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GEORGE H. BABCOCK, OF PLAINFIELD, NEW JERSEY.

AIR OR GAS ENGINE.

SPECIFPICATION foi'ming pé.rt of Letters Patént No 334,152, &ateﬂ January 12, 1886, |

Application filed April 98, 1284, Serial No. 129,574, (No model.)

To all whom it may concern.:

Be it known that 1, GEORGE H. BABCOCK,
of the city of Plainfield, county of Union,and
State of New Jersey, have invented certain
new and useful Improvements in Air or Gas
Engines, of which the following is a specifi-
cation, reference being had to the accompany-
ing drawings, forming part of the same.

Before proceeding to a description of myin-

vention Iwill observe that there aretwo classes |

of air-engines—one known as the *‘Stirling
Engine’’ in which a given quantity of air is al-
ternately heated and cooled, producing a va-
riation in pressure, and thus developing en-
ergy, and the other is what is known as the
““Hricsson IKngine” in which a quantity of at-
mospheric air is taken in, heated, expanded,
and rejected at each revolution.

My invention relates to the first class, in
which the same air is alternately heated and
cooled in the engine, which offers the advan-
tage, by using a highly-compressed fluid, of
securing a large power within a small space,
and also the advantage of a higher efficiency
of the fluid, owing to a less loss of heat.

There 1s also another division by which air-
engines may be classed, the first, A, known as
the ‘*Cailey Engine,”” in which the products of

- combustion are used directly within the cyl-
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inder, which secures a high rate of economy

- over vhe second class, BB, comprising those in
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which the air is heated by conversion through
a heating - surface. Hitherto no practically
successful effort has been made to combine
this class A with the Stirling engine in which
the same air 18 alternately heated and cooled.

My invention relates to such a combination
whereby the advantages of both classes are
attained in one engine,with additional advan-
tages due to the ecombination.

In the drawings, Figure 1 is a vertical

- section of an engine embodying my inven-

5

tion, and Figs. 2 and 3 details to be herein-
after referred to. *

The frame-work and base-plate of the en-
gine are not peculiar,and need not be specific-

- ally deseribed.

5C

Of the working parts which are shown in
vertical section, A is a cylinder, which T eall
a ‘‘changing - ¢ylinder,”” and A’ a plunger
working withinsaid cylinder freely, but nearly
alr-tight.

B i1s a working-cylinder in which the plun-

| gers are made in the well-known manner of 55

similar engines, having a deep portion filled
with some non-conducting substance to pro-

tect the wearing-surface from the direct ac-

tion of the heated fluid. The lower portions,
A® B’ of these cylinders are surrounded by 60
water-jackets,for conveying away the surplus
heat thereof and keeping the surfaces suffi-
ciently cool to admit lubrication. |

- U 18 whatis known asa ‘‘regenerator,”’ con-
sisting of a colleetion of plates,of iron or other

-material,with small interstices through which

the fluid passes on its way to and from the
hot end of the cylinder, which regenerator
serves the purpose of retaining a portion of
the heat of the hot gases and restoring the 7o
sane to thecold gasesin a manner well known -
in Similar engines. '

D 18 a refrigerator, consisting of a series of
small tubes surrounded by water, through
which the air passes on its way to the cold
end of the ¢ylinder for the purpose of taking
out such heat from the air as has not been ab-
sorbed by the regenerator, also a well- known
device. '

It 18 the crank -shaft, having two cranks
placed at an angle to each other and connect-
ed in the ordinary way to the two pistons A’
and B, transmitting their power and control-
ling the time of their motions. Fig. 3 shows
the relation of these cranks one with the oth-
er. I find in practice that the angle of seven-
ty-five degrees gives the best results, but this
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may be varied as circumstances réequire.

F is a furnace wherein the combustion takes
place, and having passages f, connecting it
with the interior of the cylinders A and B.
This furnace F may be of any size and burn
any fuel as 1s found to be practicable; but I
prefer to make it, as shown, quite small, and
to burn thereinsome form of hydrocarhon fuel,
as hereinafter described.

- (18 @ pump automatically operated by a
connection with the engine, and here shown
as connected with an eceentrice, H, onthe main
shaft B, for the purpose of'supplying the fuel
tothe furnace I\ The connection of this pump
G with the shaft is shown more fully in Fig.
2, 1n which the eccentric H is connected to
one end of a link, I, the other end of which is
jointed to a distance-rod, H', attached to the
shaft or any other convenient stationary point.
It will be seen that by the variation of the po-
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ger B’ is fitted to work tightly. These plun- | sition of the link T relative to the plunger G
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any amount of stroke may be given to the |
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such water at will. I also provide with the

plunger G’ from the full throw of the eccen- | passage a a throttle-valve, P, by closing which

tric to nearly or quite none. The length of
the distance-rod H' bears such relation to the
plunger G’ and the eccentric H that the plun-
ger G is caused to approach to nearly the inner

‘end of thebarrel of the pump G ateach stroke,.

whatever may be thelength of the stroke. In-
stead of varying the stroke of thepump G, the
same object may be attained by connecting
therewith a vessel containinga piston or other

means for varying the size thereof, into which

vessel a portion of the gas within the pump G
may be allowed to expandasit is compressed,
and the amount of fuel pumped 1nto the en-
gine may thereby be reduced. The position
of the piston within this vessel or supplement-
ary chamber may be determined by a gov-
ernor, so as to automatically control the
amount of gas delivered while the stroke of

the pump remains constant. o
The valves g and ¢’ are of ordinary construc-

tion, and need not be specifically described.
A pipe, K, leads from the pump G to the fur-
nace If, |

Lisan air-pump, for the purpose of supply-
ing air for the proper combustion of the fuel
within the furnace F. It is of ordinary con-
struction, having valves {7 and plunger L/,
and is driven, preferably, by an eccentric, M,
on the main shaft. The stroke of this pump
I may be made to vary in the same manner
as the pump G, or the amount of air supplied
thereby may be otherwise varied, as described
above in connection with the said pump Gj;
but I prefer that it should have a constant
stroke, as shown. A pipe, N, leads from the
air-pump L to the furnace I

Any of the well-known means may be eni-
ployed for igniting the fuel within the fur-
nace; but when the interior of the furnace,
which consists of a refractory substance, like
fire-brick, has once becon:.e heated to 1ncan-

descent temperature the fuel will ignite spon- |

taneously upon coming in contact therewith.

I provide a valve, O, in the passage a,
through which the air passes to and from the
cold end of the changing-cylinder A, which
valve is operated by an eccentrie, O’, mounted
on the main shaft, or by other means. = This
valve O is similar to the slide-valve of a sin-
gle-acting steam-engine, and admits a portion
of the air or actuating-fluid from the passage
a at each revolution into the annular space 0,
formed between the eylinder B’ and the trunk
of the plunger B’. This annular space may
bear any desired proportion of area to the
area of the cylinder B toadmit of any desired

expansion to the portion of the air which is

adwmitted thereto by the valve O. The pas-
sage a is formed with a depression or pocket,
a’, in which any water condensed from the

produets of combustion will accumulate, and

in which the valve O issituated, so that when
any water accumulates therein 1t will be
blown out on the opening of the valve O. A

‘more or less the resistance of the passage of 7o

the air or gas from the cold to the hot end of

‘the cylinder A, or vice versa, may be 1n-

creased or diminished.  The stem of this valve

P extends out through a proper stuffing-box,
and is connected through an arm, p, to a cen- 75
trifugal governor, Q, whereby the valve P 1s

caused to be operated automatically by the

varying speed of the engine.

- Another centrifugal governor, R, Fig. 2, is

connected to the distance-rod H' in such a 8o
manner that when the speed of the engine in-
creases the link I is drawn over to reduace the
throw of the plunger G’, and thereby decreases
the supply of fuel to the furnace I’. T'hisgov-
ernor R, instead of being attached to the dis- 35
rance-rod H', may be connected to a variable

‘chamber communicating with the pump G,

or with any other means for controlling the

supply of gas to the furnace. -
- Iprefer to graduate the two governors B yo

and Q relatively to each other in such a man-
ner that the governor R shall have completed

its action before the speed hasincreased to such

an extent as to cause the governor () to oper-
ate the valve P, so thatin controlling the speed 95
of the engine the amount of fuel supplied to
the furnace F will be thus reduced to a mini-
mum, and if that be not sufficient then the
throttle-valve P will be brought into action to~
increase the internal resistance of the engine. 100
The operabion of the engine is as follows: -
The interior of the cylinders A and B, the
regenerator C, tubes D, and passage a and
furnace F, all communicating, are first filled
with a volume of atmospheric air or other gas 103
at any desired pressure by a pump or other- -
wise. The engine being turned over by hand
or by any other convenient means, the plunger
A’is caused to descend and force the air which
is below it through the refrigerator D and re- IIO
oenerator Cinto theupper portionof the cylin-

der A. Atthesame time the fuel pump G and

air-pump L deliveraportion of gasor other fuel
with the necessary oxygen for its combustion
into the furnace F,whereit is ignited, and the

Land ]
(22 | )
Chn

products of combustion, passing through the

ports f, mingle with the air or gas within the
engine, causing the whole to become heated
and the pressure thereof to increase. This
forces the plunger B’ to descend, exerting the 120
energy derived from such pressure upon the
crank 2. The plunger A’ now retarns by the
revolution of the crank-shaft and crank I,
forcing the heated air or gas in the upper part

of the cylinder A down through the regener- 125

ator C, which absorbs the larger part of the
heat therein through the refrigerator D, which

‘takes away the balance of that heat into the

lower end of the cylinder A? thus reducing
the temperature and the pressure, when by 130
the revoluticon of the crank E’ the plunger B
is forced back into the eylinder B, driving all
the air therein,also through the regenerator.C

pet-cock, X, is also provided for removing ! and refrigerator D, into the lower part of the
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cyiinder A*, The valve O having opened for
a short time at the commencement of the re-
turn-stroke of the plunger B', admitted a cer-
tain volume of the air from the passage ¢ 1nto
the annular space b and then closed, allowing

the air which was thus admitted to b to ex-

pand and assist in the return of the plunger
B, this air being subsequently exhausted
thmuﬂ'h valve O. Meantime the plungers of
the pumps (x and L have descended and taken
1n a fresh supply of gas and air. By the con-
tinual revolution of the shaft E-the plunger
A’ is now brought again to the lower end of
the changing - ¢ylinder, foreing the cold air
therefrom around through the reﬂlo‘emtm D
and regenerator C into the upper end of the
cylinder A, 1n which passage it has taken up
the heat which was stored in the regenerator
C and beeninereased in pressure. At the same
time the fuel pump G and air pump L have
delivered another supply of fuel to the fur-
nace I, and the products of combustion from
1t have passed 1n and mingled with the air or
gas within the engine, still further increasing
its heat and pressure, by which the plunuel
B’ is forced outward, as before. This cycle of
operations contmues regularly with each revo-
lution. The valve Oissoarranged that it will
admit only a definite amount of air from the
passage ¢ into the annular space b, which vol-
ume is less than the volume of the pump L.
It will theretore be seen that so long as the
pressure within the passage a bears the same:
inverse ratio to the volume of air admitted
into space 6 that the atmospheric pressure
bears to the volume of the pump L, the quan-

tity of flnid within the engine will remain con-

stant. 1t will also be seen when the valve O
18 adjusted fo admit into the annular space b
a definitely smaller volume of air than the vol-
ume of the air-pump L that if the pressure

- in theengine A B is such that this volume of

55

alr so admitted into 6 does not weigh the same

as the volume of air which is pumped intothe
furnace I through the pump L, the pressure
in A B must increase with each stroke until
the eqguilibrium between the amount of air
delivered by the pump L and the amount of
alr removed by the valve O is secured.

Thefurnace I may be heated up before start-
ing the engine by building a fire within the
same, or b} a gas-jet, or by intxoducing alive
hot coal just before starting the engine. It
may also.in some cases be “made sufficient] y
large to receive a quantity of solid fuel, in
which case the pump G can be dispensed with,
the pump L furnishing air for the combus-
tion of the fuel within the furnace as rapidly
as the veeds of the engine require.

The advantages due to my invention are,
the heat, being applied directly to the gases
within the engine, i1s all utilized, with the ex-
ception of the small proportion, usually about

, one-tenth, which is rejected through the re-

fugerabor D or 18 lost by radiation. Thas
portion of the fluid which is removed by the
valve Oand annular spaced, it will be noticed,

is taken from the cold end of the engine after
it has passed throughthe regenerator C,where-
In a large portion of its heat has been stored
or trapped. This airtherefore carries off none
of the heat supplied to the engine, as does the

70

exhaust of an ordinary gas-engine or any form

of the Cailey engine heretofore known. By
the use of the same fluid inthe engine, stroke
after stroke, it requires but a small proportion
of the hlghl'y -heated products of combustion
to be mingled therewith in order to impart the
required amount of heat.
therefore small in proportion to the capacity

of the engine, and the loss from compressing

a large amount of air at each stroke issaved,
and the cost of compressing the alr com-
pressed by the pump L is nearly repaid by
the expansion of the air in the annular space b.
It is evident that this annular space b can be
replaced by an independent piston working in
another eylinder; or it could be replaced by
inclosing the 1ower portion of the pump L;
but I plefel to employ the annular space, as
shown.

A difficulty which attends nearly all air and
oas engines exists in consequence of the resist-
ance of the compression of the air in the eyl-
inder in some portion of the revolution, and
this difficulty increases greatly in engines in
which a high pressure is used.

One of the advantages dae to my invention
is that the engine may be started at atmos-
pheric pressure with little resistance, and
after a few revolutions the pressure will-ac-_
cumulate in consequence of the pump L put-
ting in more air than the valve O lets out,

whlch will eontinue until the proper pressure

is attained and the engine is ready to work at
its full load. It 18 ev1dent also that the gov-
ernors () and R might bereplaced by a single
governor, So arranged as to act first upon the
link I, and secondly upon the throttle-valve
P: but such an arrangement forms part of a

- separate application for patent which I make

coincident herewith. The serial number of
said application is 129,504; and I hereby dis-
claim the invention which I have claimed
therein, I also disclaim in this application
the method herein described of operating an
air or gas engine, as such method 1s embraced
by my apphcdtlon No. 170,120, filed June 29,
1385.

In practice 1t will probably be found best

toemploy twosuch enginesas herein described,
working upon opposite cranks or through
beams, so that the normal pressures upon the
working-pistons will balance each other, and
the working-piston B’ will therefore not be
compelled to be forced back against the back
pressure by the momentam of the fly-wheel.
I have preferred, however, to represent it in
this case as a single engine for the sake of
simplicity in the drawings.
- 1 do not claim the use of working and chang-
ing plungers in combination with themselves
or with the regenerator or refrigerator, as
shown,

The air-pump Lis
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I claim as my invention——

1. Inan air orgas engine in which the same
actuating - luid is repuated]y heated and
cooled, the combination, with a fuarnace com-
municating by ports or passages with the hot

c¢hamber behind the working piston or plun-

ger, and within which chamber the actuating-
fluid is expanded while doing worl, of a re-
generator for intermittingly cooling the said
fluid after it has done its work, said regenera-
tor retaining the heat for subsequent use, and

~a valve for removing the water cm]deused

- from said
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produacts of combustion, substan-
tially as set forth.

- 2. Inan air or gas-engine in which the same
actuating - fluid is repeatedly heated and
cooled, the combination, with a furnace com-
municating by ports or passages with the
chamber containing the said fluid, so that the
products of combustion may mingle with and
thus heat the same, of a valve for removing
the water which may be condensed from the
sald products of combustmn subs*autlally as
set forth.

3. In anair or gas engine in which the same
actuating - luid is alternately heated and
cooled, and in which hot products of combus-
tion are mingled with said fluid within the en-
gine, the combination of a valve for removing
a portion of the cooled fluid from the engine
at intervals, and a pocket or reservoir for col-

lecting the water which may be condensed

from the products of combustion, substan-
tially as set forth.

4. Inan airor gas engine in which the same
actuating - fluid is repeatedly heated and
cooled, the combination of a piston or plunger
for chapging the fiuid to or from the hot and
cool portions of the engine, a hot chamber in
which the products of combustion are ex-
panded, a furnace communicating with said
hot chamber and adapted to mingle hot pro-
ducts of combustion with the fluid therein, a
working piston or planger operating in said
hot chamber and adapted to utilize directly

the expansive energy of the heated fluid, and

a valve for removing the water condensed

from said products of combustion, substan-
tially as set forth.

5. In an airor gas engine in]which the same.
‘actuating - luid is repeatedly heated and

cooled, the combination of a piston or plunger
for changing the fluid to or from the hot and
cold portions of the engine, a working piston
or plunger for directly utilizing the expansive
energy of the heated fluid, a hot chamber 1n

which said working-piston .operates, a fur-

nace communicating with the said hot cham-
ber, a regenerator arranged to retain a portion
of the heat of the fluid when the latter 1s on
its way from the hot tothe cool portion of the
engine, and to restore the heat tosaid fluid on
its  return to the hot portion of the engine,
and a valve for removing the water which
may be condensed {rom S&ld products of com-
bustion, substantially as set forth.

! luid on lts 1613[1].[1 to the hot portion of the

6. Inan air or gas engine in which the same |

| and a valve

actuating - fluid is repeatedly heated and
cooled, the combination of a piston or plunger
for changing the fluid to or from the hot and
cold portions of the engine, a working piston
or plunger for directly utilizing the expansive
energy of the heated fluid, a hot chamber in
which said working-piston operates, a far-
nace comrmunicating with the said hot cham-
ber, a regenerator allftnﬂ'ed to retain a por-
tion of the heat of the finid when the latter is
on its way from the hot to the cool portions
of the engine, and to restore the heat to said

70

engine, a refrigerator for conveying away
such pmtmns of the heat as is not stored up
by the regenerator, and a valve for removing
the watel eondensed from the products of
combustion, substantially as set forth.

7. In an air or gas engine in which the same
actuating - fluid 1s alt-ermmtely heated and
cooled, a contracted chamber or passage
throuo*h which the said fluid 1s forced as 1t

35

'passeb to and from the hot and cold ends of go

the engine, said chamber or passage being
provided- wi’th a valve adapted to regulate the
facility or speed of passage of the said fluid,
sitbstantially as set forth.

8. In an air or gas enginein which the same
actuating - flunid is alternately heated and
cooled, a contracted chamber or passage
thmugh which the said fluid 1s forced as it
passes to and from the hot and cool ends of

the engine, said chamber or passage being pro- 100

vided Wwith a valve for regulating the Speed of

passage of said fluid, ‘combined with a gover-
nor for aut'omatically controliing said valve,
substantially as set forth.

9. Inan air or gas engine in which the same
actuating - fluid is alternately heated and
cooled, the combination of a furnace commus-
nicating with the echamber containing the said
fluid, and thus adapted to mingle hot produets
of combustion with the latter, one or more
measuring devices, as air-pumps, for regulat-
ing the supplsf of hot products of combustion,
for regulating the resistance of
the fluid in its passage to or from the hot and
cool ends of the engline, substantially as set
forth.

10. In an air or gas engine 1n which the
same actuating-fluid is alternately heated and
cooled, the combination, with a furnace com-
municating with the chamber containing the
said fuid, and thus adapted to mingle the hot
products ‘of combustion with the latter, one or
more automatically-controlled measurmg de-
vices, as air-pumps, for regulating the supply
of the hot produects of combustion, a valve for 125
regulating the resistance of the fluid in its
passage to or from the hot and cool ends of
the engine, and a governor for automatically
controlling said valve, substantially as seb

forth.
GEO. H. BABCOCK.
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Witnesses: g
CHAS. ELXIN,

JNO. SCOTT.
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