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Be it known that 1, Vierow W, Kieseari,
a citizen of the United States. vesiding at
East Orange. in the county of Fasex aud
State of New Jersey, have mvented certain
new and nselul Trprovements in Internal-
Combustion Fugines: and T do herely de-
clare the {ollowing to bhe a full, clear. and
exact description of the imvention. snel as
witl enable others slkilled in the ure to which
it appertains to make and nse the e,

My inveution consists in the novel featnres
hereima fter deseribed, velerence heing had
to the accompanying drawings whirh illus-
trate several embodiments of my imvention,
selected by e for purposes of illustration,
and the said invention is fully diselosed in
the following description und clainiz,

This application is o continuation in part
of wmy former application filed Mapel 12,
1919, Serial No, 282,175,

In the operation and wse of internal con-
bustion engines o charge of explosive mix-
ture is ignited in the cambnstion chamboer
or chambers in op conpnunieating with the
engine cylinder or cvlinders, imparting a
sudden and powerful impact against the pis-
ton or pistons, due to the rapid formation
of large volwmes ol gas prodoced by the
combination of the explosive charge, and
accompanicd by the evolition of “intense
heat. Tt follows that ws the piston or pistons
is or are moved outward by the mpaet ol
the gases. the pressurve thereol rapidly de.
creases as the size of the combustion cham-
ber i tnceveased by the movement of the pis-
ton or pistous. and it has also heen found
necessiry (o eliminate a large proportion of
the heat by radiation, in order o prevent
overheating of the evlinders, pistons, and
valves, and as a considerable mmount of heat
is Just throngh the exliust, it is cuslomary
i this tvpe of eugines or motors to employ
large masses of metal, in the foration of
the cvlinders. I order o fucilitate the ab-
sorption and radiation of the heat. and albso
to provide additional means, sucli as water
jac{(vts. and extrancous rwdiantors connected
therewith, or other couling weans for e
rapid radiation to the atmosphere of a large
portion of the heat of the igniteld charye,
which s thus dissipated and lost. The oh-
Jeet of my invention is {o provide a procesy
and apparatus for convertin:: a large por-

tion of the heat evolved in the combustion
of the explosive charge in internal combus-
tion engines, into energy for the double pur-
pose of increasing the efficiency of the en-
wine. and for the elimination of a certain
propurtion of the evolved heat, which is thus
converted into energy and transmitted to the
ctank shaft o the ¢ngine, In carrying out
my invention, I injeet into the cylinder or
evliimders or combustion chamber or cham-
bers.at a point in the cvele of operation be-
tween the time of jgnition of the explosive
charge and the time of exhausting the burnt
gases. a substance which will absorh a con-
siderable portion of the heat of the explosive
charge, aml by expansion, combustion, or
otherwise, increase the pressure of the gases
produced by the ignition of the normal
charge. thereby increasing materially the
elfectivestroke of the piston. and preventing
the rapid decline of pressure which follows
the tenition of an ordinary explosive charge.
The substance which T prefer to inject into
the exlinder or combustion ehamber for the
purpose specified, is water, which is prefer-
ablv warmed to a poing somewhere near the
boiling point. or 2127 Fahrenheit, as water
absorbs large quantities of latent heat in its
conversion into steam. and increases very
largely in volunme such conversion. thereby
extracting heat from the ignited charge,
while at the same tie, it greatly increases
the pressare within the cylinder, and there-
by du a highly efficient manner converts a
large portion of the heat of the 1rnited
charge into useful energy, while lowering
the temperature of the burning gases and
the surrounding parts, holding them in con.
finement. T may. however, inject other sub-
stances of a gaseous. liguid, or solid ¢harae-
ter. in the sane manner and for the same
purpose. For example, T may inject a sup-
pleniental charge of an explosive mixture of
wuses, or a sall quantity of liquid explosive
material. or water containing explosive ma-
terial, for example picric acid, or T may in-
jert w finely divided solid sueh as, for ex-
ample.atinely divided powder or pierie aci]
or other explosive substance.

The time in the cyele of the engine at
which the injection of the extraneous heat
absorbing and pressure forming material is
injected mayv be fixed with respect to the
stroke of the piston, or the time of injection
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may be regulated either mannally or auto-
matically with respect to the stroke of the
siston, and if desired, it may also be regu-
f;te(l with respect both to the stroke of the
piston and to the time of ignition. Some
of the benefits and advantageous results of
my invention in the construction and oper-
ation of internal combustion engines, may
be stated as follows:—

a. It will allow of using higher compres-
sicns, : .

. It will permit the burning of lower
grade fuel oils.

e. It will permit the utilization of a
greater extent in mechanical work of the
heat of the explosive charge developed m
the cylinder or cylinders, which is now
wasted thirough the exhaust and by radia-
tion.

d. Tt will eliminate the necessity for at
least a large part of the cooling apparatus
now necessarily employed in the operation
of internal! combustion engines.

e. 1t will continue the pressure within the

5 cylinder for a greater length of piston

stroke. and lengthen the effective stroke of
the piston.

£ 1t will diminish the excessive heat ac-
tion npon the cylinder, piston, and inlet and
exhuust vilves which have hitherto been to a
great extent limiting factors as to the
amount of heat which could be handled for
the purpose of developing power in ex-
plosive combustion engines,

. The motor will be more flexible, more
free from vibration. and will have ‘a more
uniform terque.

k. The motor will produce more power
per unit of cylinder area.

7. Higher speeds may be used for given
ratios of cylinder dimension. )

4. Radiating surfaces and external cool-
ing devices may be largely, if not entirely,
dispensed with, owing to the elimination of
a Jarge part of the heat evolved by the ig-
nited charge and its conversion into power
or energy.

It will also be understood that my in-
vention is applicable to engines of one or
more cylinders. and o engines operating
wpon either the four cycle or two cycle sys-
tem.

Tn the accompanying drawings,

Fig. 1 represents diagrammatically an
embodiment of my ilnvention applied to a
one cvlinder internal combustion engine, in
which the injection of the lieat ahsorbing
and pressure producing material is effected
by 8 pressure system under the control of
an  electromaguetically operated  control
valve operating in timed relation with the
irnition mechanism.

Fig. 2 represents an enlarged view of one
form of injectur for earrying oul my -
vention, and the electromagnetically oper-

1,463,588

ated control
Fig. 1.

Fig, 3 represents u one cylinder engine
embodying my invention, in which the pres-
sure applied to the injector is controlled Ly
2 valve acting in timed relation with the en-
gine shuft and therefore independent of the
1gnition mechanism.

[Figr. 3% 15 an enlarged detail view of the
form of injector and measuring chamber
shown in connection with Fig. 8.

Fig. 3 is a detail of the control valve.

Tig. 4 15 an enlarged detail view of a
siphoning valve shown in Figs. 1 and 3 for
supplying the injector with liquid either
from the water jacket of the engine cylin-
der or from an extraneous source.

Fig. 5 is a diagrammatic representation
of an crnbodiment of my invention similar to
Fig. 1 in which the electromagnetically op-
erated valve controlling the injector is op-
eratively connected with and operates in
timed relation with the inagneto which sup-
plies current for the ignition, :

Fig. 6 represents an embodiment of my
invention similar to Iig. 1 in which the clec-
tric circult controlling apparatus for the
injector 1s operated in timed relation with
the engine, but independently of the igni-
tion mechanism,

Fig. 7 vepresents » modification of the in-
jector aml ite controlling mechanism, in
which the pressure system is controlled by
a valve operated mechanically by a part con-
nected with the engine. and in timed rela-
tion therewith, without the use of an elec-
tromagnetic control for such valve.

IFigr. 8 represents another niodification of
the injector in which the pressure system
lustrated in connection with the other and
preceding figures is dispensed with and the
pressure necessary for injection is supplied
merhanically by means of a plunger oper-
ated mechanically by and in timed relation
with the part connected with the engine.

Ifig. 9 1s a view similar to Fig. 1 showing
the mjector located in the cylinder head,
anid also showing -electromagnetically con-
trolled means for independently adjusting
the timing of the ignition and of the opera-
tion of the injector.

Fio. 10 is a detail view similar to Fig,

valve therefor, ag shown in

.5 showing the injector v the cvlinder head,

and electromagnetically contrelled, and a
magneto combined therewith and construct-
ed to enable the time of ignition and injec-
tion to he simultaneously advanced or re-
tarded.
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Fig. 11 s a view similar to Fig. 9 showing

means for simultaneously advancing or ve-
tarding the time of ignition and injection
and also menns for separately and inde-
pendently adjusting the thming of either or

hath, o o
Fig. 12 is a detail view of an injector of
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the type shown in Fig. 8 showing thé elec-
tro-magnetic control apparatus arranged to
directly sctuate the injecting plunger.
Referring to Fig: 1 of the accompanying
drawings, which illustrates one embodiment
of my invention selected by me for purposes
of illustration, 1 represents an engine cylin-
der, 2 the piston working therein, 3 the crank
case, 4 the crank shaft, 5 a crank, 6 the con-
nectinlg rod from the piston to the crank, 7
the inlet valve, 8 the exhaust valve, 9 and 10
the cam shafts operatively connected with
the engine shaft by gearing indicated dia-
grammatically in dotted lines and provided
respectively with inlet and exhaust came 11
and 12, for actuating the inlet and exhaust
valves through the usual rods 13 and 14 and
Iavers 15 and 16. 17 indicates the spark
plug connected by wire 18 to the secondary
coil 19 of the spark coil, having a primary
winding 20, both windings being connected
to ground by wire 21 through the separable
contacts 22 of a periodic interrupter having
a cam 23 on or driven by one of the cam
shafts 9 or 10 (in this instance the shaft 9),
as is diagrammatically illustrated in Fig. 1,
the prinary winding 20 being connectef by
wire 24 to s battery 25, which is in turn con-
nected to grounlz The foregoing parts

' represent a simple and known form of a
-one cylinder interngl combustion engine in

connection with which it will be conven-
tent to describe the application of my inven-
tion thereto. . ;

At some point, preferably in the side wall
of the cylinder 1 Eetweﬂn the extreme inser
and cuter positions of the piston therein, as
may be desired, I locate my hoproved in-
jeetor nozzle 26, one farm of which is shown
enlarged in Fig. 2. The exterior of the
nozzle is preferably threaded so as to he
screwed into a fthreaded aperture in the
cylinder wall in substantially the sume man-
ner in which the spark plugs are ordinurily
inserted in the cylinder head, and where a
waler jucket is employed in connection with
the evlinder, as shown in Fig. 1 for example,
the nozzle 26 will preferably be mude of
safficient length so that its inner end will be
alsost in line with the inner faces of the
eviinder wall. © The nozzle 26 is provided
vith an internal chamber 27 and is also pro-
vided at its inner end with a discharge aper
1 prefer to provide the
inner end of the nozzle with a plurality of
dischiarge apertures of very fine hore, dis-
posed at increasing inclinations fo the axis
of the nozzle from the center entward to-
wards the periphervy so thut the “liquid or
other material injected shall be sprayed into
the ignited charge at the proper time iwas
fively divided and separated condition as
pussible. so as to instantly absorh heat there-
from and be converted into steam or gas-
eous form. At its outer end the nozzle is

provided with a valved easuring chamber
29 with which the injector passace 27 coni-
wunicates by a small aperture 30 normaliy
closed by a ball cherk valve 31 actuated by
a spring 32.
provided with an inlet or siphoning port 33
and with a pressure inlet port 34, cach of
which communicates with a threaded uipple,
and the chamber itself. which is cvlindrical
in form, and is provided with a piston valve
35 having an annular groove 36 sirrounding
the same, and a longitudinal hore or pas-
sage 37 communicating with said groove by
a transverse passage 3%, the said annular
groove being aduapted to register with the
pressure inlet port 34 when the valve is in its
mnermost position. said port being closed hy
the piston valve when the valve is in its re-
tracted position.

In the form of invention shown in Figs.
1 and 2. the piston valve 35 is adapted to be
actuated by an electromagnetic control de-
viee which comprises in this instance a sole-
noid 39 provided with an armature core 40
directly connected to the valve by a stem 41,
a retracting spring 42 surrounding said stem
heing emploved to retract the valve. the
outer position of the valve heing regulated
by a set screw 43 in a cap 44 secuted to the
outer end of the solenoid casing which is in
turn conveniently applied by means of serew

shreaded portions, to the outer end of the

valved meusuring chamber,  As shown, the
solenoid is connected by a wire 45 with the
battery 25 through normally separated con-
tacts 4G—-17, the movable contuct 47 being
carried on a cam actnated lever 48, actnated
by a projection on cam 23, which also op-
erates the contaets of the periodic inter-
rupter of the ignition circuit. The lever 48
18 so located with vespeet to the eam 23 that

The meusuring chamber 29 15 7

St
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=
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a cirenit through the solenoid 38 will he

made at the desived period after the opera;
tion of the igniter to fire the charge. which
interval may be made more or less ax de:
siced. The e projections on the cam 23
for operating the ignition contacts and the
injector contacts will be arranged on the
cam, ont of alignment with cach other, so
that cach projection will actuate only the
tovable contact of the paiv for which it is
specially provided. us will be readily un-
derstood,

In the embodiment of my invention shown
in Fig=. 1 amdd 2, T have shown a pressure
system for applying pressure to the injector
at the desired time o the cycle of the en-
vine. This pressure system, as shown in
Fig. 1, comprises a pump  or compressor,
indicated at 50, driven from the engine, in
this instance from the cam shaft 10 by gear-
ing indicated in dotted lines and arranged
to compress fluid, as air into an equalizing
chamber 51, connected with the compressor
50, the equalizing chamber being connected
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by pipe 52 with the pressure inlet port 34
of the valved measuring chamber 29. The
pressure required for the operation of the
injector may be as required, T have found

-that from two hundred and fifty pounds per

square inch upwards is ample for the pur-

pose of injecting u liquid into an ignit .

charge agamnst the pressure thereof, and :n
some cases a much lower pressure may be
employed.

The' liguid to be injected in this case is
water. and may be conveniently obtained
either from the water jacket, in which case it
will Le obtained under a fairly high tem-
perature. or it way be obtained from an ex-
trancons reservoir such as is illustrated, for
example, at 33, and T prefer to employ the
three-way siphoning cock so that the water
may be supplied to the injector in either
way. although this is not neeessary. The
liquid eoutents of the tank or reservoir 53
may Le hLeated in any desired way if de-
siredd. T have shown the tank 53 surrounded
by a heating coill 53 through which the
heated water from the water jacket of the
engine may be circulated, the cireulation
pipes being provided with valves 53 and 53¢
co that the circulation ean be stopped when
it ie not desived te preheat fhe injected
liquil.  In this instance 5i represents the
threeway cork which iy itlust rated in de-
tail in Fie L the said cock being connected
al 50 to the water jucket and by a pipe 56
to the uipple communicating witls the water
inlet port 33 of the valve measiring chaw-
her, The pipe 36 is preferably provided
with a ball ehieck valve 57 The siphoning
calve 5t s connected hy a pipe 58 with the
tank 53, the pipe 5% being also preferably
connected by a pipe 59 to the bottom of the
-adiator (not shown), and for the purpose
of applying additional pressure to the sur-
fuce of the water in the tank 53, 1 prefer
fo connect it with the exhaust passage of the
engine by means of a pipe 60, and adjustable
chock valve 61, The three-way cock 54 may
be set =0 as to take water from the water
jacket or from the tank, or both as may be
desived. anid in case the water is taken from
the water jacket, it will be replaced inte the
radiator by means of the branch pipe 59
from the tank 53. As a matter of fact, the
amounts required to be injected are very
small.

I the operation of the embodiment of
my invention shown in Figs. 1 and 2 in
whieh the engine operates on a four cycle
eystem, a normal charge of explosive mix-
ture is drawn into the eyvlinder through the
inlet valve, is compressed in the usnal mwan-
ner, and ignited, effecting the ignition of
the clharge, and imparting the customary
impact to the cylinder, which commences
the outward stroke. At the predetermined
period after the ignition takes place and

1,363,686

before the piston reaches the end of its
stroke, the cam 23 will close the carenit
through the battery and solenoid 39, here-
by causing the core 40 and the connected
valve to move inward. The measuring
chamber 29 will be filled with water from
the water jucket or the tank 53, the water
being warmed to u temperature approxi-
mating that of steam and the forward
movement of the piston valve 35 will force
this water into the chamber 27 in the nozzle.
When the valve 35 is moved far enough to
bring the annular groove 30 into registra-
tion with the pressure inlet port 34, the ac-
cunulated pressure in the pressure equal-
izer 51 of the pressure system will enter
said greove and puss through the transverse
aperture 3% and the longitudinal passage
37 in the valve, snd thence into the injee-
tor nozzle, forcing the water in the form of
a fine spray through the distributing ejec-
tor passages 28, into. the ignited charge.
The finely divided water particles are in-
stantly converted into steam, absorbing a
lirge quantity of heat from the ignited
charge, and greatly increasing the pressure
at the time within the cylinder, which has
been somewhat reduced by the outward
movement of the piston, and imparting this
increased pressure to the piston, thus con-
verting the absorbed heat into energy and
lengthening the effective stroke of the pis-
ton. as previously set forth. As soon as the
controlling contacts 46—47 for the magnet
separate, the spring 42 will withdraw the
valve 35, thus closing the pressure passage.
The ball valve 31 of the injector bLeing
seated as the valve withdraws, water for
the next injection, in measured quantity
will be drawn by suction through the pipe
56 and water inlet port 33 into the measur-
ing chamber 29, when the parts are in posi-
tion for the next operation following the
next ignition of an explosive charge in the
engine cylinder.

In Figs. 3 and & I have shown an em-
bodiment of my invention which differs
somewhat in the manner of controlling the
admission of pressure to the injector. The
parts shown in Fig. 3 which are identical
with those shown in Fig. 1 are given the
same numerals plus one hundred, as cylin-
der 101, piston 102, etc., and the ignition
mechnnisin for controlling the supply of
current to the spark plug, which may be
of any preferred type, is omitted in Fig. 3.
In this instance the electromagnetic con-
trol for the pressure valve is dispensed with,
and the injector nozzle 126 is provided with
a measuring chamber 129, having therein a
movable piston valve 135 normally held
in its outermost position by spring 142. In
this outer position the valve 135 closest/a
by pass 134 communicating with the water

inlet port 133 and the pressure is admitted
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by pipe 152 from the pressurc equalizer 151
directly in rear of the piston valve 135. so
as to actuate the same. The pipe 152 is
provided with a ent off valve 148 normally
closed, and adapted to be opened by a cam
149 on a shaft driven by the engine and
in timed relation therewith, in this instance
located on the shaft of the compressor 150,
which is driven at the same speed as the
cam shaft 110 of the engine. hut such cam
may be located on any other shaft and
driven in proper time from the engine.
When the cut off valve 149 s open. the pres-
sure fluid will be placed in communication
with the valve measuring chamber of the’
injector, driving the piston valve 135 for-
ward, compressing the spring. and uncover-
ing the by pass 134, and expeltling the water
and other fluid in the measuring chamber
129 into the nozzle chamber 127, As soon as
the by pass is uncovered, the pressure flnid
is admitted to the inlet port 133, and thence
to the nozzle. so as to mject the fluid into
the 1gnited charge. I the manner herein-
before deseribed with vefercuce to Fig. 1.
As soon as the valve 48 s permitted to
close (a retracting spring not shown being
emploved for this purpose which normally
maintains the valve in closed position), the
piston valve 135 is retracted by its spring
112, closing the by pass [34. and drawing
a fresh charge of water or other fluid from
the water jacket or from the externnl water
tank 153, as the case may be. according to
the position of the thres-way siphoning
cock., In Fig. 3 the pressure reservoir is
provided with a gang to indieaie the pres-
sure employed, and such a gauge may be
used in any of the forms of my invention
in which -pressure is employed, if desired.
The cut off valve 148 s provided with
means for exhausting the piping between
the valve and the measuring chamber as
soon as it is returned to clesed position, a cut
off valve snitable for the purpose being
shown in Fig. 3. The exhaust passage is
here indicated at 148 It will be under-
stond that by adjusting the cam 149 with
respect to its shaft, for which purpose a set
serew 149% is shown in Fig, 3, for example,
the interval hetween the ignition of the nor-
mal charge and the introduction of the flnid
or other material into the cylinders can he
regulated.

Tn Fig. 5 T have llustrated more or less
dingrammatically. a modifisatioh of the
parts shown in Fig. 1, in which the same
form of injector nozzle. valve measuring
clinmber, and electromagnetic control for
the vabve is shown .in connection with 2
muagneto for supplying cnrrent to the ig-
aiter. and alse the said  electromagnetie
volve operating means.  In this figure the
parts which eorrespond with those-in Fig,
I have heen given the sme numerals plis

200. as the evlinder 201, piston 202, ete.
The injector nozzle 226 is provided with the
form of measuring chamber 229 shown in
detail in Fig. 2. the solenoid indiented at
239 heing connected hy wire 243 with a mage-
neto 2206, which s also connected Ly wire
218 to the spark plug 217, 223 represents
the timing lever of the magncto_for shift-
ing the camn of the periodic inferripger, in
a well known way. to advance and rétaed

the spark. The timing lever will preferably-

be provided with a separate cam in o man-
ner similar (o that shown in Fig. 1, out of

alignment with that of the interrupter cam

or eams for operatineg a movable contact
(not shown). to make anil break the ecir-
cuit through the wire 245, and effect the actu-
ation of the solenoisl.  The mechanism
shown in Fig, 5 acts precisely like that with
reference to Figs. 1. 2 and 3, except that
the current for ignition and for actuating
the controlling valve of the injector mecha-
nism is supplied by o magneto, an auxiliary
hattery 225 being employed for starting.
and as the application of my invention in
this manner will e apparent fo those skilled
inthe art, I have not herein specifically
Hlustrated the stight change required in the
magneto. 1. e., the additional circuit breaker
on the armatnre shaft, and contacts, as the
same will be readily understood.

In this construction, as in the construe-
tion shown in Fig, 1, the injector will be
a~tuated in a predetermined relation to the
iznition, but the ignition may be advanceg
or retarded simultaneonsly with the oper-
ation of the injector, whereas in the form
of my invention shown in Fig, 3, the timin
of the injector action can he adjusted indi-
pendently of the time of ignition, and my
invention is as applicable in the one case as
in_the other. .

In Fig. 6 1 have shown another slight
modification of my invention, in which' the
timing of the ignition is independent of the
timing of the injector mechanism, Tn this
figure T have shown more or less diagram-
matically a one cylinder engine, the parts
corresponding to those in Fig. 1 being given
the same nnmerals plus 300, as the eylinder
301, piston 302, ete.. Tn this fipure I have
shown the same form of injector mecha-
nism as is shown in Figs, 1, 2, and 5, with
the electromagnetically operated valve for
controlling the admission of pressure, but
in Fie, 61 hiave disassociated the valve. éon-
tealtine mechanism from the ignition mecha-
nism.  The ignition mechanism shown in
Fig. 6 i« precisely the same as that shown
in Fig. 1. and operates in the same well
known manner.  Tn this instance, however,
T have shown a  separate cam 323
adjustably seeured to the cam shaft 310 for
operating the movable contact lever. 348
carrving the movable contact 347 which is

¢

70

7%

80

85

90

95

110

120

125

130



=]

i3

Ly

a

i!‘.f“"’pns‘ed in the electrieal connection 345
om the solenoud 839 o u separate hatiery

The ecam 323 is operated fram the
eugnm in timedd selation therewith, ‘11152 in

timed relation with the carng 323 which con-
trols the ignition mechanism and way be

made to Tollow nore o fess elosely the ig-
nition of fthe charge by adjusting the cuin
323 upon Lhe shaft 210 by weaus of the
set serew indicated at 223" The operation

of the apparatus will be exactly the same
as previously deseribed with reference o
Figs. 1,2, 5, except that the timing of the
mijector apparat e apdependent of
the igniiion n n.oas g al=o the ease
in the form of the invention shown in Fig 3,

In Fieo v 1 shiowy

ation of my

another roadi-
which the
inhefore desertiad
= emploved i ocon-
injecfor n Chat
case the contreltine valve in the mensring
chamber s diveeth H;n‘i‘:!!:*ii mieehinnis ‘hl\
Ly a part connected with and in thned rels-
tion with 4 form of the in-
jectar g i
chamber i
tar te that shiown
spornding parts |

e f»u-n fa
SANTe NN shns b, hee o heingr
inebicuted i

the s harge orifices ot
280 the valve mewsring clinmber st 120,
ete. In this instanee. however, the valve
stem 441 projects oataide of the measuring
chrnber and G provided with a retracting
sprifg 42, valve stem i this fosfance
1 aetnated bell crank lover 469, piv-
oted on a siituble support or braglet indi.
cated at 463, suld bell erank being actanted
by o connesting vl 46, driven in troed re-
Intion with i any desived -

have
vention in
SESHTE appirats H
with reference to Ve |
nectinn \\’th thi

e

shs

contec s

o

yoey

the engine

ner as by al vecentric or crink (net <hown
m Fiee V3 in aomanner stndtare (o that
shown in Fie In Ihis b
stanee it wil) ! 1~Hw \nwx

435 will he positi \r‘lv uin fod b
at the proper titne in the eveir, following
the ignition of the pormal chudge, Ly 1

alty

neeting rorl 464 Lol erank 100,
effecting  the iojertion inte the

charge of a1 measired g mutity of the
or uthe" Lum-} or fuid snpplied

water jucket ve other couree, ne Ly
the pipe 4:-6, 111 exactly the wan
as previon Hl\ desoribed
Fig. 1 of the d awWing, ¢

h‘gi

from
Miviyia of
anney
refepence ta
fur snch

CANE I
with

(\gf

B niﬁf’hdni(‘ﬂ] actuution of H)C NIH’ tor control -

ling valve as mav be nec
In carryving out my improv ed process by
means of the various evnhn diments of my in-
vention hnretofor deseri v'i and lustrated
in Figs. 1 to 7 inclusive, T have enip wed o
fluid under high pressure ag  the means for
injecting the ln;u d or other muterial into
the cylinder throngh the injec tor g
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do not, hewever, Hmil mysell to the
a presstire fluid for this purposc ;
ured guantity of water or ol

other wimterial may be injes
means and in any other desired way.
Fig. 5, for example, T have Ulustratel

madification of my ifvention in which ¥
pressure neesssary to force the moessuwred
quantity er water or other material into tiu-
engine cyllader is furnished by mechanical
means.  In this figure the injector r‘m,'c"
is indieated at 5206 the d M]m'vv orijjees
528, the by eck valve at 531, and the o
wle 18 provis with a Ieastiving
indicated at 522, which s e
provided with a piston &
rod 541 extendding ouiside
and In turn provided w
spring HE2, whieh wormally thie
at the outer end of its .k:,t_miw, Fhe s
ing chamber is provided with the i

sage 533 whicl conneets hy pipe 556 wi
supply of water or other Hguid or mai
prefecably from the water jaclet
deseribed, from

or an i?\!?'hﬂ*‘f-“lu
or hoth, 1he communicatior
pipe 536 and the inlet s
trolled by the ball iovalve

instance I have chown s hell o
imumrmi om o brackei, jlic
arnn of said bell erank operative ;
the (mtm' end of the iw«t(m rod 54
ather arm being connected by & rodf b6
an eu-vn!‘r'in- strap 365, serroundin
centrie 566, mwounted on o <}
ated by and in timed relation

i kofeves

gine, and being, Tor exasn
cam shafts therenf,  Ag
withdrawn by spine Bd2, 4

tity of water oe athey b
the measnring chambey
proper time in the cyele
of a normal charge, aiﬁ'tun
tion of the cecentric 566. on IE
the pisten will bhe Toreed inw qh!
eentric operating through the
hell erank 562 thus }N‘"Ila\‘I
hiquid in the measuring r‘vn l‘)
injecting it into the ignited .
Tt will be obvious that my inve
plicalle to all types of internal oo
engines of whatever evole, sud that 3
m('ablo also to engines having nne cs:‘
number of evlinders. While T have whis
several mechanical arrangements for car
ing out my improved invention, and
ess, it will be understood that variation
he made in such apparatus within the «
of the following eclaims, withont deu:
from the spirit of my mvention, and
invention may be applied and embo
exigting combustion en ag well
miprr.di combustion CLIEY mannia
with special reference to the el
thereip of my invention. T helieve
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am the first to produce the herein described
process and apparatus by which a quantity
of material, gaseous, or liquid, as the case
may be, capable of absorbing heat and pro-
ducing increased pressure is injected into the
cylinder or cylim{)ers of an internal combus-
tion engine between the ignition of the nor-
mal charge of explosive material and the end
of the piston stroke produced thereby. and
to provide means where desired for regn-
lating the time of this injection with re-
spect to the time of ignition. or with respect
to the position of the piston, or hoth, ani
these features T broadly claim.

I wish it also to be understood that my in-
vention is equally applicable to high com-
pression internal combustion engines, for
example, of the Diesel type. in whirh case

‘the pressure emploved for injecting the

water -or other material into the ignited
charge whether produced by pressure fluid
or by mechanical action, or otherwise, will
be sufficiently. high to overcome the in-
creased pressure of the ignited oharge with-
in such high compresston engine evlindors,

Where the water or other liguisl to he in-
jected into an ignitsd charge of explosive
material is obtained from an external sap-
ply tank or reservoir. it mayv he preheated
by any desired means, as by waste gases
from the exhaust, or otherwise.  TFor exam-
ple, in Fig. 1 T have shown the tauk 53 pro-
vided with the heating coil 53% connceted
in this instance to the water jackee of the

” - . . .
engine evlinder and provided with control-

ling valves A8 for culting it out when its
use is not, desired, bot it will be nnderstood
that any other means of prehicating the
water in the tank mav be employved.

In Fig. 9 T have shown an émbodimept of
my invention in which the injector nogzle is
located in. the head of the evlinder 601, as
indicated at 626, and provided with the He-
uid mensuring chamber 629 and -clectro-
magnetic control device 639 cimilar to those
shown in Fiegw. 1 and 2. for example. The
spark plug indicated at 617 is located in
this instance in the side of the evlinder mt
it may also be lncated in the cvlinder head
if desired. Tn this figure. ] have shown in-
dependent means for advancing and retard-
ing the time of ignition and the time of in-
jeetion of liquid. 623 represents the igni.
tion cam on the cam shaft 609 and the cepa-
rable contacts 622 are shown located on a
dise 652 concentric with the eam shaft and
rotatable hy “means of a hand lever 650
which may be locked in adjusted position
by means of a paw] enpagineg a stationary
locking segment. 651, Tt will be understoo
that other usnal or preferred means for ad-
vancing or retarding the spark mav be em-
ployed. The primary windine of the igni-
tion mechanism is indicated ot 84 the see
ondary winding at 619, and the battery at

1,463,588
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625. TIn this figure T have shown the ecam
shaft 610 provided with a cam 623 for clos-
ing the cireuit threagh the electromagnetic
control device for the injector. and the sepa-
rable contacts 646 are shown ax locuted on
disc 633 concentric with the cam shaft and
adjustable rotatably by means of o hand
lever 654 carrving a pawl engagine a lock-
ing segment 655,
tromagnetic control deviee is indieated at
G252 and 643 represents the wire connecting
one of the eontacts 646 with the solenoid of
the electromagnetie control devive,

Tt s Inghly tmportant that the tine of
injection of the ligiid as hefore Jdeceribed
may he varied with respeet to the stroke of
the piston and with respeet to the time of
ignition, so as te secure the hest vesults un-
der varving load conditions. Tf the injec-
tion follows too closely the ignition of the
charge it may interferc with the complete
combnstion of the charge of explosive mate-
rinl, and if it is delaved ton long ihe hene-
ficial results of the liquid in anrmenting the
pressire in the cvlinder and inecreasing the
efficiency of the piston stroke wili be im-
paired.

With the construction shown in Fig. 8,
for example. the timing of the injection can
be aeenrately regulated with respeet to the
time of ignition to secure the hest results
tnder all load conditions and the timing of
cither or hoth of the ignition and injertion
may be vared from time to time as the tnad
condition varies,

In Fieg. 10 T have shown a construction
similar to that shown in Fig. 5. exeept that
the injector here indieated at 726 is locate]
in the evlinder head. Tn this instance a
magneto 20 furnishes the eurrent for hoth
the igmition and the electromasnetic contrnl
for the injeetor throush wires 718 and 745,
extending respectivelv to the spark phig
T17. and the electromacnetic contral device
739, the injector beine constructed and op-
erating as shown in Fig, 2. The fiming le-
ver 2% carries two cams, forming parts of
periodic interrnpters of well known con-
struction for prodncing electric impnlses in
the wires 718 and 745 at the proper times,
the magneto heing driven in timed relation
to the engine in anv nsnal or preferred man-
ner. The timing lever is shown connectad
by a link or rod 750 with a control lever 751
which may he held in adinsted position by
pawl 753 and segment 752. By moving the
timing lever the timing of the ignition and
the injector mayv be simultaneousty ad-
vanced or retarded, as will be readily under-
stond,

Tn Fig. 11 T have shown another modi-
fication of myv invention which illustrates
mne wav in which the timing of the ignifion
and injection mav he simultanéonsly ad-
vanced or retarded, while at the same time

The battery for the elees’
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the timing of the ignition and injection may
also be independently adjusted. In this fig-
ure 801 is the cylinder in the head of which

is shown the injector 826, constructed and

operating as shown in Fig. 2 and provided
with liguid measuring chamber 829 sup-
plied with liquid either fromi a tank 833
or the water jacket, according to the posi-
tion of the valve 854, and pressure for in-
jecting the liquid being supplied by a pump
850" and equalizing chamber 8517 in the
manner indicated and described with refer-
ence to Figs. 1 and 2. The electromagnetic
control device for the injector is as shown
in detail in Fig, 2. and includes a solenoid
for admitting the flnid pressure to the meas.
uring chamber. said solenoid heing connect-
ed by wire 845 to one of the separable con-
tacts 846 mounted in this instance on a dise
or segment §533, concentric with the vam
shaft 809 carrying the actuating eam 823,
The disc or segment 853 is provided with an
adjusting lever 854, and a pawl 854% which
engages locking notches in an adjustable
disc or segment 860,

The spark plug 817 is connected by wire
81% with the secondary winding 819 of the
ignition mechanism, the primary winling of
which is indirated at 820, The primary
winding is connected to the battery 925 and
hoth windings are grounded through sepa-
rable contacts 822 carried on a dise or seg-
ment 852, concentric with the cam shaft 809,
and adjustable by means of a lever 850,
which can be locked with respect to the dise
or segment RGO, hy a pawl 850¢ engaging
notches 851 in dise or segment 860, The
disc or segment 860 is adinstable together
with and simultaneously with sepments RA3
and 832, by means of a hand lever 861, car-
rving a pawl 862, engaging a notched sta-

tionary. segment 863. By this means the tim-

ing of the ignition and injection may be

-separately and independently advanced or

retarded until the hichest efficiency for »
particular engine load is ebtained and there-
after the lever 861 will enable the operator
to simultaneously advance or retard the time
of ignition and injection to meet variations
of load and engine speed.

In Fig. 12 T have illustrated another
slight medification of my invention in which
the injector nozzle indicated at 926, is pro-
vided with a measuring chamber 926, pro-
vided with the siphoning port 933, connected
to the liquid supply and having a piston
935 for forcing. the measnred quantity of
liguid into the cylinder at the proper time
under the-action of an electromagnetic de-
vice. The piston 933 is provided with &
stem 936 extending ontside of the chamber

- and provided with a retracting spring 937.

939 represents the solenoid provided with an
armafure core 940, and refracting spring 942,
and a stem 941, connecting the armature

1,463,580

core with a hell crank lever 13, ane armoof
which acts npon the piston steny 900 Lol
forees the piston 535 inwaed Go ineet
Liguid, when the solenobd core 3
Tu some instances ¥ omay desice 3
this construction in which the ele
netic device directly offects the inje {
liquid instead of operating 0 valve to adpit

a pressure fluid for the purpose as <hows i

other figires of the drawings.

What T elaim and desive o seenre Ly Tt
ters Patent is o

1. In an internal combunsti
vided with a evlinder and piston, wod charoe
supplving and denition micchanisim, voerns 89
independent of the normal charge supin
mechanism for introducing into the o
at o point in the evele of the engine
the instant of jgnition of & normal ooy
and the end of the piston eivoke offwci:
thevehve wogquantity of material capalide of
absorbing heat from the ignited charge.and
increasing the pressure thereof, jnehalis
adjustable means for varving the timi
the scdmission of sald material with
to the pidion hetween its inner wnd
positions, whereby the timing of the
ston of said naterial may be advan
retarded with respect to the pover
of the piston,

2. Tn an interanl combustion engine pro.
vided with a evlinder anid piston, and charps
supplying and ignition mechanism. meana
idependent of the normal charge suppivi
mechanism for introdueing inta the evlindo:
at a point in the cvele of the engine be
the point of fgnition of & normal chare
the end of the piston ctrofe offected 1h
a quantity of material eepabide of ab
heat frons the trnited churoe ond iy
the pressure thereof  including adinsta
means for varving the thining of the ad
sion of gaid material. a greater o1 Jess ex-
tent after the ignition of the normal cliavee.

3. In an internal combustion engine pro- 119
vided with a eylinder and piston. cha
sapplving and igmition mechanism,
jnstable timing machanism far the
mechanism. means independent of the

me mechanism for introdod

[

aetunfed

Vengine pro.

Ly

boar
strodop
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B

HER
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chare
)

aius

o3 at a ‘potnt in the cvele »f the
engine between the point of igrtion of 3

normat charge and the end of the plstos
stroke. effected thereby, o nuantity of mute-
rial eapable of absorbing heat from the ir. 16
nited charge and inereasing the peesare
thereof, including adiustable menng
vancing or retarding the time of sueh aln
sion of said material, whereby both the
of ignition’and the fime of admis
material can be varied
piston stroe,

~ 4. In sn internal combustion
vided with u oylinder and piston, »
supplving and ignition mechanism, roeans

for ad-
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with respect to
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independent of the charge supplying mech-
anism for intreducing into the eylinder at
a point in the cyele of the engine between
the point of ignition of a normal charge and
the endd of the piston stroke eflected thereby,
a quantity of matesial capulie of absorbing
heat from the ignitel charge, and increasing
the pressure thereof, w-anis for varying the
timing of the ignition mechinism, and means
for varving the timing of the aslmission of
said material, with respect to the time of
gnition. . .

5.-In an internal combustion englne pro-
vided with a cylinder and piston, and charge
forming and iguition mechanism, an injector
nozzle mdependent of the charge forming

mechanism communicatingt with the cylin-
der. means for supplying a (%uantit.\' of Tiguid
to said nozzle, mechanism for injecting the
liguid in said nozzle into the cylinder,
electromagnetic controlling] mechansm for
said injecting mechanism, a civenit Tor said
electromagnetic controlling wechanism, and
means operating in timed felation with the
engine for closing said elvaul. )

6. In an internal combustion engine pro-
vided with a cylindes and piston, and charge
forming and jrnition mechanisny, an injector
nozzle cowmmunicating  with * the eviimler,
means independent ol the charge forming
mechanism  for supplying quantity of
liquid to said nozeke, mechanism for inject-
ing the liquid in wiid nozzle into the cylin-
der. electromagnetic controlling mechanism
for said injecting mechanism, a circuit for
caid electromagnetic controlling mechanism,
adjustable means operable in timed relation
with the engine for closing
means tor advancing and retarding the op-
eration of said adjustable means with re-
spect to the cycle of the engine.

7 Tn an internal combustion engine pro-
vided with a cylinder and piston, and charge
forming and ignition mechanism, an injector
nozzle communicating with the cyhinder,
means independent of the charge forming
mechanism for supplylng a quantity of
liquid to said nozzle, mechanism for inject-
ing the liguid in «aid nozzle into the cylin-
der. elegtromagnetic controlling mechanism
for saidiinjecting' mechanism, a eireuit for
said eleairomagnetic controlling mechariism,
adjustable means operable in timed relation
with the engine for closing said eireuit,
means for varving the timing of the ignition
mechanisiy, and means for varving the tim-
ing of saidi adjustable circuit elosing means
for the injector operating mechanism.

8. Tn an finternal combustion engine pro-
vided with g cylinder and piston and charge
forming ané ignition mechanism, an injector
nozzle. comtunicating with the ‘eylinder,
means indenendent of the charge forming
mechanism for supplying a quantity of
liquid to said nozzle, means separate from

sail circuit, and -

and independent of the liquid supply, means,
for supplying Huid pressure to sald nozzle,
for injecting said liquid into the cylinder,

a normally closed valve interposed between
the fluid pressure supply and said nozzle, 70
and means for opening said valve at a point
in the cyele of the engine between the igni-
tion of a normal charge and the end of the
piston stroke effected thereby.

9. In an internal combustion engine pro-
vided with a eylinder and piston and charge
forming and ignition mechanism, an injector
nozzle  communicating with the cyhinder,
means independent of the charge formin,
mechanism ~ for supplying 4 quantity o
Hquid to said nozzle, means separate from
and independent of the liquid supplyin
means. for supplying fluid pressure to sai
nozzle. for injecting said liquid into the
eylinder. a normally closed \‘a(}\'e interposed
hetween the fluid pressure supply and said
nozzle. means for actuating said valve to
admit the pressare fluid to.the nozzle, actu-
ated by and in timed relation with the
engine.

10. In an internal combugtion engine pro-
vided with a cylinder and Piston and charge
forming aml ignitlon metdiithism, an_injec-
tor nuzzle communicating with the cylinder,
means independent of the charge forming ®
mechanism for supplying a guantity of liquid
to said nozzle, means separate from and inde-
pendent of the liquid supplying means, for -
supplyving fluid pressire to said nozzle, for
injecting said tiquid into the cylinder, a nor-
mally closed valve interposed between the
fluid pressure supply and said nozzle, means
for actuating said valve to admit pressure
fluid to the nozzle, hy and in timed relation
with the engine, and means for varving the 105
timing of said valve actuating means.

11. In an intérnal combustion engine pro-
vided with a cvlinder and piston and charge
forming and ignition mechanism, an injec-
tor nozzle communicating with the cylinder, 110
means independent of the charge forming
mechanism for supplving a quantity of
liquid to said nozzle. mcans for supplying
fluid pressure to said nozzle, for injecting
said liqnid into the cylinder, a normally 115
closed valve interposed between the fluid |
pressure ‘supply and said nozzle, ‘electro-
magnetic means for actnating said valve to
admit the pressure fluid to the nozzle, an
electric eircuit for said electromagnetic ac- 120
tuating means, including normelly open con-
tacts ‘and means operating in timed relation
with the shaft of the engine for closing the
said eircuit. v

12. In an interpal combustion engine pro-
vided with a cylinder and piston and charge
forming and ignition mechanism, an injector
nozzle communicating with the cylinder,
means independent of the charge orming
mechanism for supplying a quantity of 180
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Liguid to said nezzle, means for supplying
fwul pressure to said nozzle, for injectine
said bopmid inte the evlinder. a normally
closed valve interposed hetween the flnid
pressicee seppdy and said nozzle, electromag-
netic mein savtuating sald valve to ad-
mit the pressure flnid to the nogzle, an elec-
tric cirentt for said electromagnetie actuat-
i means nelicding normally open contacts,
A cuin actunted in timed “relation with the
engine for closing said contacts, and means
for adjusting said cam with respect to the
exveie of the engine, to vary the tine of op-
cration of the injector.

18, In an mternal combustion engine pro-
vided with a evlinder and piston and charge
fnrrz;n'r and 1rnition mechanism, an injector
nozzle commumeasting with the eylinder,

means independent of the charge forming
mechanmism  for supplyving a quantity of
hqmd te said nozzle, means for supplying
ﬁu d

pressure to said nozzle, for injecting
Hquid into the evlinder, a normaliy
vilve interposed hetween the fluid
ure supply and said nozzle, electromag-
wirans for actuating ssid valve o ad-
mit the prossure fluid to the nozzle. an elec-
tric circwtt for said electromagnetic actuat-
oy means including neormally open con-
tacts, a eam independent of the ignition
mechanisin for closing said contacts, and
means for wljusting said cam with rEbpe(t
to said ignition mechanism, to vary the op-
eration of the injector with respect to the
time of ignition.

14. In an internal combustion engine pro-
vided with s cylinder and piston, and charge
forming and ignition mechanism, an injec-
tor nozzle vorumunicating with the cylinder,
means independent of the charge forming
mechanism for supplying & quantity of
liquid to vmi ?mzde mesns for supplying
fluid pressu said nozzle for injecting said
figuid into ihe &}f‘il der, 2 normal

valve interposed betwéen the pressur ﬂupi*h
and said nozele, electromagnetic means for
actunting said valve to admit the pressuve
Huid to the nozzle, an electric civculr for
sard electr frmik,s;cfh actuating means, and
means operable in tin relation with the
eagine for closing said cireunit.

15 In ar internal eombustion engine pro-
vided with u evlinder and piston, and charge
forming anid ignition mechanism, an injec-
tor nozzle conpuunicating with the whnder
mesns independent of the charge furmmg
nism for supplving a quantity of
Lignid to said nozzle, means for supplying
flubsl pressure o sald nozzle for injecting
said liquid into the cyvlinder, a normally
closest valve inter anul between the pressure
supply and sgid nouzle, electromagnetic
mesns for acluating said valve to admnit the
pressure fuid to the nozzle, an electric cir-
cuit for said electromagnetic sctuating

.
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MEANE, means opomh!v in tuned relation with
the c‘n«rme f»)r losing said cirenit, ansd means

for advancing and 19“1&1113: the operation
of sawd ('m’uat closing means with respeet

to the cvele of the engine.

16. In an infernal combistion envine pro
vided with a cvlinder and piston, a water
jacket for said evlinder, and charge forming
and ignition mechanism, an injector nozzle
communieating with the evlinder. s vonnec-
tiou hetween suld injector nozzle and the
water jacket for supplving heated water to
saicd mjectar. a flidd pressore s‘wpl_sf_\' For saud
nozzle s neormally closed valve conteoiling
sand fluid pressues supply. an electromag
netie device for eperating sald valve to open
the sume, an electric circuit for said electro-
magnetie actuating device, including nop-
mally separated contacts. and means uperat-
ing 1n tiroed relation with the engine for
closing said contacts,

Ir an internal combustion engine hav-
ing a cviinder and piston, and charge form-
mgr and tgnition mechanism, an injectar noz-
zle commurnicating with said eviinder, a
measuring chamber conpected with <aild noz-
zhe, means independent of the clirge form
ing mechumsin for supplying Ligaid to said
measuring chamber, 8 movable pl\mn vajve
in said measuring chamber, means for sup-
plymyg pressure to sald nozzle. vormeally
closed by ¢aid piston valve. a spring for
holdmg satd piston valve in position to close
sail pressure supplving means, and means
operated in timed relation with the engine
for moving savd piston valve, to foree the
wensnred quantity of Hguid tio said nozzle,
amd establish commuantestion befween said
pressure stpplving means and satd nozzle, to
inject said measured quantity of Liquid inte
the ignited charge in the ey linder.

15, I an internal combustion enyime hav-
o evlivder aid piston and charge form-
arnd l;;mrum mm hanism. an  injector
I !i. mhuuunu.ltmtr with said evhinder, a
wenstring chamber covmected with saud noz-
wies mean= ndependent of the charge form-

: '1\'.'}1fmir:ns for suplving lguid Lo said
chamlber, o movable piston valve
e casuring cliomber, means for mup-

it
¥
11
ingr
(v

piving pressure to sand o opoosie, novmally
closind b .wi ;riqr‘nn vaive, a uniym fop
hwehling sadd piston valve n poxition fo cfose

suid pressure snmxl\ Ly means, an electro
magnetic device operatively connected with
said piston valve, an electric cireuit for said
electeomnagnetio deviee including normally
open contacts, and means operated in {imed
relation. with the engine for closing said
cirenit, and effecting the operation of said
valve tu open no‘-i*mn

19, Tn an internal combustion engine pro-
\'iniw{ with o evlinder and piston. a water

whet for the eylinder, and charge forming
.md ignition mee hdﬂlbﬂl, an injector nozzle
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SRR CTOIT, vomtaaniontions bebween
o acket and sand voerr and the

pplving therela, 2 eon-
Boivolling vabve i said connections, mewne i
fependent of the s waler  sopplyings
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e vlve ean.
Sppiy, eler
abing satd valve,
vnuonetie peipting
ahle i timed relation
wurine fup closing saud clronit,

i tuternsd combustion engine e
with w eylinder wnd piston, chargo
g and denition nech e, M
pidependent
anisn, fop
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of the churge supplyving mech-
mjeeting inio Heder, af g,
i hetwen the
the eid

I eyehn o

1L

e piston steoke, a quantity of Jiquid, and
means for sinmlttanconsly advancing and re-
tarding the time of ignifion and injection.

2L in an internal cembustion engine pro-
vided with n eylinder and mston, charge

: i wnition seechanism, means
e sharge suppiviag mech-
ting inte the evlinder, at a
: of 1he engine between the
wwnition of » normal chargre and the end of
the piston stroke, g quantity of liquid, means
for independently advaneing and rearding
the time of ignition and time of injection,
and means for simnftaneonsty advancing
and retarding the times of ignition and in-
jection without interfering with the inde-
pendent relative adjnstiaent thereof,

In testimony whercof T affix my signature.
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