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To ill / h, f in y , , , , , , , , 
Be it kit wi' that i \} (it is W. R. ESIAT 11, 

a citizen of the lite Stit ('s. 'esiling at 
East () raige, in the 'tility ( Essex i titl 
State of New Jersey, have etc. cert: it 
new and se?ai litro \elief, tS in lister ill 
('on listian Eric's all he rely de 
clare the follow if t lie a fill. clear. al 
exact description of the i \ it it 11, slitl, as 
will enable other's skille in the art to which 
it appertails to lake at lase the still it'. 

Mly invention coissists in the i? et fitti ('s 
hereinafter lescribed, referetire being lial 
to the accoli aying tira willgrs. With ill tis 
trate se eral elu? title its IV in Veit it ii. 
selected by lite for tric SUs it ill stratic l, 
and the sail invention is fully disclosel ill 
the follow in lescription :till claiius. 
This ap) is at it is a centitiation iii pil it 

of y former application filed March 12, 
1919, Serial No. 2S2,17K. 
In the operatic and tise of intel'I):l colil 

ustion engriles a charge 'X' si' ( i) : X 
ture is irit ('i it lit. " It list it "it it l','!' 
or claimler's il, or clui liticating? with the 
engine cylinder or cylinders. iiii parting a 
suiciden at lowerful in pact agili list the lis 
ton or list is, due to the rail formatio: 
of large voltii's of gas prote ly the 
cominati the explosive charge all 
a companii is the evoltio of it ens' 
heal. It flows that is title list it r list it is 
is or are live it wai's ly the ill act of 
tile gases, the pressure there 1:lity 
creases is 1 le size the '? list ion (lian 
ber is it reast'lly the to y ('' 'it of tie is 
ton or list oils, util it has also licei) for Int 
necessary t t e iliate a large I' port it i if 
the heat V raciati i. ili ("le to revent 
overheating of the cylindel's, listons, all cl 
valves, and as : " I sile rail lilout of at 
is lost troll tie ' Natist, it is it is Oliary 
in this type of etiriles or ill it I's t ( 'illy 
large nasses () lattil, in lit' filiati I (f 
the c wintlers, iii ( ; lei 1 ( : 'ilitat ' the ab 
sorption and railiatii if this heat, it also 
to provice a liliticial treas. Still as water 
R.S. a extra lit' is a lilti I's ('t liettel 
there with, or other (Juliigr flea is for the 
rapid radiation to the at nosphere of a large 
portion of the heat of the ignited large, 
which is this dissipatetl ail lost. The ot 
ject of inly il) e ii oil is to ville : liocess 
and appa at is for col} \'' it iii., a large por 

tii) ()f the heat 'volved in the combustion 
of the explosive charge in internal combus 
tion engines, it it ellergy for the double pur 
post' of increasing the efficiency of the en 
line. and for the elimination of a certain 
| " it it joll of the evolved heat, which is thus 
“n Vertel into el)t''gy and transnitted to the 
"tankshaft of the engine. In carrying out 
my invention, I inject into the cylinder or 
Aililei's I coil) bustion chamber or cham 

Jers, at a tint in the cycle of operation be 
we'll the title of ignition of the explosive 

(large lill the time of exhausting the burnt 
asks, a still staine which will absorb a con 

silt' ralle ition of the heat of the explosive 
hill'rt', ; 11 ly expansion, combustion, or 
therwis', increase the pressure of the gases 
I'l-lit'ely the ignition of the normal 
'll 'g'', the rely increasing laterially the 
effective stroke of the piston. and preventing 
the rail decline of pressure which follows 
tle inition of all ordinary explosive charge. 
The substance which I prefer to inject into 
the cylinder or combustion chamber for the 

ruse specified, is water, which is prefer 
ally warned to a poing somewhere near the 
boiling point, or 212"Fahrenheit, as water 
absorbs large quantities of latent heat in its 
conversion into steam, and increases very 
largely in volunie such conversion, thereby 
('Ntil cling, heat from the ignited charge, 
while at the same tinue, it greatly increases 

it'll ressure within the cylinder, and there 
ly in a highly efficient manner converts a 
large portion of the heat of the ignited 
charge into useful energy, while lowering 
the temperature of the burning gases and 
the surrounding parts, holding then in con 
linement. I may, however, inject other sub 
stances if a gaseous, liquil, or solid charac 
ter, i1 the sale nanner and for the sate 
on 1 (se. For example, I may inject a sup 
lei litential charge of an explosive alixture of 

gases, or a sin all quantity of liquid explosive 
laterial, or wate' 'ontaining explosive ma 

terial. for example picric acid, or I may in 
je:'t a finely divitled solid such as, for ex 
a list', a finely divided powler or picric' ail 
u’ (ther explosive substance. 
The time in the cycle of the engine at 

which the injection of the extraneous heat 
absorbing and pressure forming material is 
injected may be fixed with respect to the 
stroke of the piston, or the time of injection 
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may be regulated either manually or auto 
matically with respect to the stroke of the 
piston, and if desired, it may also be regu 
E. with respect both to the stroke of the 
piston and to the time of ignition. Sone 
of the enefits an at vantageous results of 
ny invention in the construction and oper 
ation of internal combustion engines, Inay 
be stated as follows:- 

g. It will aliaw of using higher compres 
signs. 

i. It will termit the burning of lower 
grade fuel oils. 

c. It will permit the utilization of a 
greater extent in mechanical worl of the 
heat, of the explosive charge developed in 
the cylinder or cylinders, which is now 
wasted through the exhaust and by radia 
tion. 

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

e. It will continue the pressure within the 
cylinder for a greater length of pisto 
stroke, and lengthen the effective stroke of 
the piston. 

F. lt will dimirish the excessive heat ac 
it is the cylinder, liston, all inlet an 

exin: tist , i.ives which have hitherto keen to a 
great extent limiting factors as to the 
amount of treat which could be handled for 
the purpose of developing power in ex 
plosive combustion engines, 

ty. The motor will be more flexible, more 
free from vibration, and will have a incre 
uniform torque. 

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

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

i. Radiating surfaces an ill external cool 
ing devices may be largely, if not entirely, 
dispensed with owing to the elimination of 
a large 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 for 
more cylinders, and to engines operating 
lipoi either the four cycle or two cycle sys 
tea. 

In the accompanying drawings, 
Fig. 1 represents diagraminatically an 

embodiment of my invention applied to a 
one cylinder interial combustion engine, in 
which the injection of the leat absorbing 
and pressure producing nuaterial is effected 
by a pressure system under the control of 
in eiectromagnetically operated control 

valve operating in tinied relation with the 
ignition mechanisin. 

Fig. 2 represents an enlarged view of one 
form of injector for carrying out my in 
sention, and the electromagnetically for 

1483,888 

ated control 
Fig. 1. 

Fig. 3 represents a one cylinder engine 
embodying uy invention, in which the pres 
sure applied to the injector is controlled ly 
a valve atting in timed relation with the en 
gine shift and therefore independent of the 
ignition mechanism. 

Fig. 3 is an enlarged detail view of the 
form of injector and measuring chamber 
shown ill connection with Fig. 3, 

Fig. 3 is a detail of the control valve. 
Fig. 4 is an enlarged detail view of a 

siphoning valve shown in Figs. and 3 for 
supplying the injector with liquil either 
from the water jacket of the engine cylin 
det' or from an extraneous source. 

Fig. 5 is a diagraininatic representation 
of an entholinent 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 
tiniel relation with the nagneto which sup 
plies current for the ignition. 

Fig. 6 represents an embodiment of my 
invention similar to Fig. 1 in which the elec 
tric circuit controlling apparatus for the 
injector is perated in timed relation with 
the engine, but independently of the igni 
tion mechanisia. 

Fig. 7 re'esents a modification of the in 
jector and its 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 there with, without the use of an elec 
tromagnetic control for such valve. 

Fig. 8 represents another modification of 
the injector in which the pressure systein 
it strated in connection with the other and 
preceding figures is dispensed with and the 
ressure necessary for injection is supplied 

methanically by means of a plunger oper 
at eit nechanically by and in timed relation 
with the part connected with the engine. 

Fig. 9 is a view similar to Fig. 1 showing 
the injector located in the cylinder head. 
and also showing electrolagnetically con 
trolled means for independently adjusting 
the tinning of the ignition and of the opera - 
tion of the injector. 

Fig. 1 () is a detail view sinilar to Fig. 

valve therefor, as shown in 

is shoving the inje i't r in the tylinder head, 
an electrollarinetically controll'?, and a 
magneto continel there with an ostri: 't- 
e! to enable the time of ignition and injec 
tion to he sultaneously advanced or re 
tallet. 

Fir. 11 is a view similar to Fig. 9 showing 
rea is for similtaneously advancing or re 
tarding the time of ignition and injection 
at also in eans for separately and in de 
pendently adjusting the tilting of either or 

f a 

Fig. 2 is a detail view of an injector of 

) 

f is 

15 

30 



10 

is 

20 

25 

3. 

85 

i 

45 

it's or apertuses 28. 
55 

s 

1483,586 

the type shown in Fig. 8 showing the elec 
tro-anagnetic control apparatus arranged to 
directly actuate the injecting plunger. 

Referring to Fig. 1 of the accompanying 
drawings, which illustrates one embodiment 
of may 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 
EEE 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 cans: 11 
and 12, for actuating the inlet and exhaust 
valves through the usual rods 13 and 14 and 
lavers 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 can 
shafts 9 or 10 (in this instance the shaft 9), 
as is diagrammatically illustrated in Fig. 1, 
the primary winding 20 being one. by 
wire 24 to a battery 25, which is in turn con 
nected to The foregoing parts 
represert a simple and known form of a 
one cylinder internal combustion engine in 
connection with which it will be conven 
ient to describe the application of my inven 
tion thereto. s 
At some point, preferably in the side wall 

of the cylinder 1 between the extreme inher 
and outer positions of the piston thereia, as 
may be desired, I locate lay in proved in 
jector nozzle 26, one form of which is shown 
enlarged in Fig. 2. The exterior of the 
nozzle is preferably threaded so as to he 
screwed into a threaded aperture in the 
cylinder wall in substantially the same than 
ner in which the spark plugs are ordinarily 
inserted in the cylinder head, and where a 
water jacket is employed in connection with 
the cylinder, as shown in Fig. 1 for example, 
the nozzle 26 will preferably be inade of 
stificient length so that its inner end will be 
a lost in line with the inner faces of the 
is inder wall. The nozzle 26 is provide 
Y; an internal halt ber 27 anti is also pro 
vities at its inner ent with a discharge aper 

prefer to provide the 
iller end of the nozzle with a plurality of 
discharge apertures of very fine bore, dis 
posed at increasing inclinatio is to the axis 
of the nozzle fron the center (it war to 
wards the periphery so that the "liquid or 
other naterial injected shall be sprayed into 
the ignited charge at the proper line in as 
it tely liviled and separated condition as 
possible, so as to instantly absorb heat there 
from and be converted into steam or gas 

s eous form. At its outer end the nozzle is 

provided with a valved easuring 'hainher 
29 with which the injector assiru 2 (or 1 
lilanicates by a shall artile 3' in ritually 
closed by a ball chel valve 31 actuated ly 
a spring 32. The leasuring chamber 29 is 
provided with an inlet or siphoningr ort 33 
and with a pressure inlet port 34, each of 
which communicates with a threaded nipple, 
and the chaniber itself, which is cylindrical 
in form, and is provided with a liston valve 
35 having an annular groove 36 stirro inclini 
the same, and a longitudinal bore or pas 
sage 37 communicating with said groove by 
a transverse passage 3. the said annular 
groove being adapted to regrister with the 
pressure inlet port 34 when the valve is in its 
innermost position, sail port being closed by 
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 ele'? romagnetic control cle 
vice which comprises in this instance a sole 
noid 39 provided with an arnature core 40 
directly connected to the valve by a stem 11, 
a retracting spring 42 surrounding said stein 
being employed to retract the valve, the 
outer position of the valve heing regulated 
by a set screw 43 in a cap 44 securel to the 
outer end of the solenoid casing which is in 
trn conveniently applied by means of screw 
threatled portions, to the outer end of the 
valve easuring chamber. As shown, the 
solenoid is connected by a wire 45 with the 
attery 2, through normally separate con 

tacts 46-47, the movable contact 4 being 
'arried to a 'an act at till ver 4S. at liated 
by a projection on can 23, which also - 
erates the contacts of the periolic inter 
rupter of the ignition circuit. The lever 4 
is so located with respect to the 'an 2:3 that 
a circuit through the solenoid 3:} will jet 
made at the desired period after the opera. 
tion of the igniter to fire the charr". which 
interva lay lie made more or less as le. 
sired. The can projections on the can 23 
for operating the ignition contacts anil the 
injector contacts will be arranged in the 
can, out if align:t' it with each other, so 
that each projection will act late only the 
novable 'ontact of the pair for which it is 
sei'ily provile t. as will be readily un 
derstood. 

In the enlo-linent of my invention shown 
in Figs. 1 an 2. I have shown a pressure 
systen or applying pressure to the injector 
at the desired time in the cycle of the en 
gile. This pressure system, as shown in 
Fig. 1, comprises a punp or compressor. 
inlicated 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 'equired for the operation of the 
injector may be as required. I have found 
that fruin two hindred and fifty pounds per 
square inch upwarls is ample for the pur 
pose if injecting a liquid into an ignit -- 
charge against the pressure thereof, and , i. 
stine cases a much lower pressure may be 
employed. 
The liquid it be injected in this case is 

water, and may be conveniently obtained 
either from the water jacket, in which case it 
will lie if: inder a fairly high tem 
perature, or it has be obtained from an ex 
traneous reservoir such as is illustrated, for 
example, at 53, and I 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 necessary. The 
littii - it - its of the tank or reservoir 53 
may be heated in any desired way if de 
sired. I have shown the tank 53 surrounded 
by a heating coil 53 through which the 
heated water from the water jacket of the 
engine may be circulated, the circulation 
pipes being provided with valves 53 and 53° 
so that the circulation can be stopped when 
it is it desired to preheat the injected 
liquit. In this instance it represents the 
three-way cock which is illustrated in de 
tail in lig. 4, the said cock reing connected 
at 5 to the water jacket and by a pipe 56 
to the ripple colimunicating with the water 
inlet ori:33 of the valve measuring chall 
lier. The pipe 56 is preferably provided 
with a la check valve 57. The siphoning 
valve i, i is 'onnected hy a pipe 5s with the 
tank 53, the sile 5s being also preferably 
connected by a pipe 59 to the bottom of the 
radiator (not shown), and for the purpose 
of applying additional pressure to the sur 
face of he water in the tank 53, I prefer 
to connect it with the exhaust passage of the engine by means of a pipe 66, and adjustable 
check valve (31. The three-way cock 54 may 
be set so as to take water from the water 
jacket or from the tank, or both as may be Elesired, and in case the water is taken from 
the water jacket, it will be replaced into 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. 

In the operation of the embodiment of 
my invention shown in Figs. 1 and 2 in wiich the engine operates on a four cycle 
systein, a normal charge of explosive mix 
tire is drawn into the cylinder through the 
inlet valve, is coinpressed in the usual liarl 
ner, and ignited, effecting the ignition of 
the charge, and in parting the customary 
impact to the cylinder, which commences 
the outward stroke. At the predetermined 
period after the ignition takes place and 

1,483,586 

before the piston reaches the end of its 
stroke, the cam 23 will close the circuit 
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 jacket or the tank 53, the water 
being warned to a temperature approxi 
nating that of steam and the forward 
movement of the piston valve 35 will force 
this water into the chaniber 27 in the nozzle. 
When the valve 35 is moved far enough to 
bring the annular groove 36 into registra 
tion with the pressure inlet port 34, the ac 
culinulated pressure in the pressure equal 
izer 51 of the pressure system will enter 
said groove and pass through the transverse 
aperture 88 and the longitudinal passage 
37 in the valve, and thenee into the injec 
tor nozzle, forcing the water is the form of 
a fine spray through the distributing ejec 
or passages 28, into. the ignited charge. 
The finely divided water particles are in 
stantly converted into steam, absorbing a large 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 
11 ovement of the piston, and imparting this 
increased pressure to the piston, thus co 
verting the absored 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 100 
valve 35, thus closing the pressure passage. 
The ball valve 31 of the injector being 
seated as the valve withdraws, water for 
the next injection, in measured quantity 
will be drawn by suction through the pipe 105 
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 3 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 lls 
with those shown in Fig. 1 are given the 
same numerals plus one hundred, as cylin der 101, piston 102, etc., as the ignition 
lanechanism for controlling the supply of 
current to the spark plug, which may be 120 
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 125 
movable piston valve 135 normally held 
in its outermost position by spring 142. In 
this outer position the valve 135 
by pass 134 communicating with the water 
inlet port 133 and the pressure is admitted lso 
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by pipe 152 from the pressure equalizer 151 
directly in rear of the piston valve 135. so 
as to actuate the same. The pipe 152 is 
provided with a cit of valve 1 is normally 
closed, and adapted to be opened by a cam 
149 on a shaft driven by the engine and 
in timed relation there with, in this instance 
located on the shaft of tie coil pressor iij (), 
which is driven at the same speel as the 
cam shaft 11 () of the engine. It such can 
may be located on any other shaft and 
driven in proper time "on the engine. 
When the cut off valve 14s is pen, the pres 
stre fluid will be lated in communication 
with the valve leasiring chaliber of the 
injector, driving the pist on valve 135 for 
ward, compressing the spring. and uncover 
ing the by pass 134, and expelling the water 
and other fluid in the neast ring challer 
12) into the nozzle (later 1:27. As soon as 
the y pass is uncovered, the pressure flic 
is admitted to the inlet tirt 33, and thence 
t( the nozzle, so as to iliest the fluid into 
the ignited large, it the la: inier herein 
lefore describe with reference to Fig. 1. 
\s soon as the valve 4S is permitted to 
close (a retracting spring not shown being 
en loved for this purpose which normally 
maintails the valve in closed osition), the 
piston valve 135 is retracted by its string 
142, closing the by pass 34. and drawing 
a fresh charge of water or other fluid from 
the water jacket or from the external water 
tank 153, as the case may be, according to 
the position of the three-way siphoning 
cock. In Fig. 3 the pressure reservoir is 
provided with a gag to indicate the pres 
stile employed, and such a gauge may be 
used in any of the forms of my invention 
in which pressire is employed, if desired. 
The cut off valve 148 is provided with 
eans for exhatisting the piping between 

the valve and the measuring chamber as 
ston as it is returned to closed position, a cut 
off valve suitahle for the purpose being 
shown in Fig. 3. The exhaust passage is 
here indicated at 148. It will be under 
stood that by adjusting the calm 149 with 
respect to its shaft, for which purpose a set 
screw 49 is shown in Fig. 3, for example, 
tlyp interval between the ignition of the nor 
mal charge and the introduction of the fluid 
or other material into the cylinders can be 
regulated. 

In Fig. 5 I have illustrated more or less 
diagranimatically a modification of the 
parts shown in Fig. 1 in which the same 
form of injector nozzle. valve measuring 
cl: inter, and electromagnetic control for 
tie valve is shown in connection with a 
in: gneto for supplying current to the ig 
liter. and also the said electromagnetic 

t; we operating means. In this figure the 
:rts which correspot it with those in Fig. 

65 have been given the site nunerals lis 
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20). as the cylinder 21, piston 202, etc. 
The inject or n}zzle 223 is to will with the 
frn if measuring chamber 22) shown in 
detail in Fig. 2, the solenoi indicated at 
239 reing connectedly wire 245 with a mag- 70 
nett 22, which is also connected ly wire 
21 to the Spark plug 21. 223 represents 
the timing \er of the magneto. for shift 
ing the "all of the periodic interritater, in 
a well known way. to advance and retal 75 
th? spark. The tining lever will preferably 
he providi's with a separate cam in a man. 
ner silliar to that shown in Fig. 1. out of 
alignment with that of the interrupter cam 
or 'it ms for her:ting a movable contact 80 
(not shown). to make and break the cir 
cit through the wire 245. and effect the actu 
ation of the solenoid. The mechanism 
shown in Fig.5 acts precisely like that with 
Jeference to Figs. 1.2, and 3, except that 85 
the cit "rent for ignition and for actuating 
the entrolling valve of the injector mecha 
nisin is stipplied by a magneto, an auxiliary 
hattery 22, leing employed for starting. 
an as the application of my invention in 90 
this in anner will be apparent to those skilled 
it the art, I have not herein specifically 
illustrated the slight change required in the 
in: gneto, i. e., the additional circuit breaker 
of the armature shaft, and contacts. as the 95 
same will be readily understood. 

In this construction. as in the construc 
tion shown in Fig. 1. the injector will he 
atuated in a predetermined relation to the 
ignition, but the ignition may be advanned 100 
or retarded similfaneously with the oper. 
ation of the injector, whereas in the form 
of my invention shown in Fig. 3, the timing 
of the injector action can be adjusted indi 
pendently of the time of ignition, and my 105 
invention is as applicable in the one case as 
in the other. 

In Fig. 6 I have shown another sight 
modification of my invention, in which the 
timing of the ignition is independent of the 110 
timing of the injector mechanism. In this 
figure I have shown more or less diagram 
matically a one cylinder engine, the parts 
corresponding to those in Fig. 1 being given 
the same namerals plus 30?), as the cylinder 115 
301, pist on 302. etc. In this figure. 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 120 
in Fitr. 6 a vehisassociated the valve con 
trillir neith: ; lism from the ignition mecha 
nisia. The ignition mechanism shown in 
Figr. (; is recisely the same as that shown 
in Fig. ... and operates in the same well 
know manner, Tn this instance, however, 
I have shown a separate cam 323 

25 

adjustably secured to the ram shaft 310 for 
operating the movable contact lever 348 
carrying the to valle rontact 347 which is 130 

  



int-iposed in tie teet T is a consectio; 345 
f'. In the soient is 3: (; ; sea rate lattery 
3.5". The 'ai :: * is ; ; ; rate 'i'i in the 
eigiae in tin' i'a i? 11 it i + Yili., iii i}! 
time?l relation with the (; ; ; ; 32 with 'il 
trols the ignitii) reci: ) is and lias' le. 
inade to follow it "g : it'ss cit sely il: g 
nition of the chargi is a ?isting the can 
323 to the shaft 3 () is nea is of the 
set screw inivated at 3:3'. It eation 
ff thi alarat is vrii he (S: 'ity the silie 
as previously it's sit. 's fe'i ( {} 

s. 1, 2, 3, (N "it tilt ti' inig ( ' ' (' 
it ctor lar: lit is client fit of 

tie ignifi in , as is tals; the 'as?: 
in the is 'i ( i t te ii. viii si ( ; Yi} in Fig. 3. 

in Fig. it ve aii Fi i r (i- 
at in , y is estif it what 
'ss ire : ): "it is 

s' it fei''): ' . . . . . is ei: yeti i i" -- 
sectic with the ini'(', it zzr. iii 
case it It ii; is its , ; ; ; ; ; rig 
tria inter is tirett it i: is it is : ly 
ly a part net e i \iti : it it inct re 
titl with: : r 
if it; it sits ', 1 ; i. 
thanie ' ' . . . . . . . 
lar to tist - ; ; , ; 
SciFi r its , , " It is ty; 

it is i? { }, a yi is 
iii. iii.; it's : : ic is : 'e 'fires a f 
42, t ( ; is ::::tsii i r ( ; if u : 1231, 
it '.. I this it state, it y ('' ' '. 

st; W 

it is 

is 

Siit 

, 

stein iris: is tits-ida if the lies in 
35 hit 1: it': it is is 'yi, let vitt a retiril; 

spirir i2. if \ai e siki, in this it is a cit 
is laite y : iii-ii ("rai, k is 'e 4: $2, is - 
oted on a slit.: lie - 1), it r l’il it is 
at ' at it 3, -::it: : -eli '"; k it is a crit: ; ; 

: ) is a tini's 'tiing in E is rix is in t is re. 
l: it is wif iii: ; ; it in a y lesi'e it. 
It is is a 'critic: ; ; ; ; (; ; it sa, w a 
it Tig. 7). if it in alier silii; ; ; ; ; 
shi () Wii in Fig. , is a xantic, it; ii) is iii. 

{ i st: r?e it w it is : that the is a ve 
435 will it lositively it is , , , ; }; 
at the niober fi : S 
tly is inition of this 
lifting 'o. 4?i it is , , 

50 effectils the it if f it in int; the 
charge if a neasire, it its of ; it 
or other it; iii ti lit.: sitti, frin 
water i: i ket it' - r is , , 

it iii ( , ; ; , f : \xi : 
rial 'i: ge., is 

; ; , 

i; ; ; ; 
the ; it 456. in exa: y : he cane instance 
as reviot:sly ties is , it - reira (; 
Fig. 1 of the drawing, exceit is stic 

- prechanical actuation of the injector control. 
ling valve as nay be nec 

In carrying out 11 y in proved process ly 
means of the various enbodiments of nyi 
yention heretofore descrihitti anti i ij state, 
in Figs. to inclusive. I have epi, yel 
fluid under high pressure as the nears for 
injecting the liquid or other material into 
the cylinder throigh the injector in 

F. 
... & Y 

C. 
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do not, however, irrit in 'self to the 
a presstir fluid for this l; Yost 
ire suantity of water or il 
: the ilii eriai Iijay it: i: je - 
means an in any (ther ties': t \'; . 
iig. 8, for example, have illustrate: 
it dification of my inventin in lici, it 
pressure nic'ssary to force the measyircii 
(lantity es' water or other naterial it to the 
engine cylinder is furnishei is tect ni'al 
means, in tii is figure it it ". . . . . 
is inclicated at 526 the disclarge orije 
32, the bail (i.eck valve at 33 l, and tie i ; 
zie is row with a ni as it 
indicated at 2:... which is it 
provided with a pist in 
rict 5-4 extes it sits. . 
* Hi in turn provider w 
sing f -2, which trial, tii: , ; , s: , , 
at the oiter end of its striki, iit, it as . * * 
ing chaiyer is r(\ j} E \til the iri, 
sage 533 which connects by pipe 56 wi 
suily of water if ther it; it is a 

'e tetrably from the water jacket. 
i escrile, frt is an extra is 

oth, it "it is ficat it 
iile 5 tia: the inlet 
troiled by tie aii che; 
ir state his 'e show, a le: in 
it inteti ( ; ; ) 'a clei, i ; ; ; 4 
arii ( ; saiti el 'raik ?er:tive 
the oriter inct of the listor r 5: ... alli 
(thor : "In being rorecte by a ri is 
it is eretiric stra 5.5, sir routing 
?centrii i3, it oute ( ; sh 
attel by an in tini's 'eiati; 
rifle, anti e iii., for ; ; ; ; 
can shafts thereof. As is tist; i. 
withdrawn is sering .42. : :) 
tity of water the tier i. 
the Intasirii r hamh; 
pro: ' ' time in the cycle i : : 
of a normal charge, eter:::::: y : ; ; 
tion of the (centric 566. r its 
the piston will be force in war : 
eel stric operating throish the 'it': 
hel crank 532. this positively : 
it id in the measuring clari: 
injecting it into the ignitari is at 

It will be obvious that nly in visiti 
pirall to all types rf is terri cr; 
(ngines of whatever ?yrie, and that 
plicable also to engines having one - 
jumber of cylinders. While I have it, 
several mechanical arrangernents for ca; 
ing Outiny improved invention, and 
ess, it will he understood that variation 
he made in such apparatus within the 
of the following claims, without dear: 
from the spirit of my invention, and 
in Sention may be applied and enho 
existing "Onhustion engines, as wei 
interial combustion eig Yania 
with sprecial reference to the ent 
the rein of my inventioia. believe 

i". 

i: i , ; ; ; ; i. 
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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. past of absorbing heat and pro 
ducing increased pressure is injected into the 
cylinder or EE 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. anti 
to provide means where desired for regul 
lating the time of this injection with re 
spect to the time of ignition, or with respect 
to the position of the piston, or both, an 
these features I broadly claim. 

I wish it also to be understood that inly in 
vention is equally applicable to high 'ci 
pression internal combustion engines, for 
example, of the Diesel type. in which case 
the firessure employed for inject in r ide 
water or other material int) the ignit (c 
charge whether prottuced by ressire fiti 
or by mechanical action, or otherwise, will 
be sufficiently high to overcle the it - 
creased pressure of the igrinite large with 
in such high on re'ssi in engin' 'vil'1's. 
Where the water or other licit to it in 

jected into an ignit', 'harge of explosis 
material is obtaine fron an exterial st 
ply tank or reservoir. it lay lie relieated 
by any desired means, as try waste grases 
from the exhaust, or otherwise. Fi ' exilm 
ple, in Fig. 1 I have shown the talk 13 ro 
vided with the heating oil 53'. ' neitect 
in this instance to the Water jacket of the 
engine cylinder and provided with introl 
ling valves 53 for cutting it out when its 
ise is not desire . . it it will be in lirst 
that any other means of prelicatir the 
water in the tank may be emblved. , 
In Fig. 9 I have shown an embodiment, of my invention in which the injector nozzle it 

located in the head of the cylindler (fi, as 
indicated at 6:26, and pin victed with the T 
uid measuring chamber 629 and electro 
magnetic control device (339, similar to those 
shown in Figs. 1 and 2. for example. The 
spark plug indicated at 617 is located in 
this instance in the side of the cylinder hit 
it may also be located in the cylinder head 
if desired. In this figure I have shown in 
dependent means for advancing and retard 
ing the time of ignition and the time of in 
jection of liquid. 623 represents the igni 
tion cam on the camshaft 609, and the sepa. 
rable contacts 622 are shown locatedk on a 
disc 652 concentric with the call shaft and 
rotatable hy means of a hand lever 650 
which may be locked in adjusted position 
by means of a pawl engaging a stationary 
locking segment 651. It will be understo 
that other usual or preferred means for ad 
vancing or retarding the snark nave en 
ployed. The primary windinar if the igni. 
tion mechanism is indicated : * 2?, the ser 
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625. In this figure I have shown the can 
shaft 610 provided with a cam 323 for clos 
ing the circuit through the electronagnetic 
control device for the injector, at tie sepa 
rable contacts (3.43 are shown as locate on a 
disc (553 concentric with the cat sly: f't an 
adjustable rof atably hy' neans of a 1:1 
lever 654 carrying a pawl enraging a lock 
ing segment 655. The battery for the irr 
tromagnetic 'ontrii le vice is indicated at 
($25*. and 615 represents tie wire connecting 
one of the 'ontacts fi!6 with the scienoit of 
the electromagnet i? control rey vire. 

It is lighly intortant that the time rif 
injection of the litti as refore like it? ?t 
may be varied with res''t to tie strike if 
the pist on and with respect to the tiate of 
ignition, so as to sectire the liest results in 
?ler varying load conditions. If the injee. 
tion follows too closely the ignition of the 
charge it may interfere with the romplete 
combstion of the charge of explosive nate 
rial, and if it is delayed too long the bene 
ficial results of the liquid in armenting the 
pressure in the cylinder and increasing the 
efficiency of the piston stroke will he im 
paired. 
With the construction shown in Fig. 9, 

for example, the timing of the injection can 
be acciri fely regulated with respect to the 
time of inition to secure the hest results 
tintler all load conditinns and the timing of 
(either or hoth of the ignition and iniertion 
may be varied from time to time as the toad 
condition varies. 

In Fig. 1f) I have shown a const retion 
similar to that shown in Fig. 5, except that 
the injector here indicated at 26 is locat, , ; 
in the cylinder head. In this instance a 
magneto (2) frnishes the cirrent for both 
the ignition and the electromagnetic control 
for the injector through wires T1S and 745, 
extending respectively to the spark pig 
17. and the electromagnetic control device 

739, the injector being constrarfed and op 
erating as shown in Fir. 2. The fiming le 
ver 723 carries two eams, forming parts of 
periodic interrupters of well known con 
struction for producing electric impulses in 
the wires 718 and 745 at the proper times, 
the magneto being driven in timed relation 
to the engine in any usual or preferred man 
ner. The timing ever is shown connected 
by a link or rod 750 with a control lever 731 
which may he held in ad insted position by 
pawl 753 and segment 752. Ty moving the 
tinning lever the timing of the ignition and 
the injector may be simultaneously ad 
vanced or retarded, as will be readily inder 
stood. 

In Fig. 11 have shown another modi 
fication of my invention which illustrates 
one wav in which the timing of the ignifion 
and injection may he simultaneously ad 

ondary winding at 619, and he battery at vanced or retarded, while at the same time 
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and provided with a retracting sprin. 

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 liquid measuring chaniber $29 st 
plied with liquid either from a tank 8:3 
or the water jacket, according to the posi 
tion of the valve 854, and pressure for in 
jecting the liquid being supplied by a plum) 
850 and equalizing chamber 851, 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 fluid pressure to the meas. 
uring chamber. said solenoid heing connect - 
ed by wire 845 to one of the separable con 
tacts S.46 mounted in this instance on a disc 
or segment 853, concentric with the 'a In 
shaft 809. carrying the actuating can S23. 
The disc or segment 853 is provided with in 
adjusting lever 854, and a pawl 854 which 
engages locking notches in an a distalle 
dise or segment 860. 
The spark plug 817 is connected hy wire 

818, with the secondary winding 819 of the 
ignition mechanism. the primary wiriling of 
which is indirated at 820. The nrimary 
winding is connected to the battery 825 and 
both windings are grounded through sepa 
rahle contacts 822 carried on a disc or seg 
ment 852. concentric with the eam shaft 809. 
and adjustable by means of a lever 850. 
which can be locked with respect to the lise 
or segment 860, by a pawl 850" engaging 
notches 851 in disc or segment 860. The 
disc or segment 860 is adjustable together 
with and simultaneously with segments 85.3 
and 852, hy means of a hand lever 861, car 
rving a pawl 862. engaging a notched sta 
tionary segment 863. By this leans the tin 
ing of the ignition and injection may be 
separately and independently advanced or 
retarded until the highest efficiency for a 
particular engine load is obtained 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. 2 I have illustrated another 
slight modification of my invention in which 
the injector nozzle indicated at 926, is pro 
vided with a measuring chamber 929, pro 
vided with the siphoning port 933, connected 
to the liquid supply and having a piston 
935 for forcing. the measured quantity of 
liquid into the cylinder at the proper time 
under the action of an electromagnetic de 
vice. The piston 935 is provided with a 
stem 936 extending outside of the chainber 

Y 93. 
939 represents the solenoid provided with an 
armature core 940, and retracting spring 942, 
and a stem 941, connecting the armature 
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core with a reli rank ever : 43, kie ; (f 
which acts oil it list is sti't 
forces the list on 35 in v: : 
liquit. when the silenoit 'c' is 

st; iie instances nay it's it 
tl is 'cast listian in whi'i ti i v i i" , ; ;- 
netic device lirectly effects the it it: ; ; ; f 
liquit instead of operating a salve it a list. 
a pressire fluid for the buries as silkw 1; it 
other fires of the drawings. 
What i clain and desire st: 'i rgy, it - 

ters latent is:- 
i. in an internal coniustin ent is re 

vided with a 'ylindel arti is , a t}. ei; ; , , 
st lying an irrition incial is is ; is 
independent of the normal cilaige sills is 
Ilechanist for introducing into the littles' 
at a point in the cycle of this engi is ; ws: 
the insta t , f igniti in of a normal claig. 
and the et of the list or strik. It tail 
tlit rely. intity of material 'listic 
a's rising heat froii the ignite charge, and 
increasing the pressure ther's f. iiiriiting 
aii sta} is eats for varying the tini; ; ; 
tli ( at tissi: i , f sail natiri; with: 
to the is! ( I let weep its inter kid 
positions, wereby the tining of it is: 
sion of sili?t imaterial may be advacci 
retarded with respect to the power strike 
if the pister. 

2. lt an interial combustion engine , is,. 
villed with a cylinder : it piston, a? targe 
silly in a ni ignition the chanisti. In enins 
inicle intent of the nor ital charge stipis is 
nechanish for introducing into the cylin: }, 
at it it it it in the cycle if the engine sity's in 
the list if ignition of a neral charity is ; 
the ent of the nisi or stroke effecte, tierely, 
a tint its of mitterial "pale of airst-hit 
heaf frt the gaiti'i ( : [g: ; ; incre: 

*:::: 

' ' ' it 
-i il f : . 

i ij : y : 

f 

the pressure the reif inciding a iiii staii. 
Inca is for varying the tin ins' the aris. 

K. sion of say it material, a greater i 
tent after the ignition of the normal cirre. 

3. In an internal constiti engine or - I - 
vided with a cylinder and pistos. charge 
st pplying and ignition re?hanist, ay! ... 
justable firing is chanisin for the ic 
mechanis: , reans, it depeiicient of ti rs: 
supplying nic chasism f: sr introd f; ; ; ; ; 
the cylinder at a point in the eye 
engine between the point of irri , , 
nortnat charge and the end of the pists, 
stroke effected thereby, a giantity of mate. 
rial capable of absorbing heat frn the ig i: 
Inited charge and increasing the resire 
thereof, including adjustahle means for ai. 
vancing or retarding the time of siri arisis. 
sion of said laterial, whereby both the ti 
of ignition and the time of ain'ssi, s 
material 'a je variest 
piston strike. 

4. In an internai combustion if 
vided with a cylinder and piston, atti charge 
supplying and ignition mechanism, leat: 31) 

with respec: 

ine ir:-   
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independent of the charge supplying Inech 
anism for introducing into the cylinder at 
a point in the cycle of the engine between 
the point of ignition of a normal charge and 
the end of lie list or stroke eflected thereby, 
a quantity of material 'apalle of absorbing 
heat from the ignitel charge, and increasing 
the pressure theret) f. ii "all for varying the 
tinning of the ignit it in Irechanisin, and neal is 
for varying the Liling of the almission of 
sail nateriai, with Iese'i to the time of 
ignition. l 

b. In an internal combustion engine pro 
vided with a cylinder and piston, and charge 
forming and igtition mechanism, an injector nozzle independent of the charge forming 
mechanisin coil municatigri with the cylin 
der, nea is for slapplying a quantity of liquil 
to saic lozzle, ue chalism y injecting the 
liquid in said nozzle into the cylinder, 
electromagnetis' 'ontrolling lechanisial for 
sail injecting mechasis), a circuit for sail electromagnetic controlling luecha lisIn, and 
In eans operating in timed relation with the 
engine for closii g saic circ: 

6. In an interial conull Istion engine pro 
vide with a cylintle; and piston, and charge 
joriting a lad is ?tition inelanisi), an injector 
nozzle climinicating with the cylintler, 
meals indepen lent of the charge forming 
neilhanism for stiplying a suantity of 
liquid to said nozzle, mechanish for inject 
ing the listid iii said nozzle into the cylill 
der, electronagrinetic controlling mechanis 
for said injecting? mechanism, a circuit for 
said electromagnetic controlling mechanism, 
adjustable means operable in time relation 
with the engine for closing sail circuit, and 
means for advancing and retartling the op 
eration of sail adjustable means with re 
spect to the cycle of the engine. 

7. In an internal combustion engine pro 
vided with a cylinder and piston, and charge 
forming and ignition mechanism, an injector 
nozzle commit ilicating with the cylinder, means independent of the charge forming 
mechanisin for supplying a quantity of 
liquid to said nozzle, mechanism for inject 
ing the liquid in said nozzle into the cylin 
der, electromagnetic controlling mechanism 
for said injecting mechanism, a circuit for sail electromagnetic controlling mechanism, 
adlit Istable means operable in timed relation 
with the engine for closing said circuit, 
means for varying the timing of the ignition 
mechanisii, and means for varying the tim 
ing of said adjustable circuit closing means 
for the injector operating mechanism. 

8. In an internal combustion engine pro 
vided with cylinder and piston and charge 
forming and ignition mechanism, an injector 
nozzle communicating with the cylinder, 
means independent of the charge forming 
mechanism for supplying a quantity of 
liquid to said nozzle, means separate from 

and independent of the liquid supply, means, 
for supplying fluid pressure to said nozzle, for injecting said liquid into the cylinder, 
a normally closed valve interposed between 
the fluid pressure supply an 
and ineans for opening said valve at a point 
in the cycle 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 cylinder and piston and charge 
forming and ignition mechanism, an injector nozzle communicating with the cylinder, 
uneans independent of the charge formin 
Jiechanism for supplying a quantity o 
liquil 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 
cylintler, a normally closed valve interposed 
between the fluid pressure supply and said 
lozzle, means for actuating said valve to 
admit the pressure fluid to the nozzle, actu 
ated by and if timed relation with the 
engine. 

10. In an internal combustion engine pro vided with a cylinder and ston and charge 
for iij g and ignition neihism, an injec 
tor nozzle connmunicating with the cylinder, 
leans independent of the charge forming 
lethanism for supplying a quantity of liquid 
to sail nozzle, means separate from and inde 
pellent of the liquid supplying means, for 
supplying fluid pressil reto said nozzle, for 
it litting said liquid into the cylinder, a nor 
lially closed valve interposed between the 
fluid pressure supply and said nozzle, heans 
for actilating said valve to admit pressure 
fluid to the nozzle, by and in timed relation 
with the engine, and means for varying the 
tinning of sail valve actuating means. 

11. In an internal combustion engine pro 
Yided with a cylinder and piston and charge 
forming and ignition mechanism, an injec 
tor nozzle communicating with the cylinder, 
means independent of the charge forming 
Inechanism for supplying a quantity of 
li?tid to said nozzle, means for supplying 
fluid pressure to said nozzle, for injecting 
said liquid into the cylinder, a normally 
closed valve interposed between the fluid 
pressure supply and said nozzle, electro 
magnetic means for actuating said valve to 
admit the pressure fluid to the nozzle, an 
electric circuit for said electromagnetic ac tuating means, including normally open con 
tacts and means operating in timed relation 
with the shaft of the engine for closing the 
said circuit. s: 

12. In an internal 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 formi 
mechanism for supplying a quantity o 
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liquiti to sail nozzle, means for supplying 
futi ress: ru to saici ni Zzie, for inie tiny 
said i? lit into the cylintler, a formally 
it set says inter st'. etween the laid 

sist it silii is a sail liczzle, electrona; - 
in ti - fi : " : " :at i? saic valve to at 

it the pressi'e flui to the nozzle, an elec 
tri' (ir 'i it fir said electronagnetic actuat 
ing in 'ans, including normally open contacts, 
: 'it a 't late in tired relatio with the 
tigii, fir 'it is 1:r said on tacts. and means 
for a listi f said "it it witl respect to the 
cycle of the Irine, to 'ary the time of op 
tratic if tie injector. 

13, in it in iterial combustion engine pro 
vitiei with a cylinder and pist on and charge 
frning ail grinitiin Inechanism, an injector 
Toy: 'nointinicating with the cylinder, 
means in tie endent of the charge forming 
mechanism for supplying a quantity of 
liquid ti said nozzle. Ineans for supplying 
fluid presstie to said nozzle, for injecting 
said (till into the cylinder, a normally 
closed valie is terposed between the fluid 
re-sire suity and said nozzle, electronag 

astic trans for actuating said valve to ad 
mit the inli'ssure fluid to the nozzle, an elec 
tric circuit for said electromagnetic actuat 
itg raeans. iiii iuding Bortnally open con 
tacts, a csi in lependent of the ignition 
"Deehanisia for closing said contacts, and 
gileans for a listing said can with respect 
to said igniti in mechanism, to vary the op 
eration of the injector with respect to the 
time of ignition. 

14, in an internal combustion engine fro 
vided with a cylinier and piston, and charge 
forming and ignition iaechanism, an inject 
for nozzle conununicating with the cylinder, 
means independent of the charge forming 
mechanisi) for supplying a quantity of 
liquid to said nozzle, means for supplying 
fluid pressure to said nozzle for injecting said 
iiquid into the cylinder, a nortnally clos 
valve interposed between the pressure supil. 
and said nozzle, electromagnetic meals for 
actuating said valve to admit the pressure 
juit the nozzie, an electric circuit for 
said Plei irritagnetic actuating means, and 
in eans operail it timed relation with the 
ture for sig said circuit. 
i. in a iiiterial coulbustion engine ro 

vied with cylinder and piston, and charge 
for an is a ji ignition mechanism, an inject 
tor is 17:le civilianicating with the cylinder, 
linehas independent of the charge forning 

sm for supplying a quantity of 
liquid to said nozzle, means for supplying 
fluid pressure to said nozzle for injecting 
said liquid into the cylinder, a normally 
close valve interposed between the pressure 
supply and said iozzle, electromagnetic 
IIleans for actuating said valve to a durit tie 
pressure fuid to the nozzle, an electric cir 
cuit for said electromagnetic actuating 
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rteans, means one ribo i tine relati in sit 
the engine for closing said circii it, at int': is 
for a vai'ing and retard in the in at it 
if sail circuit closing mea is with ri's eit 
to the '''l' if the erine. 

16. If an iri i r a conii ist it in ' ' . 
vided with a cylinder an list oil, a water 
jacket for saic cylinder, and charre firining 
and ignition fechanism. an inject r (zzle 
connlinicating with the try tinier, a 'chee 
tiot setween said injector nozzle and the 
water jacket for sliplying heate water to 
saic illie" (r. a flikl ressire sis' firs; it 
It Zz, a normally closed valve (" tat it ling 
sail flui Ji'essure supply, an electra as: 
Yeti tie vice for cerating said valve to tier 
the same in electric fircuit for s: it all "ctro 
Jagnetic actuating device, incl. iii.; nor 

mally separated contacts, and taeans (erat 
ing in timed relation with the engine for 
closing said contacts. 

17. In an internal coinbustion tensrine hav. 
ing a cylinder and piston, and chari?e firm 
ing and ignition mechanism, an inje it is noz 
zle countanicating with said cyli; it; r. a 
measuring than be connected with sail licz 
zie, Theats independent of fibe large form 
ing niec); iish for supplying it; it to said 
in easuring chamber, a novable is to valve 
in said measuring chamber, means for sup 
plying pressure to said nozzle, no finally 
'losed is said piston valve. a spring for 
holding said piston valve in position to close 
said pressire supplying means, and means 
operated in timed relation with this engie 
for moving said piston vaive, to force the 
easiarel (lantity (if it iii its said is zzle. 

a estallist contrication, but wet said 
pressure silving reans aid said it Zvie, to 
inject sail measuri'l antity of it: it into 
the is lifel charge in the ylider, 

is, an interial coli listic: ; iii' hay 
ing it 'y in tier airl isfit in : it car for in 

is a ti iguitin Lechanism, as it it'? to ' 
;(zzle conjunicatin:r with said: ''Eiler, a 
tie isliti' ('hate' ('a lected with sai. noz. 
2.É. iii'a is ill elicient if i ije chaire firin 

: is-n} f i' s living it id it, said 
is chain it: '... : :ox: lie pist ave 

i teasiring i. it ter. ite; ris f : - - 
lying 1'ssil ' ' to ::1. 2: ... it tally 

tle si'i i yi s'ai ist on ; is e, a s "it for 
hitling stic list it valve it lositi i t c isc 
Siti i rest: Te Silsig ineans, all ele, tr. 
Inaz reti" device operatively collectice with 
said pistol ":ve, an electric 'it' it for sit: 
electrina retic device inch ling it raily 
oci ("o tacts, and means operated it it is 
relati i with the engine for closing said 
tre it. and effecting the operatif f said 
4'al ye to pen position. 
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19. It an internal combustion engine pre 
vice it with a cylinder and piston, a water 
ja:ket for the cylinder, and charge forming 
and ignit}} ] nechanism, an injector nozzle 30 
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initiat its with th' is titler, an ester 
's r vir, 'antiniations is ti'ee in 
a 'ket an said rest'i'i i ; (; tre 

: il visig wate; it ' ' ' '. "(si 

iii 

i ; ; ; ; ; ; ; S: it ' . . . . . . it is life' is . . . . 
1 tie in of the siiii w; it si lying? 

1 r silii g stresseti in it is 
itz: , ; ; ; ; ; ; ; ; ; ; ; ; , is ti " : " ' ' ' . 

it in 's-e it is stily, eit: '. 
it: ; ; ; ; ; ; it 'a is t: ; ; ; ; ; ; ; it was "e. 

; : " ": it f : r saiti fi : " ::getic : “it is tit r 
it is, ; ; ; ; ; ; ; is the 'list is files relati 

witi, tie gift for it sirr said circuit. 
21, in : i , it': i - nisi i? engine re 

xiii v i a y in its list of, charge 
sii i ying at it is niti i ni , in: I listi. In a is 
is is is tile it if the ch: it stilying mech. 
: It isi, it's fig ; ; ; ; is is lifier, if a. 
; : , it tie ' ' ' ' ' ' 'gins it ven th: : ; ; ; it is 

L. 

tlr pist on stroke, a triantity of liquid, and 
reans for sistaine tasy advancing and re 
tarctii is the fin its of ignition and injection. 
: . in an its 'nal censit stion engine pro 

title wiil : ; y if : it is tint charge 
its f ; it is it in its ela in is in, neans 

f { } large Stry tig mech 
: is . fair riting in i? cylinder, at a 
it, it i: ; ; he 'i' is engine is tween the 
is ritici f : it rail chai're atti the end of 
f it ist in stroke, a quantity ; liriid, means 
fir irie endently titvancing and retarding 
the fire of ignition and time of injection, 
and means for simultaneously advancing 
and retarding the times of ignition and in 
jection without interfering with the inde. 
et let rel: five a distra ent thereof. 
in tesfitny where of affix my signature. 

'A' R V. K.E.S.A. 

  

  

  

  

  

  


