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"UNITED STATES PATENT mcm

PFTFR StIFARER OF'READING, PENNSYLVANIA

IMPROVEMENT IN AIR OR GAS ENGINES

| Sljeciﬁcation forming part'ﬂf-Létfers Pateﬁt Nd. 33,'2H >, da%ed_September 3, 1861.

' Ta CLZZ whom it ma J concermn:
‘Be it known that I, PETER SHEARER of
Readm in the wunty of Berksand btate of

B Pennsylmma, have invented a new and Im-}
proved Engine for Obtaining Motive Power

- by the Expansmn of Airor “Gases by Heat;
- and I do hereby declare that the follom ing is

a full, clear,and exact deseription of the same,
refemnce bemﬂ' had to the accompanying
-=draW1nfrs, formmtr pftrb of this %peuhcanon
“in which—

Figure 1 representb a, Slde elevatmn ot the
engine with the working-cylinder C, or, as 1.

.'prefer to term it, the « power - eylmder ” in
section.

same parallel with Fig. 1, through the air-

reservoir A, the supplementary cylinder F,
isa plan of the same

and heaters D E. Fig.3
with the reservoir or cooler A removed and
certain of the passages and valves belonging
to the supplementary cylinder F in section.
Fig. 4 is a vertical section parallel with. Figs.

1 and 2 of the pump B and some of its-at-
tachments, showing also the connection of the

said pump. Fig.5 is a transverse vertical

section of the supplementmv cylinder F,.

showing its eonnection with the reservoir. .
Similar letters of reference indicate corre-
Spondmn' parts in the several figures.
The principal objects of my mventwn .fue,

| ﬁlSt to obtain the advantage which in the.

use of air as a motive agent reqults from sub-

Jeﬁtmﬂ' 1t to a very hln'h degree of. compres-.

‘sion before. e\.pandmw it by heat—-—-—wz econ-

omy of heat; second, to obtain the a,dvanta,ges
resulting from the use of water as a medigm.
thrmlgh which the air acts—viz., lubrication
- of :the wearing-surfaces and the prevention .
of 1e&kaﬂ'e ab. the valves and other parts of}

| the engine.

- The principal elements of which. the e.nfrme.';
is composed consists of an air reservoir or.

cooler A, a pump B,the power cylinder (, and

its plston C’, two heaters D and E, and what

I call the: “supplementaw c'flmder 7 F, .con-
taining a piston .

connections, which may.at first sight appear
somewhat complex, I will. endeavor to give a..
general idea of the most important of their.

Fig. 2 1s a vertical section of the'

| several fu'n(,tiotls as this may Ie'ndel the de-
seription more mtelllmble as 1t 19 pmceeded |

with.
The pump B serves two purposes, viz: that

-_of filling the reservoir A with tightly-com-

,plessed air before starting the engine, for

which purposeit 18 worked by hand,and that
of pumping water into and out of the said
reservoir to cool the air which has been used,
for which purpose it is' operated by the en-
gine. When the reqmmte pressure has been

| thamed in the reservoir A, a portion of -air
1s allowed to pass in 1nto *he power-cylinder

C upon both: sides of the pisten C’, one side
of which exposes a surface to its pressure as

‘much greater than the other side as the area

of the transverse section of the piston-rod C=.

The pressure on the larger surface preponder-

ating over that on the smaller drives the pis-

ton outward and a half - revolution of the

crank-shaft ¢ and fly-wheel a? is obtained.
During this movement a pomon of the com-

.pressed air from the reservoir A is transferred
to thecheater E, where it is heated rapidly to

the degree 1‘6(11111‘8(1 by water which has been
first heated in the heater D. Before the out-
ward stroke aforesaid is completed the air so
heated begins to exert its now increasing ex-

* pa,nsn e foree upon the smaller surface of the

piston €’, thereby producing in turn a pre-
pondemnee of pressure on hat surface and
30 bringing back the piston after the crank
has passed the dead-point,and thus complet-

ing the revolution of the ¢rank-shaft ard fly-
I'whcel
.expended its mereased force is returned from

-Next, the heated air which has now

the heater to the reservoir A and cooled by

‘means of cold waterintrodueced into it by the

pump B witheut being relieved from the press-
ure which was first iinparted to it by the said

pump, and anather portion of cold air is con-
veyed into the heatei'to repeat the operation..
| The machine is.thus kept in motion by per-
‘manently maintaining the uniform pressure
of the cold air upou the larger surface of the

piston and alternating said pressure npon the
Before deseribing the det..-uI:: of these ele-.|

ments and. their qeveml appurtenances and

simaller surface with-an increased pressure of
a portion of the air produced by heat during

‘every revolution of the crank-shaft and lly-

wheel. The supplement..-uy cylinder ¥ and
its piston F’ are used in ulily operation as a




- ordinary steam-boiler.
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pumiu to pump hot u‘c'u(,r from the heater D

and air from the reservoir A alternately into
and out of the heater E.

I will now proeceed to de&cul)e the details
of the engine.

11 isahed-plmo, upon which are erected the |

heater-furnace U and the standards I and K
for supporting those various working parts
of the engine not supported by the said fur-
nace. The parts supported on the furnace
arc the supplementary cylinder I and the
reservolr A, which is supported on top of said
cylinder. The parts supported entirely on
the standard K are the power-cylinder C, the

guides ¢ ¢ for the piston-rod C=, and one of

the pillow-blocks ¢” ¢ for the main shaft a.
The parts supported entirely by the standard
I are the guides f f for the piston-rod I'? of
the supplementary cylinder, and the other
pillow -block: «¢? for the main shaft. The
standards I and K alsosupporta bridge-piece

(), on which are placed the pump B and its
cuides b b and the post U/, which forms the

fulerum of the hand-lever B? by which the
said pump is worked to charge the reservoir
A with air. The eylinders € and F and the

cylinder of the pump I are arranged hori-

zontally and parallel with each other.

The heater D, which T call the “primary .

. or “preparatory’ heater, in which the water
~is heated before its introduetion to the sec-
ondary heater kK, may be constructed like any
In the drawings it is
represented of the form of a parallelopipedon,
~having vertical flues d d, Fig. 2, through which

there is an upward circulation of the gases |
of combustion from the fire-place of the fur- |

nace toward the chimney R. This heater is
always filled with water, which circulates
through it from timo to time in the dilection
of the horizontal arrows shown in Fig. 2, from

ary cylinder I to a pipe ¢/, leading from it to
the intermediate or :’-;ecnndm} heater K, in
which 1t heats the air.

reservolr, and so prevents its being converted
into stemn but affords it room for expansion
by heat.

The secondar y heaterh is of upright cylm-ﬁ Z
drical form, supported on the top of the pri- |
mary heater D, and arranged within the lower |
part of the chlmney R, in which it 1s sur- §
rounded by the escaping products of combuis- |
This secondary heater |
is nearly filled with thin wire-work E’, which |
may consist of a series of sheets of wire-gauze |

tion andso kept hot.

placed one above another or may be com-
posed of wire arranged in any other way to

present & large surface, such wil'e-work- rest-.
ing on-a bridge € over the pipe ¢’ and being |

preferably of copper, on account of its belng
a good conduetor of heat.

The primary heater |
always has free communication with the res- |
ervoir A by means of a pipe I/, which keeps |
the water it the said heater under a constant |
pressure corresponding with that in the said |

The secondary heater is connected below

the bridge €% supporting the wire-work by a

pipe 13, with the same end of the supplement-

ary cylinder as the pipe f’, which connects

said cylinder with the primary heater
At the upper end of the pipe ¢" there is

fitted a valve e?, which opens by upward press-

ure to admit water from I to E and closes by

gravitation and downward pressire to pre-

vent the return of the water from E to D.
At the connection of the pipe f/ with the

cylinder I¥ there is a slide-valve f3, Figa. 2
and 3, which is opened by mechanism, to be -
hereinafter described, for the purpose of al-
lowing water to pass flOll’l the cylinder F to.

the primary heater D, and at thie connection

of the pipe f*with the said eylinderthergisa
flap-valve f4, which opens by upward press- |

ure toallow the water to pass from the second-
ary heater into said cylinder and closing by

downward pressure to prevent the return of

sachi water to said heater.

Close to its top the secondary heater L has
ahorizontal neck E?, which is bolted to thesup- |
plementary cylmder I, and which contains =
wire-work E? of similar character to E/. Be-
tween thisneck and thebottom of the reservoir

A there is a passage ¢, and between the said

neck and the supplementary cylinder F there
is a passage ¢€°, communicating with the said

cylinder at the opposite end to the pipes f’

f2 the passage ¢’ being for cold air to.pass B
from the eylinder I¥ to “the heater E, and the

passage e¢' being for heated air to pass from
the heater 1o the_reservmr A. The passages
¢t and € have their ports fitted with a slide-
valve ¢% Figs. 2 and 3, by which either can be
opened and the other closed to the heater E.
At the top of thé passage ¢ there is a check-

| valve €7, which opens by upward pressure to
| perniit the heated air to pass upward from
a pipe f', connecting it with the snpplement- |

the heater E to the reservoir, but-closes by its

| own weight to prevent the water from déscend-
| ing from the reservoir to the said heater.
The air reservoir or cooler A is a strong
iron vessel supported on the top of the sup-
It may be furnished .
near the bottom-with a perfomted plate A’,
extending all across it for the purpose of di- -
' viding into numerous streams the heated air
entermn‘ it Ly the pipe e* from the interme-
t diate. heatel that the said air may be rapidly
cooled by passing through the cold water con-

plementary cylinder If.

tained in it; or instead of having this plate
the lower pdl‘l’ of the said vessel may be filled
with wire-work A% like that in the secondary

heater E, for the same purpose; but in the
engine represented both the perforated plate

'and the wire-work are shown.
Beside the aforesaid conuections of the said
reservoilr or cooler with the primary heater D,

the secondary heater K, and the %upplemeut--
ary cylinder ¥, the said reser vmr or cooler is:

connected by a pipe /3, Figs. 2 and 5, with
the same end of the supplementd,ry cylmder

I with which the passage ¢’ communicates; also,

Ryt
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"1)) & IleL b" 1“1”“5 1 and 4 wuh one end of"-

ithe pump- evhndel‘ 13; '11%0, by a pipe 1% with
a slide-valve chest B“ whose ports communi-
cate with the onposlte end of the q(ud pump-

eylinder, and, further, by a pipe. ¢/, Fig, 1,
with that end of the wmkmm(,) lmder toward
~ which the gréatest area of the piston B’ is ex-
posed.
the supplementary cylinder I there is a flap-
‘valve 7% which opens to admit cold air from
the reservdirinto the supplementar} cylinder
¥, but closes to prevent its return.

there is a flap-valve 0%, which opens outward
to permit the passage of air or water from the
said pump to the reservoir A, but to prevent
its return to the puwnp by that passage.  'The

pipe b? conveys the water from the reservoir:

back to the other end of the pump, and the
reservoir contains cold compressed air above
“the said pipe and cold water helow it.

“an escape-valve 12, which is held closed Ly a
lever 13, except tlmt fiom thme to time it is

opened b) the :.wuumlfmtmn of surplus water
‘above it in the reservoir, sueh accumulation
~ being owing tothe pump being so constricted -
that it pumps rather more water into the res-,

ervoir than 1t pumps out. The pipe ¢’ 1s

fitted at its connection with the power-cylin-
der Cw 1th a sliding stop-valve ¢, upet'ated by

a screw . ¢* to th[) and start the engine, as
will'be hereinafter explained. =

- The power-cylinder C, bemdw being LOI". '
neoted with the reservoir A by the pipe ¢’
aforesaid, is eonnec,ted on the opposite‘side

of its plstcm--——th at is to say, the side whh,h
owingtotherod (3, presents thesmallerar
by meansof a pipec*, with the supplementary
cylinder F,
cylinder bemfr on the same side of its piston
as the pipes £/ f2 Thesaid ¢y ]111(101 Cisalso
fitted at the end where the pipe ¢’ is arranged
with a valve ¢!, which can be opened and
closed by a hand lever¢®. Thisvalve is closed
when the engine is in operation, and 1s only

opened for the purpose of permitting the es-

cape from the cylinder of the water that 1s
‘employed therein as a medium between the

~ piston ¢’ and the air that presses upon it to-
b D D

produce the motive-power.. The piston C”

packed to the said c3lxmler in the. m‘mnel
commmon to the pistons of steam-engines, and
‘its rod C* passes through a stuffing-box in'the

cylinder-head and -is conne(,ted b}* a- Cross-
head C* aud connecting-rod C* with thedriv-
ing-crank ¢’ on the main shaft «, all in the

same maunner as the [}15*01’1 -rod of a comimon
stear-engine. |

- "The bupplementm) €Y hnder]j ‘whose pipe-..

connections, passages, an ‘mlves have been
all described, is of farger caliber than, but of
about the same length as, the power-cylinder
C and of smaller capacity than the air-reser-
voir A. It has its piston lightly packed to

a--’;lend(,d of the: s
‘and through stuffing: boxcs in both cylinder-"
“heads, as shown in I‘w 2, and therefore the
same area of burtace is presented by each

At the connection of the plpef with

| ‘At the
* connection of the pipe U’ with the pump B

- The
said reservoir is also fitted in one side with
piston T
to make the piston F’ make a stroke back
and forth while the piston ¢’ makes its for-

the connection with the latter

joint 14 of the mnnectmrr-md
ued movement of the cmnl{ ¢! from the posi-
tion shown in Fig. 2 to the position vertically
_'below the shaft produces the movement of

-~ The valves
operated to open and close sunultaneouslv_ .
‘the passages f’ and e* by means of their be-

| ing connected with a lever 15, Fig.

ame VALY 011 both Sldeb Of it

side of the piston that there may alwfty*% be |

‘the same pressure on opposite sides of 1t dar-

ing the operation of the engine, so that the
power required to drive it is only what is
sufficient to overcome friction. The said rod
% is connected by a cross-head F* and con-
necting-rod’ F? with a crank a*on the main

shaft «; but the said connecting- rod E3 in-

‘stead of Leing rigid like the connectuw-rod'__
| C% and the conneetmmrods commonly used.

for erank-connections, is made with a knee-
joint 14 at the middle of its length, said joint
being so constructed as to permit of a deflec-
tion of the said rod in an upward but not in-
a downward direction. This connecting-rod
does not operate upon the crank a! to turn’
the shaft, but the erank -acts upon the said
rod to give a reciprocating movement to the
The ob,]ect of the knee-joint 14 is

ward or ontward stroke toward the crank-
shaft, and to keep the said piston ¥’ station-
ary near that end of the cylinder F F which
commumcdtes with the reservoir A, as shown
in Fig. 2, daring the time that the riston (’
is making its ﬁtroke in the opposite direction,

and in 01'der to enable this to be effected the
crank ot is made Lbout double the length of.
-'the power-crank @’ and sct at nn‘ht d,nfrles to

a’, and a stop-u is arranged in- one of the -

';ﬂ‘mdes £ f to stop the cross-head from moving

'towa,rd the eylinder ¥. After the erank ¢*
in its revolution has passed a posrtwn verti-

eally below the shaft a, the continued move-
‘ment of the S&Id cmnk in the dlrectlon of the

arrow shown near it in Fig. 2 to the position

’verﬁcally above the shaft re p:esemted in that
| figure merely having the effect of first bend-

ing the knee—;omt li by striking the connect-
ing-rod F? against a projection z on the stand-
a,rd I, and a.f terward straightening the said

The contin-

the piston. F forth and back from d,nd to the
position shown in Fig. 2.

3 and €, befor det.cmbed are

3, which
works on a fixed tulcrum 16, and WhICh 1S

~connected by & rod 17- wu:h one arm of an
1 elbow-lever 13, workuw on afixed fulerum 19,
‘the said elbow-lever ha,vmtr its other arm con-

nected by a rod 20* W1th a-cam-yoke 20, in
which work two cams 21 22, fast on the: slmtt..

a, the said cam:.21 operating on the upper

‘part of the yoke to produce the necessary
‘movement of the said passages, and the said

'tho ey Imder and has 'its piston-rod F* ex- cam 22 operating. .on the lotver part of the
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yoke to ptoducn the necessary movement of
the said valves to effect the closing of the

said passages. ' Thesaid camgare soarranged
 that the opening of the aforesaid passages
commences as or Jl‘lSt before the piston F’
~ starts forward to the right, and that the clos-
- ing of such passages is effected almost imme-

diately after the said piston has commmenced
its return movement. When the passages f*

and e' are open, the passage €’ is cloqed by
the valve &% and vice versa. |

'The pump B, (best shown in IFig. 4) besides
having connected with it the pipes I’ and b3,
hefore described, has connected with it at
the same end as b_’ an ordinary suction-pipe
U4, fitted at its connection with the pump-eyl-

inder with an inlet-valve 0%, to admit either .
air or water to the pump. The lower erd of

~ this. pipe dips into a water-cistern L, from
‘which the cold water to be forced into the
“reservoir A at the bottom thereof through
the pipe ¥’ is drawn by the movement of the
piston B’ toward the shaft a.
- Before the engine starts and when. the

pump is required to force air into the reser-

voir a spigot Uf, provided to fit a hole in the
pipe H3, is lemoved and the pump then draws
all mstead of 1.‘a.‘a.ter and after the reservoir

~ A has been charged with air the spigot 0°is | -
| its piston: The part of the cylinder I on: the - _'
| left of the piston F” is partly filled withcold- =

replaced and the pu mp draws water from the
clstern L.

The valve-chest b“ contains a shde-valve b7 §

nearly resembling the. slide-valve of a steam-
engine having a cap-like cavity in its face,

and Wcrkmn' over three ports 23 24 25, of |

‘which the mlddle one:24 communicates WIth

an escape-pipe b8, leading to the atmosphere,

and the two othem 23 25 termmate in theeyl-

inder B’ in a single orifice close to the oppo-

site end of the sald cvlinder to that where the

pipes b’ b* are connected. -This valve has a

lap on one side of its cavity, which, when the

valve moves to the right of Fig. 4, cloqes the

port 24 just before - it opens the port 23, and
keeps 24 closed during the whole time 23 re-

mainsopen and until the latter is again closed,

the said valve when drawn to the right a.dmlt-
ting water through the port 23 into the pump
"~ from the pipe b" but never permitting it to

pass dlrectly from ‘id.ld pipe to the port 24

or 20.

connectmn of its rod B* with the yoke a"" of
an eccentric a® on the main shaft ¢, and the
valve b7 is so actuated by the connection of
its-stem 26* with & cam yoke 26, surrounding

a cam 27 on the said shaft, that the pump op-'-
erates as follows: As the said piston moves |

 to the left, the port 24 is closed and 23 opened,
~ the latter allnwmcr the passage: of water from
the reservoir or cooler A into the pump-cyl-

" inder B. 'This water cannot now escapefroimn |
the eylinder, because its outlet-port 24 is |

closed, but presses against the right-hand side

 of the piston B, with the pressure equal to |
~ that of the air in the reservoir or cooler A,' -

The pmnp plthH B’ is so actuated by the |

thus assmtmg the progress of the said 1st0n

to the Jeft. As the piston moves to the rlghf T
‘the port 23 is closed and the port 25 brought-.

into communication with the port 24, allowing

the water to escape from the cylmde_r by the
pipe °. The pump is thus made to pump
cold water into and out of the reservoir-or .

cooler A, such water having an upward cir-

culation. therem and cooling the air admitted. |

thereinto from the cylmdel The piston-rod

B? is disconnected from the eccentric during

the time of the working of the pump by the
hand-lever B3, before described, to compress

the air into the reservoir A preparatorv to
setting the engine in operation.
- Having now “described the details of the en-
gine, I will proceed to deseribe the leading
operations that occur during a revolation 6f

the crank-shaft when the engine is in operas

tion. I will first suppose that the power-pis-

ton C’ has just started to the right, as repre-

sented in Fig. 1. The power-cylinder C-is -

1 filled with wateron both sides of thesaid pis-- =
ton, the pipe C’ supplying cold water from

‘the reservoir A to the left of the said piston, .~ .

and the pipe ¢, which is always open, allow- .

ing water to pass from the right sideof the

pl‘i‘ut()ll tothe supplement_arycylmderF which =

is filled with hot water on the right side of

water and partly with air, the air being re-

ceived from the upper parb of the reservoir -
A, where air only is contained through the -
pipe f5. The quantity of water whichiseon- - _
| tained in that part of the cylinder, and whieh = -~ -
remains cold, remainsthere permanently,the. . =~

object being to’ afford no unnecessary space

for air. .'The intermediate heater E is filled -

‘with air nearly down to the bottom of its .
‘wire-work E’; but the part below and the.
pipe f* are filled with hot water. The valve: e
| ¢f, Figs.-2-and 3, has opened the pipe e* - . ..
and closed that ¢*. The valve f3hasopened - . © -
‘the pipe f', and the valvef* has closed by

weiglit, - The pressure from the-air-reservoir

' Athrouwh the pipe ¢’ on the larger surface
-of the power-piston C’ overcomes the pressure -

in the opposite surface thereof, which is ex-
posed to a no greater degree of pressure than
if directly in communication with the reser-
voir A, as thecylinder C communicates freely

throuﬂ'h the pipe ¢! with the cylinder F, the.
cylmder through the pipe f’ wn;h the heater o

| D, and the heater through the pipe d’ with
the reservoir A. The pressure on the larger

surface of the piston ¢’ thus overcoming that
on the smaller causes the said piston to travel

‘to the rlﬂ'ht, and so by giving motion to the
| erank a’ “and shaft a to cause the piston F’
| also to-move to the right, the latter moving
at a greater velocity by reason of the crrea,ter_

length of its erank a®. As the power-piston
! ad.vances it drives the water before it
through tke pipec!intethecylinder ¥, whence,

as the piston F’ is advancmcr at the same

™y
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time, the water is driven tthH"h 1110 pipe-f’ 1 sented in Imr 3 and before deseribed, re-es-

into the primary heater D, from which the.

hot water, which is always contained within
1t is bherehy foreced up through the passage
¢/, opening the valve €° and passing into the
secondary or intermediate heater E, dlbplae-
ing the heated air from among the wires I
and heating said wires. to the tOp of sald
heator. At the same time the air is-forced

up through the passage ¢!, opening the valve

€', and.is cooled in its aseent through the wa-
‘ter in the air reservoir or cooler'A. -During
the time in which thistakes plac&-——»vw ‘while

~ the piston F’ makes its stroke to the I‘l”ht—-—-—- |

a vacuum is forned behind &aid plston and
the valve 19 Fig. 5, opens, allowing cold air

from the reservoir A to pass through pipe

1% anad fill the said vacuum. Almost imme-
diately after the piston F’ ha!: completed its
stroke to the right, the piston C’ having yet
made but little 1 more than half its stroke in
" the same direection, the valves 13, 7% €% and 7
close, and the valve ¢ closes the passage e
and opens ¢°. As the piston ¥’ travels to the
left, which it does while C’ completes its
stroke 10 the right, it forces the cold air which
it has just dla,m I from the reservoir A into
" the intermediate heater E through the pas-
sage €5, driving the hot water beforeit through
the wire-work E? and E’ and through the pipe

/% opening thé valve F' inte the vacuum.

~ which is being forméd on the right of the pis-
ton F’. As the, air enters and descends
amnong the wires, it will be observed, all the
exterior passages from the heater E and cyl-

inder F, except the pipe ¢!, leading to the

cyhnder C, are closed. The expansive force
of the air among the wires is now increased

hy heat; but it cannot exert its increased

pressure on the air-reservoir A, because the
passage e is closed by the V&IVB e’, nor on
the primary heater D, becausge the valves e?
and
in the cylinder F through the passage ¢° and
pipe 7% still maintaining an equal pressure
“on both sides of the plston F’. The increased
pressure is also transmitted through the pipe
¢! to that portion of the power-c'yliuder C on
the right side of the piston, while the larger

surface of the opposite side of the piston is.

still exposed only to the uniform pressure of
compressed air in fhe reservoir A. As the

air is entering and being heated among .the

- wires B’ and E? the power - piston. ¢’ com-
,pleteb its stroke to the right, encountering
the increasing pressure of the air which is
overcome by the momentum of the fly-wheel
on the crank-shaft and of other parts of the
engine until its erank a’ reaches its dead-
point, at which point the piston F’ will ar-

rive at the end of its return-stroke, where it
will remain stationary, while the working-

piston C’ is urged to the left by the increased
pressure of the heated air, and at the close of
the stroke in that dlreetlon the valves e® and
7? are shifted back to the positions repre-

|

f2 are closed but is allowed to exert it

tablishing communication between the rlght-
hand end of the eylinder C and the reservoir
A and primary heater D, and removing the
increased - ressure of the heated air from the
right-hand side of the piston and causing a
repetition of the above-described operation
to be commenced. Inthe running of the en-
gine nothing but a little water enters and
issues from. 1t In stopping the enfrme, the
engineer. bhould close the valve ¢® very soon
after the piston C’/ starts on its stroke to the.
right. A vacuum will then be formed be-
hind it and it will encounter the pressure on:
the smaller surface, which will be very great,

as I propose to compress the air in the res-
ervoir to a very high pressure—say one thou-
sand poundspersquare inch—anditwillthere-
fore be stopped almost instantly. In case the
piston C’ should stop on its stroke to the left
from ahy cause whatever, and the ptressure
of the heated air on the smaller surface of
its right side be insufficient to overcome the
pressure on the larger surface of its opposite
side, the engineer will close the valve c?
and open the valve ¢f. The larger surface of
the left side of the piston will then be re-
lieved from pressure, the water will escape
from that side of the piston, and the pis-
ton comes back to the end of its stroke to

‘the left when the valve ¢! is closed and that
¢®opened, and the operation proceeds as be-

fore. The loss of water from the eylinder C
will soon be supphed through the reservoir
by the pipe ¢’ from the pump B which, as has
been already explained,; pumps a little more
water into the reservoir A than out of it.

In the foregoiny description I havealluded
exclusively to the use of air and water; but
I will now state that it may be practicable to

‘substitute gas for air and some other liquid

for water, provided always that if another
liquid be pumped into the reservoir or cooler
A it be allowed to cool before it can be used -
again to cool the air. |

" Air might be used instead of wa,tm in the
primary. heater D for the purpose of heating
the wires E’ in the secondary heater E; bnt
in that case as great an elevation of the tem-
perature of the wires as is obtained by using
water would not be practicable. It would

also be necessary in that case to attach the

pipe d’ to the top of the reservoir A to pre-
vent the water from running down it into the
heater D, the object of thlS pipe being only

tomaintain an equilibrium between the Bald

heater and the reservoir.
What I claim as my mventlon, and desire
to secure by Letters Patent. is— 1
1. Thecombination of the reservmr or cooler --

A, the power-cylinder C and its piston C’,

the supplementary cylinder F and its plston

F’, and the two heaters D E, the whole ap-

plied in relation to each otherto Operate sub-

stantially as herein specified.

2, The eombmatwn with thé sald resel- |




8 | - g3oms

volr, eylinders, and heaters, of the pump B,

applied and operating substantially as herein
set forth. | R | -
3. Combining the piston ¥’ of the supple-
mentary eylinder F with the main shaft a by

means of the crank a*, of longer stroke than

the driving-crank, and the jointed connect-

ing-rod F3, applied and _opemting _{s’ubs;tan-.

tially as herein set forth.

Witnesses:
- GEORGE PRINTZ,
- C. R. IHIEIZMANN.
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