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- To all whom it may concerm: -

JOHN R. BRIDGES, OF FINDLAY; OHIO,

EXPLOSIVE-GAS ENGINE.

SPECIFICATION forming part of Letters Patent No, 548,772, dated October 20, 1895, -
~ Application led April 28, 1893, Serlal No, 472,281, (Nomodel o

.Be it known that I, JouN R. BRIDGES, a

- citizen of the United States, residing at Find-

" 10

15

explosive-gas engines.

lay, in the county of Hancock and State of
Ohio, have invented certain new and useful
Improvementsin Explosive-Gas Engines; and

I do hereby declare the following to be a full,

clear, and exact description of the invention,
such as will enable others skilled in the art to
which it appertainsto make and use the same.

My invention relates to an improvement in

T

In gas-engines at present in use the cylin-

~ der is surrounded by a jacket of water. the
‘water circulating in openings cored out inthe

cylinder-casting. Thigsis necessary, as the cyl-

~ inder and piston are constructed as are those

- 20

of ordinary steam-engines,
a low temperature, that they may be properly.
lubricated, they would in a ' _
50 cut and worn that they would be tuseless.

. This may be better realized when it is remem-

. heit.)
"~ thirds during the stroke
‘any point i entirely too hot for any wearing-

_30

35

40

fifty-one per cent.

per-cent. must remain
bave their eylinders jacketed with water, and

bered that the heat engendered at the no-
‘ment of the explosion of the gas and air is

nearly 1,500° centigrade, (about 2,700° Fahren-
T'his temperature falls a half or two-
of the piston, but at

surface to stand, if left uncooled. =

It i3 admitted by every authority that fully
of the heat of the expanded
gases 18 lost through the ecooled cylinder-
walls, thirty-one per cent. exhausted,  and

~ only about sixteen per .cent. converted into
‘usetul effect, the balance being lost from other

parts of the engine. This loss of fifty-one

as long as gas-engines

that will be necessary as long as they are con-
stracted as at present. |

Most gas-engines in use are so constructed

| that they Obtalﬂ an lmpulse Only at GﬁCh..'tW.O
~_revolations of the crank. When an explo-

- sion has been effected, the piston is forced to

- up sufficient momentum or energy in the

the end of its stroke, doing work and storing

very heavy balance-wheel to carry the piston

. through its followivg three operations or

50
~ der; but usually about one-third is left in the

strokes.

trokes. Then the piston is retracted, ex-
hausting

the consumed gases from the cylin-

and if not kept at

very short time be

F

|

—

'-:the | ‘"-explosion -chamber.” The exhaust-

valve then closes, and a fresh charge of gas
and air is drawn into the eylinder by the sec-
ond forward stroke of the piston. Then the
piston is again returned to its first position,
the charge in the meantime being compressed,

thus‘ecompleting the fourth stroke. Then fol-

low the same operations as before.

“There is another class of gas-engines built

which obtain an impulse at each revolution;
but such engines have not been satisfactory,
inasmuch as there is either t6o much burned

gas left in the cylinder or there is a loss of

55
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gas by its following the burned gases out of

the exhaust when too much air and gas are

| allowed to enter the cylinder in driving ont

the econsumed gases. These enginesare very
large for the power obtained, as it is impossi-
ble to clean out the cylinder properly, and

the charge is too greatly adulterated with the
burned and inert gases. .-

- It is the object of my present invention to

remedy, in a very great measure, the losses
attendant on the present construction of ex-
plosive-gas engines and to produce such an
| engine in which the eylinder will not be un-

duly cooled and.in which the large water-

- Jacket heretofore employed will be-dispensed

|

with.

75
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A further object is to construct an explo-

sive-gas engine in such manner that a, great
amount of-energy heretofore lost with other
construetions will be saved.. B

A further object is to so construct gn ex-
plosive-gas engine that the deposit of carbon

on the walls of the eylinder in :‘which the ex-

plosion takes place will be prevented.
A farther objeect is to construct an explo-

slve-gas engine in such manner that a small
charge of air and gas may be used and com-

pressed to the ordinary pressure before ignit-

ing it ‘and at the same time obtain the usual -

initial pressure. o

A farther object is to construct a gas-en-
gine in such manner as to avoid the use of

oil as a lubricant in the main cylinder.

A further object is to provide simple means .

for cleaning out the burned gas without the
loss of gas. | !-

A further object is to reduce the size._and}

.
95

I.O

o | eost of manufacture of a gas-engine without
- end of the eylinder, which space is designatedhl_redueing the power of the same. | --



o

20

“somewhat larger than the main eylinder Aj; |
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A further object is to produce a gas-engine | g, which extends between the sets of packing-

constructed in such manner that fuel will be
economized without reducing the efficieney
of the engine. | |

A further object is to produce an explosive-
oas engine which shall be cheap to manufac-

ture, simple in construction, and efficient 1n

the performance of its functions per horse-
power developed. |

With these objects in view the invention
consists in certain novel features of construc-
tion and combinations and arrangements of
parts, as hereinafter set forth, and pointed
out in the claims. : B

In the accompanying drawings, Figure1.is
a vertical sectional view of the engine. }ig.
92 is a similar view taken at right angles to
Fig. 1. TFig. 8 is a plan view. Fig. 4 is a
cross-section. Fig. 5 is a detail view. |

A represents the main cylinder-casting; b,
the compressicn - chamber, which is made

¢, the engine-bed, and C’ C? castings located
between the lower end of the compression-
chamber and the engine-bed, and beiween
said castings C’ C? is the crank-pit C°.

A jacket D surrounds the eylinder A and

is adapted to produce an air-space 1, which
extends around and above said cylinder, said
jacket D either being bolted to the cylinder
A, as shown in the drawings, or made inte-
oral therewith, as desired. -

In proximity to the base of the cylinder A
an annular air-chamber 2 is made in the cast-
ing and communicates through small ducts 3
with the air-space 1. Another annular air-
chamber 4 is located above the chamber 2 and
communicates with a valve-chamber 5, having
a check-valve 6 therein. The annular air-
chamber 2 also communicates with the valve-
chamber 5, as shown in Fig. 1. Thus it will
be seen that air in the chamber 1 can pass
through the ducts 3 into the air-chamber 2,

from thence to the valve-chamber 5, and
45

thence into the annular chamber 4, from
which chamber the air will pass through in-
clined ducts 7, which communicate at the
lower ends with the interior of the cylinder A
in proximity to the lower end thereof. 'The
upper end of the compression-chamber is
somewhat enlarged, as shown at a, and pro-
duces an annular shoulder b, on which a ring
¢ is located, said ring being adapted to pro-
ject inwardly a distance commensurate with
the difference in diameter of the compression-
chamber and the main cylinder, for a purpose
whieh will hereinafter appear. Within the
enlarged portion a, at the upper end of the
compression -chamber, two sets of packing-
rings I are located, and between said sets of

packing-rings a spring or springs f are in-

serted, these springs being designed for the

purpose of obtaining a close bearing of the
rings at their outer edges, so that any wear at

these points may be continually taken up,
thereby preventing any leakage of water.

The enlarged portion ¢ also forms a chamber | jecting from the bolt &, by means of a pitman

which a check-valve 12 is located.

rings and is adapted to receive water, which
enters at h and has its exivat i/, the water in
said chamber being adapted to come into con-
tact with a piston E, which is made to recip-
rocate in the cylinder A and compression-
chamber B in a manner presently explained,
the packing-rings above described being also
adapted to bear on said piston. In the inte-
rior face of the compression-chamber, some-
what below the center thereof, recesses ¢ are
made for the reception of water.

The piston E is made hollow and on 1its top

| is provided with a ecap j, preferably very

slichtly larger in diameter than the piston, so
that should the

cap j will touch the eylinder and prevent the
piston from becoming scored or its smooth
wearing-face from being injured by coming
into contact with anything other than the
packing-rings. The nain purpose of the cap

|4 is toprevent the hot gases from coming into

direct contact with the cold piston, and the
space within the cap is filled with asbestos or
other suitable material. *

Tothe lower end of the main barrel-piston K
a larger hollow piston E’ issecured, (by means
of a bolt %,) which fits neatly within the com-
pression-chamber B,said piston E’ being pro-
vided with a recess [, in which packing-rings

| I’ are inserted. When the pistons are at the

lower extremity of their stroke, an annular
chamber 8 will be formed between the barrel-
piston E and the interior wall of the compres-
sion-eylinder B, with which chamber a suit-
able pipe communicates at m for the admis-
sion of gas. A pipe 9, having an interposed
cheek-valve 9%, also communicates with the
chamber 8 at one end and at its other end is

adapted to discharge gas into the upper end

of the ecylinder A, the small outlet at the dis-
charge end of said pipe being so made as to
cause the discharge of gas downwardly. 'The
air-chamber 1, surrounding the cylinder A,
communicates with a valve-chamber 11,1n
A pipe 13
also ecommunicates with said valve-chamber

at one end and at the other end with the lower.

end of the compression chamber or eylinder
B. With the pipe 13 an air-inlet pipe 14, hav-
ing a check-valve 15, communicates. A valve-

chamber 16 is located to one side of the cyl-

inder A and isprovided witha valvel7. With
the valve-chamber 16 one end of a duct 13
communicates, the other end of said duet com-

municating with the upper end of the cylin-

der A, said duet being adapted to convey the

piston’ from any cause be
liable to touch the eylinder when working the.

70
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exhausted gas to the valve-chamber 16, from

which it escapes throungh an exhaust-pipe 1i9.

Mounted in a pedestal n, projecting from
the base or bed C of the engine, and in the
casting €, is the engine-shaft I, which termi-

nates at the erank-pit C3, where it is provided.

with a disk wheel »/, carrying a crank-pin o.

The erank-pin o is connected with lugs o’, pro-

130




~casting ¢/, and at its lower end said valve-

10

20

- " to the atmosphere. . The cylinder A will still

35

.:_43

- Was compressed to, say, four pounds pressure
- above the atmosphere.

- will pass up pipe 13 and through the check-
45

~air-space 1, while the heated air will

50

~ Asthese openings are inclined at an angle of
- lwenty-four degrees downwardly, the air will

55
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cam-wheel p is secured to the shaft. Thestem

the dash-pot is carried by the valve-stem 20,

valve to be closed quickly, the tension of said
- spring being regulated by means of a collar
- 26, adjustably secured to the valve-stem.

1n the positions shown in Fig.1 and a charge

which may be ignited in the usual way by a

- will be forced down to the end of the stroke
-~ Into the position shown in Fig.2. When the

edge of the openings 7 in the cylinder A, the

© shaft F through the medium of the stem 20,
~and the remaining pressure of the expanded

- pheric pressure, which gases are expelled in
the following manner: When the piston E’\

- where they will meet,
~ body, will force the hot and burned gases out
~ ihrough the exhaust-duect, and thence to the

B is supposed to be one-seventh larger than
- the interior diameter of the cylinder A, (more
- orless;) and as the air in its travel around the.
~ hot casting or eylinder A (when the engine is

- rarefied it will drive out all of the burned
- gases in the cylinder A by the time the up- |

B/, The'sh_aft I also carries a balance-wheel |
F% and in proximity to said balance-wheel a

20 of the valve 17 passes downwardly through
a suitable packing-box secured to the casing
of the valve-chamber 16 and through a dash-
pot 21, carried by a bracket 22, secured to the

rod 1s provided with a roller 23, adapted to
bear on the cam-wheel p. The plunger 24 of

whereby to cause the exhaust-valve 17 to be
seated lightly. A spring 25 encireles the
valve-stem, whereby to cause- the exhaust-

Assume now that the pistons E and E’ are.

has been compressed in the space q at the up-
per end of the eylinder A, (this condition can
be obtained by turning the engine by hand,
or by a hand-pump if the engine is large,)

flame or by an electrie spark, when the piston

upper edge of the cap j reaches the upper

exhaust-valve is opened by the cam 1 on the

gases in the cylinder A is allowed to escapo

remain filled with burned gases at atmos-

was 1n the position shown in Fig, 1,the space ]
in the compression-chamber under it, as well
as the space in the crank-pit, was filled with
alr, which _on the downstroke of piston E’

T'his compressed air

valve 12 into the air-space 1, but will not do
so freely until the exhaust-valve 17 is opened,
when it will be perfectly free to pass into the
pass
down through the holes 3 Into the enlarged
annular chamber 2, thence through the check-
valve 6 into the annular chamber 4 and into’
thecylinder A through the passagesorducts?.

strike upon the face of the casting or cap 7,
and, rising in a solid

atmosphere through the valve 17 and exhaust-
pipe19. The compression eylinder or chamber

fully in operation) will be highly heated and

548,772

per edge of the casting or cap j reaches the

upper edge of the openings 7. Then the ex-

haust-valve will close and the piston-barrel
X will begin to compress the inclosed air in .

main ¢ylinder A.

On the downstr_()kle 2as was bein g admitted '

to the space or chamber 8 through the inlet
m, at which point any suitable valve may be
located. By the closing of this valve the gas

In the chamber 8 will be prevented from re-.
-turning when the piston E’ on ‘its return
stroke compresses the gas and forces it

80

through the small pipe 9, past the check-
valve 9%, into the upper end of the cylinder

A, there mingling with the fresh charge be-
piston-barrel E

ing compressed. When the
reaches the position shownin Fig. 1, the charge

wiil be again ignited and the preceding opera-

tions repeated. It will be noticed that the
point of exit of the gas from the

75

pipe 9 is

pointed and smaller than the balance of the

pipe, the object being to introduce the gas in

a fine and foreible jet, that it may penetrate
and agitate the air and thoroughly mix the
two gases. | ; o
- On the upward stroke the retraction of the

piston E’ will draw in fresh air through the

check-valve 15 in the pipe 14, which when ¢g

closed on the return stroke will prevent the

escape of air when being compressed.
In all engines the piston slides along the
surface of the inside diameter of the cylinder,

100

and in gas-engines, as before stated, to make
this possible or practicable it is necessary to

keep the eylinder cool, which causes a 10ss of

one-half the energy of the heated gases. I
have in myimprovement greatly reduced this:
loss by reversing this method in a way. ‘The .
piston is a light hollow barrel sliding along
the packing-rings H, and, being of slightly

Q0

less diameter than the surrounding cylinder-
casting A, it therefore does not touch it. -

The packing-rings H are in pairs or sets; 110

having a space between them, into which the- |
steel springs f are inserted, and having suf-

ficient tension to keep the rings bearing hard

upon their outside edges against the adjacent
g water.
will be introduced through the inlet % in suf-
ficient quantity to keep the rings and the

surface. Into the space or chamber

115

springs and the surface of the piston-barrel

K at all times cool and at the same time -
‘bricate their wearing-faces. Any water which
may escape into the upper chamber or cylin-

der A will be a very small quantity,
by-the pressure of the
A 1t will be forced down so it may be expected
that the only water which will
inder A will be what will remain on the sur-
face of the piston-barrel E.

if any, as

gases in the cylinder
enter the eyl-

- What water

120

1'25

may escape into the gas-.chamber 8 will bere-
moved by the recesses 7 in the following man- -
ner: When the piston E reaches thelower.end
of its stroke, any water that may beonitsup-
per edge will run into these recesses, where it
will remain as the piston moves up on its re-
turn stroke, when, having reached the end of




IO

20

i

its upward motion, the recesses are uncovered |

by the piston E’ and the water will run out.
There will be no loss of gas by these recesses,
for the reason that they will be filled with air
when the piston opensthem into the gas-cham-
ber 8, which will remain unless driven out by
water, which will prevent any gas from enter-
ing them. However, should any gas escape
into the lower air-chamber it will eventually
be carried into the eylinder A. Itisintended
to keep a proper amount of water and oil In

the crank-pit at all times to lubricate the

parts, the splashing of which will reach the
upper end of the connecting-rod and lubri-
cate it also, and any excess will be drawn oft
in a suitable trap.

By the form and construction of the cast-
ings ¢/ C? it will be observed that the space
in the crank-pit is greatly contracted, and by
increasing or diminishing the depth of the
casting C? the pressure of the air can be regu-
lated as desired, within certain limits. 'T'his,
of course, can ounly be done by having differ-
ent covers or castings C. Where an engine
is only doing light work constantly, a very
licht pressure would be required in the air-

chamber B. Not so much air would be re-

30
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. . charge necessary

quired to keep the cylinder A cool as when
the engine is working to the full limit of 1ts
power a great part of the time. o
As I have stated, the greatest loss 1n gas-
engines accrues from the cooling of the eylin-
der by the water circulating around it. Inmy

improvements the eylinder A occuples the po-

sition of the eylinder in other engines, and as

there is no wearing-surface uponitit may be
kept at a great heat compared with water-
cooled eylinders. The air-space 1 being sup-
plied at each revolution with cool fresh air,
the radiating heat of the cylinder A will be

taken up by this air and at the proper time

will be injected into the cylinder A and there
compressed. and supplied with the proper
amount of cas to make it an explosive mix-
ture. . | |

In explosive-gas engines in which the cyl-
inder is cooled by water the explosive charge
when compression is complete and just before
ignition takes place is mnever of a much
higher temperature than the atmosphere from
which the air is taken. In my improvement
by taking the air from the space 1, which has
been used to cool the walls and end of the
cylinder, and compressing it 1n the eylinder,
which is very hot, a great amount of heat is
absorbed by the charge from the cylinder.
Thus the charge is given a very high temper-
ature before ignition, and therefore will re-
quire just so much less gas in the charge to
produce the temperature in the exploded
to create the corresponding
pressure. Heat or energy that passes through
the cylinder-walls and into the water Is lost
entirely; but heat or energy that passes
through hot eylinder-walls into the air that 15

" used in the following explosion is not lost,

but is carried back from where it came, re- |

548,72 -

quiring just so much Joss of the valuable ele-
ment of the combination producing heat or
energy to keep the same up to the efficlency

‘required.

The object of the check-valve 12 in the pipe
14 is that when the cool air has entered the
space 1 and the valve 6 is held down by the
pressure of gases in the cylinder A (this press-

' ure being communicated to the top of this

valve through the small space between the pis-
ton-barrel E and the cylinder A) it will become
heated and its pressure increased by radiated
heat from the eylinder A. It willnot then be

70

73
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able to return down the pipe 13; but the in-
stant the exhaust-valve opens, thereby reliev-

ing the pressure on the top of the valve 6, it
will rush into the cylinder A with sufficient
violence and force to expel the spent gases
from said eylinder, and the latter will then be

filled with an almost pure and highly-heated

air. When the heated air left in the space l
and the pressure became sufficiently reduced,
the air from the lower end of the c¢ylinder or
chamber B ascended and took the place of
the air that entered the eylinder A and forced
all the heated air out of said eylinder. The
air-space 1 should be of the same cubical ca-
pacity as the space within the cylinder A, to
the end that the space 1 may be filled at each
revolution with cold air and also that none of
the cold air may enter the cylinder A when
the spent gases are expelled, but will all re-
main in the space 1 to cool the eylinder A and
in turn to be heated by it. If some cooling
did not take placein the eylinder A, it would,
from the constant explosions, become too hot
to stand the pressure put upon it. "

While I in no way save any of

the heat of |

0o

935
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the exhausted gases, I do save that heat in a
oreat measure that passes into the walls of :

the cold eylinders at present used, and by the
addition of another jacket D’ and interposed

asbestos D% which will be done, I can further
increase the heat of the air in the space 1. |

As the explosion will take place in a cylin-
der that will be highly heated, there will be

no deposit of carbon on the walls of thespace

in which the explosion takes place.
A small space between the sides of the pis-
ton-barrel E and the walls of the cylinder-

11§

casting A when the piston is at any consid-

erable point above the lowest point of ifs
stroke will always be filled with non-circu-
lating gases, that will act to prevent much
heat being transferred to the piston, and con-
sequently not much loss will occur at this
point. | o |
The continual passing of the piston-barrel
through the water surrounding it between
the packing-rings I will at all times keep 1t

i cool and well lubricated.

The expansion of the exploded gases, tak-
ing place in a hot-walled c¢ylinder, in which
no water is used to cool it, will be as perfect
as possible—that is, the decrease in the press-
ure will be due very nearly to expansion alone

120

125

139

and not be intensified by-the cooling effect




- at the time of the exhaust a pressure nearly |

~construetion, comparatively

G2 Qi

. ber communicating with said first-mentioned

30 d any .
=~ rior of the eylinder, substantially as set forth.
- 2. Ina gas engine, the combination with a

40
. the lower end
- forth.

.. - effecting great economy in
. IO
~ Several times more than it is in engines at

~of the water surrouhding the cylinder-walls.
This being the case, it is possible for me to
use a very much smaller charge of air and

gas, and, compressing it to the ordinary press-

-ure before igniting it in a small explosion-

chamber and obtaining the usualinitial press-
ure and suffering slight loss from cold walls,
expand it to the end of the stroke, thereby
the consumption
of gas, the original volume being expanded
present in use, and yet have in the cylinder

as great, by reason of the expansion being due
alone to the movement of the piston.
The engine above described is simple in
] cheap to manu-
facture, and is effectual in every respect in
the performance of its functions.
Having fully described my invention, what

I eclaim as new, and desire to secure by Letters

Patent, iS-—- | . | -
1. In a gas engine, the combination with a

cylinder, and a piston, of an air chamber sur- |

rounding said eylinder, an annular air cham-

. air chamber, a second annular air chamber

communicating with the first mentioned an-
nular air chamber, and duets leading from
sald second annular air chamber to the inte-

a
a

~ cylinder, and a piston, of an air chamber or
Space surrounding said eylinder, an annular

-+~ 8pace, a second annular air chamber adapted
-~ to communicate with the first mentioned an- |

air chamber communicating with the air

nular air chamber, and inclined ducts lead-

ing from said second annular air chamber to

the interior of the cylinder in proximity to
thereof, substantially as set

3. In a gas engine, the combination with a

~cylinder, .and a piston, of an air space Sur-

45

| rounding said eylinder, an annular air chams-
- ber adapted to communicate with said air
~ ’space, a second annular air chamber, a valve |
- chamber with which both of said annular air

- chambers communicate,a check valve in said

50
.~ second annular air chamber into

valve chamber, and ducts leading from said
said cylin-
der, substantially as set forth. |

- 4. In an explosive gas engine, an explosion |

548,772
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| pression chamber, and a

Cylind”er,- surrounded by an_air space which

communicates with the cylinder, said air
space adapted toreceive a supply of fresh air
‘to keep the explosion eylinder cool, said air

space adapted to empty into the cvlinder

wherein it expands to flush and clear the eyl-
inder of exhausted gases and the heat which
1t has absorbed from the explosion cylinder

80 prepares it that the supply of gas required
to be added to form an explosive mixture is

reduced to a minimum, substantially as set
forth. |

9. In an explosive gas engine, the combina-

tion with a main explosion eylinder, and a

compression chamber, of an air space sur-

rounding the main eylinder, said air spacein
communication with the eylinderand the com-
pression chamber whereby fresh air is re-
ceived from the compression chamber into
the air space where it is utilized to cool the
cylinder and then allowed to discharge into

‘the cylinder to flush the latter and remove the

exhausted gas and an exhaust port through
which this exhausted gas is discharged, sub-
stantially as set forth., -

6. In a gas engine, the combination with a
main ¢ylinder, a compression chamberin coni-
munication therewith, and an exhaust port,

of a gas chamber, a piston operating therein,

a pipe leading from the gas chamber to the
cylinder, said gas pipe having a check valve
therein adapted to be kept closed by the par-

tial vacuum formed in the compression cham-
ber and by the expanding air in the ¢ylinder

while flushing the latter, substantially as set
forth. | a |

7. In a gas engine, the combination with a
cylinder and a compression chamber, of a pis-

ton adapted to operate in the main cylinder

60
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and ecompression chamber and produce a gas
chamber between it and the wall of the com-

pipe leading from
sald gas chamber to the upper end of the main
cylinder, and adapted at its free end to dis-

charge gas into the cylinder downwardly and
in a fine jet, substantially as set forth.

In testimony whereof I have signed this

Speciiication in the presence of twosubserib-

ing witnesses, - |
| | JOHN R. BRIDGES,
Witnesses: - | |
H. WALTER DoTY,

- MARY A. BRIDGES, .
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