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- To all whom Tt may conecer:

Be it known that we, CAID H. PECK and
FREDERIC LEACH, residing at Elmira,.in the
county of Chemung and State of New York,
and NORMAN A. JOHNS, residing at Hunting-

~ ton, in the county of Chittenden and State of

1O

Yermont, citizens of the United States, have
invenied certain uew and useful Improve-
ments in Hydraulic Engines, of which the
following is a specification. - |

Our invention relates to improvements in

hydraulic engines wherein the water 1s ad-
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mitted periodically to the cylinders; and the
object of ourimprovements is to produce and
utilize in such an engine as a motive power
and in addition tothe power given by the di-
rect pressure of any given head of water the

pressureor blow produced by suddenly check- |

ing the momentum of the water flowing to
the cylinder by the closing of the 1nlet-valve
to saild cylinder, or, In obher words, to ap-

ply the prineiple of the hydrauliec ram to a

hydraulic engine. We accomplish these ob-
jects by the mechanism illustrated in the ac-
companying drawings, wherein we have
shown our improvements as applied to a sin-
cgle-acting vertical reciprocating hydraulic
engine, and in which—

Fln‘me 1 represents a side elevatlon of the
engine, partly in section, on the line « ¥ In
Fig. 2; Fig. 2, a front elevabion, parts being
shown in section on the line m n in Fig. 3;

Fig. 3, a plan view of the engine, with the
¢rank-shaft and connecting - rods removed;

Fig. 4, a perspective view of the piston and
a portion of the valve-gear; Kigs. 5, 6, 7, 8,
9, and 10 details of the governor, and Fig. 11
a preferred form of valve-rod.

Similarletters refertosimilar parts through-

out the several views.

To obtain the best results, we prefer to use
a three-cylinder engine, and have illustrated
herewith our improvements as applied to a

vertical single-acting engine of this type.
‘The three cylinders rise from a chambered

base, preferably all formed in one casting.

S represents the supply-chamber, which is
common to all of the eylinders. From this
chamber separate inlet-passages N lead to the

valves for each cylinder, a check-valve C be-

ing provided to prevent backfiow to the sup-

ply-chamber. Above each of the inlet-pas-
sages is an air-chamber A. DBack of the sap-
ply-chamber and beneath the eylindersis an
exhaust-chamber K, and between this cham-
ber and each of theinlet-passages N are ports
7., which open to the bottom of the c¢ylinders
and are put in communication alternately
with the passages N and the common ex-
haust-chamber E by the valves V. Anoutlet
passage E' is carried up above the exhaust-
chamber, and the exhaust-pipe is coupled
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into this outlet-passage at a point to hold the

water in the ports and clearance-spaces 1n
the ecylinders against the pistons when at the
ends of their return strokes. The water 1S
thus trapped in the exhaust-chamber, in the
ports Z, and in the cylinders and is held in
contact with the pistons when they have com-
pleted their return strokes, but without ex-
erting back pressure upon them This pre-
vents the formation of a partial vacuuam or the
admission of air below the pistons.

chamber through the exhaust-pipe, we pro-
vide the vent-pipe e at the top of passage K'.

Within the cylinders are the pistons P,
which are connected to the crank-shaft above
inany usual and preferred manner,the cranks
being set atanglesofone handred and twenty
den'rees At one side of eaeh'piston isa ver-
’rlc._—Ll extension P’, to which is conuected a
slotted cam-arm G, which extends downward

at the front of the eylinders and is provided

with an outward bend at the bottom end. At
the front and top of the cylinders and jour-

naled in suitable boxes J J J 1s a _
valve-levers B R,B'R',B"R"”, thearms R R’

| R" of these valve-levers being provided with

pins carrying rollers, which run in the slots
in the cam-arms G, and the arms B B’ B” be-
ing connected to the valve-rods D D D for

'opemtmo‘ the combined inlet and exhaust

valves V. IXachof the valve-levers B R and
B’ R’ is provided with a hollow_ hub, which
hubs are journaled in the boxesJ J J. HFrom
the arm R’ of the valve-lever B” R" a rock-

' shaft I runs through the hollow hubs of the
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To pre-
vent siphonage of water from the exhaust-
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other valve-levers, connecting said arm R’ |

with the arm B”. -
The valves V, as will be seen, are balanced

valves of the piston type, being open at the
top to the atmosphere and at the bottom to

- the exhaust-chamber, which is also under at-
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mospheric pressure, the valve-stem having
the same.diameter as the valve. A shoulder
v' seats on the partition between passage N
and port Z, and by constructing the valve-
rods as illaustrated in Fig. 11 the length of
these rods may be so adjusted as to bring this
shoulder ¢’ properly on its seat when the valve
18 in its lowest position. The bent-out por-
tions of the slotted cam-arms G and the re-
duced portions v of the valves are so located
and of such length and formation as to cause
the valves to open the port Z to passage N
immediately after each piston has begun its
upward stroke, and to close the port Z to pas-

sage N and open it tothe exhaust-chamber E
Just before the pistons reach the top of their

stroke in order that the water may follow the
pistons for the full stroke and that there shall
be no back pressure against the pistons on
their return stroke. '

In operation the water from the main-sup-
ply will pass into the supply-chambher S
through the pipe X and thence into the inlet-
passages N according to the opening of the
valves V. In the position of the partsillus-
trated in the drawings the piston in the left-
hand cylinder in Fig. 2 is about to complete
1ts upstroke, rotation being to the right in
Kig. 1, and the valve corresponding thereto
has just been closed, this closure being ef-
fected by the cam-arm G, attached to the
right-band piston, which aets upon the arm
R" of the valve-lever B” R” through the rock-
shaft I to throw the arm B” down. 'The pis-

- ton 1n the left-hand cylinder, being near the

top of its stroke, has raised the ecam-arm G,

~ attached thereto, so as to bring the arm R of
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the valve-lever B R into engagement with the
bent-out portion of said arm, and the valve
for the middle cylinder has been partly raised

‘thereby, but not enough to admit water.

This middle valve is therefore just on the
point of opening the port for admission to the
middle cylinder, the crank for this middle

cylinder being shown on its lower dead-cen-

ter. Asthe pistonof the middleecylinder rises
1t will bring the cam-arm G, attached thereto,
Into operation upon the valve-lever B’ R’ to

‘operate the valve for the right-hand eylinder,
80 as to adwmnit water just after the piston for

that cylinder has passed the bottom of its
stroke, and this eycle of operation will con-
tinue, each piston when nearing the top of
its stroke actuating the valve for the next
cylinder in order, holding the valve full open
while it pauses at the top of its stroke and

~ closing the valve quickly on its descent.

Upon the quick closing of each valve V there
will be a sudden stoppage of the flow of wa-
ter through the corresponding passage N ; but

the water will continue to flow from the sup- |
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ply-chamber S past the check-valve Cinto the
alr-chamber A, compressing the air therein
until the momentum of the water is checked,
after which the check-valve C will close, hold-
ing the air in chamber A in a compressed
state, this compression varying according to
the size of the air-chamber and the pressure
of the water-supply. Upon the nextopening
of the valve V the compressed air in the air-
chamber will force the water under this in-
creased head or pressure into the cylinder
during the initial up or forward stroke of the
piston, this increased pressure gradually di-
minishing until the normal pressure of the

water-supply has been reached, after which

the check-valve C will open and water will
flow in from the supply-chamber through the
passage N until the next closing of the valve
V, atter which compression in the air-cham-
ber will again take place. |

Since the water is held in the ports and
against the pistons by reason of the raised
exhaust-outlet when admission takes place,
the compressed air in the air-chamber will
have effect directly upon the pistons through
a continuous interposed water-piston, and
none of the effect will be lost upon the pis-
tons, as would be the case were air allowed
to accuamulate or a partial vacuum produced
below the pistons. The passages N being
closed to the ports Z durinrg somewhat more
than half a revolution of the engine or dur-

1ng the return of the pistons and their pauses

at the ends of their stroke ample time is
given for the momentum of the water in the
inlet-passages to fully expend itself in com-
pressing the air in the air-chambers and for
the water trapped by the check-valves C to
become quiescent, ready for the next period
of admission to the cylinders. It is only by
this pause between admission periods that

| this ram action can be fully accomplished,

and 1t will be seen, therefore, that such
periods of shut-off from the inlet-passages
to the cylinder-ports must be provided in
whatever type of engine our invention is ap-
plied. Thus, in a double-acting reciprocat-
Ing-engine there must be an inlet-passage
with 1ts check-valve and air-chamber for
each end of the cylinder. It is also impor-
tant that the check - valves should have a
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small lift and close quickly in order that the -

black flow to the supply-chamber shall be
checked immediately the flow of water into
the air-chambers has ceased, and we may
therefore use more than one check-valve for
each inlet-passage, especially in the larger
sizes of engines.
alr should be excluded from the ports, pas-

sages, and exhaust-chamber, and for this

purpose suitably-located air-cocks will be
provided whereby any entrapped air will be
driven out when the engine is first started.

It 1s also important that all
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Finally, the valves V and ports are prefer-

ably proportioned to give an area of opening
to the cylinders equal to or greater than the
cylinder areas to attain the best results.
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springs in the usual manner.
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By employing a three-cylinder engine the

crank-shaft receives three impulses 1n excess

of the nominal water-pressure daring each

revolution, and the total mean effective pres-
sure is greater and more-evenly imparted to
the erank-shaft than in the case of a one or
two c¢ylinder engine. Experiment has dem-
onstrated that by the proper utilization of
this ram action in a hydraulic engine there 1s
a gain in efficiency, which varies aewrdnw to
the head, speed, and size of air-chamber.

In Flﬂ'S 5 to 10, inclusive, is illustrated oar
governor, Hig. 5 1'epteqent;111fr an inside ele-

-vatlon of the fly-wheel, showing all the at-

tachments; Fig. 6,a front eleva‘nmn with the
fly-wheel in section, this figure also showing
the throttle-valve, which is located in the sup-
ply-chamber S; Fig. 9, a detail of parts of
the governor, in section, on the line ¢ 2z in Fig.
6. Fig. 10 is a section on the line 7 sin Kig,

o, F‘w 7 represents two views of the collar

Q, one being a section on the line a b in the
other view. Fig. 8 is detail of the grooved
ring which is enwd{red by the lever I, for ac-
tuatmg the thmt,tle valve. 7This governor is
of the centrifugal fly- -wheel type, and cou-
prises two wew‘ht& W W, pivoted to the arms
of the ﬂy wlleel and provlded with tension-
From the
weights W W run connecting-rods H H, which
are coupled to ears ¢ g on the collar Q, this
collar Q being mounted to turn on the huby
of the ﬂy-—wheel Y, as shown more particu-
larly in Figs. 9 and 10. This collar 1s also
provided with flanges ¢' ¢', which are engaged
by guide-blocks U U, fastened to the fly-
vheel and projectingover said flanges, where-
by the collar is rendered free to revolve upon
the hub %, but is held from longitudinal mo-
tion. On the inside of the collcu () are pro-
vided two spiral grooves ¢/, which engage

pins on the rearwardly-projecting arms o0 o

on the ring O. These arms 00 on the ring O
slide in slots in the hub ¥, (see I'igs. 9 and
10,) whereby the ring is carried around with
the main shaft and fly-wheel, but is free to
be given longitudinal motion along the shaft
by the action of the spiral grooves ¢ upon
the pins on the arms o0 0.

of the engine, and at the upper end 18 pro-
vided with a yoke [, having inwardly-turned
projections which engage the groove on the
ring O, At the othe‘r end the lever L is con-
nected to the rod T, which passes through a
stuffing-box in the end of the ported pipe K,
which abuts against the inlet-pipe X in_the
supply-chamber S. A ported valve F is at-
tached to the rod T, and the position of this
valve with reference to the ports in the pipe
K determines the amount of flow from the
water-main into the supply-chamber S.

The operation of the governoris as follows:
When the speed of the engine increases, the

weights W W are thrown out, causing the
collar Q to turn to the right in Fig. 5. This

revolution of the collar Q on the hub of the

An arm L is piv-
oted to a bracket M projecting from the frame

3

fly-wheel Y causes the ring O to travel AWaY
from the fly-wheel, thus thu}.wmw the valve-

rod T outward and cansing the valve I to

close the ports in the pipe K more or less
and regulating the supply of water to the
eha,mbel S, ftccorr]*lnn* to the speed of the en-
gine.

\Vhlle we have described onr impro vements
as applied to a three-cylinder vertical single-
acting engine, they may be applied as weh
to engines of a greater or less number of eyl-

nder'q to double-acting and to horizontal en-
oines and even to rotary engines, it being
ouly 1111130113@1113 that each inlet-passage Wlth
its check-valve and air-chamber shall have a
period of cut-off from the cylinder port or
ports sufficient to complete the compression

of air in the air-chambers in order to attain

Certain details of the

the highest efficiency.

valve gear and governer we also believe to

be novel, and we do not wish to be confined

to their particular application as herein set

forth. Nor do we confine ourselves to the
application of our improvements to engines
wherein the admission and exhaust to and
from the cylinder pass through the same port,
as they may be applied as well to engines
wherein separate admission and exhaust

valves are used. |

Having thus desecribed our 1111p10\?ement,s
what we clﬁum as our invention, and desire
to secure by Letters Patent, is—

1. In a hydraulic engine, the combination,
with the admission port or ports, of an inlet-
passage leading thereto from the source of
supply, a chet.,k valve to prevent backtlow
from said passage, an air-chamber in commul-
nication with said passage, and valve mech-
anism wheleby the flow from the passage to
a port is suddenly checked and whereby the
passage is closed to the port or ports after
each cut-off for a period of time sutlicient for
the momentum of the water in said passage
to be expended in compressing the air in said
alr-chamber.

2. In a hydraulic engine, the combmatmn
with a cylinder or (Jylmders provided with a
plurality of admission-ports,of a common sup-
ply-chamber, aseparate inlet-passage leading
from said oha,mber- to each admission-port, a
check-valve in each passage to prevent baclk-
flow to said chamber, a separate air-chamber
for and in communication with eacgh of said

passages, and valve mechanisms whereby the-

flow from each inlet- -passage to its admission-
port is suddenly checked and whereby each
said passage is given a period of cut-off suf-
ficient for the momentum of the water in said
passage 1o be expended in compressing the

air in the air-chamber connected therewith.
3. In a hydraulic engine, the combination

with the cylinder, of an inlet-passage from
the source of supply, a check-valve to prevent

backflow from said passage, an _air—-ehambef

in communication with said passage, a port
to the cylinder, an exhaust-outlet, and valve

, mechanism Wheleby the inlet - passage and
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‘the exhaust-outlet are opened alternately to

the port and whereby the inlet - passage is
given a period of cut-off after each opening
to the port sufficient for the momentum of
the water in said passage to be expended in
compressing the air in said air-chamber.
4. In a hydraulic engine, the combination
with a cylinder or cylinders provided with a
plurality of ports, of a common supply-cham-
ber, a separate inlet- passage leading from
sald chamber to each port, a check-valve in
each said passage to prevent backflow to said
chamber, a separate air-chamber for and in
communication with each said passage, a
common exhaust-chamber, and valve mech-
apisms whereby each port is opened alter-
nately to its corresponding inlet-passage and

~to the exhaust-chamber, and whereby each
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each opening to its port su

inlet-passage is given a period of cut-off after
ficient for the mo-
mentum of the water in said passage to be
expended in compressing the air in the air-
chamber connected therewith.

5. In a reciprocating hydraulic engine, the
combination, with an admission-port to the
cylinder, of an inlet-passage leading thereto
from the source of supply, a check-valve to
prevent backflow from said passage, an air-

chamberin communication with said passage,
and a valve mechanism, whereby the flow
from the inlet-passage to the portis suddenly

checked at or near the end of the piston-
stroke and air is compressed in the air-cham-
ber by the momentum of the water in said
passage during the return stroke of the piston.

662,878

6. In a hydraulic engine, the combination;
with the admission and exhaust ports, of an
inlet-passage leading from the source of sup-
ply to the admission-port, a check-valve to
prevent backflow from said passage, an air-
chamberin communication with said passage,
an exhaust-outlet positioned to retain water
in-the ports and against the piston when ex-
haust is cut off, and a valve mechanism to
actuate the admission and exhaust at the
proper periods as and for the purpose set
forth.

7. In a hydraulic engine, the combination
with a plurality of cylinders and their ad-
mission-ports, of a supply-chamber common
to all the admission-ports, passages between
sald chamber and ports, a check-valve and
alr - chamber for each said passage, valve
mechanisms cobdperating with the check-
valves whereby air is compressed in the aijr-
chambers while the admission - ports are
closed, a supply-pipe leading into the supply-
chamber, a throttle-valve within said cham-
ber to control the opening from said pipe to
sald chamber, and a governor actuated by the
engine to regulate the throttle-valve.
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In testimony whereof we have affixed our

signatures in presence of two witnesses.

CAID H. PECK.
FREDERIC LEACH.,
NORMAN A. JOHNS.

Witnesses:
A. S. DIVEN,
C. TRACEY STAGG.
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