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CHAUNCEY N. DUTTON, OF NEW YORK, N. Y.

—

' SPECIFI,CATION forming part of Letters I}a}tem No. 609,087, dated August 16, 1898,
'  Application filed July 27,1896, Serial No. 600,651, (N model.)

To all whom it m&y _éanc*e?m - _
~Be it known that I, CHAUNCEY N. DUTTON,
of the city, county, and State of New York,

provement the following is a specification. )
The abject of my invention is to provide

simple, efficient, and desirable means for ef-
fecting the compression of air by the utiliza-
tion of the impact of falling water, thereby
dispensing with the compressing-pistons and |

actunating

_ mechanism heretofore ordinarily
employed. | = | =

1The improvement claimed is hereinafter

fully set forth. |

Various devices have heretofore been pro-
posed and put into practice for the hydraulic
compression of air; but such devices, so far
as my knowledge and information extend, do
not have the capacity of compressing air

fully up to the pressure corresponding with

25

the head of water by which they are operated.

My invention, on the other hand, provides a

direct-acting hydraulic' air-compressor in

which the pressure of the air may be many |

- times greater than that due ‘to the hydl‘o;

static head of the operating water. .
The general principles of the apparatus are

~as follows: An ‘automatic valve mechanism
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is provided by .which water is allowed to be
intermittently discharged with as nearly as

may be the full velocity due to its head into
an air-compression chamber in whieh it acts |
by impact to compress a charge of air. The
force being delivered as a blow upon the
elastic cushion of air to be compressed, the

degree of compression may be made as high

 asdesired by suitably proportioning the com-

42

pression-chamber and its delivery end to the |

volume of water employed at each impulse

~and its velocity.: The air is compressed into
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a sultable reservoir, confined therein by a
cheek-valve,and meansare provided forinter-

mittently drawing the waste water out of the
compression-chamberand allowing a new vol-
ume of airto enter to be compressed by the
next suceceeding discharge of water.

In the accompanying drawings, Figure 1 is
a vertical central section through an air-com-
pressor, 1llustrating an application of my in-
vention; Kig. 2, a plan or top view of the
same; Iig, 3, a view, partly in longitudinal

have invented a certain new and useful Im-
provement in Air-Compressors, of which im-

]'.

central section ‘and partly in elevation and
on an enlarged scale, of the valve-casing of
55

sald compressor; Fig. 4, a longitudinal cen-
tral section, on~a further-enlarged scale,
through the valve-casing; Fig. 5, a trans-

verse section throtgh the compressing-cham-
ber, showing the valve-casing in end eleva-
tion; Iig. 6, a central section through the

air-supply chamber; Figs.7andS8, transverse

sections through the valve-casing at the lines,

y y and z z, respectively, of Fig. 4; Fig 9, a
vertical central section, on an enlarged scale,
through the chamber of the reservoir check-
valve; and Fig. 10, a similar section through
the chamber of the reservoir drain-valve.
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In the practice of my invention I providea

conical compressing chamber or tube 1, which
1s reduced in diameter, preferably by being
continuously inwardly inclined or curved in
longitudinal section from its receiving to its

delivery end and is secured to a suitable frame
or bed plate 2 at as low a level as practicable

in order to utilize the full effect of the head

of water by which ‘compression is effected.

.7{::(
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The receiving end of the compressing-cham-

ber 1is connected to a vertical supply-tube 3,
which receives and delivers to the compress-
ing-chamber a body of water, which passes
through it and which 'is intermittently sup-

plied- from a higher level by an automatic
| valvular mechanism,ashereinafterdescribed,

so as to fall in successive portions or charges
into" the compressing - chamber and effect
therein by its impact the compression of air,

which entersat the larger receivingend of the

compressing - chamber, by forcing the same
into the econtracted space therein at

and ad-
joining its smaller delivery end. =

Water is delivered from a high level to t-hé

supply-pipe 8 through a conduit 4, controlled

by a valve 5, and in order to admit of the em-
ployment of a comparatively $mall pipe 4 for
leading the water from the head-level to the
supply-pipe an air-chamber 211s connected to
the supply-pipe. By reason of the'intermit-
tentaction of the apparatus this air-chamber,
when made of proper dimensions, admits of
the reduction in diameter of the pipe 4.

The valvular mechanism for effecting the

8o
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intermittent supply of water to the compress-
ing -chamber 1 consists of a hollow piston
| main valve 22 and a differential piston con-




- trolling-valve 23, working in a casing or cham-

I0

I3
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ber 24, interposed between and connected at
its ends to the supply-pipe 3 and compressing-
chamber 1. The main valve 22 is a hollow
open-ended cylinder having on one end a
valve-piston 25, which controls ports 23, es-
tablishing communication through the cen-
tral bore of the main valve 22 from the sup-
ply - pipe 3 to the compressing - chamber 1.
The ports 28 are formed in the larger end of
a conical deflector 40, formed on or fixed to
the end of the casing 24 next the compressing-
chamber 1 and projecting axially into the lat-
ter, so that water shall be delivered thereto
in an annular body. A piston 26, formed on
the opposite end of the main valve, cuts oft
communication between the supply-tube 3
and the space within the casing 24 around
the body of the main valve. An operating-
piston 27 of larger diameter than the end pis-

- tons 25 and 26 is formed on the body of the

25
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main valve, and all three pistons are provided
with suitable packing.
The body of the controlling-valve 23'1s hol-

low or tubular and open at one end, which

is constantly in communication with a dis-
charge-port 41 in the casing 24. A piston 31
is formed on the body of the controlling-valve
at and adjoining i1ts open end, and two pis-
tons 83 and 34 of equal diameter, which is
greater than that of the piston 31, are also
formed upon the controiling-valve, the piston
33 being located at 1ts inner end or that far-

- thestfrom the piston 31 and the piston 34 being

35

at a distance from the piston 33 about equal
to or slightly greater than the width of a sup-
ply-port 30,leading from the controlling-valve
compartment of the chamber 24 to the main-

- valve compartment of said chamber on the

40
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right-hand side of the operating-piston 27.
Said compartments are also connected by a
supply-port 29 on the left-hand side of the
piston 27. EKlastic buffersor cushion-plates4?2
43 are fixed upon the ends of the controlling-
valve to prevent shock at the limits of its
traverse.

“The controlling-valve 23 is moved 'In one

~ direction—that is to say, to the right—by wa-

50
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ter admitted from the supply-pipe 5 through
a branch pipe 35, which opens by a port 36
to the controlling-valve chamber between the
pistons 51 and 34. The pressure of the water
upon said pistons acts to move the valve in
the direction of the larger piston 34, or to the

right, and the motion 1s slow because of the

small difference in areas of the pistons 31 and
34and alsobecauseof therestricted discharge

- of back water from behind the piston 33.
-~ Themovementof the controiling-valve in the

'60

opposite direction is effected by a portion of
the water from the compressing - chamber,
which enters the controlling-valve compart-
ment through a port 47, controlled by a check-
valve 48, which is normally closed by a spring
49, In order to regulate the speed at which
water 1s admitted to the right-hand side of

the controlling-valve, and thereby to control |

2 609,087

| the period during which the ports 28 shall be

open by being uncovered by the main valve,
so that water shall not be wasted by being
admitted to the compressing-chamber after
the compressing operation has been effected,
the area of opening of the port 47 is madeva-
riable by means of a regulating device, con-
sisting in this instance of a ring 50, having
an opening on its side adjacent to the port
47 and which is angularly adjustable to in-
crease or decrease the delivery area of the
port 47 by a worm 51, rotatable in a bearing
in the chamber 24 above the ring 50 and en-
oaging a worm-gear 52, cut on the periphery
of said ring, to rotate it and regulate the open-
ing of the port 47. |

Airisadmitted to the compressing-chamber
through an independent air-supply port or
passage 44, formed in the cap of an air-sup-
ply chamber 45, fixed on the upper side of

75
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the compressing-chamber and communicat-

ing by open ports therewith. The air-supply
port is controlled by an outwardly-opening
check-valve 46, working in the chamber 45.
The valve 46 is closed by the pressure within
the compressing-chamber during each com-
pressing operation and opens by its own
aravity thereafter for the admission of air for
the next succeeding compressing operation.
Thesmallerordelivery end of the compress-
ing-chamber 1 is controlled by an outwardly-
opening reservoir check-valve 9, which is
seated after each compressing operation by
the pressure on the outer side of the valve.
The reservoir check-valve 9 governs com-
munication between the compressing-cham-
ber and a chamber or casipg 11, which 18 con-
nected by a passage 12 with a reservoir 19,
which is made of proper strength to safely
resist the maximum pressure to which air is
to be compressed by the apparatus, and 18
provided with a suitable stop-valve 15, con-
trolling a delivery-pipe 16, through which
compressed air is led from the reservoir to
the desired point of use. The reservoilr is
supported on a frame or stand 14, which may
be formed on or fixed to the bed-plate 2 or be
separately secured to a suitable foundation.
The bodies of water by which the compres-
sion of air in the compressing-chamber 1 18
effected escape successively therefrom after
delivering their energy to the air therein
through a discharge-passage 17, formed at
the lowest point of the compressing-chamber
and controlled by an inwardly-opening dis-
charge-valve 53, which is normally held off
its seat by a spring 54 and 1is closed by the
pressure within the compressing-chamber
during each compressing operation and

opened for the discharge of water thereatter

by the spring 54, which is adjustable, so as
to hold the valve 53 off its seat against a less
or greater pressure for a longer or shorter
time. until such pressures obtain or are gen-
erated in the compressing-chamber as con-
sistent with the water, acquiring as nearly as
possiblethe velocity due to the available head,

9_0'
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S0.as to realize cOmmerciallyfin compressed | with water at every stroke of the machine

air as much as possible of its work. Waere

both the valves 53 and 46 to close before the
full velocity is acquired the machine would
give alowefficiency. The efficiencyand also

the degree of compression, which can be eco-

nomically obtained, depend largely upon cor-

- Tect porportioning of the compressing-cham-

IO
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~berl and check-valved passageleading there-

from tothereservoir13. The best form isthat
shown, in which the compressing-chamber ta-
persnearly uniformlyfromitsreceivingend to
1ts outlet or connection with the reservoir, the
shape being such that the work is done as
uniformly as may be and the capacity such
that the last of the work or living force of
the mass of moving water is absorbed by the

~compressed air just as it is completely forced
out of the compressing-chamber and the wa-~

ter touches the check-valve. In any other
form of compressing-chamber there would be

a large percentage of slip, equivalent to clear-

ance 1n a mechanical compressor, and a re-

duced efficiency, due to the fact that the wa-

ter would recoil before all the air was forced
into the reservoir. It will be observed that

the air-compressing chamber is horizontal,

ornearlyso. Inallother hydraulicor hydro-

‘static air-compressing devices with which I

am familiar the compressing-chambers have

been made vertical, with the object of fune-
tioning by the flat upper surface of the water
‘while compressing air. It is obvious that
‘in vertical air-compressors the work done in

lifting the water through the height of the
compressing-chambers represents a loss of
power. IPractical experience in the use of

~ water and air in confined spaces at high ve-

40
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locities demonstrates that the water will do
1ts work quite as well from one direction as
from another under such conditions. .
An-opening is formed in the wall of the
chamber 11 opposite the reservoir check-
valve 9 and is closed by a screw-plug 18, by

the removal of which the valve 9 may be read-

lly removed and replaced for repair or re-
newal. Any water which may be entrained

with the air into the reservoir-supply-valve
chamber 11 is released therefrom by a drain-

valve 19, closing an opening in the bottom
of the chamber and connected to a float 20,
adapted to rise and fall with the level of the
water therein. ] B o
In all compressors heretofore constructed
it has been extremely difficult to approximate

isothermal compression. Nearly all com-
pressors are adiabatic, or nearly so. The de-
~ flector 40, which, as before deseribed, is con-
- ¢centric in the compressing-chamber, has an'
important function,in addition to that above.
described, in abstracting from theair the heat

set free in the act of compressing, which it
effects by reason of being always filled with
water, and, moreover, because the outer sur-

face of the defiector and the inner surface of
the compressing-chamber are both In contact |

their temperature is maintained permanently
very nearly equal to the temperature of the

water. The thin bodies in which the air is

disposed during compression greatly facili-
‘tate frequent contact between each individ-
‘ual particle of air and the cold walls of the

deflector and compressing-chamber, and the

absorption of heat by them -from the com-

pressed air thus approximating more nearly

to isothermal compression than any compres-

sor heretofore designed. - This function will
be further elucidated in an improved form in
a Separate application, which will be shortly
filed. . |
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In the operation of tlie .appa-':ratﬁs a portion-

‘of the water which passes into the supply-

tube 3 under the pressure due to its head is

admitted through the passage 35 and port 36

to the chamber of the controlling-valve 23,

between the pistons 31 and 34 of said valve,.
and the excess of its pressure on the piston

34 above that on the smaller left-hand-end

piston 31 moves the controlling-valve to the
right-hand limit of its. traverse, thereby ad-

mitting water from the port 36 through the -

Qo

controlling-valve chamber and the port 30 to -
the right-hand side of the operating-piston 27 -

of the main valve 22 and moving said main

valve to the left-hand limit of its traverse, in

~which it uncovers the ports 28 and admits a
body of water through its tubular body and

the ports 28 to the compressing-chamber 1,
In which said body of water effects by its im-
pact a compression of air admitted through
the supply-passage 44, and a portion thereof

unseats the valve 48 and passes through the
~opening controlled by said wvalve into the

right-hand end of the controlling-valve cham-
ber, in which it exerts its pressure upon the
full area of the right-hand piston 33 of the
controlling-valve 23.

is thereby rapidly moved to the left-hand

limit of its traverse, being the position in

95
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105

T'he controlling-valve |

110

which it is shown in Fig. 5, and water is ad-

mitted through the ports 36 and 29 to the
left-hand side of the operating-piston 27 of
the main valve 22, moving said piston to.the
right-hand limit of its traverse and cutting

charge-valve 53 then opens and drains the
compressing-chamber, and thecheek-valve 46
opens to admit a new charge of air. The wa-

ter which has effected the previous stroke of

themain valve to theleftisexhausted thron oh

| the ports 30, the ports 32, which are formed

the pistons 33 and 34, the tubular body of
sald valve, and the discharge-port 41. |

pressing-chamber enters it at nearly the ve-
locity due to its hydrostatic head, and its ve-
locity being checked by the air in the COm-
pressing-chamber it strikes a blow upon said.
alr, delivering its energy by impaect, the meas-

off the supply of water to the compressing-
chamber by closing the ports 28. The dis-

The body of water admitted to the com-

I15
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ure of the compression being fixed by the

taper of the compressing-chamber and the

IO

20

area of the discharge-opening relatively to
the volume of watersupplied,and its velocity,
and the volume of air compressed in the air-
chamber. When the supply-water enters the
compressing-chamber, it acts upon the drain-
valve 53, controlling the discharge-passage
17, and the air-valve 46, closing them, so as
not to waste water, and after compression is
effected these valves open and permit the
water to drain from and a new supply of air
to enter the compressing-chamber.

The preliminary movement of the control-
ling-valve 23 to the right is made compara-
tively slowly, as the waste or back water
which has effected its previous stroke to the
left can escape only through a restricted port

38 in the right-hand piston 33 of the valve,

the transverse area of which port may be
varied by an adjusting-screw 39, having a
conical end. The speed at which the con-

- trolling-valve travels to the right may thus

.30

35
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be properly regulated, so that the main valve
will remain in position to keep the ports 23
closed sufficiently long to allow all water
to-escape from the compressing-chamber af-

ter having effected a compressing operation

therein. When, however, the controlling-
valve has been moved sufficiently far to the
right to close both the main-valve supply-
ports 29 and 30, its right-hand piston 33
passes into an enlarged bore 37 in 1ts cham-
ber, and the waste or back water on its right-
hand side then escapes freely around the pis-
ton 33 and through the ports 32 and the body
of the valve to the discharge-port 41. The
controlling-valve then rapidly completes 1ts
right-hand stroke and by opening the port
30 to the port 36 effects the left-hand trav-
erse of the main valve 22, by which the ports
28 are opened, as before described.

It will be obvious that while the only funec-

tion of the main valve and controlling-valve

in the application herein desceribed and shown
is that of automatically effecting the alter-

- nate opening and closure of the ports through

80

55
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which water is admitted to the compressing-
chamber the reciprocation of the operating-
piston of the main valve may be utilized for
any other desired purpose in a water-pressure
engine or motor.
claim said automatic valvular mechanism in
and of itself, and the same forms the subject-
matler of a separate application filed by me
November 13, 1897, Serial No. 653,459.

Ido not, further, desire tolimit my present
invention to combinations embodying the
specific automatic valvular mechanism here-
in described and shown for effecting the inter-
mittent supply of water to the compressing-
chamber, as various other automatic mech-
anisms for performing the same function may
be substituted by a mechanic skilled in the

art without departure from the governing and |

I do not, therefore, herein

{
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essential features of my invention and with-
out involving any substantial difference of
operation from that of the combination of es-
sential members which is exemplified in the
apparatus herein described and shown.

Iclaim as myinventionand desire to secure
by Letters Patent—

1. The combination, substantially as set
forth, of a compressing-chamber, a conduit
adapted tosupply water under pressure there-
to, a main valve governing a supply-port be-
tween the conduitand the compressing-cham-
ber, and an automatic controlling-valve, ac-
tuated by water supplied from a conduit and
controlling the fluid transmission of operat-
ing power to the main valve.

70

75
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2. The combination, substantially as set '

forth, of a compressing-chamber, a valve-
controlled air-supply portor passage opening
thereinto, a reservoir, a check-valve control-
ling communication between the compress-
ing-chamberand reservoir, a conduit adapted

to supply water under pressure to the com-

pressing-chamber, a main valve governing a
supply-port between the conduitand the com-
pressing-chamber, and an automatic control-
ling-valve, actuated by water supplied from
a conduit and controlling the fluid transmis-
sion of operating power to the main valve.

3. The combination, substantially as seb
forth, of acompressing-chamber, a discharge-
passage therefrom, an air-supply portor pas-
sage thereto, a conduit adapted to supply wa-
ter under pressure to the compressing-cham-
ber, a main valve governing a supply-port
between the conduit and the compressing-
chamber, and an automatic controlling-valve,
actuated by water supplied from a conduit
and controlling the fluid transmission of op-
erating power to the main valve.

4. The combination, substantially as set
forth, of a compressing-chamber, an air-sup-
ply port or passage opening thereinto, a res-
ervoir, a check-valve controlling communi-
cation between the compressing-chamberand
reservoir, a discharge-passage for the release
of water from the compressing-chamber, a
drain-valve for the release of water from the
reservoir, a conduit adapted to supply water
under pressure to the compressing-chamber,
amain valve governing asupply-port between
the conduit and the compressing-chamber,
and an automatic controlling-valve, actuated
by water supplied from a conduit and con-
trolling the fluid transmission of operating
power to the main valve.

5. The combination, substantially as set
forth, of a compressing-chamber which is re-
duced in transverse area at and toward its
delivery-end, an air-supply port or passage
opening thereinto, a reservoir, a check-valve
controlling communication between the de-
livery end of the compressing-chamber and
the reservoir, a disecharge-passage for the re-
lease of water from the compressing-cham-

go
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- a supply-port
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30 :
~erning ports for the admission of water from

53

40
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ber, a conduit adapted to supply water under |
~pressure to the compressing-chamber, a main
valve governing a supply-port between the
conduit and the compressin g-chamber, and |

an automatic controlling-valve, actuated by
water supplied from a conduit and control-
ling the fluid transmission of operating power
to the main valve. R o Q

6. The combination, substantially as set
forth, of a compressing-chamber, an air-sup-

ply port or passage opening thereinto, a con-

duit adapted to supply water under pressure

thereto, an air-chamber connected with said

conduit, a reservoir, a check-valve control-
ling communication between the compress-

Ing-chamber and reservoir, a discharge-pas-
sage for the release of water from the com-

pressing-chamber, a main valve governing
between the conduit and the
compressing-chamber, and an automatic con-

trolling - valve, actuated by water supplied.

from a conduit and controlling the fluid

transmission of operating power to the main

valve. .
7. The combination, substantially as set

forth, of a compressing-chamber, an air-sup-
ply port or passage opening thereinto, a con-

duit through which water may be supplied,
under the impact of a fall from a height, to
the compressing-chamber, a main valve 20V-

the supply-conduit to the compressing-cham-
ber, an actuating-piston on said main valve,
a controlling-valve governing ports for ad-
mitting water from the supply-conduit al-

ternately to opposite sides of the actuating-

piston, a passage for the admission of water
from the supply-condunit to the controlling-
valve chamber, a passage for the admission
of water from the compressing-chamber to

‘the controlling-valve chamber, a check-valve

governing said last-named passage, a reser-

~voir, a check-valve controlling communica-
tion between the compressing-chamber and

reservoir, and a discharge-passage for the re-

lease of water from the compressing-chamber.

8. The combination, substantially as set
forth, of a compressing-chamber, an air-sup-

ply port or passage opening thereinto, a con- |

duit through which water may be supplied,

under the impact of a fall from a height, to

the compressing-chamber,. a valve-casing in-

- terposed between and connected with the sup-

6o

65 supply-conduit and to the larger of which |

ply-conduit and compressing-chamber, ports
opening into the compressing-chamber from

said casing, a tubular main valve fitted to re-

ciprocate in a chamber of the casing and hav-
ing end pistons, one governing the compress-
ing-chamher ports and the other preventing
direct communication between the supply-
conduit and the chamber of the main valve,
an operating-piston on said main valve, a con-
trolling-valve having pistons of unequal area,
between which water is admitted from the

water is admitted from the compressing-

chamber, ports governed by said valve for

‘admitting water from the supply-conduit to

opposite sides of the operating-piston of the
maln valve, a check-valve governing com-
munication between the compressing-cham-
ber and the larger piston of the controlling-
valve, a reservoir, a check-valve controlling
communication between the compressing-
chamber and reservoir, and a discharge-pas-

‘sage for the release of water from the com-

pressing-chamber. |

75

9. The combination, substantially as set

forth, of a water-supply tube, a compressing-
chamber, a main valve governing ports for

the admission of water from the supply-tube
‘to the compressing-chamber, an actuating-

piston on said main valve, a controlling-valve

‘governing ports for the admission of water to
‘opposite sides of the actuating-piston, a pis-

ton on said controlling-valve, and means for

effecting a limited exhaust of water through

said piston in the preliminary portion of the

8o

traverse of the controlling-valve in one direc-

tion, and a free exhaust around said piston

1n the succeeding portion of the same.

10. The combination, substantially as set
forth, of a water-supply tube, a compressing-

chamber, a main valve governing ports for
the admission of water from the supply-tube

to the compressing-chamber, an actuating-

‘piston on said main valve, a tubular control-

ling-valve governing ports for the admission

of water to opposite sides of the actuating-
piston, a restricted port for the exhaust of
water through an end piston on the control-
ling-valve, and through the body thereof dur-
‘1ng its preliminary traverse in one direction,

aregulating device for varying the discharge

area of said restricted port, ports in the body
ot the controlling-valve, of sufficient area for

the full exhaust of water, and a valve-cham-

ber for the controlling-valve having a space
of larger diameter than the end piston in
which the restricted exhaust-port is formed,
through which space said end piston traverses
during the latter portion of its stroke in one
direction. .

11. T'he combination, substantially as set

forth, of a water-supply tube, a compressing-
chamber, a main valve governing ports for
‘the admission of water from the supply-tube
to the compressing-chamber, an actuating-

piston on said main valve, a controlling-valve

governing ports for the admission of water to

opposite sides of the actuating-piston, differ-

-ential pistons on said controlling-valve, a

passage foradmitting water from the supply-

ling-valve, a check-valved passage for admit-
ting water from the compressing-chamber to

‘a larger piston area of the controlling-valve,

ol
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tube to a smaller piston area of the control-

I2 g

and an adjusting device for varying the de-

livery area of said check-valved passage.
12. The combination, substantially as set

130




5 ' | 609,087
forth, of a W:;Ltei'-—supply_ conduit, a conical l tently supplying water, under the iinpaet ofa

compressing-chambér communicating at its | fall from a height, to the compressing-cham- 10
larger end therewith, a conical deflector, fixed | ber. -- o

in .the compressing-chamber concentrically : T | roNT T
5 therewith, a '1"eser.$0ir, a check-valved  pas- o 'CHAU,NCE_& - N. DUTTONR.
" sage connecting the smaller end of the com- Witnesses: -

pressing-chamber with the reservoir, and an LeEoN S. MOIRSEIFT,

automatic valvular mechanism for intermit- | D. LINDENTHAL.

o
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