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CHAUNCEY N. DUTTON, OF YONKERS, NEW YORK.

HYDRAULIC IMPACT-ENGINE.

| SPECIFICATION forming part of Letters Pateﬁt No. 671,542,‘ dated April 9, 1901.

| .&pplicatinn ﬁlg’dSeptember 13, 1899.

erial No, 730,824, (No model.)

To all whom it may concert:

Be it known that I, "CHAUNCEY N. DUTTON
of Yonkers, in the countv of Westchester and

State of New York, have invented a certain

new and useful Imp"i*ﬂvement in Hydraulic
Impact-Engines, of which improvement the

following is a spemﬁeatmn

The object of my invention is to prowde

1mproved facilities for pumpmn* water or ef-
fecting the compression of air by the impact |
of fallmo' water; and to thisend my improve-

ment consists m certain novel combinations
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pactof fluids.

‘tion.

50.

of mechanical devices helema,fter fully set'
forth.

5

The applleatlon of hydmuhc 1mpact to the
pumping of water has been familiar to engi-

neers and mechanics for upward of one hun-

dred years.
later date;

Its use for compressing air is of
but notwnhbtandlnﬂ' the fa,et that

the utlhty of the principle and the practica-
bility of its application have been so long
“known uo engine in which the appllcd,tmn-l
of this prmuple Is essayed is, so far as my
- knowledge and information extend s0 de-:
signed as to utilize all the known prmclples-

or na,tuml laws which control the flow and im-

which are for the first time a,pplled In engines
of the class referred to under my present in-
vention are as follows:

() Itis well known toengineers thata ﬂmd_

discharging through an opening suffers a con-
traction known as the vena contracta, which

reduces the effective discharging cdpautv of

the opening to less than two- thlrds of the

,thememual or full discharge through a simi-
lar opening were there no sueh phenomenon
It is known also that
‘thecompleteimmersion of the discharge-open-
mg in water reduces the effect of the vena
conif acta nearly one-haif, the reduction of the
dischargeinair beII]chLbOUbbhll‘[“} -six percent.
and under water about twenty per cent. Fur-
ther, it is well known that the discharge can

45

as the vena coniracta. .

be increased, so as to equal or even to exceed
the theoretical discharge, by affixing to the

discharge-opening a su1ta,bly for med ““dif-

or conically divergent discharge-sec-
In order that a diffuser may funotmu

fuser”

to increase the discharge to one hundred per
- ¢ent.,

ehm‘ge of the conduit, it must be ‘‘conically

more or less, of the theoretical dis-

The well-recognized prmclple% |

| divergent”—that is to say, its transverse dis-

charging area mustincrease in a suitable reg-
ular 1&1310 from that of the conduit to twme
or three times as much. | |

(b) The second prineiple which my inven-
tion utilizes for the first time in such an en-
gine is the variation between hydrostatic and

-hyarauhc pressure—that is to say, between
‘the pressure which obtains in a closed pipe

connected with a reservoir of fluid and the

less pressure which obtains therein when it

18 discharging. Hydraulic or hydrodynamie

pressure at any point in a pipe is less than

the hydmsbatic pressur e which obtains there

when the pipe is closed by the amount of
I ““head” or fall necessary to give the fluid the
velocity with which it may be moving plus
the head necessary to overcome the f1 iction
of the fluid in the pipe between said point
and the reservoir.
,,commonly debwn&ted as ‘‘hydraulic gra-

This phenomenon is that

dient” or “hydlauhe grade-line”’—to wit,
that if a pipe have a full vent at a point con-
siderably below the surface of the reservoir

with which it connects, and if the profile of

said pipe be deve10ped on a plane surface
and a straight line be drawn from a point
slightly below the surface of the water in the

reservoir to the opening or discharge of said

pipe, then the pressure at any point in the
length of said pipeis measured by the length

pipe and the hydraulic grade-line. All points
in the pipe which are below the grade-line are

subjected to pressure above atmosphere, and

at all points in said pipe above the hydraulie

grade-line the pressure is below atmosphere.

(¢) The third principle applied for the first

,t1me in such engines under my invention is
the principle of the draft-tube.

T'his while
reallyinvolved in or as may be said a ‘¢ corol-

lary ” of the above-named principle is yet of
sufficient practical importance to warrant
separate notice and elucidation. The draft-

‘tube is commonly used in connection with

turbine wheels. Its principle isthat the out-

flowing water exerts a suction in the pipe
above the discharge-opening within the prac-
tical limit of twent;y feet or thereabout, which
renders it practical without loss of power to
raisethe turbine wheel, or in this case to raise
| the point at which the power is utilized con-
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~ mderablv above the discharge- opemnn-

~economical in normal stages of water.

S

practical utility of this prmclple depends
upon the fact that most waterconrses which

are practical sources of power are liable to
floods, which raise the water-level in the

-tail-'bay* and drown the apparatus,-if it be

located at the lowest point practical and
A

- hydraulic engine, such as the ram or 1u1pd(,t

10
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air-compressor, will not operate if it be sub-

merged, and hewtofoxe in setting such en-
gines, a draft tube not being applled to them,

th_e engines have been loedted above the hwh-
water plane and there has been (,onsidemble
loss of power at normal stages of water. The
application of a draft-tube to such an engine

enables me to raise it as the turbine wheel is
raised above the flood plane W1th0ut material

loss of power.
The general and characteristic features of

- an engine embodying my invention, in which

the above-snated punclples as well as those

heretofore applied in apparatus of this char-

30

“bay, so that the discharge-opening is always
immersed. The bottom of the draft-tube is

- 35
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acter, are utilized for practical operation,

may be briefly described as follows:

A suitable conduit is provlded to couduot

the water from the reservoir to the engine,
“the working chamber of which is located
A discharge-tubeleads |
from the working chamber, sald tube being
~ preferably a draft-tube deseendnw to a plane

above the ﬂood plane.
lower than the low-water plane in the tail-

prowded with a diffuser the discharge-pas-

-sageof which is cmnoa,lly divergent,its trans-

verse area lncreasing in a proper Iamo from

its junction with the conduit to its discharge--

opening, and which is alternately opened and
closed by a movable main valve.

establishes its lower hydraulic grade-line—

and when said passage is closed the parts are

- subjected first to the pressure of impact and

5O

immediately thereafter to hydrostatic pres-

sure, which raises the grade-line to the plane
of the water-surface in the reservoir.
apparatus is thus provided in whieh there is

a variable hydraulie grade-line, and advan-

tage is taken of this va.rlatlon of the hydrau-

- lie grade-line, or of the alternations between

55
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hvdmullc and hydrostatic pressures, or alter-
nate pressures and suctions, or of the varia-

'l;lons in the total pressures obtaining, includ-
ing atmospheric pressure in different parts |
of the pipe, to obtain absolutely positive ac-
~ tion, which has not heretoiore been accom-

phshed in apparatus of such general charac-

ing the. discharge-passage, such means con-
sisting of a movable abutment adapted to be
actuated in alternately opposite directions by

the alternations between hydrostatic and hy-

 When the |
discharge-passage is opened, the water flows.
“through the conduit and hydraulic pressure
obtainsin the conduit—thatis tosay,the water

An

To this end I provide means for alter-
'neutely and automatically opening and clos-

871,542

The ! suetmh in thé drafi- tube or elsewhere in the

conduit, as may be most desirable, and a con-
necting devwe or mechanism through which

the movements of said movable abutment are
| operatively transmitted to the valvular de-

vice or mechanism which controls the dis-
charge - passage. - The operative connection
between the movable abutment and the dis-
charge-passage-controlling mechanism may

be elther a mechanical or a hydlauhc one,

the former type being employed in the in-
stance herein exem pliﬁed. Themovableabut-
ment is located above the lower hydraulic

grade-line and below the plane of the reser-

voir-surface, so as to be subject to internal
hydrostatic pressure when the digcharge-pas-
sage is closed and to hydraulic pressure or

‘to pressure less than that of the atmosphere

or to ‘‘suction.” when the discharge - pas-

sage is opened, in which eveut any force ex-

terior to the conduit acting on the movable
abutment—as, forexample, a,tmosphenc pres-

sure—will overcome the hydraulic pressure

acting thereon from within and force it in-
ward. The alternate action of pressure and

‘suction upon the movable abutinent or of
| hydrostatic pressure and hydraulic pressure
less than the exterior force—e. g.,

that of
the d,bmosphere thereon—effects the traverse

thereof in alternately opposite directions, the
movable abutment through the lnterpo&.ed
‘operative connection comcldently and corre-

spondingly actuating the discharge-control-
ling device. -When the dlscharge -passage is

_'thereby opened water flows through the sup-

ply-pipe and discharges through smd passage,

| speedily acquiring the maximu volocity due

to the available head. When such velocity

‘is acquired, the movable abutment is subject

to suction, by which it is moved in direction

to effect bhe closure of the discharge-passage.

The water in the supply-pipe is by the clo-
sure of the discharge-passage diverted into
the working chamber of the engine, where it
performs work by its impact. Immediately

thereafter the pipes and movable abutment

are subject to hydrostatic pressure, by which
the movable abutment is traversed 1n direc-
tion to effect the opening of the discharge-
passage, thereby beginning another cycle of

operations, which are hhus made truly auto-

matic and positive. The impact of the wa-

ter may be. utilized to lift water to a great
_helght as in the hydrauli¢c ram, or to com-
press air for commereml uses, asin hydmulle |

alr-compressors.

In the accompauymﬂ' dra,wmgs Flgure 1is
a vertical central section through an appa-
ratusillustrating an embodiment of myinven-
tion as a hvdmullc air-compressor; and Fig.
2. a view, partly in plan and partly in qectmn
showmﬂ the reﬂ‘ula,bmﬂ'-valve of the movable

_abutmeut

In the practice of my invention the appa-
ratus is located so as to be conveniently sup-
plied with water under pressure from a reser-

draulic pressures or alternate pressure and | voir or other source by a conduit 4, which
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“may be controlled by a smtable valve and | Wheu loeated as above set forth, it will be

- which connects with a supply-tube 3.

IO

20

The

supply-tube 3 connects with the functioning
portion or working chamber of the apparatus

A and with a draft-tuabe B, which descends
‘to a plane lower than the low- water plane in

the tail-bay and 1s there provided with a dif-
fuser D, the specific form of which 18 not of
the essence of my invention. Ashereinshown,
it is a casting, the body of which is flanged
at top for connection to the lower end of the
draft-tube B, adjacent to which it is of cy-
lindrical bore and forms the seat of an annu-

lar main valve 22, which controls the passage
forthedischarge of water from the draft-tube.
‘The casting is flared outwardly at its bottom,

which is adapted to be supported on a suit-
able foundation and contains acentral mush-

room or deflector 58, above and around which

is formed an annular discharge-passage 59,

- which should enlarge in transverse area from

25
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gine of a given size and cost. _
‘may, if desired,be connected to the draft-tube
through the intermediation of an expansion-

the axis of the diffuser toward its peripheral

outlet in the proper ratiotosecuare the desired
diffuser action, which is to increase the vol-

ume of water which an apparatus of a given
size will discharge with a given head in a given
time and to correspondingly increase the

amount of work which will be done by an en-
- The diffuser

joint, as setforthin myapplication, Serial No.

677,370, filed April 12, 1898, and it may be va-
ried substantially as toitsdetails of c¢onstrue-

tion without departure from the spirit and

-operative principle of my invention.

Vertical movement in alter nately opposlte
directions is imparted to the main valve 22

to alternately open and close the discharge-
passage o9 by a movable abutment 23, in thls-
instance in the form of a piston, whlch is fit-
ted to traverse in a c¢ylindrical casing 124, lo-
cated at any desired point below Lh'e_plan:e of

the supply of water and above the hydraulic

'gmde -line which obtains when water is flow-

ing through the discharge-passage of the dif-
fugel The casing 124 is suitably supported,

- eitherupon the apparatus itself, as shown, or

50
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level.

-sage 147.

otherwise, as the exigencies of the case may
determine as most suitable, and is connected
below the abutment 23 with the water-supply

pipe by a passage 147, which may eitherlead
into the draft-tube B, as shown, or

ing 124, from which port a compensation sue-

‘tion-pipe4l*® leads into the lower level or tail-
‘bay, into which it opens below the low-water
The supply of water to the lowerside

of said abutment may be controlled by a reg-
unlating-valve 28*, which 1s herein shown as

-of the register t,ype and as rotatable below &

ported partition at the upperend of the pas-
Movement about its axis is im-

parted to the regulating-valve to effect the ad-
justments desired by a worin 23" engaging a
-worm-gear on the periphery of the valve.

into the
supply tube 3, as convenience may dictate.

A port 41 is formed in the cap 124* of the cas- { fully and at length deseribed.

seen that the lowerside of the movfmb]e abut-
ment 23 is subjected to hydrostatic pressure
above atmosphere when the discharge-pas-
sage 59 1S dosed by the main valve 22 and 1s
Slle ected to hydraulic pressure less than at-
mosphere or Suetlon when said discharge-pas-
sage is opened by said valve. The Suction will
vary with the stage of water in the tail-bay,
diminishing as the water rises therein andin-
creasing as the water falls therein. Thesuc-
tion in the pipe 41* obviously increases and
decreasesin the same ratio, and the variation
in the suction in the draft- Lube which tends to

‘move the abutment 25, 1s cmnpensated by the

variation in the suctionin the tube41®. It will
be seen, therefore, that the constant force
tending to move the abutment is opposed by
a constant force, and the variable force tend-

ing to move it is opposed by force varying in

the same ratio, and therefore such variable
forces can be made to compensate, so as to

‘oive any desired meety in the operation of

the abutment.
Movement of the a..bulment 28 in each dl-

rection is imparted to the main valve by any

suitable intermediate operative connection,
various forms of which, both direct and indi-

rect, are familiar to those skilled in the art

and which is not in and of itself an essential
of my present invention. In the instance
exemplified the connecting means is a posi-

tive and direct one, consisting of a rod or

stem 30?, which is secured at its opposite ends
to the abutment 23 and to the main valve 22,
which controls the discharge-passage 59, re-
speetwely The casing 124 of the abutinent
23 is in such case, p1efe1c1bly as shown, lo-
cated in line ama,lly with the seat of the V.:]:lve
22 in the body of the diffuser D. |

- The functional portion A of the &pp;u&t us,
which is illustrated in the drawings as one

which is desirably adapted for application
where it is desired to employ the waterfall

for compressing air for commercial purposes,
is not in and of itself an essential of my

present invention, and other means of utiliz-
ing the impact of the falling water as applied
through and by the essential elements of my
invention may be substituted in the discre-
tion of the constructor. Said functional por-
tion, as well as another form thereof, is fully
set forth in my application, Serial No. 677,370,
aforesaid and need not therefore be herein
In the con-
straction illustrated herein the conduits 4,
draft-tube B, and supply-tube 3 are so dis-
posed relatively to the compressing-chamber
1 of the functional portion A of the appara-
tus that when the discharge is in full action

through the discharge-passage 59 the hydrau-

liec grade-line will always pass through the
bupply tube 3 below the horizontal pldl]b of

its junction with the compressing-chamber 1

and above the horizontal plane of its junction
with the conduit and draft-tube.
The operation of the apparatus in compress-
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10

valve 22.

ing air is as follows: When the main'fralife,QE |

i3 in full open position, as shown in the draw-
ings, water discharges through the discharge-

passage 59 until 1t attains the full velocity of |
the available head, whereupon the exterior
force—e. g., atmospheric pressure—on the up-

per side of the abutment 23 acting against
the hydraulic pressure or induced suction on
the inner side thereof forces the abutment
23 downward and through the connection 30*
closes the discharge-passage 59 by the main
When the discharge is in full ac-
tion, the hydraulic gradient falls its exact

location dependingon the stage of Water inthe

lower level or tail- bay, but in a properly-de-
signed apparatus will always at such times
pass above the plane of the junction of the

-~ draft-tube with the conduit and below that of

20

its junection with the compressing-chamber.

Therefore the hydraulic head or pressure in
the conduit at the Junction of the supply-tube
when the dischargeisin full action will be such

that any water in the compressing-chamber 1

- will drain into the supply-bube and a column

- 59 is closed by the main valve 22, the water is

30
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of water will be sustained in the supply-tube
and seal it against the indraft of any air to
the conduit. When the discharge- passage

diverted through the supply-tube 3 into the
compressing - chamber 1, in which it com-
presses a charge of air which has entered the

As soon as the pres-

air is foreced into the reservoir 13 from which

1t may be drawn as needed thrmwh the serv-

ice-pipe 16, which is controlled by a suitable
cock or valve in the mdlnmy manner. The
hydrostatic pressure which is exerted in the

conduit, supply, and draft tubes thereupon

acts on the lower side of the abutment 23,
raising said abutment and throun‘h the con-

116(?_131_{}11 30* unseating or opening the main
valve 22.

it has fallen so far that the Junctmn of the
compressing -chamber with the supply-tube
is. above it the water drains back from the
compressing-chamber 1 to the supply-tabe 3
and a column of water is sustained therein
which seals it against mdraft of air, as above
stated. -

Iclaim as my invention and desire 130 secure

by Letters Patent— - * |
1. In a hydraulic impact-engine, the com-
‘bination of 8 working chamber in which wa-
‘ter may act intermittently, by impact, nupon

a fluid to whieh 1t delivers its momentum, a
conduit adapted to supply water under pres-
sure, a discharge-passage, mechanism for clos-

ing and opening the discharge-passage, and

- operating means, 0pera,t1velv connected with

the closing and opening mechanism, and ac-
tuated alternabely by hydrosta.tlc pressure
when the discharge-passage is closed, and by

When the main valve 22 is opened,
the hydraulic grade-line falls, and as soon as

671,542

a foree exterior to the conduit when the dis-

,(,,ha,rge passage 1s opened and hydrauhc pres-

sure obtains in the apparatus.

2. In a hydraulic impact-engine, the com-
bination of a working chamber in which wa-
ter may act intermittently,' by 1impaet, upon
a fluid to which it delivers its momentum, a
conduit adapted to supply water under pres-
sure, a discharge-passage, mechanism for clos-

the closing and opening mechanism, and ac-
tuated alternately by hydrostatiec pressure
when the discharge-passage 1s closed, and by

‘atmospheric pressure when the discharge-
passage is open and hydraulic pressure less

than that of the atmosphere-obtains on the
inner side of the said operating means.

3. .In a hydraulic impact-engine, the com-
bination of a working chamber in which wa-
ter may act intermittently, by impact, upon
a fluid to which it delivers its momentum, a

conduit adapted to supply water under pres-
sure, a discharge-passage, a main valve con-
trolling the discharge - passage, a movable
abutment, open on one side to the supply-

75

ing and opening the discharge-passage, and
‘operating means, operatively connected with

30
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conduit, and adapted to be actuated alter-

nately by hydrostatic pressure when the dis-

charge-passage 18 closed, and by a force op-
| poswe to and greaﬁzer than the hydraulic pres-

I ' sure acting on its inner side when the dis-
chamber through an opening controlled by |

- an air-supply valve 46.
sure in the oompreqsmﬂ'-chamber 1 exceeds
the pressure in the reservoir 13 the reservoir-
check-valve 9 unseats and the compressed

charge-passage is open and the conduit is dis-

.ch@rﬂ'mg fully, and an operative connection
from the movable abutment to the main

valve.

4. In a hydra,uhc 1mpa,ct engme ‘the com-

95

100 .

bination of a working chamber in which wa-

ter may act intermittently, by impaet, upon
a fluid to which it delivers its momentum, a

conduit adapted to supply water under pres—'
sure, & discharge-passage, a main valve con-

trolling the discharge-passage, a movable
abutmenb open on one side to the supply-

pressure, and an operative connection from

105
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- conduit, and‘ on the other to the atmospheric

the movable abutment to the main valve, the

movable abutment being placed so as to be
subjected to the hydrostatic pressure obtain-
ing in the conduit when the discharge-pas-
sage is closed, and to hydraulie pressure less
than that of the atmosphere when the dis-

charge-passage is open and the conduit is dis-

charglnﬂ fully. .

5. In a hydraulic 1mpact engine, the com-
bination of a conduit adapted tosupply water
from a supply-level or forebay, a draft-tube
extending into and having a discharge-pas-

- sage beneath the level of the water in a dis-

charge—level ortail-bay,a working chamber, in

which water may act intermittently, by im- |

pact, upon a fluid to which it delivers it8 mo-
mentum and which is connected with the con-

| duit, mechanism for closing and opening the

discharge-passage, and operating means, op-

eratively connected with the closingand open-

ing mechanism, and adapted to open said

| mechanism by hydrostatic pressure when the

I15
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~discharge-passage is closed, and to close said |
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mechanism when the dlSGhlee*]m%‘id“ is

open and the conduit is discharging fully, by

a force opposite to and greater than the hy-
draulic pressure to Whleh said operating
means is at such times subjected.

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

bination of a conduit adapted to supply water

from a supply-level or forebay, a draft-tube
extending into and having a discharge-pas-
sage beneath the level of the water in a dis-
charge-level or tail-bay, a working echamber,
in which water may act intermittently, by im-
pact, upon a fluid to which it delivers its mo-
mentum, and which isconnected with the con-
duit, mechanism for closing and opening the
discharge-passage, and operating means, op-
eratively connected with the closing and open-
ing mechanism, and adapted to open said
mechanism by hydrostatic pressure when the

discharge-passage is closed and to close said

mechanisin when the discharge-passage 1s
open and the conduit is diseha)rging fally by
dtmoqpherlo pressure.

In a hydraulic impact-engine, the com-
bmm ion of a conduit adapted to su pply water
from a supply-level or forebay, a draft-tube
extending into and having a discharge-pas-
sage beneath the surface of the waterin a dis-
charge-level or tail-bay, aworking chamberin
which water may act intermittently, by im-

- pact, upon a fluid to which it delivers its mo-

- 35
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mentum, and whichisconnected with the con-
duit, a valve adapted to close and open the
discharge - passage of the draft-tube, and a
mechanism located below the plane of the
higher water-level and above the hydraulic

gradient which obtains during full discharge,

sald mechanism being operatively connected

with said valve and actuated by the alterna-
tions in pressure due to the closing and open-

ing of the discharge-passage.

8. In a hydr'auh(, impact-engine, the com-
bination of a conduit adapted to supply water
from a supply-level or forebay, a diffuser on
the discharge end thereof, having a conically-
divergent disch&rge-pass&ge, the transverse
area of which enlarges toward the discharge-
opening, a working chamber in which water
may act intermittently, by impaet, upon a
fluid to which it delivers its momentum, and
which is connected with the conduit, mech-
anism for closing and opening the dlseha,rcre-
passage, and opemtmﬂ means, 0pemt1vely
connected with the closing and opening mech-
anism, and adapted to open said mechanism
by hydrost&tlc pressure when the discharge-
passage is closed, and to close said mechan-
ism when the diseharge-passa,ge is open and
the conduit is discharging fully, by a force

- opposite to and greater than the hydraulic

pressure to which said operating means is at
such times subjected.
9. In a hydrauliec impact-engine, the com-

bination of a conduitadapted to supply water
under pressure from a supply-level or fore-

bay, a d1ffuaer on the dlSOh&l‘ e end thereof,

-

having a coniecally-divergent discharge-pas-
sage, a workiug chamber in whieh mltm‘ may
acb inter mlbtuutly, by impact, upon a fluid to
which it delivers its momentum, and which
is connected with the conduit, mechanism for
closing and opening the discharge-passage,
and operating meaus, operatively connected

‘with the closing and opening mechanism, and

adapted to open said mechanism by hydro-
static pressure when the discharge-passage
is closed and to close said mechanism when
the discharge-passage is-open and the con-
duit is discharging fully, by atmospheric
pressure.

10. Ina hydraulic impact-engine, the com-
bination of a conduit adapted to supply water
from a supply-level or forebay, a draft-tube,
a diffuser on the discharge end thereof, hav-
ing a conically-divergent discharge-passage,
the transverse area of which enlarges toward
the discharge-opening, a working chamber in

‘which water may act intermittently, by im-

pact, upon a fluid to which it delivers 1ts mo-

mentum, and which is connected with the
conduit, mechanism for closing and opening
the discharge-passage, and opemting means,

operatively connected with the closing and

opening mechanism, and adapted to open

said mechanism by hydrostatic pressure when
the discharge-passage is elosed, and to close

said mechanism when the discharge-passage

is open and the conduit is discharging fully,

by a force opposite to and ﬂ‘red,tel than the

hydraulic pressure to which said operating
means is at such times subjected.

11. In a hydraulic impact-engine, the com-
bination of a conduit adapted to supply water
from a supply-level or forebay, a draft-tube,

a diffuser on the discharge end thereof, hav-

ing a conically-divergent discharge-passage,
a working chamber in which water may act
intermittently, by impact, upon a fluid to
which it delivers its momentum, and which
is connected with the conduit, mechanism for
closing and opening the dISChdI‘U'e -passage,
and ODemLmﬁ' means, opemtwely connected
with theclosing and opening mechanism, and
adapted to open said mechanism by hydro-
statiec pressure when the discharge-passage

is closed and to close said mechanism when

the discharge-passage is open and the conduit
is discharging fully, by atmospheric pressure.

12. In a hydraulic impact-engine, the com-
bination of a working chamber in which water
may act mtermlttently, by impact, upon a
fluid to which it delivers its momentum, &
conduit adapted to supply water under pres-
sure, a discharge - passage, mechanism for
closing and opening the discharge-passage,
and operatmn‘ means, Opermwely connected
with the closing and opening mechanism and
adapted to be actuated to close and open said
mechanism, by the alternations of the total
pressure of the water in the apparatus to
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which are due the raising and lowering of the

hydrauhc orade - line, when the dl%h&l‘ﬂ‘@—

| passage is closed and opened
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13. In a hydraulic impact-engine, the com-
bination of a working chamberin which water

may act intermittently, by impact, upon a

fluid to which it delivers its momentum, a

conduit adapted to supply water under pres-
sure, a discharge-passage, a main valve con-
trolhnﬂ' the dlscha,rﬂ'e passage, a movable

abutment open on one side to the supply-.t

conduit, and adapted to be moved alternately

in oppomte directions by the alternations of
the total pressure of the water in the appa-

ratus to which are due the raising and lower-

I5
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ing of the hydraulic grade-line, when the dis-
cha.l ge-passage is closed and opened and an

operative connection from the movable abut-

ment to the main valve.

14. In a hydraulic impact-engine, the com-
bination of a conduit adapted to supply water
from a supply-level or forebay, a draft-tube
extending into and having a dlbcharwe-pas-

Sage benea,th the surface of the water in a

dischdwe“level or tall-bay, a working cham-

ber, in whmh water may act lntermlttently,-

by 1mpd,c,t upon a fiuid to which it delivers

its momentum, and which is connected with
the conduit, meehamsm for closing and open-

ing the dlscharﬂ'e passage, and operating
means, opemtwely connected with the clos-
ing and opening mechanism, and adapted to
be actuated to close and open sald mechan-
1Ism by the alternations of the total pressure
of the water in the apparatus to which are

due the raising and lowering of the hvdraulic

grade-line, when the discharge - passage 1S
olosed and opened.
15. In a hydraulic impact-engine, the com-

“bination of a conduit adapted tosapply water.

from a supply-level or forebay, a diffuser on

the discharge end thereof having a conically- |

F .

671,542

divergent discharge-passage the trahsverse go

area of which enlarges toward the discharge- -

opening, a working chamber, in which water
may act intermittently, by impact, upon a
fluid to which it delivers its momentum, and

which is connected with the conduit, mech-

anism for closing and opening the discharge-
passage, and operaling means, operatively
connected with the closing and opening mech-
anism, and adapted to be aectuated to close
and open said mechanism, by the alternations
of the total pressure of the water in the ap-
paratus to which are due the raising and low-

ering of the hydrauhe grade-line, “when the
dlsghm ge-passage 1s closed and opened

16. In a hydraulic impact-engine, the com-
bination of a conduit adapted tosupply water
from a supply-level or forebay, a draft-tabe,
a diffuser on the discharge end thereof hav-

‘ing a conically-divergent discharge-passage

lhe transverse area of which enlargecs toward
the discharge-opening, a working chamberin
which water may act intermittently, by im-
pact, upon a fluid to which it delivers its mo-
mentum, and which is connected with the

‘condnit; mechanism for closing and opening

the discharge-passage, and operating means,

{ operatively connected with the closing and

opening mechanism, and adapted to be actu-
ated to close and open said mechanism, by
the alternations of the fotal pressure of the
water in the apparatus to which are due the

- raising and lowering of the hydraulic grade-
line, w hen the d1seha,r ge-passage Is- closed and

opened
CHAUNCEY N. DUTTON.

Witnesses:
PAUL SEURAT,
G. F. GIERING, Jr.
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