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UNITED STATES

Pe,tented December 27 1904.

PATENT OFFICE

HENNIN(J FRIEDRILH WALLMANN OF LHIQAGO ILLINOIS

COMBINED INTEHNAL-COMBUSTION AND AIR ENGINE

| SPECIFIGATION fcrmmg pa.rt of Letters Patent No. 7'78 289 dated December 27, 1904
| Apphcatmn filed Augus: 21, 1900 Renewed December 16, 1902 Serlel Nc 136,462

- To all whom it mc&y concern: |
Be it known that I, Hexning FRIDDRIOH

W ALLMANN, a citizen cf the United States, re-

siding at (Jhlcafrc in the county of Cook and
State of Illmcls ha,ve invented certain niew
and useful Improvemente in 8 Combined In-

ternal-Combustion and Air Engine, of Whlch__

the following is a spemﬁcatlon L
My present invention isin the nature of an

improvement upon the engine forming the
subject-matter of a prior a,pphcatlcn

me on the 20th day of April, 1900, Serial No.

In the said application 1 chsclcsed a
plan for alternately admitting to the working

'cylmder a.combustible body cf mixed gas and
~air and a body of compressed air, the single-

- acting air-compressor delivering at each com-

_ pressmn-stroke a body of compressed alr to

- the working cylinder, first-for promoting com-

20

:25'

_I 30

the working cylinder, the |

bustion, and thereby heating the working cyl-
inder, and next for ccclmﬂ' the combustion-
cylmdex and by the expansion of the heated
compressed air converting part ct the heet
thus absorbed into power.

My presentmventlcn is similar to that dis-
closed in the foregoing application to the ex-

tent that it ccntemplates the alternate use of

combustible and non-combustible charges in

primary mctwe power and the latter serving
both as a cooling and as a power - prcducmo’
agent; but my present improvements relate

more partlcularlv to novel means for creating |

~and introducing to the working cylinder the

35

40

~ in some cases for spraying the oil fuel into the '_

43

50

alternate ccmbustlble and non - combustible

charges, including a double-acting air- com-
pressor of specml construction, which has the

triple function of supplying air for the com-
bustible charge, supplying the non-combusti-

ble charge, and supplying a body of highly-

compressed air for starting purposes and also

combustion-cylinder. Thisair -compressor for
convenience and economy of space is prefer-
ably arranged in alinement with the working
cylinder, whlch arrangement is especially ad-
vantageous where the engine 1s used as a mo-

tor for self-propelled Vehlcles, which 1s one of

the prmclpal applications of my present in-

Ventlcn centemplated by me, and the plStOIl

1led by

. a,nﬂ'les to the view shown in Fig. 1.

1sa sectional plan view on the lme 33 of Fw' |
irst serving as the

the sake of clearness are omitted from the
other fi

| of the alr-compressor is so ccnnected to the

crank-shatt as to always maintain a fixed and
predetermined relation to the piston of the

‘working cylinder, the two pistons moving
JI]W&PdlY and outwardly almost Slmulta,ne— 55

ously, the working piston having a slight lead
over the compressor-piston, whereby the su Ip-

| ply of compressed air is constantly main-

tained and its introduction to the working
cylmder 1s properly timed. Go -
Another feature of my invention residesin
the introduction of the liquid-hydrocarbon
fuel 1mnto the working cylinder by means of
an air-blast, whereby it isthoroughly sprayed
and vaporized, and the introduction by simi- 65
lar means and in a similar manner of a small

Jet or spray of water into the non-combusti-

ble charge on its way to the working cylinder. |
My invention is ﬂlustlated in the accom-

panying drawings, in which—

- Kigure 1 1s a Vertlcal sectional view on the -

line' 11 of Fig. 2 looking in the direction of

‘the arrows of an engine embodymcr my pres-

ent 1mprovements. Fig. 2 is an elevation,
partlv in section, on the lme 22 of Fig. 1 look-
ing in the direction of the arrows and at right

Flﬂ‘

75

1, illustrating prmmpally the valve- cpera,tmo*
mechamsm a,nd Fig. 4 is a vertical sectional
detail, broken away, of the air-compressor
and wcrkmo' cylinder at right angles to the
sectional view shown in FIC" 1, 111ustrat1n0'
certain valves and air ccnnectlcne which for

80_

gures and illustrating also a modifica-
tion in the manner of 11]131‘0(1!101110‘ the oil fuel.
Similar numerals of reference refer to simi-
lar parts throughout the several views.
A working cvlmder 1 and an air-compressor

00

- cyhnder 2. preterablv arranged indirect aline-

ment with the working cylmder constitute
the principal elements of my present engine.

As I have herein illustrated the invention in
the form of a vertical stationary engine, I will

95
so describe it; but I wish it to be understood

that the mere manner of mounting the engine
1s not of the essence of my invention.
The working cylinder is supported upon a

“suitable frame 3, In the base of Wthh 18 qur-— 100
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naled the. main crank-shaft 4. 1In this shaft
are formed three cranks 5, 6, and 7, the out-
side ecranks 5 and 7 being set, parallel and the
micddle crank 6 being set at an angle of one
hundred and thirty-five degrees to the eranks
5 and 7, as plainly shown in Fige. 1. The crank
6 18 connected to and actuated by the worlk-
ing piston 8 through a pitman 9, while the
cranks 5 and 7 operate the piston 10 of the
alr-compressor through a pair ot parallel pit-
men 11 12, connected to a sliding cross-head
13, 1n which. 1s secured the upper end of the
piston-stem 14. The crank-shaft 4 may be
provided with the usual balance-wheel 4.

In the head of the working cylinder 1 are
located three valves 15, 16, and 17, the valves
15 and 16 being the regular admission and ex-
haust valves, respectively, for both the com-
bustible and non - combustible charges and
the valve 17 being an admission-valve for a
high-pressure charge of air for starting pur-
poses and 1n some cases for spraying the oil
1nto the working cylinder.

The upper half of the inner surface of the
working cylinder 1s provided with a metal
Iining 18, backed by some suitable bad con-
ductor of heat 19—as, for instance, asbestos
wool mixed with silicate of soda—the inner
face of the eylinder-head being similarly pro-
tected, and the upper half or more of the pis-
ton-body 1s made of slightly less diameter
than the cylinder, so as to be out of contact
with the walls of the latter, 1ts upper end be-
ing formed of a series of metal and asbestos
disks 20 and 21, respectively, alternately ar-
ranged for the purpose of conserving the heat
resulting from the explosions and later 1m-
parting 1t to a body of compressed air sub-
sequently admitted to the working cylinder.
I have not shown the working cylinder as
equipped with the usual water-jacket, because
I employ other and different cooling means:
but, 1f desired, the lower lubricated end of
the cylinder may be provided with a water-
jacket.

I will next describe the air-compressor 2,
which 1s shown as supported directly above
and in line with the working cylinder by a
frame 22. This alr-compressor 1s double-act-
ing. In i1ts upper cylinder-head are inlet and
discharge valves 23 24, respectively, Figo. 4,
the latter communicating through a pipe 25
with an air-tank 26, in Wthh a bod y of alr at
about fifteen - pounds -gage pressure 18 con-
stantly maintained. However, this pressure
of about fifteen pounds per square inch may
be varied to a considerably higher or lower
pressure, as may best suit the conditions.
The sole function of the upper end of the air-
compressor 1s to supply compressed air to
the air-tank 26. In the lower cylinder-head
are four valves 27, 28,29, and 30, 27 and 29
being air - inlet valves and 28 and 30 being
air-discharge valves. The valve 27 is posi-

tively controlled 1n its closing movement by

stored there

778,289

a mechanism hereinafter described, and the
valve 28 controls a duct 31, leading to the in-
let-valve 15 of the working cyvlinder. The
valve 29 preferably admits low - pressure air
from the tank 26 at every other upward stroke
of the compressor- piston, and the valve 30
permits a small body of highly -compressed
alr to pass through pipe 32 to a tank 33 to be
for starting purposes. In the
bottom of the tank 26 1s a positively-operated
valve 34, which 1s connected by a duet 35 with
the valve 29.

Referring now to the valve-actuating mech-
anism which I prefer to employ for properly
timing and controlling the several functions
of the air -cOMPressor and the wor king cylin-

| der, 36 designates a cam-shatt, which may he

journaled in any convenient way, asin braclets
37 38, secured to the working cylinder, and
further in brackets 39 40, secured to or formed
integral with the frame 22. On the shaft 36
are keyed three cams 41, 42, and 43. Cam
41 actuates the main discharge-valve 28 of the
alr-compressor through a bell-cranl lever 4.4.
Cam 42 actuates the exhaust-valve 16 of the
working cylinder through a bell-crank lever
45, and cam 43 actuates “the controlling-valve
34 1n the air-tank 26 through a bell -erank
lever 46. There 1s also %hd.ll)h keyved upon
the cam-shaft an adjustable cam 47, which
through a bell-crank lever 48 controls the air-
inlet valve 27, said cam 47 bemge adjusted to
different positions to vary the amount ol at-
mospherie air supplied for the combustible
charge by means of alever49, asplainly shown
1n Kig. 2

The cam-shaft 36 1s connected, by means of
beveled gears 50 51, to the upper end of an in-
clined shaft 52, which 1s in turn connected at
1ts lower end by means of heveled oears 53 54
to the crank-shaft 4, as shown. Said OeATS
are preferably so proportioned that the cam-
shaft turns exactly once while the crank-shaft
1s turning twice; but the proportion of said
gears may be changed to suit the order of
alternation ruling the admittance of the com-
bustible and non-combustible charees to the
working cylinder.

It remains to describe the means which I
have devised for automatically supplyine and

spraying the oil for the combustible charge

and a jet of water for the non-combustible

charge.

Connected with the engine 1n any suitable
way to be operated from amoving part thercot
are an oill-pump 55 and a water-pump 56. 1
have herein for convenlence ‘%110\1 n sald pumps
as mounted on a bracket 57, connected with
the frame 3, their pistons and valve-stems
being operated from a series of cccentrices 58,
59, 60, and 61, fast on one end of the can-
shaft 36. These pumps may be ot the type
of the well-known Brayton oil-pump: d‘l( need
not, therefore, be further described, it bheine
noted_, however, that the stroke of Lhe 011~
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pump plunger is made adJustable from the
lever 49 by the simple mechanism shown in.

Fig. 2. The weter-pump at every stroke de-

livers a small jet of water through pipe 62 to

the canal or duct 81, the dehvery of each jet
being so timed as to occur simultaneously with

- the passage ot a non-combustible charge from

1O

the air-compressor to the working eyhnder_
through duct 31.

‘The fuel-pump at each
stroke delivers a measured quantity of oil suf-

ficient for the combustible charge through

| IS

20

pipe 63 to the duct 31 or to the casing of the

valve 17, Fig. 4, as may 1In practice be found
~most desirable. . _

Inasmuch as under certam elreumstanees

(hereinafter explained) it is desirable to cut
out the supply of water to the engine and
cause both pumps to pump oil, 1 effect this re-

sult in a simple manner by means of a pipe

eonneetlon 64 between the oil and water suc-

- tion pipes and an ordinary three-way turning
cock 65 1n the jnnction between connection 64

- gine and assuming that the parts are in the po-

and the water-suction pipe. The cock 65 may

be turned by hand by means of a handle 66..

67 indicates an ordinary form of electric
sparker.

Referring now to the operatmn of the en-

- sitions shown, I will describe the operations

© 30

35

taking place through one complete cycle. As-
suming that the WOI‘RIDO‘ eyhnder IS receiv-

ing a combustlble ehercre the air-compressor

plston 10 1s forcing a body of air previously
admitted from the atmosphere through valve

27, past the open valve 28, through duct 31,

and past open valve 15 mto the Workmcr cvl—
inder.

~ being forced into the duct 81, Wthh is seized

{o.

upon by the blast of air and swept by 1t 1nto.

the working cylinder, where it is thor ouo"hly

‘vaporized by the heat in the latter and min-

| ble mixture

gling with the air forms therewith a combusti-
When now the piston 10 has

reached the end of its downward stroke and

the piston 8-is forty-five degrees along on its

piston 8 peri'orms a working stroke. At the

~ beginning of this working stroke of piston 8
 the valve 34 is opened by its cam, and during

the npward stroke of piston 10 low-pressure
~air from the tank 26 is drawn into the air-

- compressor cylinder past valve 29. At the

55

6o

completion of the working stroke the exhaust-

valve 16 1s opened by its cam, and during the

following inward stroke of piston 8 the burned

pr oducts of combustion are exhausted to the

atmosphere, they having previously, how-
ever, Imparted a large part of their heat to
the.piston' and cylinder-walls. During this

exhaust-stroke of the working piston the com-

pressor-piston 10 passes its upper dead-cen-
ter and, descending further, compresses to a

high pressure the body. of previously-com-

pressed air taken from tank 26. 'When now

_____________

the parts have again reached the positions

‘At the same time a charge of fuel is

cylinder, prefereblsr carcying with it a small
jet of water 31multaneously supplied to duct

.31 through pipe 62. Just before the piston
10 completes its downward stroke the valve

28 1s allowed to close and the small body of

- hwhlv—eompressed alr remalning in the cyl-
‘inder is forced past Velve 30, throu0‘h pipe 32,

shown 1n the dra,wmc-'s the exhsust—velve 16 .
‘has closed, the 1nlet—valve 28 has opened, and

the hw‘hly-eompl essed air beneath piston 10
is delivered through duct 31 into the working

75

into the high-pressure air- tenk 33. Thecom- '

pressed air and water thus admitted to the
working cylinder at once absorb heat from

the piston and cylinder-walls, with which they

come into the most intimate a,nd thorough con-

tact, the water being at once converted 1nto

80-.

superheeted steam, wherebv the working cyl-

inder is cooled and at the same time the eX-
pansive energy of the compressed air is

largely increased. The piston 8 thereupon per-

forms its next outward or working stroke un-
der the energy of the heated compressed Q1r,
While this stroke 1s being performed the pis-
ton 10 passes its lower deed center and once
more rises, thls time preferably drawing in
atmospheric air for the next combustible
charge past valve 27, which valve opens by

QO

suction, but has the time of its closing regu-

Jated by the edjusta,ble cam 47 to eentro] the
amount of air supplied for the eombustlble. |
The succeeding instrokes of the pis-

charge.
tons eﬁeet the exhaust ef the expanded com-

Y5

pressed air and steam and the compression of
{ the atmospheric air for the next combustible

100

charge, bringing the parts once more to the
positions shown inthe drawings, and thus com-

pleting the cycle.

In describing the foregoing cycle no men-
tion has been made of the Opemtlon of the up-
perend of the air-compressor; but it is obvious

that on every downward stroke of the piston

10 a body of atmospheric air is drawn into
the cylinder past valve 23, and on every up-

“ward stroke of said plston the same is com-
outward stroke, the eharcre is fired and the |

pressed and forced past valve 24, through pipe

25, Into-tank 26, the elr—compresser 9 thus de-

livering, pretersb]y two cylinderfuls of air

to the tank 26 for every one that it draws from
t.

reSpectwelv, have preferably each two cam-
faces formed diametrically opposite on their

It will also be understood that the cams
41 and 42, which operate the valves 28 end 16,

105

IIO

115

peripheries, inasmuch as they are required to

actuate their respective valves once for every
revolution of the crank-shaft 4 or twice for

every revolution of the cam-shaft 36.

I20

In some cases, especially where a heevir hy-

drocarbon oil is used, it may not be found de-
sirable to introduce both the o1l and the water:

into the duct 31, as shown in Fig. 1, for the

125

reason that the Wster may have sueh a cool-

ing effect that the oil will not thoroughly
vaporize and be carried into the working cyl-
inder on each combustmn—stroke but a por-

130
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tion of it unvaporized may cling to the walls

of the duct and be swept in with the follow-
Ing compressed-air stroke, and thus wasted.

“T'his may be obviated, as shown in Fig. 4, by

causing the oil-pipe to tap the casing of the

inlet-valve 17 and causing it to be sprayed
into the cylinder by a blast of high-pressure.

alr from the tank 33, which latter may be
timed to sult the operation of the engine by
a cam 68, operating on a lever 69, fast on the
stem 70 of a valve which controls the admis-
sion of high-pressure air from tank 38 to the
valve 17. The essential feature in the supply
of both the oil and water to the working cyl-
inder which I regard as both novel and im-
portant is their introduction by a blast of com-
pressed air, whereby they are thoroughly
sprayed and reduced to a finely-divided con-
dition. The particular place or point of their
introduction 1s relatively unimportant.

Any known starting mechanism may be em-
ployed for properly admitting high-pressure
alr from the tank 38 to the working cylinder
for that purpose, and as such forms no part
of my present invention I have not shown it
here. When starting, however, the engine
will ordinarily be cold, and hence it will be
desirable for a while after starting to operate
the engine by combustible charges only until
the cylinder-walls and piston of the working
cylinder become sufficiently hot to permit
the operation by alternate combustible and
noncombustible strokes, as hereinbefore de-
scribed. This can be effected by turning the
cock 65 so as to cut off water and admit o1l to

the water-pump 56, the stroke of which may

40

45

55

60

65 proximity of the cylinder-heads of their re- .

be maderegulable in any desired manner. In
this way oil 1s supplied to the working cylinder

by the pumps 55 and 56 alternately, and the

engine operates only as an internal-combus-
tion engine until the working cylinder and
piston get hot, when 1t may be changed to its
normal operation as a combined internal-com-
bustion and alr engine. |

The tandem arrangement of the working
cylinder and air-compressor, with their pis-
tons connected to nearly opposite cranks on
the crank-shaft, whereby the pistons movein
opposite directions nearly simultaneously,
produces a well-balanced engine free from the
shock and jar common in engines of this char-
acter. It will be understood, however, that,
especlally in a ‘stationary engine, the work-
ing cylinder and the air-compressor may be ar-
ranged side by side, as is shown in my patent
for internal-combustion engine, No. 677,048,
of June 25, 1901, their cranks being placed at
an actute angle of about forty-five degrees.
So the cranks may be either at an acute or
at an obtuse angle, the object being in either
case an arrangement allowing of the two pis-
tons—namely, the piston of the working cyl-
inderand the piston of the compressor—mov-
ing at somewhat different instants to a close

clearance within the latter.

778,289

spective cylinders, leaving only a mechanical
This could not
well be done if the cranks were parallel to
each other—i. e., either at an angle of zero
degree or at angle of one hundred and eighty
degrees, both of which angles are such only
1n a scientific sense, but which in ordinary Ian-
guage are no angles at all. It will therefore
be understood that if in the claims the eranks
are referred to as being at an angle or as not
being parallel the meaning is that the eranks
are elther at an obtuse or at an acute angle
with reference to each other for the purpose
of first compressing the charges in the com-
pressor-cylinder and then delivering the same
to the working cylinder after the piston
thereof has started to leave the proximity of
the respective cylinder-head. 1t will also he
understood that the alternation of combusti-
ble and non-combustible charges referred to
herein does not necessarily mean that cvery
other charge is combustible and every inter-
mediate charge non-combustible, but it is in-
tended to broadly cover any cycle of opera-
tions in which combustible and non-combus-
tible charges succeed each other in any pre-
determined order, which order may possibly
be variable during the operation of the engine
elther by hand or automatically by means of
a governor, thermostat, or any other appara-
tus adapted to regulate the power or speed of
the engine or the temperature of some part
thereof.

I elaim as my invention—

1. In an internal-combustion engine, the
combination of a combustion-cylinder, a dou-
ble-acting compressor, a eranlk-shaft, pistons
1n operative connection with said combustion-
cylinder, crank-shaft and double-acting com-
pressor respectively, means for delivering
alr from sald double-acting compressor to
sald combustion-cylinder on the same side of
the piston thercof with each successive cycle
of sald engine, a source of fuel and means for
delivering charges thereof during predeter-
mined cycles only to the same side of the pis-
ton of said combustion-cylinder and with-
holding the same during intermediate cycles.

2. In an 1nternal-combustion engine, the
combination of a combustion-cylinder, a com-
pressor, a crank-shatt, pistons in operative
connection with sald combustion - cylinder,
crank-shaft and compressor respectively by
means of cranks at an angle to each other,
meansfor delivering air from said compressor
to said combustion-cylinder on the same side
of the piston thereof with cach successiveeyele
of said engine just before the piston of said
compressor arrives at one of the ends of its
stroke, a source of fuel and means for deliver-
ing charges thereof during predetermined
cycles only to the same side of the piston of
sald combustion-cylinder, and withholding the
same during intermediate cycles.

3. In an internal-combustion engine, the
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combmetmn of a combustion-cylinder, a dou-

10

15

20

30 .

35

40

45

55

'.'60

| ferent relative presstres with respect to each

-ble acting compressor, a crank-shaft, pistons | other to the same side of the piston of said
In operative connection with said combustion- combustlon cylinder. |
cylinder, crank-shaft and double-acting com- | 8. In an internal-combustion engine ada t-'_
pressor respectively by means of cranksatan | ed to work in a predetermined order of alter- 70
angle to each other, and means for delivering | nation by means of thermedvnamlc cycles of
in some order of alternation combustlble different character, in combination with a
charges for certain cycles of said engine and | working cylinder, a compressor adapted to

! non—eombustlble charges for mtermedlete cy- dlscheroe in the same order of alternation com-
cles to the same side ot the Dlston of said com-. pressed charges of different relative weights 75

“bustion-cylinder. | . with respect to each other to the same side of

4. In an internal- combustmn engine, the | the piston of said working cylinder for said
combination of a cembustlon eylmder a dou- thermodynamic eycles of chﬂ"erent character.
ble-acting compréssor, a crank-shaft, pistons | = 9. In aninternal- combustion engine, a com-

n operetlve connection with suid combustlon- bustion-cylinder adapted to receive in a pre- 8o
- cylinder, crank-shaft and double-acting com- | determined order of alternation for certain
pressor respectively, of valved conduit adapt- | cycles of said engine combustible and for in- .
ed to transfer charges from one side of the | termediate cycles non-combustible working
~piston of sald compressor directly into said | charges on the same side of the piston, in

combustion-cylinder, mechanism adapted to --comblnemon with a compressor adapted to dis- 35
effect a compréssion to higher stage of the | charge in the same order of alternation com-

~ charges discharged from the other side of the _preesed charges of different relative weights

”plston of said compressor before their delivery | with respect to each other to the same side
to the combustion-cylinder, a source of fuel | of the piston of said combustion- cyhnder ) |
and means for delivering and withholding in 10. In an internal -combustion engine in 9o
some order of elternetlon charges thereot for | eombination with a power-producing eylmder g

~predetermined cycles of said engine to the | adapted to expand in a predetermined order
same side of the plston of seld combustlon— of alternation working charges of different
cylinder. relative temperatures with respect to each

5. In an mternel eombustwn engine, the | other, means forsupplying expenmblecheroes 05

- combination of a combustion- cyhnder, a dou- | for ech successive cycle of said engine to the
 ble-acting compressor, a crank-shaft, pistons same side of the piston of said power-produc-

" 1in operatwe connection with said combustmn— | ing cylinder, a source of fuel, a source of wa-

“cylinder, crank-shaft and double-acting com- -ter-eupply.}end means for dehvermff inthesaid
pressor respectively, a valved conduit adapt—, predetermined order of elterna,tlon charges Tco

‘ed to transfer charges from one side of the | from one and the other of said two sources
piston of said compressor directly into said | for increasing the pressure of said expensible

- combustion - cylinder, a receiver, a second | charges. : - -
valved conduit adapted to trensfel charges 11. In an mterna,l combu::tmn encrme, 2
from the other side of the pistonof said com- | combustion -cylinder adapted to receive in 105

. pressor into said receiver before their delivery | some order of alternation for. certain cycles '

- to the combustion-cylinder, or source of fuel | of said engine combustible and for interme-
and means for delivering and withholding in | diate cvelee non-combustible working charges
some order of alternatlon charges thereo‘r for | on the same side of its piston,in combmatmn :
predetermined cycles of said engine to the | with a double-acting compressor adapted to 110

. same side of the plston of smd eombustlon-; compress on one 31de of 1ts piston consecutive

“cylinder. charges "to lower stage and to compress on

6. In an internal- combustlon engine adapt- | the other side of .its piston charges to lower

ed to work in a predetermmed order of elter | and to higher stage in the same order of alter- |
nation by means of thermodynamic cycles of | nation 11111110‘ the admittance of said combus- 115
different character, in combination with a | tible and non-combustible worklna' chargesto .

- working cylinder, a compressor adapted to | the combustion-cylinder. -

“deliver in the same order of alternationcom- | 12. In an internal-combustion entrme the

- pressed charges at different relative pressures combination: with a .combustion - ey_lmder
with respect to each other to the same side of | adapted to receive in some order of alterna- 120
the piston of said working cylinder for said | tion for certain cycles of sald engine combus-
thermodynamic cycles of dlﬁerent character. | tible and for intermediate evcles non-combus-

- 7. Inan internal-combustion engine acom- | tible working charges on the same side.of its
bustion-cylinder adapted to receive in some piston, of a double-aetmﬂ" compressor, and a
order of alternation for certain cycles of said | receiver having valved communication with 125
engine combustible and for intermediate cy- | both ends of Lhe compressor, the said com-
cles non- combustible working charges on the | pressor being adapted to compress on one side.

- same side of its piston, in eombmatlon with a | ofits piston air for the non - combustible
compressor.adapted to deliver in the sameor- |- charges into sald receiver and to compress
der of alternation compressed charges at dif- £30

‘on the other side of its piston charges to
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lower and to higher stage with respect to each
other in the same order of alternation ruling
the admittance of said combustible and non-
combustible working charges to the combus-
tlon-cylinder.

13. In an internal-combustion engine, the
combination with a power-producing cylinder
adapted to expand in a predetermined order
of alternation working charges at different
relative temperatures with respect to each
other, of an inlet-valve leading into said cyl-
inder, and means for supplying through said
inlet-valve in the same order of alternation
previously-compressed expansible charges of
different relative welghts with respect to each
other to the same side of the piston of said
power-producing cylinder.

14. In an internal-combustion engine, the
combination with a power-producing cylinder
adapted to expand in a predetermined order
of alternation working charges at different
relative temperatures with respect to each
other, of an inlet-valve leading into said cyl-
inder, and means for supplying through said
inlet-valve in the same order of alternation

previously-compressed expansible charges at |

different relative pressures with respect to
each other to the same side of the piston of
sald power-producing cylinder.

15. In an internal - combustion engine, a
combustion -cylinder adapted to receive 1in

some order of alternation for certaln cycles.

of said engine combustible and for intermedi-
ate cycles non-combustible working charges
on the same side of its piston, in combination
with means for delivering different welghts
of compressed air to-sald combustion-cylinder
on the same side of the piston thereof for said
combustible and non-combustible charges,
and a pump for introducing water into efmh
non -combustible charge for Increasing 1ts
pressure.
16. In an internal-combustion engine, 1n
combination with a combustion - cy,mdu
adapted to receive in some order of alterna-
tion for certain cycles of said engine combusti-
ble and for intermediate cycles non-combusti-
ble working charges on the same side of 1ts
piston, a crank-shaft operatively connected
to the piston of said combustion - cylinder,
means for supplying compressed air for both
the combustible and non-combustible charges,
fuel and water pumps and actuating mechan-

1Ism between said crank-shaft and said pumps

for delivering fuel for the combustible and
water to the non-combustible charges.

17. In an engine of the class described, a
combustion-cylinder adapted to receive on t

r

the compressed air at higher pressure

he

778,289

same side of 1ts piston consccutive combusti-
ble working charges as well as combustible
and non- combustlble working charees alter-
nating in a predetermined order, in combina-
tion with an operating device dedpte(fl Lo per-
mit of a changing ot the engine from work-
1ne with consecutive combustible working
charges to working with combustible and non-
combustible working charges alternating in a
predetermined order, and also adapted to per-
mit of achange in the working of the engme
1n reverse order.

18. In an internal -combustion engine, In
combination with a power- -producing eylinder
adapted to expand m a predetermined order
of alternation working charges at diflerent
relative temperatures with respect to each
other, a receiver containing compressed air,
a valved conduit leadinge from said receiver
to sald power - producing cylinder, a pump
adapted to deliver a charge of liquid into said
conduit, and a body Of,C-OITl[)IGb.‘nLLl alr for car-
ryine and blowing said charege of liguid out
of sald condultinto said power-producing cyl-
inder for inereasing the pressure therein.

19. Inaninternal-combustion engineadapt-
ed to work 1n a predetermined order of alter-
nation by means of thermodynamic circles of
different character, in combination with a
power-producing cylinder, two receivers con-
taining compressed air at different relative
pressures with respect to each other, a valved
conduit leading from the receiver containing
to salc
power-producing cylinder, & pump adapted
to deliver a charge of liquid into said conduit,
and a body of compressed air for carrying
and blowing said charge of liquid out of said
conduit into said power-producing cylinder
for mcreasing the pressure therein.

20. In an internal-combustion engine, a
combustion -cylinder adapted to receive in
some order of alternation for certain eyceles
of said engine combustible and for interme-
diate cycles non-combustible working charges
on the same side of 1ts piston, in combination
with means for supplying compressed air and
fuel for said combustible and compressed air
and water for sald non-combustible working
charges.:

In testimony that I claim the foregoing as
my invention I have hercuntosigned my name,
this 18th day of August, 1900, in 1;1'10, DICSCNCC
of two witnesses.

HENNING FRIEDRICII WALLMAYXNN.

In presence of—

SAMUEL N. Poxb,
JAMES IC. LAMBERT.
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