view in
partial section through the lower portion of separator
chamber [82] 52 above the [bulkhead 80] borrom 26.
[As in FIGS. 3. . . 7, inner cylinder 20 is shown in
partial section. The air transport tubes 40 and 44 are
shown secured to the outer periphery of the inner cylin-
der 20. The bulkhead 807 Bottom 26, which defines the
bottom wall of the chamber [82] 52, is shown seal-
ingly secured to the inner periphery of the cylinder wall
22. [The central portion 136 of the down pipe 132
extends through the bulkhead 80 and is sealingly se-
cured thereto.]}

[The apex 122 of the separator cone 120 is shown
through the down pipe 132. A portion of the air bleed
tube 130 is also shown through the down tube or pipe
132. The tube 130 is best shown in FIG. 2b. [t communi-
cates with the underneath portion 125 of the separator
cone 120 to allow air separated from water in the lower
portion of chamber 112 to move upwardly, into the
upper portion of the chamber 112, from beneath the
separator 120.]

Extending through the cylindrical wall 22 adjacent
the [bulkhead 807 bortom 26, are a number of ports or
apertures [887] 7/8. The apertures [88] //8 extend
through the cylinder wall 22 to allow the water within
the separator chamber [82] 52 to [fllow] flow out-
wardly into the space 18 (see FIG. [2b] 2) between the
inner cylinder 20 and the outer cylinder 12. It will be
noted that the apertures [88] //8 are spaced regularly
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about the cylinder 20 [except in the area of the air
transport tubes 40 and 44. No apertures extend through
the cylinder wall in the area of the air transport tubes]
so that the water [does not flow into the transport
tubes, but rather simply] flows through the cylinder 20
and outwardly of the cylinder. Thus, referring again to
FIG. [2b] 2, the water flowing downwardly into the
chamber [82] 52 through the down pipe [102] 72
impinges on the separator cone [90] 60. The out-
wardly flowing water, with its entrained air, loses most
of the air as the water flows over the generally horizon-
tally extending portion [94] 63 of the separator £90]
60. While the compressed air thus separated from the
water moves upwardly into the upper portion of the
chamber [82] 52 and outwardly into the tubes 40 and
44, the water flows downwardly about the outer periph-
eral edge [96] 66 of the cone [90] 60 and into the
lower or bottom portion of the chamber [82] 52. The
water then flows from the chamber [82] 52 out of the
inner cylinder 20 through the apertures [88] 718. The
rest of the entrained air separated from the water in the
lower portion of the chamber [82] 52 rises to the dome
[95] 65 and escapes upwardly through the tube [100]
70.

[The central portion 136 of the down pipe 132 is
shown centered over the final or third stage separator
cone 120. The cone 120 is supported in the cylinder 20
by four gussets or braces 128 which are appropriately
secured to the bottom or underneath side of the flat
portion 124 of the cone 120 and to the inner portion of
the wall 22 of the cylinder 20. Spaced apart slightly
from the apex 122 of the cone 120 is the tube 130. The
tube allows air to bleed from beneath the cone 120,
through the cone, and into the upper portion of the

- chamber 112.]

[ The entrained air is separated from the water as the
water and air flow downwardly through the down tube
136 and onto the top of the separator 120. Most of the
entrained air is separated from the water as the water
flows outwardly over the generally flat or planar por-
tion 124 of the separator cone 120. While the water
flows downwardly into the bottom portion of the cham-
ber 120 between the outer periphery 126 of the separa-
tor cone 120 and the inner periphery of the cylinder
wall 122, the formerly entrained air, compressed and
separated from the water, rises within the chamber 122
above the cone 120 and flows outwardly through the
apertures or holes 114 and 116 into the air transport
cavities 42 and 46, respectively. The apertures 114 and
116 extend through the cylinder wall 22 to provide
communication between the upper portion of the cham-
ber 112 and the interior cavities or chambers 42 and 46
of the air transport tubes 40 and 44, respectively.]

[Each of the three] The separator [chambers, or
separator stages,] chamber includes a pair of apertures
such as shown in [FIGS. 2a, 2b, and 9,] FIG. 2 which
[communicates] communicate with the air transport
tubes from the upper portion of [[each] the chamber to
allow the compressed and separated air to flow from the
upper [portions] portion of the separator [chambers]
chamber into the air transport tubes. At the same time,
apertures or holes extending through the cylinder wall
at the bottom or lower portion of the separator chamber
[or stages allow?] allows the water to flow out of the
[chambers] chamber and into the space between the
inner and outer cylinders. The water flowing out of the
separator [chambers or stages) chamber rises in the
space 18 between the inner and outer cylinders and back
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to the surface of the ground, as shown best in FIG.
[2a] 2.

FIG. [10] 7 comprises a perspective view of the
separator cone 60. The cone 60 is generally circular in
configuration, with a generally pointed central apex 62
extending upwardly above a flat, generally planar por-
tion 64: Between the apex and the flat or planar portion
64 is a concavely curved portion 63.

The air bleed tube 70 is secured to, and extends
through, the cone 60 at the curved portion 63 adjacent
the apex 62. The upper or top most portion of the tube
70 extends slightly above the apex 62. The relative
height of the tube and the apex may best be seen in FIG.
[2a] 2. The top upper portion of the tube 70 is dis-
posed above the apex 62 so that the top of the tube is
above the lower portion or bottom 78 of the down tube
72 to prevent water from flowing through the bleed
tube. The water, with the entrained air, thus flows
through the central portion 76 of the down tube 72 onto
the separator cone 60. As the water flows down the
curved portion 63 and out in a generally horizontal
direction over the flat or planar portion 64 of the sepa-
rator 60, the air separates from the water and rises
above the cone 60 while the water flows downwardly,
past the outer peripheral edge 66 of the cone 60 and into
the bottom of the chamber 52. Any air still entrained in
the water as the water moves downwardly past the
separator cone rises within the chamber 52 and becomes
trapped by the dome 65 beneath the cone 60 (see FIG.
[2a2). The air, seeking the highest possible location
with respect to the cone 60, moves to the dome 65
created beneath the apex 60 and the curved portion 63
of the cone 60 where it (the air) flows through the bleed
tube 70.

The separator cone 60 is secured to the cylinder 20 by
four gussets or braces 68. As shown in FIG. [10] 7, the
braces or gussets 68 are generally triangular in configu-
ration, with the base of the triangle spaced apart out-
wardly a slight distance from the peripheral edge 66 of
the cone. The gussets or braces are appropriately se-
cured to the bottom side of the flat or planar portion 64
of the separator cone 60. When in position, as shown in
FIG. [2a] 2, within the inner cylinder 20, the cone 60
is disposed coaxially with respect to the cylinder 20,
with the apex 62 of the cone 60 disposed in the center of
the cylinder and also beneath the center of the central
vertical portion 76 of the down pipe 72. The cone and
the down pipe are thus coaxially disposed with respect
to each other and with respect to the inner and outer
cylinders.

The coaxial arrangement of the down [pipes] pipe
or [conduits] conduit to the separator [cones] cone
provides for a more uniform distribution or flow of
water over the [cones] cone. Such an arrangement also
provides maximum efficiency in separating the en-
trained air from the water by allowing maximum flow
time for the water over the flat portions of the [separa-
tors] separator.

It will be noted, as best shown in [FIGS. 2a and 2b]}
FIG. 2, that the design of the separator [cones] cone
allows the water from the down [tubes} rube to im-
pinge on the curved portion of [each] the cone rather
than directly onto the flat portion of the [cones] cone.
The water then flows outwardly, substantially horizon-
tally, to the outer or peripheral edge of the [cones]
cone.

[ The energy amplifier apparatus 10 is illustrated and
discussed herein as having three stages of air entrain-



Re. 32,669

15

ment and air separation, with the stages disposed adja-
cent each other in a vertical orientation. Three eductors
are connected to three separators, on a one-for-one
basis. Each eductor is connected to a separate conduit
or pipe which extends vertically downwardly to a sepa-
rator chamber.] As indicated previously, each eductor
may utilize more than one nozzle, if desired, for in-
creased efficiency of air entrainment. For illustrative
purposes, a single nozzle 164 is shown in FIG. [2a] 2
for the eductor 160. The eductors are spaced apart
vertically from the separator [stages] stage to provide
a vertical fall distance that will produce or result in the
desired amount of compression of the air.

The apparatus of the present invention is relatively
compact due to the orientation of [each] the separator
stage[[, with the stages being disposed vertically adja-
cent each other]. [Each] The separator stage includes
a chamber, a separator in the chamber, a conduit or pipe
to transport the entrained air and water to the separator,
and different flow paths for the separated air and water
out of the chamber.

Using the force of gravity, the entrained air is com-
pressed by the water in which it is entrained. After
separation, the compressed air flows upwardly in a pipe
or conduit for utilization of its energy, either adjacent
or remote from the apparatus 10, as desired. The water
also flows upwardly, between the outer pipe or cylinder
12 and the inner pipe or cylinder 20, to the surface of the
ground 2, where it may be reused, if desired.

What is claimed is:

1. Energy amplifier apparatus, comprising in combi-
nation:

a flow of water,

eductor means for entraining air in the flow of water;

first pipe means connected to [the] said eductor

means for transporting the flow of water and en-
trained air from [the] said eductor means fo an
outlet of said first pipe means;

cylinder means connected to [the] said first pipe

means for receiving the flow of water and en-
trained air and spaced apart downwardly from
[the] said eductor means to allow the flow of
water to compress the entrained air as the water
flows in [the] said first pipe means to [the] said
cylinder means;

separator chamber means disposed in [the] said

cylinder means and into which [theJ} said first
pipe means extends for receiving the flow of water
and the compressed entrained air and having a
cylinder wall [and], a first bulkhead and a second
bulkhead, said first and second bulkheads being se-
cured to [the] said cylinder wall;

cone means disposed in said separator chamber be-

neath and adjacent the outlet of said first pipe means
[in the separator chamber means] and spaced
apart from [the] said first bulkhead [and the],
said second bulkhead and [from the] said cylinder
wall [and], the water and entrained and com-
pressed air [flows] flowing onto [the] said cone
means for [separating] separation of the entrained
and compressed air from the water;

second pipe means in fluid communication with said

separator chamber at an elevation above said cone
means for transporting the separated and com-
pressed air from [the] seid cylinder means;
[and]}

aperture means disposed in [the) said separator

chamber means ar an elevation below said cone

20

25

30

35

40

45

50

55

60

65

16
means through which the water flows out of [the]
said separator chamber means; and

means for discharging the water flow from said aperture
means at an elevation below said eductor means and
above said separator chamber means.

2. The apparatus of claim 1 in which [the] said
cylinder means includes a first cylinder and a second
cylinder disposed in [the] said first cylinder remote
from [the] said eductor means, and the water flowing
out of [the] said aperture means flows into [the] said
first cylinder.

3. The apparatus of claim 2 in which [the] first pipe
means is disposed in [the] said first cylinder.

4. The apparatus of claim 3 in which [the] said
cylinder wall of [the] said separator chamber means
comprises a portion of [the] said second cylinder.

§. The apparatus of claim 4 in which [the] said
second cylinder includes an air cavity for receiving the
separated and compressed air from [the] said separator
chamber means, and [the] said second pipe means [is
connected to] being in fluid communication with thé air
cavity for transporting the separated and compressed air
from the air cavity.

6. The apparatus of claim 5 in which [the] said cone
means includes:

a central apex disposed beneath the outler of said first
pipe means;

a curved portion extending downwardly and out-
wardly from [the] said central apex;

a flat portion extending outwardly from [the] said
curved portion; and

a peripheral edge adjacent [the] said flat portion
and spaced inwardly from [the] said cylinder
wall of [the] said second cylinder.

7. The apparatus of claim 6 in which [the] said cone

means further includes:

a dome beneath [the] said central apex and [the]
said curved portion for receiving compressed air
not separated from the flow of water by [the] said
cone means but separated from the flow of water
before the water flows out of [the] said aperture
means[[,],; and

a pipe extending through [the] said cone means
communicating with [the] seid dome and termi-
nating above [the] said central apex for bleeding
off compressed air from [the] within said dome.

8. The apparatus of claim 6 in which [the] said
separator chamber means further includes an air trans-
port tube secured to [the] said second cylinder and
communicating with the air cavity for transporting
compressed air from [the] said separator chamber to
the air cavity.

9. The apparatus of claim 2 in which [the] said
second cylinder of [the] said cylinder means includes
an air cavity disposed above [the] said separator
chamber means for receiving compressed air from
[the] said separator chamber means.

10. The apparatus of claim 1 in which [the] said
cylinder means includes a first cylinder and a second
cylinder disposed in [the] said first cylinder.

[11. The apparatus of claim 10 in which the separa-
tor chamber means comprises a plurality of separator
chambers disposed in a vertical relationship in the sec-
ond cylinder of the cylinder means;

the first pipe means comprises a plurality of pipes
extending through the first cylinder of the cylinder
means to the separator chamber means, and each
pipe of the plurality of pipes terminates in a differ-
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ent separator chamber, with the number of pipes

being the same as the number of separator cham-

bers; and

the eductor means comprises a plurality of eductors,

with an eductor for each pipe of the plurality of

pipes.

[12. The apparatus of claim 11 in which the second
cylinder of the cylinder means includes an air cavity
disposed above the separator chambers for receiving
compressed air from each separator chamber.]

[13. The apparatus of claim 12 in which the second
cylinder of the cylinder means further includes an air
transport tube communicating with each separator
chamber for transporting compressed air from the sepa-
rator chambers to the air cavity.}

[14. The apparatus of claim 13 in which the cone
means includes a separator disposed beneath the termi-
nation of each pipe in each separator chamber to re-
ceive the flow of water and entrained air in each separa-
tor ‘chamber for separating the entrained and com-
pressed air from the flow of water.}

[15. The apparatus of claim 14 in which the second
pipe means comprises a pipe extending through the first
cylinder and connected to the air cavity for transport-
ing compressed air from the air cavity.]

[16. The apparatus of claim 15 in which the aperture
means in the separator chamber means comprises a
plurality of apertures in each separator chamber be-
neath the cone means through which water flows from
each separator chamber of the second cylinder into the
first cylinder.]

[17. The apparatus of claim 16 in which the second
cylinder of the cylinder means includes a bulkhead
separating each separator chamber, and the bulkheads
are spaced apart from each other by substantially equal
distances, and the apertures of the aperture means in
each separator chamber are disposed adjacent the bulk-
head at the lower portion of each separator chamber.]

18. Apparatus for compressing air by falling water,
comprising[,] in combination:

means for entraining air in falling water [for com-

pressing] to compress the air; and

means for separating the entrained and compressed

air from the falling water, including:

a separator chamber, having a top wall, a bottom
wall, and chamber walls, into which the falling
water flows[,];

a separator in [the] said separator chamber below
[the] said top wall and above [the] said bot-
tom wall and spaced apart from [the] said
chamber walls, for receiving the flow of falling
water, having a generally horizontal portion on
which the water flows to separate the com-
pressed air from the water[,];

an air chamber disposed above [the] said separator

chamber for receiving the separated and com-

pressed air from [the] said separator cham-
ber[,3;
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means disposed above [the] said separator for trans-
porting the separated and compressed air from
L'the] said separator chamber, including an aper-
ture extending through [the] said separator cham-
ber and a conduit communicating with [the] said
aperture and extending to [the] said air cham-
ber[[, and]);

aperture means disposed below [the] said separator

through which the water flows out of [the] said
separator chamber; and

means for discharging the water flow from said aperture

means at an elevation below said entraining means
and above said separator chamber.

19. The apparatus of claim 18 in which the means for
entraining air in falling water includes pipe means ex-
tending to [the] said separator chamber through
which the water and entrained air falls.

20. The apparatus of claim 19 in which the means for
entraining air in falling water further includes eductor
means secured to [the] said pipe means through which
the water falls.

21. The apparatus of claim 20 in which [the} said
eductor means and the means for separating the en-
trained and compressed air are spaced apart vertically
from each other.

[22. The apparatus of claim 21 in which the eductor
means further comprises a plurality of eductors, and the
means for separating the entrained and compressed air
from the falling waters comprises a plurality of separa-
tor chambers disposed vertically adjacent each other
and connected to the plurality of eductors, with an
eductor for each chamber.}

23. The apparatus of claim 1 in which said cone means
includes:

a central apex disposed beneath the outlet of said first

Dpipe means;
a curved portion extending downwardly and ourwardly
Jfrom said central apex;

a flat portion extending outwardly from said curved

portion; and

a peripheral edge adjacent said flat portion and spaced

inwardly from said cylinder wall of said second cylin-
der.

24, The apparatus of claim 23 in which said cone means

45 further includes:
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a dome beneath said central apex and said curved por-
tion for receiving compressed air not separated from
the flow of water by said cone means but separated
from the flow of water before the water flows out of
said aperture means; and

a pipe extending through said cone means communicat-
ing with said dome and terminating above said central
apex for bleeding off compressed air from within said
dome.

25. The apparatus of claim 24 in which said separator
chamber means further includes an air transport tube
secured to said second cylinder and communicating with
the air cavity for transporting compressed air from said

separator chamber to the air cavity.
L] - » L ] »



