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UNITED STATES

PATENT OFFICE.

ROBERT LUNDELL, OF NEW YORK, N. Y., ASSIGNOR OF ONE-IIALF TO
CHARLES J. KINTNER, OF NEW YORK, N. Y.

COMBINED AIR AND EXPLOSIVE ENGINE.

SPECIFICATION forming part of Letters Patent No, 691 , 788, dated January 28, 1902,
Application filed March 29, 1900, Serial Mo, 10,634, (No model,)

o all whomv it may concern:

Be it known that I, ROBERT LUNDELL, a
citizen of the United States, residing at New
York, borough of Manhattan, county and
State of New York, have made a new and use-
ful Invention in a Combined Air and Explo-
sive Engine, of which the following is a speci-
fication, . ‘

My invention has for its objects, first, to so
combine an ordinary explosive-engine, as a
gas-engine, with an engine operated by air
or other gases under pressure that it will
alwaysbeself-starting; second, to socombine
two such engines that the heat generated by
the explosion of the gas in driving the gas-en-
gine will act expansively upon the air utilized
expansively in driving the air-engine, and,
third, to so combine two such engines that
the heat generated by the gas-engine will act
expansively upon the air utilized by the air-
engine, and, vice versa, the air utilized by the
air-engine will tend to cool the heated parts
of the gas-engine.

"T'o these ends my invention consists in the
novel combination of engines and operative
parts hereinafter described, the essentially

hovel -features of which will be particularly.

pointed out in the claims at the end of this
specification.

‘For a full and clear understanding of my
invention, such as will enable others skilled
in the art to construct and use the same, ref-

erence is had to the accompanying drawings,

in which—
Figure 1 is a part sectional and part side
elevational view of a combined air and gas or
explosive engine embodying the principles of
my invention. Fig.2 isa similar view illus-
trating the application of my invention when
used in connection with tram or street cars
having along wheel-base. Fig.3isa similar
view illustrating the application of my in-
vention when used in connection with tram
or street cars having a short wheel-base, and
Fig. 4 is a similar view illustrating the ap-
plication of my invention when used in con-
nection with a locomotive having three or
more drive-wheels, : '
My invention contemplates the utilization
of two engines combined in one and so ar-
ranged and interconnected that the pistons

are driven alternately in opposite directions
by the combined influence of an explosive
gas and a gas or other elastic medium, as air,
under pressure, the arrangement being such
that during any portion of the stroke of the
pistons the explosive agent is acting in one
engine and the expansive agent in the other
in the same direction, so that the engine is
practically self-starting under all conditions
of usage. Itcontemplates, further, the utili-
zation of the heat generated in the explosive
part of the engine to act expansively upon
the air utilized in that part of the engine
which is driven by air under pressure and
also the cooling effect of the air used under
pressure upon the heated portions of the com-
bined engine. In other words, I propose to
utilize effectively the heat which is ordinarily
dissipated or wasted in gas or explosive en-
gines and the cold which is ordinarily detri-
mental in the operation of eompressed-air
engines in ,such manner.as to increase the
efficiency of the combined engines and at the
same time avoid the objectionable features
ordinarily due to the heating of gas-engines
and the cooling of air-engines. -

In order that my invention may be fully un-
derstood, reference is had to the accompany-
ing drawings in detail and first to Fig. 1, in
which C and C' represent, respectively, high
and low pressure cylinders of a combined en-
gine provided one with a piston P and pis-

-ton-rod R and the other with a piston P’ and

piston-rod R’, said piston-rods being con-
nected, respectively, by pitmen M and M’ to
the ecrank K and shaft s of the drive wheel
or pulley D, as shown. It will be noted that
the cylinder C’and its piston P'are of larger
diameters than are the corresponding parts
of the cylinder C and piston P, and this for
the reason that the first-named cylinder is
what I term a ‘‘low-pressure” ¢ylinder..  The
cylinders C and C' are both surrounded by
air-chambers A and A/, the air-chamber A
being connected directly by a pipe p, run-
ning to the source of compressed air or other
gas to be utilized under pressure, while the

55

6o

w

65

70

75

8o.

85

go

95

corresponding air-chamber A’ of the cylinder .

(' is connected by a pipe m, running to the
outlet or exhaust e from the high-pressure eyl-
inder C. ¢{ arethe inlet-pipes running from
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. the inner faces of the pistons P and P’
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the source of explosive-gas supply, prefer-
ably under pressure, to the usual admission-
ports g g'. aa areinlet-ports connecting the
air-chambers A and A’ with the interior of
the cylinders C and C’, the arrangement of
valves, ports, &e., being such as are ordi-
narily used in connection with gas and air
engines and need no description here, it be-
ing obvious that their operation for the ad-
mission of gas and air to the opposite ends of
the eylinders C and C' would be as is usual
in conneetion with such engines.

The operation of this combined engineis as
follows: An explosive gasisadmitted through
the pipes ¢ ¢ to the ports g ¢" and ultimately
to the inner surface of that ¢ylinder C or C'
to which the full or free face of the piston P
or P’ is closely approximate at the end of the
stroke—say, for instance, in the left-hand end
of the cylinder C. At the same time air is
admitted from the source of compressed air
through the pipe p into the surrounding
chamber A of the cylinder C, the previous
supply of air admitted thereto under high
pressure having been utilized in driving the
pisten P from right to left, so that the air
within the e¢ylinder C is now at relatively low
pressure. Consequently this air at low pres-
sure will tend to act through the exhaust e,
pipe m, admission-port ¢, and chamber A,
the admission-valve in the port o' thereby
tending to drive the pistons by air-pressure
from left to right, so that the drive wheel or
pulley D is driven in the direction of the
curved arrow. On the completion of the
stroke to the right the valves are reversed in
the ports of both of the eylinders and the sup-
ply of gas which was admitted at the right-
hand end of the piston P’ is exploded, thereby
tending to drive the piston P’ to the left; and
at the same time air is admitted under pres-
sure from the source of high pressure through
the chamber A, valve, and port ¢ behind the
right-band end surface of the piston P. It
will be apparent that during each rotation of
the shaft s of the drive-wheel D thereare two
explosions of the explosive gas against the
full free faces of the pistons P and P’ and
also that during each complete stroke there
are two air admissions under pressure against
As
the air is admitted through the pipe p from
the source of high pressure into the chamber
A itissubjected to the heating influences due
to the heat generated in the explosion of the
gas entering the cylinder through the port g.
In like manner as the air is admitted under
low pressure from the port ¢ by the pipe m
into the surrounding chamber A’ of the low-
pressure cylinder C' a similar cooling effect
is had upon the heated portion of the eylin-
der and a correspondingly expansive effect
upon the air in the chamber A’ before it is
admitted through the port o', as already de-
scribed. It will therefore be apparent that
this engine utilizes the heat due to the explo-
sive effect of the explosive gas to expand the
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air utilized in that portion of the enginedriven
expansively, while the air in turn by reason
of its cooling effect tends to cool the heated
portion of the engine. ‘

In Fig. 2 I have illustrated the application
of myinvention to a tram or street car having
a long wheel-base, the cylinders C and C' be-
ing located close together and the arrange-
ment of the cylinders being the reverse of that
shown in Fig. 1. In this figure of the draw-
ings the cylinders are located inside of the
wheel-base, and the two cranks K and K’ are
connected together by a link L.

In Fig. 8 of the drawings I have shown the
application of my invention toatram orstreet
car having a short wheel-base, the cylinders
being located outside the wheel-base and on
opposite sides of the car-wheels D D' and the
eranks K and K' connected together by a
link L, while in Fig. 4 I have illustrated the
application of my invention to a locomotive-
engine having three drive-wheels D D'D?, the
cylinders being located outside of the wheel-
base, a common connecting -link L being
shown for causing the drive-wheels to be
driven together. The structuralarrangement
of the cylinders and their intermediate con-
nections is substantially alike in all of the
figures of the drawings.

Having thus described my invention, what
I claim, and desire fo secure by Letters Pat-
ent of the United States, is—

1. A compound engine having ahigh-pres-
sure and a low-pressure cylinder and pistons
located therein, said cylinders being provided
with gas-ports for admitting an explosive gas
against the full free faces of the pistonsand
additional ports for admitting a gas under
pressure against the other faces thereof, the
cylinders being so interconnected that the gas
under pressure as it leaves one of them isad-
mitted at lower pressure as it enters the other,
substantially as deseribed.

9. A compound gas and air engine having
two cylinders and interconnected pistons
therefor; said cylinders being each provided
with a surrounding air-chamber for main-
taining a free circulation of air around them
50 as to produce acooling effect thereon; to-
gether with supply pipes and ports for ad-
mitting an explosive gas against the full free
faces of the pistons and additional ports for
admitting air under pressure against the other
faces thereof, a connecting-pipe being located
between the eylinders for exhausting the air
from one cylinder and admitting it to the
other, substantially as described.

3. A compound engine having a high and
a low pressure cylinder and a piston located
in each, said cylinders being each provided
with a gas-port for admitting an explosive
gas against vhe full free face of each piston
and each provided also with an additional port
for admitting a gas under pressure against
the opposite face of each piston; in combina-
tion with pipes,valves and connections adapt-
ed to be operatively connected with a source
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of gas-supply, both of said pistons being op-
eratively connected to a common driving-
shaft and the arrangement such that gas un-
der pressure, as it leaves one of the cylinders,

is admitted at a lower pressure as it enters

the other, substantially as described.

4. A compound engine having a high and
a low pressure cylinder, the latter being of
greater diameter than the former and a pis-
ton located in each, said pistons being op-
eratively connected with a common driving-
shaft; in combination with an air-chamber
surrounding each cylinder, said air-chambers
and cylinders being so interconnected that

an explosive gas is adapted to act alternately |

upon the free faces of the pistons, and air un-
der pressure from a direct source of supply

3

upon the other face of the smaller piston, the
exhaust-air from the smaller cylinder being
adapted to act upon the opposite face of the
low-pressure piston, the arrangement being
such that the explosive effect of the gases
tends to expand the air acting under pres-
sure, and, on the contrary, the cooling effect
of the air tends to reduce the temperature
set up by the successive explosions, substan-
tially as deseribed. .

In testimony whereof I have hereunto sub-
seribed my name this 10th day of March, 1900.

ROBERT LUNDELL.

Witnesses: .
C. J. KINTNER,
M. F. KEATING.
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