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UNITED STATES PATENT OFFICE.

- CHAUNCEY. ' N

'DUTTON, OF YONKERS, NEW YORK. .

HYDRAU LIC IMPACT ENGINE

SPECIFIGATION’ felmmg pmt of Letters Petent No 67 1,541, dated Apnl 9, 1901
| Appllcatmn ﬂled Apul 12, 1898. berlel Nu 677,370, (Ho modél.) |

To all whom it Tmmj concermn:
Be it known that I, CHAUNCEY N. DUTTON

__ of Yonkers, in the eounty of Westchester and

State of New York have inVvented a certain
new and useful Improvement in Hydraulic

Impaet—]}nmnes of which 1mplovement the

fOHOWl{]ﬂ‘ 1S a Speclﬁcetlon

My present invention relates to dppal a,tus

- of the same general class as end is an im-

) 10

provement upon that which constitutes the

subject-matter of Letters Patent of the United

~ States No. 609,087, granted and issued to me

- under date of Aue*ust 16, 1898, and. is further |
- a specliic Struemuel embodlment of the gov- |
| Under my plesent mventlon the opening and
closing means is in the form of a controlling-
valve of the general character of those Whmh |
{are set forth in my Letters Patent No. 609,087
aforesaid and in my Letters . Patent No

| 609, 089,dated August16,1898,and which is not
in and of itself claimed as of my presentinven-
tion.

N ent filed by me September 18, 1899 Serial No..

20

erning and essential principles of that Whlch
is set forth in an application for Letters Pat-

730,824,

The ObJth of my mvenmon is, as in my ap-
plication Serial No. 730,824 afm esaid, to
- provide improved faellltles for pumping wa-

 ter oreffecting the compression of air by the
' _lmpaet of falling water; and my improvement

28

consists in eermm novel combinations of me-
chanical devices hereinafter fully set forth.

| The general and eharaebeusme features of
“an engine embodying my invention may be

bmeﬂy described as follows: A suitable con-

o duit is. mowded to eonduet the water from

| 0

the reservoirto the engine, the working eha,m.-'.

ber of which is 1oceted a,bove the flood- plane.
A discharge - tube leads from the working

chamber, said tube being preferably a draft.

~ tube debeendmn‘ to a plane lower than the

35

low-water pl&ne in the tail-bay, so that the
discharge-opening is &1W&}7b immersed. The
bottom of the draft-tube is formed into a dif-

~ fuser ,which is submerged, and the main valve

40

of the appemtus 18 the1 e loeeted surrounding

the diffuser in the form Sh{)Wﬂ in the dra,w—
ings and being movable, so as to open and

close the dl&,(}hdl ge-opening. When the dis-

- c¢harge-opening is opened, the water. flows

| throun'h the conduit and establishes its lower

45

» in the reservoir..

hydmuhe grade-line, and when the opening
18 closed the parts are subjected first to the

pressare of impact and immediatelv thereaf-
ter to hydrostatic pressure, which raises the
~ grade-line to the plane of the water-surface |
:An apparatus is thus pro-

vided in which there is a variable hydraulic
- grade-line, and advantage is taken of this va-

. T

‘such general character.
| vide a means for closing and opening the dis-
charge-opening of the d1
-ated altemetely by the IELISIH“‘ and lowering -
of the hydl aulic gradient when the dlseharge-
‘opening is closed and opened, respectively,
-and which effects through the intermediation
of columns of water whleh it controls the

“opening it and closing it.

“work by impact.

uatmn of the hydmuhe o Lde-—hne and of the

varying pressures or alterndte pressures and

‘suctions in different parts of the pipe to ob-
“tain absolutely positive action, which has not -

heretofore been accomplished in apparatus of
To this end I pro-

user, which is actu-

movement of a discharge-governing device.

This controllm o-valveis located above

the lower hydmuhc gmde -line and below the

planeof the reservoir-surface, so asto be sub-

| jeet to pressure less than the atmoqphere or to
““‘snection” when the di
| subJeet to hydrostatic pressure when the dif-
[ fuser is closed..  T'he alternate pressure and

‘user 18 open and is

suetion operate the controlling-valve, which

“in its alternate motions opens ports and ad-

mits water altemately to opposite sides of an
Opemtmﬂ*-plsten on the main valve, theleby
‘When the main
valve opens, water flows thr ough the su pply—
pipe and dls(,harges throu ﬂ‘h the diffuser,

1 speedily acquiring the maximum Veloe_Ity due |
to the available head. When such velocity
18 acquired, the controlling-valve is subject
1o suction, which reverses it, and thereby ad-

mits water to the opposite side of the main-
valve piston and closes said main valve.
When the main valve closes, the water in the

supply-pipeis thereby diverted into the work-

ing chamber of the engine, where it does its

‘The im-
pact of the water can be utilized to lift water

.....

6o
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_ Immediately thereafter the
- pipes are subject to hydrostatic pressure, by
| which the controlling-valve 18 reversed and
‘admits water under pressure to the proper
side of the main valve to open it and again
“begin the cyecle of operations, which are thus |
‘made truly automatic and positive.

[OO



o

- to a grea,t hewht as in the hydraulic ram, or |

\

to compress air for commercial uses, as in hy-

- draulic air-compressors such as set forth in

my Letters Patent No. 609,087, before re-
ferred to. |

In the accompanymcr drawmﬂ's, qures 1

and 2 ‘are diagrammaltic views showmﬂ' an

- _appdratus embodymfr my invention as adapt—

ed to raise water and constituting, in
improved hydraulic ram, Fig. 1 showmﬂ' 'the
main valve open and Fw 2 the main Va,lve'
~ closed and the appambus in the act of utiliz-

‘Figs. 3 and 4 are similar.

10

“ing the power.

| views showing my invention applied in a hy-

-draulic air-compressor, Fig. 3 showing the
‘main valve open and Flﬂ' 4 showmw the |
main valve closed and the apparatus in the |
—act of compressing air.
~ side view, Ifig. 6 a general end view, and
g0
-~ for use as an air-compressor. .

- Fig. 5

Fig. 7 a D‘eneral plan, of the apparatus adapted
Fig. 31s a lon-

 gitudinal central section bhrough the lower

~ end of the draft-tube, the diffuser, and the

Fig. 9 1s - a view in elevatwnf

and on an enlarfred scale of the diffuser with
" the main valve in section.

~ view of the diffuser.

25

30

for use a8 a hydraulic ram, and Fig. 14 a sec- |

35

. 40

- main valve.

and Fig. 12, g partial section th_rouﬂh_ the |
same, shawin’g the check-valve in a dﬂferent'
| _posunon

Fig. 13 is a central section through
the funetlonaJ part of the apparatas a,dapted

tion on the line z z of Flg 12. I‘w‘ 151is a

central section throuﬂ'h the funcblona,l part
-of the apparatus adapted to act-as a hydrau-
Figs. 16, 17, and 18 are |
transverse  sections on the lines Y Y, T X,
“and v v, respeetwely, pf Fig. 15.

lic air-compressor.:

& bl‘d.DSVelSB section on the 11ne U of Fig.
Fig. 20 is a plan view of the drain-valve.

bw' 91 is a detached sectional view of bhe'

dra,m valve when open. Figs. 22 and 23 are

diagrammatic views similar to those of Figs.

3 and 4, showing a modified form of the ap-
paratu&, which is detailed in Figs. 15 to 21,
inclusive.

| ﬂ'rammatlc v1ews showmcr another modmca-

131011

In the practice of my mventwn the a.ppa-

ratus is located so as to be conveniently sup-

~ plied with water under pressure from a res-

55

ervoir or other source by a conduit 4, which

which connects with a supply-tube 3.

~ portion or working chamber of the dppa,mtus

6o

‘A and with a dmfb tabe B, which descends to:

- a plane lower than the low- water planein the | trolling-valve 23, to be presently described.

tail-bay and is there provided with a diffuser

D, the funectioning portion having suitable
bed- -plates 2, whleh rest on beams 2“, carried

Y

by the fou uda,tlon 2° and the transverse fram-

ing 2¢or in any other suitable manner..

in a castmg prowded with lugs or arms 2‘1 for

, In fact, an

is a general

Hig. 19 18

Tigs. 24: and 25 are bll’ﬂllldl‘ dl&-'

Fig. 10 is a plan |
Fig.1lisalongitudinal
central section through the controlling-valve;

671,541

supportmd it and attaching it to suitable
beams or other means of su pport - I form an

expansion-joint in the draft-tube, preferably

made by a socket 55 on the upper end of the
diffuser, provided with a flange to which is at-

| tached a nozzle 56, having a stuffing-box 572,
with a gland 582, into which the end of the

wrought part or pipe connection constituting

the ad;]a,cem portion of the draft-tube B en-

ters,so thatsettlement and expansion and con-

traction can take place without straining the

joints. A spider 56*is supported and swivels

in the socket 55, said spider being formed on

the upper end of a forged suspender 57, on the

Jlower end of which is beeured a mushroom or
“deflector 58.

The tubular portion of the dif-
fuser D is enlarged about the spider and sus-

‘pender, so as not to restrict the flow, and the
‘lower end is flared, so that the space between |
“the suspender and deflector 58 and the inner
| surface of the diffuser forms the diffuser-pas-

sage 59, which passage enlarges in transverse
area from the center toward the discharge-

70

75

30

Q0

opening in the proper mtlo to secure the de-

su-ed diffuser action. |
In order to secure the smooth surfa,ees and

‘true curves desirable in such apparatus, the

| inner surface of the diffuser and the con-

- 59.
the diffuser the ring 60 is entered into the
| end of the valve and screwed on the diffuser,
“there being sockets 61 formed in said. ring

had operated it.
‘The |
'd1ﬂuser D, which is shown on an enlarged

scalein Flﬂ's 8,9,and 10, ispreferably forlned

|

centric surface of the saspender and deflector

sible approxi mation to perfect action the main

valve 22 is located at the lower end of the
~diffuser D. This valve is-in the form of a
+ eylinder, ‘which is turned on the inside and
provided with an mwfwdly-plo,]e(,bmw piston

95

can be turned. For convenience of construe- -
“tion and:in order to secure the nearest Pos-

(OO

25 near its middle portion, so that it can be

‘moved to and fro by admitting water alter-

na,tely to the opposwe sides of the piston, and

it is packed by spring-rings 25%, which lie in
-grooves turned in the enla,rﬂ'ed end of the

~diffuser.

When the main va,lve 22 is closed,

it seats on a copper or other suitable ring 59‘-
on the deflector 58, and in order to slip it

‘upon the diffuser t,he end thereof is provided

with a removable ring 60 above the passage
After the valve 92 has been shpped npon

-and openmn's subaequently closed by ta,p-
bolts 62, opposite them in the valve, so that

| a spanner or other suitable means may be
may be controlled by a suitable valve 5 and |

The
supply-tube 3 connects with the functioning

apphed to screw sald ring on the diffuser.
“Water is admitted to Lhe opposite sides of

| the piston 25 on the main valve 22 by pas-
- sages 30V 29V, which communicate by pipes
30% and 29° wn;h the delivery-ports of the con-

The main valve 22 automatically cushions its

reciprocating motion at the limits of its stroke,

itself choking the exhaust of the water Whleh
"To that end the supply-pas-

sages 29" and 30" open into annular grooves

63, the height of which is less than the stroke
of the V.:lee so that as the valve approaches
‘the hmlt of 1133 sbroke the piston 25 automat—

105

I1iO

115

120

25

130
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ically throttles the exhaust from that end to-
ward which the valve is moving. It will be
seen that the pressure of the Water in the
diffuser will tend to draw the deflector 58 to
a central position, and to this end the bear-
ing-surface on the spider 56, on which it is
suspended, may be made spherical.

The controlling-valve 23, which is shown
on an enlarged scale in Figs. 11 and 12, ac-
cords substantially in general operative prin-

ciple with that set forth in my Letters Pat-

ent Nos. 609,087 and 609,089, before referred
It may be located at any desired point
below the plane of the supply of water and
above the hydraulic grade-line which obtains
when water is tlowing through the diffuser
and be suitably supported either upon the

apparatus itself or otherwise, as the exigen-
cles of the case may debelmme as most suit-

able. When located as above set for th, it is
subject to hydrostatic pressure above atmos-

phere when the main valve 22 is closed and

~is subject to pressure less than at.mosphere

25

30

or suction when said valve is open. It isde-

sirable that the supply of fluid to the control-
- ling-valve shall be free from alternations of

pressure, and it is therefore shown as pro-

vided with a separate supply-pipe 35, con-
necting it with the reservoir or water- supply,
and with a valve. 64 for controlling the sup-
ply. The movable members of the control-

- ling-valve device are contained in a suitable

35

40

45

50

‘below the low-water plane.
end a pipe 147 connects the interior of the-

.tubul.:w case 124, having at its smaller end

an exhaust-port 41 whlch opens into a pipe
41*, extending mto the water of the tail-bay
At the opposite

valve-case with either the supply-tube 3 or
the draft-tube B, as convenience may dictate,
sald pipe being corltrolled by a valve 65. A
valve 23 18 ﬁtted to reciprocate in the case
124, said valve having a hollow or tabular

body, a piston 31, of small diameter, adjacent

to the exhau-st«-port 41, a piston 33, of larger
diameter, at the opposite end, an intermedi-
ate piston 94, and ports 32 between the pistons

33 and 34, which communicate with the bore

of the valve. The supply-pipe 35 connects
with a central supply-port 36 for admitting
water from the reservoir to the valve between
the pistons 91 and 34. A delivery-port 29 is
formed between the supply-port 36 and' the

- exhaust-port 41 and communicates by a pipe

55

60

29* with the lower end of the main-valve cyl-

inder, and a second delivery-port 30 is formed
on Lhe opposite side of the supply-port 36
and connects by a pipe 30* with the upper end
of the main-valve cylinder. The pistons on
the valve are slightly wider than the deliv-
ery-ports, so that they can cover and close

- them, and the reciprocating motion of the

valve is cushioned at the limits of its stroke

- by the functioning of projecting flanges 42
" and 43, which at such times form chambers

from which the exhaust of fluid is restricted,
thus cushioning the motion. The port 41 is

seated in Figs. 11 and 12.

-obtaining hydraulic grade-line. |
was assisted by the water-pressure on the un-

| the smaller end of the valve-shell, and the

opposite end is closed by a cap 66 forming
the valve-case for the main check-valve 148

‘which is shown open in Fig. 11 and closed in
Kig.

12. 'The valve-seah 149 of the main
check-valve 14§ is preferably formed on a
bushing 150, secured to the inner end of the
cap 66. 'The second check-valve 151 has its
seat on the main check-valve and is shown

mally holds the check-valve 148 seated, and
a spring 151* normally holds the check-valve
151 in contact with its seat on the larger
check-valve 148. The two springs are pref-
erably made adjustable, as indicated in the
drawings, or in any other preferred manner,

as the experience or judgment of the con-
structor may dictate.

~ The operation of the controlling-valve is as
follows: When in the position shown in Hig.

11, the valve 23 is just completing its str oke

from right to left, so as to connect the supply-
port 36 with the delivery-port 30 and the de-
livery-port 29 with the exhaust-port41, so that

water will feed through the pipe 30% and ex-
haust through the pipe 29* to and from op-

posite sides of the piston 25 on the main valve

22 and close said main valve. The force
which moved the valve 23 from right to left
in the position shown was the suction ex-

erted upon it by the water flowing through

the draft-tube B and diffuser D, owing to the
fact that the valve is located above the then

balanced area of the larger piston 34 of the
valve and resisted by the elasticity of the
spring 143* and the suction of the column of
water in the pipe 41*. It will be obvious that
when the pipe 41* is full of water and the

check-valve 143 1s closed the motion from
right to left of the valve 23 is resisted by the
force of the spring 143* and the weight of the

column of water in the tube 412 and that be-

A spring 148* nor-

" This force
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fore the valve 23 can move, as afor esaid, from -

right to left the suction upon it must baeome
oreat enough to overcome the elasticity of
the spring 148“ and to unseat the check-valve

143, thus atlowing the water to escape from

between the valve 23 and the check-valve 148,
and also that the force operating the valve 23
must at the same time lifta column of water
in the tube 41*, as otherwise the motion of
said valve away from the exhaust-port 41
would create a vacuuin in the tube 41* or in
the end of the valve-body adjacent thereto.

| The pressure of the supply of water on the

pistons 31 and 34 is constant, as is also the
elasticity of the spring 148°. The suction
will vary with the stage of water in the tail-
bay, diminishing as the water rises therein
and increasing as the water falls therein. The
suction in the pipe 41* obviously increases

and decreases in the same ratio, and the vari- -

ation in the suction in the draft-tube, which

I15

120

I24

I 3'0

tends to move the valve, is compensated by

preferably formed in a cap 141, which closes | the variation in the suction in the tube 412,
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“will be diminished proportionately to the
height of the column of water which it sus-

therefore, that the constant force tending 130.,

IO

~ the operation of the valve.
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or,in more precise lanwua,fre the atmospheric | its interior and prevent suefion and resist-

pressure on the exhaust end of the valve 23

tmns in the tube 41*, through which alone

‘the atmosphere can eommumcate with the

exhaust end of the valve. It will be seen,

move thevalve is opposed by a constant force,
and the variable force tending to move it is op-

posed by force varying in the same ratio, and

therefore such variable forces can be made to
compensate so as to give any desired nicety in
When the valve
has remained in the position shown for a suf-

- ficient time to cause the main valve 22 to be |

closed, the closure of said main valve causes

the machine tofunction by the pressure of im-
pact, and im mediately thereafter the hydro-
static pressure obtains in the supply and drafy

~ tubes, which pressureisconveyed through the
pipe 147 to the end chamber of the shell of the
~ controlling-valve behind the check-valve 148,

25
151.
0*16@1; enough to overcome the resistance of

the spring 151° and raise the valve 151 the

30

35

which 1s a,t such time seated, as shown 1n
Fig. 12,, and under the smaller check-valve
As soon as this pressure has become

water from the pipe 147 transmits the hydro—

static pressure which then obtains in the ap-
‘paratus to the large end piston 33 of the con-

trolling-valve 23 and moves the valve from

left to 11t,ht the small end piston 31 at such

time passing over the delivery-port 29 and
the intermediate piston 34 passing over the

- other delivery-port 30, so that the delivery-

40

45

port 29 is connected with the supply-port 36 |

and the delivery-port 30 is connected with

the valve-port 32 and through the central |

bore of the valve with the exhaust-port 41.

‘When the valve 23 is in this position, the wa-

ter-supply feeds through the port 29 and pipe

- 29* and exhausts through the pipe 30* and |
- port 30 to and from the lower and upper sides

of the piston 25 on the main valve, which is
raised and opened, allowing Water to flow
through the draft-tube and diffuser and agalin

. 1nst1tutmn- the cycle of operations.

5o
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The functiOn&l portion A of the apparatus
(illustrated in fuller detail in Figs. 13 to 20,
inelusive) is varied to adapt the machine for
operation in the same manner in both cases,
either as a hydraulic ram or as an air-com-
pressor, the detail for hydraulic-ram opera-
tion being shown in Figs. 13 and 14, the es-

sential parts shown in these vViews conmsmnﬂ'

in a supply check-valve 70, an air- cha,mber
13, and a lift-pipe 16. The supply check-

| -val-ve, which is preferably made of hard ruab-

ber, slides on and is gunided on a tubular cen-

- tral stem 71 and 1s seated by a spring 72 in

- water.

said stem.

and supported by a spider73. The preferred

~detail is similar to that shown in the draw-

ings, so as to give easy and unbroken flow of
" The stem 72 should be provided with |

an inlet-passage 74 to admit water freely to

‘ance to the movement of the valve.

“into an,asse»mblmw unit. -

_ | made tubular.
The stem 71 may be secured in

eration of this form of the apparatus is in all

‘other respects similar to that of the common

hydraulic ram. When the main valve 22 is

‘closed, the pressure of water in the conduit
4 and supply-tube 3 unseats the check-valve

70 and compresses the air in the air-chamber
13. Assoonasallthe momentum of the water
has been delivered to the compressed air the

pressure, the check-valve 70 seats, and the

‘water is forced up through the delwery pipe

16 by the expansion of the air in the air-cham-
ber 13,and the controlling-valve 23 is reversed,
causing the main valve to open and again in-
stitute a cyecle of operations.

in front of the check-valve 70. While this
valve 75 does the same duty as the ordinary

‘snifter-valve, it'is more positive in its action
“and easier to regulate, because air is forced

through said valve into the supply-tube when
the pressure obtaining therein is less than at-

‘mosphere, which condition obtains when wa-

tel is discharged throu,qh the diffuser.

Figs. 15 to 21, 1neluslve, show a form of the

The op-

Airin des.lred, |
quantity to replace that carried.away by the
water delivered through the pipe 16 can be
'Supplled by a small Supply valve 75, located

70

75

‘apparatus becomes subject to hydrostatic

80.

90

93

appamtus prefemed for use where 1t 1s de-

sired to use the waterfall for compressing air
for commercial uses. Thesupplycheck-valve
70 is carried on a tubular stem 71 similar to

that above described, except that the port 74

100

does notextendina sbra,w*ht line,butisturned

“upward, so that the cavity of the tubular stem

71 and Va,lve 70 will be always full of water.

Were it possible for air to enter them freely
the force night be wasted in compressing the
air in said cavities. Asin my Letters Patent
No. 609,087, before referred to, I provide a

conical compressing-chamber 1, connected at
its larger end with the casing 7 7 1n which the
suppljpr check-valve 70 is ca,rrled and at 1ts
smaller end with a casing 11, coutammﬂ' the
reservoir check-valve 9 and eonneemnﬂ' “with
the air-reservoir 13 and with a drain 19. As

i in said patent, I also provide for the entry

of air into the compressing-chamber by an
air-supply valve 46, opening inwardly and

' closing an air-supply port 44 in the compress-
‘ing-chamber 1, and I also provide a passage

17 for draining the dead-water out of the

compressing-chamber 1 by a drain-valve 53..

The.detail of these valves differs, however,
from that shown in said patent, theair-supply
valve 46 being made an assembling-unit,which
can be ser ewed into a socket 45. The dram-
valve 53, together with its shell, is aiso made
To thm end it is
Its seat is formed 1n a re-
movable cylindrical shell 532, which 1s bolted
at one end to the casing 77 a,nd is provided
at its opposite end with a detachable cap 53",

| having a central opening 53¢ for the diseharge

of the water, and inclosing a spring 54, which
holds the drain-valve open, except when sub-
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ject to pressure on itsinner side. The drain-
valve 53 1s in the form of two connected cyl-
inders of different diametersin order to econ-
omize space. When the valve is in its high-

est position, as shown in Hig. 21, its upper

ports 153 open directly into the interior of

‘the shell 77 and its lower ports 153* connect

therewith by the annular passage 17*. In my
Letters Patent No 609,087 reference is made
to the cooling effect on the compressed air
of the tapering walls of the air-compressor
and the concentric deflector 40. As therein
recited, it 1s well known that when airis com-
pressed its latent heat becomes sensible heat
and its temperature is raised, and unless such
rise of temperature is counteracted by cool-
Ing the air a great loss of power results.
Compression without coolingis termed ¢ adia-
batic.” Compression with complete cooling
is termed ‘‘isothermic™ and is the economical
method, but has not been pertfectly done in
any apparatus heretofore invented, so far as
I am aware.
heat and not 1adla131nfr it, it is obvious that
a particle of air can only be cooled by bring-
ing it into intimate contact with a cold ob-
jeet
ent No. 60‘) 087, 18 accomplished in some
measure by the annular form of the compres-
sion-chamber, in which each particle of air

would come into frequent contact with the

cold walls of the chamber during compres-
sion and give up its heat to them to be sub-
sequently carried away by the water. Im-
proved apparatus for this purpose, which will
attaln 1sothermic compression more neally
than has heretofore been accomplished, is
exemplified in Figs. 15 to 18, inclusive, in
which a metal eooler 78,1in the instance shown
consisting of a plurality of concentric sheet-
metal bodies, is located in the compressing-
chamber 1. Thesecan be of anysuitable ma-
terial—as, for example, sheet-brass—and can
be either drawn or rolled in sections and
suitably assembled into a unit, which can be
inserted in the complessmg-chamber when
the apparatus is assembled. The sheets of
metal constituting the cooler may be as many
as desired and the spaces between them suf-
ficiently small to insure frequent and inti-
mate contact between each particle of air and
a part of the cooler during compression, so
that the heat previously latent will be ab-
sorbed immediately when it is set free.
Where a very high temperature might be de-
veloped, an &ddlbl()n&l cooler may be provided
in the form of disks of wire-cloth 79 or rings
carrying cross-wires,” which are inserted in
an enlarged end 80 of the compression-cham-
ber 1, adJaeent to the shell 11, with which its
smaller end 1s econnected, and as close as may

be to the check-valve 9, so that all the latent

heat set free during oompl ession will be ab-
sorbed either by the walls of the compressing-
chamber, by the sheet-metal cooler 78, or by

el

Air being a non-conductor of

This, as set forth in said Letters Pat--

5

ing absmbed and carried away by the water
at the next stroke of the apparatus.

The air-cooling devices above described are
not claimed as of my present invention, and
the same are set forth and claimed in a sepa-
rate application filed by me May 16, 1898, Se-
rial No. 680,816.

The drainage of entrained water out of the
air-reservoir 13 is provided for by a valve
19, located below the same, said valve dif-
fering from that shown in Letters Patent

No. 609,087 in the particular of being a bal-

anced plston -valve lifted, as in said pcxtent

by a float 20 when water accumulates in the
chamber containing the float. To this end a
passage 19° extends from the float-chamber 192
below the valve 19, so as to balance the pres-
sures on 1ts opposite sides. When the valve
19 is elevated by the float, water is discharged
through a pipe 19°. The dlseharﬂe of exeeed-
ingly 111111811&1 quantities of W&ter 1s provided
for by a branch 199, controlled by a valve 19°,

which can be Opened by hand at such tlmes'

to discharge such quantities of water and to
bring the water-level below the bottom of the
oatb 20 SO as to restore the initial volume of
air therein at the same pressure as obtains in

the reservoir 13, this device providing for

maintaining the buoyancy of the float or re-
storing the same should it be impaired.

The operation of the apparatusin compress-
ing air is as follows: When the main valve 22
is open, the check-valve 70 is closed by the
pressure of the spring and atmospheric pres-
sare upon the back of said valve. Water dis-
charges through the diffuser D and draft-tube
B until it attains the full velocity due to the

available head, whereupon the controlling-

valve 23 is reversed and water under pressure

is admitted therefrom upon the top of the op-

erating-piston 25 to the main valve 22 to close
it. When the main valve is closed, the cur-
rent of water is diverted, and unsea,tmﬂ' the
check-valve 70 it enters the funetlomnﬂ* por-
tion or working chamber A of the ma,chme,
exerts pressure upon the drain-valve 53 and
air-supply valve 46, by which said valves are
closed, and compresses the air charge in the
compressing-chamber 1. As soon as the pres-
sare in the compressing-chamber exceeds the
pressure In the reservoir 13 the reservoir
check-valve 9 unseats and the compressed air
1s forced into the reservoir 13, from which it
can be drawn as needed through the service-
pipe 16. As the air is compressed it is foreced
from the large end of the compressing-cham-
ber to the small end thereof a,nd passes
through the narrow spaces between the walls
of the compressing-chamber and the cooler
and between the bodiesoomprising the latter,

~which absorb the latent heat as soon as it is

set free, attaining as nearly as possible the
isothermic compression. After compression
1s effected the apparatus tends to attain a
condition of equilibrium, in which all its parts

the additional wire coolers 79, such hea,t be- i are sub;]ected to hydrostatw pressure, the
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check-valve 70 is seaﬁed the controiling-valve

23 is reversed, and a new cycle of Operatlons

18 begun.

Inthe form of air-compressor shown in Figs.
1 and 2 a cousiderable loss of power may re-
sult in some instances from the fact that the
water from the complessmﬂ'-cha,mber 1 after

“doing its work is drained out and falls from

the elevamon of the compressing-chamber and
the drain-valve 53 to the water-surface of the
tail-bay. Where the machine is intended to
compress small volumes of air to high pres-
sure by a high head of water, this 10.55 would

~ be so small as to be neO*ho'lble, but in appa-
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ratus intended to compress large volumes to

low pressures with a low head of water it

might amount to a considerable percentage
of _the total available power. To obviate this
loss, I provide a struetural modification of the
apparatus shown in Figs. 22 and 23, in which
the compressing - chamber is upwardly in-
clined at a greater or less angle, preferably
one of about forby -five detrrees The air-sup-
ply valve 46 is located at the small upper end
of the complessmn’-cha,mber 1, and the com-
pressing-chamber ig drained throuf:rh its large
open end and the tube 3, the valve 70 remain-
ing open for that purpose and the drain-valve
53 being dispensed with. In this construction
the check-valve 70 is made lighter than water,
so that when the chamber 77 is filled with
water the valve 70 will float into its highest

position and unseat and will remain unseated'

until nearly all the water has drained out of
the chamber 77, when the valve will be seated
by its own Wewht_ - The operation of this
form of the apparatus is as follows: When
the main valve 22 is open and the check-valve

70 seated, water from the reservoir flows

thmugh the draft-tube and diffuser and ac-
quires the velocity due to the available head.

The ¢ontrolling-valve 23 then reverses and

closes the main valve, which diverts the flow-

~ ing water into the functional portion or work-

- ing the air in the chamber 1, forcing 1t into

50

“hydraulic grade-line lowers until it falls be-

55
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ing chamber A of the apparatus, unseating
and lifting the check-valve 70 and compress-

the reservoir 13, as in the 1nstanee hereto-
fore described.

the valve 23 reverses, the main valve is

opened, and water flows out through the dif-

fuser D. As the flow acquires Veloclty the

low the pomt of junction of the supply-con-
duit 4, feed-pipe 3, and draft-tube B, at which
time the water in the supply-tube 3, valve-
chamber 77, and air-compressing ehamber 1
exerts a ﬂ'reater pressure at the point of junec-

tion tha,n is exerted by the water from the
- Teservoir.

The body of water, therefore, in

said chambers will then drain out and w111
~do useful work by aiding to give velocity to

the water in the draft- tube, and when the
water is almost drained out of the chambers
the check—-va,lve 70 will seat by its Welﬂ'ht and

Immedlately thereafter hy--
drostatic pressure obtains in the apparatus,

671,541

water will begin to discharge from the reser-

voir, and the discharge Wlll attain the full

Veloclty due to the head the valve 23 will re-

verse, the main valve wﬂl be closed, and a
new cyele of operations will be begun. |
Figs. 24 and 25 show a simpler form of ap-
paratus for accomplishing the purposes ac-
complished by the constraction just de-
scribed. In thisform of apparatus the check-
valve 70 is omitted, its function being dis-
charged by water which remains in the sup-
ply- tube 3. This is rendered practicable by
disposing the conduif 4, draft-tube B, and
supply-tube 3 in such a form that when the
discharge is in full action through the dis-
charge-opening the hydraulic ﬂ'ra,de—lme will
a,lwayq pass through the supply tube 8 be-
low the horizontal pla,ne of its junection with
the compressing-chamber 1 and above the
horizontal plane of its junction with the
conduit and draft-tube. The operation of

this type of the apparatus is as follows:

When the discharge is in full action, the hy-
draulic gradient fa,lls, its exact location de-
pendmﬂ' on the stage of water in the lower
level or tail-bay, but in a proper ly- designed
apparatus will always at such times pass
above the plane of the junction of the draft-
tube with the conduit and below that of 1ts
junction with the compressing-chamber.

Therefore the head or pressure in the con-

duit at the junection of the supply-tube when
the discharge is in full action will be such
that any water in the compressing-chamber
1 will drain into the supply-tube. and a col-
umn of water will be sustained in the supply-

tube and seal it against the indraft of any

air into the condunit. When the main valve

22 is closed, the water is diverted through

the supply-tube 3 into the compressing-cham-
ber 1, where it compresses air, as in the other
forms of apparatus, and ther eafter the hydro-
static pressure obtains for an instant. When
the main valve 22 is again opened, the hy-
draulic grade-line falls, and assoon as 1t has
fallen so that the junction of the compress-
ing-chamber with the supply-tube 3 is above
it the water drains back from the compress-
ing-chamber 1 to the supply-tube 3 and a
column of water is sustained therein, sealing
it and preventing indraft of air into the con-
duit.

I claim as my mventlon a,nd desire to se-
cure by Letters Patent-—

1. In a hydraulic impact-engine, the com-
bination substantially as set forth, of a con-
duit for the supply of water a workmﬂ' cham-
ber in which water may act mtermmtently
by impact upon a fluid to which it delivers
its momentum, and communicating with the
supply- conault a draft-tube leading from the
working ehamber to a lower dlseharge level,
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a valve - for effecting the intermittent supply |

of water delivered by the supply-conduit, to
the working chamber, and pipe connections

‘through which the valve is actuated, in alter-
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na,tely opposite directions, by pressure from | discharge-opening of the draft-tube, a con-

a head of water and by snctmn in the dmft-
tube, respectively.

9. In a hydraulic impact-engine, the com-
bination, substantially as set forbh of a con-
duit for rhe supply of water, a wor kmw cham-

ber in which water may cu;b inter mlttentlsf.
by 1impact upon a fluid to which it delivers

1ts momentum, and communicating with the
supply—eonduib, a draft-tube leading from the
working chamber to a lower discharge-level,
a main valve governing the discharge-cpen-

1ng of the draft-tube, a controlling-valve ac-

tuated in alternately opposite directions by
fluid-pressure from a head of water and by
suction in the draft-tube, and pipe connec-
tions, governed by the controlling - valve,
thr ouﬂ'h which fluaid-pressure is applied to of-
fect the alternate opening and closure of the
main valve.

3. In a hydraulic impact-engine, the com-
bination, substantially as set forth, of a con-
duit for the supply of water, a working cham-
ber in which water may aeb mtermntentlv
by impact upon a fluid to which it delivers
1ts momentum, and communicating with the
supply-conduit, a draft-tube leading from the
working chamber to a lower discharge-level,
a controlling-valve located below the plane of
supply to the conduit and above the hydraulie
grade-line which obtains when the draft-tube
18 open for water-discharge, pipe connections
through which the con Lrolhnﬂ'-valve is actu-
ated, in alternately OpDOSIte directions, by
pressure from a head of water and by suction
in the draft-tube, respeectively, a main valve
governing the discharge-opening of the draft-
tube, and pipe connections,
conmolhnﬂ* valve, through whleh fluid-pres- |
sure is applied to effect the alternate 0pemng
and closure of the main valve.

4. In a hydraulic impact-engine, the com-

bination, substantially as set forth of a con-
duit for the supply of water, a workmﬂ' cham-
ber in which water may act mtermltteutly |

by impact upon a flaid to which it delivers
its momentum, and communicating with the
supply - condult a draft-tube leadmﬂ* to a
lower dlscharﬂ'e-level a main valve govern-
Iing the dlseha,rﬂ'e -opening of the draft- tube,
a piston fixed to said main valve, a control-
ling - valve actuated in alternately opposite
directions by fluid-pressure from a head of

-water and by suction in the draft-tube, and

pipe connections, governed by the control-
ling-valve, through whieh fluid-pressure is al-
ternately supplied to and exhausted from: op-
posite sides of the main-valve piston.

5. In a hydraulic impact-engine, the com-
bination, substantially as set forth, of a con-

duit for the supply of water, a working cham-

ber in which water may act intermittently
by impact upon a fluid to which it delivers
its momentum, and communicating with the
supply - condmt a draft-tube leadmcr to a
lower discharge- level a diffuser connected to
the draft-tube, a main valve governing the

governed by the -

tm]lmﬂ'—val?e actuated, in alter nately Oppo-
site directions, by fluid-pressure from a head

| of water and by suction in the draft-tube, and

pipe connections, governed by the control-
lmﬂ'-valve thr ouﬂ*h whl(,h fHuid-pressureis ap-
phed to e
sare of the main valve.

6. In a hydraulic impact-engine, the com-
bination, substantially as set forth, of a con-
duit for the supply of water, a compressing-
chamber communicating therewith, a draft-
tubeleading toa lower discharge-level, an air-
supply passage opening into the compressing-

chamber, a reservoir, a check-valve, control-

ling communication between the compressing-
chamber and the reservoir, a main valve gov-
erning the discharge-opening of the draft-
tube, a controlling-valve actuated, in alter-

| nately opposite directions, by fluid-pressure

from a head of water and by suction in the
draft-tube, and pipe connections, govemed
by the controlling-valve, through which fluid-
pressure 1s apphed to effect the alternate

opening and closure of the main valve.

7. In a hydraulic impact-engine, the com-
bination, substantially as set forth, of a con-
duit for the supply of water, a compressing-
chamber communicating therewith, a draft-
tube leading to a lower discharge-level, a sup-
ply check-valve confrolling communication
between the compressing-chamber and the
supply-conduit, an air-supply passage open-
ing into the compressing-chamber, a reser-
voir, & check-valve controlling communica-
tion between the eomplessmu'-chambel and
the reservoir, a discharge-passage for the re-
lease of Wa,tel from the eompressmﬂ'-chambel

tect the alternate opening and clo-
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a main valve governing the discharge-open- -

ing of the dr aft tube, a eonmollmﬂ'-va,lve AC-

[ tuated in &hzernately opposite direetions, by

f_uid-pressure from a head of water and by

suction in the draft-tube, and pipe connec-

tions, governed by the 00111310111110' valve,
throun'h which fluaid-pressure is apphed to ef-
fect the alternate opening and closure of the

main valve.
8. In a hydrauli¢c impact-engine, the com-

I10

115

bination, substantially as set forth, of a con-

chamber communicating therewith and in-
clined nupwardly therefrom, soastobedrained
into a draft-tube, an air-supply passage open-
ing into the compressing-chamber, a draft-
tube leading to a lower discharge-level, a res-

ervoir, a check-valve controlling communica-

tion between the compressing-chamber and
the reservoir, & main valve governing the dis-
charge-opening of the draft-tube, a control-
ling-valve actuated, in alternately opposite
directions, by fluid-pressure {rom a head of
water and by suction in the draft-tube, and
pipe connections, governed by the control-

ling-valve, through which fluid-pressure is

a,pplled to effect the alternate 0pen1nn' and
elosule of the main valve.

duit for the supply of water, a compressing- .
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. In a hydraulic impact-engine, the com-
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bination, substantially as set forth, of a com-
pressing -chamber, a drain-valve chamber
communicating therewith by a central and
lateral ports, a drain-valve fitting in said cas-

ing and having a tubular body, a portion of

which fits the central portof the valve-cham-
ber and another portion fitting a larger bore
thereof, and lateral ports in each portion of
1ts body, and an unfseatmw—sprmﬂ* bearing on
the drain-valve.

10. In a hydraulic impact-engine, the com-

bination, substantially as set forth, of a draft-

tube, adiffuser connected thereto, and having

671,541

a tubular'body, and external paﬂs&ges termi-
nating in annular grooves at different levels
thereon 3} deﬂeetm suspended in the diffuser

and havmﬂ' a conical body, and a cylindrieal -

“main V&lVé, fitting on the body of the diffuser,

and having an inner annular piston in posi-

‘tion to be subjected, on opposite sides, to
pressure from fluid in the external passages

and annular grooves of the diffuser.
OIIAUN(JEY N DUTTON.

Witnesses:
ANNA DUTTON,
MARY DUTTON.
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