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To all whom, it may concern:
Be it known that I, Kowrap NicoLy, a sub-

- ject of the King of Norway, residing in the

city of Milwaukee, county of Milwaukee,
and State of Wisconsin, have invented cer-
tain new and useful Improvements in In-
ternal-Combustion or Explosion Engines,of

. which the following is a specification.
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This invention relates to that class of en-
gines commonly known as internal combus-
tion, or explosion engines, and more particu-
larly to the construction, arrangement and
mode of operation of the injection nozzle
and the mechanism for introducing, vaporiz-
ing, mixing and igniting the combustible
fluid or fuel. o , _

* The principal object of the invention is to
provide 4 simple, economical and efficient in-
ternal combustion or explosion engine.

Other and further objects of the invention
are to previde an internal combustion or ex-

" plosion engine with means for introducing,

vaporizing, mixing and igniting combustible
fluid or fuel, adapied to prevent or reduce to
a minimum- the liability to premature ex-
plosions and te insure ignition at the proper
instant, and also to insure complete combus-
tion, and particularly to enable a constantly
heated element to be employed for produc-
ing ignition and thorough vaporization and
at the same time reduce to a minimum the
liability to premature explosions; to provide
means whereby an internal combustion en-
gine is enabled to be run in an efficient man-
ner at a high temperature and to keep an
igniting element constantly heated from the
explosions and without causing premature
explosions; to enable gasolene, kerosene,
acetylene, crude petroleum or other- desired
combustible fluid to be intermixed with the
desired proportion of air, injected into and
intermixed with air under pressure in.the
explosion chamber and vaporized and
ignited or exploded in an efficient manner
and in such a manner as to reduce to a mini-
mum or entirely prevent premature explo-
sions while using either a constantly heated
element or an electric sparker or both for the
purpose of igniting the explosive fluid, and
to enable each charge of air contained in the
explosion chamber or piston chamber to be
compressed by the action of the piston to or

near the point of highest compression before .

any combustible fluid or oil is introduced
therein, and a charge of air and oil or fuel

to be intermixed in proportions which form

a non-explosive mixture of combustible fluid

and forced into and intermixed with the air
so compressed in the explosion chamber and
vaporized and exploded, all in such a man-

ner that the fluid contained in the explosion-

chamber is non-explosive until the proper
moment for the explosion to take place.
Other and further objects of the invention
will appear from an examination of the
drawing and the following description and
claims. o
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 The invention consists in the features,

combinations, and details of construction
herein described and claimed, and in the
method of compressing, introducing, mix-

70

ing, vaporizing and igniting the combustible -

fluid or fuel. :

In the accompanying drawing Figure 1 is
a view in vertical section through the center
of an engine provided with my improve-
ments and showing in elevation an injection

-nozzle, valve operating mechanism, fuel

pump, and-compressed air supply reservoir
or device, and, in section, the hollow ball
or igniting device, all constructed in accord-
ance with my invention; Fig. 2, a central
vertical sectional view of my improved in-
jection nozzle; Fig. 8, a, view in side eleva-
tion of the injection nozzle valve-stem with
the air and fuel valves thereon, and Fig. 4,
a bottom end view of the valve stem and
valves shown in Fig. 3.

In the art to which this invention relates
it is well known that when'a constantly heat-
ed element is used for igniting the explo-
sive fluid and fuel is introduced into the pis-
ton chamber or explosion chamber in the
ordinary manner so as to form an explo-
sive mixture which is compressed by the
piston during its entire compression stroke
or the greater portion thereof and prior
to the proper time for an explosion to
take place there is great liability to prema-
ture explosions. It will also be readily un-

- derstood that merely pumping oil into the

explosion chamber will not overcome the
objection, and, if performed after the air
in the piston chamber is compressed, will
not result in a complete intermixing and va-
porization of the combustible fluid or in the
complete combustion and assured and prop-
erly timed explosion desired, to any such an
extent as these desirable objects are accom-
plished by forcing intermixed air and oil
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under pressure and in such proportions that
the mixture passing thrcugh the mouth of
the injection nozzle is non-combustible until
forced into the compressed air in the explo-
sion chamber and vaporized by the continu-
ously heated element extending into said
chamber in position to deflect the incoming
fuel, and by the heat of the chamber and the
air contained therein, in accordance with my
invention.

In constructing an internal combustion or
explosion engine provided with means for
introducing, mixing, vaporizing, compress-
ing and igniting combustible fluid or fuel in
accordance with my improvements I pro-
vide an engine cylinder 1 having a cylinder
head 2, a casing or frame portion 3, a pis-
ton 4 provided with a piston rod or pit-
man 5 operatively connected with a crank-
shaft 6, an air-inlet passage 7, an outlet pas-
sage (not.shown) leading from the explo-
sion chamber, an air-inlet valve 8 for the
air-inlet passage 7 which leads into the ex-
plosion chamber 9, mechanism for automati-
cally operating said inlet valve, comprising
a spring 10, valve stem 11, a walking beam
12, pivotally mounted upon a suitable sup-

~ port 13, and an operating rod 14 connected

30

40

45

NE

with said walking beam and operatively
connected with the cam or crank shaft of
the engine in any ordinary or desired man-
ner, all of which (including an outlet valve
and valve operating mechanism and other
well known parts of an internal combustion
engine of any known type, not shown) may
be of any desired or ordinary known type,
form or construction. '

An injection nozzle is provided which is
constructed in accordance with my inven-
tion, as follows: The injection nozzle, as
shown in the drawings, has a main body or
casing portion 15 which forms a mixing
chamber 16 having an injection hole or dis-
charge passage 17 adapted to communicate
with the explosion chamber or interior of
the piston cylinder of the engine. The noz-
zle is also provided with an oil or fuel inlet
or supply passage 18, and an air supply pas-
sage 19, each of which leads into or is
adapted to communicate with the chamber
16.  An air-valve, which is preferably sub-
stantially ecylindrical and of somewhat
greater diameter than the portion of the
chamber 16 in which it is seated with its
bottom end normally intermediate the fuel
or oil inlet passage 18 and the air inlet
passage 19, is mounted upon a valve stem 21
n position to close the air inlet passage 19
when said air-valve 20 is seated or in its
lowermost position, as shown in full lines
in Fig. 2. A fuel-inlet valve 22, which is
preferably of segmental or nearly semi-cy-
lindrical form as shown in Figs. 3, 4, and 2
is mounted upon or made integral with the
valve stem 21 and in sliding engagement
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with the correspondingly cylindrieal wall
portion of the chamber 16. This fuel vulve
99 has its upper end a sufficient distance be-
low the bottom end of the air-valve to form
a space between said valves which registers
with the mouth of the inlet passage 18 so
as to permit oil or fuel to pass from said
passage and through said space between the
valves and into the chamber 16 when the
valves are in their loweréd position. The
fuel valve 22 and the air valve 20 are thus
in fixed relation and may be made integral
with the valve stem 21, and the bottom end
23 of said valve stem is located inside of the
chamber 16, and is conical and seated in the
bottom of said chamber in position to form
a valve for opening and closing the injection
hole or discharge passage 17 of the nozzle.
The portion of the nozzle body above the fuel
valve 22 and fuel inlet passage 18 has a bore
or central opening 2i of larger diameter
than the portion of the chamber 16 which
is below the fuel passage 18, and the air-
valve 20 is adapted to slide up and down
in said bore. And a compressible spring 25
encircles the valve stem above and in opera-
tive engagement with the air valve and is
adapted to move the air valve 20, the fuel
valve 22, and the bottom valve 23 down-
ward from the positions shown in dotted or
broken lines in Fig. 2 to the positionsshown
in full lines in said figure. The upper end
of the nozzle body is provided with a screw
cap 25’ having a central perforation through
which the valve stem extends, and a suitable
packing 26 between packing glands 27 and
98" encircles the valve stem on the inside of
the nozzle body and between the cap and
the compressible spring 25.

A ball valve 28 is seated in the fuel inlet
passage 18 at a point between the fuel-valve
22 and the oil or fuel pump 29 or source of

fuel supply, and is provided with a compres-

sible spring 30 between said ball valve and
the point of communication between the
fuel passage 18 and the chamber 16 adapted
to hold the ball yieldingly in its seat when
the pressure of the incoming fluid is not
sufficient to overcome the tension- of the
spring or unseat the ball. A nipple 31
serewed into the nozzle body forms a seat
for the ball valve, and a pipe 32.is connect-
ed at one end with the fuel pump or source
of fuel supply 29 and at its other end, by
means of said nipple, with the nozzle, so
that the passage 18 leads from the pump
29 to the ~chamber 16. The nozzle 1is
provided with a flange 33 by means of
which it may be secured to the engine, with
the aid of bolts and nuts, but it is also capa-
ble of being secured in operative position
upon the engine and preferably upon the
cvlinder head, in any ordinary known or de-

sired manner, and the nozzle and all of its

parts may be made of any desired metal.
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The pump 29 is operatively connected
with the crank shaft or any desired driven
shaft of the engine, preferably in such a
manner that the pump ‘piston will make a

g stroke for each charge ‘of combustible fluid
to be introduced into the explosion cham-
ber. Although any suitable means for op-
erating the fuel pump may be employed, it
is here shown supported by a bracket 34

10 and operatively connected with a cam shaft
35 by means of an eccentric 86 on said cam
shaft, an eccentric strap 37 on the eccentric,
and a pump rod or pitman 38 having its
lower end connected with the eccentric strap
15 anditsupperend operatively connected with
the piston of the pump in any ordinary
known or desired manner. The cam shaft
35 is operatively connected with the crank
shaft 6 of the engine by means of a spur
20 gear 39 on the crank shaft and a spur gear
40 on the cam shaft and in toothed engage-
ment with the pinion or gear 39.
- The valves 22, 20 and 23, and the valve
stem 21 on which they are supported are
25 operated in one direction by the compressi-
ble spring 25 as already stated. They are
automatically operated in the opposite di-
rection, or raised and released positively
and in such a manner thit the fuel valve 22
30 will close the fuel supply passage 18 and
the valves 20 and 23 will simultaneously or
immediately thereafter and with the same
upward movement of all of said valves, open
the passages 19 and 17 and cause them to
85 remain open until the air inlet valve 20 and
‘the injection nozzle discharge valve 23 are
closed and the fuel valve 22 opened by the
action of the compressible spring 25. In
order to accomplish this I provide a lever
40 or walking beam 41, one end of which is
connected with the valve stem 21 by means
of a nut 42 or in any suitable manner,
and the other end of which is pivotally
mounted upon a suitable support or bracket
45 43. An operating rod 44 is pivotally se-
vured to the lever 41, and is operatively con-
nected with a driven shaft such as the cam
shaft 35 by means of a cam 45 on said shaft
adapted to operate the rod and thereby the
50 \lever 41 and valve stem 21. An antifric-
tion wheel 46 is interposed between the end
of the rod 44 and the cam 45, and is rota-
tably mounted between fork arms of the rod
in the ordinary manner. The lower end of
55 the rod is slidably supported by a bracket
47, and the cam 45 and the eccentric 36 are

of such conformation and so disposed with .

respect to each other that the fuel pump will

be operated so as to force combustible fluid

80 into the chamber 16 while the valves on the
valve stem 21 are in lowered position- and
said valves will then be raised by the aetion
< of the cam and then suddenly released when
in tlie position shown in broken lines in Fig.

85 2. and moved down by the spring 25 to the

position shown in full lines in said figure, as
already suggested. .

An air supply receptacle 48 containing
compressed air under a higher pressure than
the air-in the explosion chamber when the
engine piston is at the end of its compres-
sion stroke, is provided, and connected with
the injection nozzle by means of a pipe 49
and a nipple 50 through which the air inlet
passage 19 leads to the interior of the com-
pressed air supply reservoir, so as to connect
the latter with the chamber 16 in the nozzle
when the air valve 20 is open. The com-
pressed air reservoir may be in the form of
a pump or may be provided with a pump
of any desired type (not shown) adapted
to be operated by the engine, or may be con-
nected with any desired ordinary means for
supplying air under the desired pressure, to
the tank.

An igniter made preferably in the form
of a hollow bulb or ball 51 forming an in-
ner chamber 52, and having a hollow neck
53, the inner end of which forms a lip 54 is
mounted in the side wall of the engine cyl-
inder to which it is secured by means of an
integral flange 55 and bolts or screws (not
shown) or in any desired manner. The ig-
niter is formed of metal, preferably cast
iron, and is so mounted that the hollow
neck 53 extends through the side wall of the
engine cylinder and the inner end or lip por-
tion 54 of the neck projects into the ex-
plosion chamber transversely of the latter
and with the concave or hollow side of the
lip. toward the cylinder head and adjacent
to the inner end 56 and injection hole or
discharge passage 17 of the nozzle mounted
in the cylinder head, said lip being sub-
stantially at right angles to the discharge
passage in the nozzle and in pesition to re-
ceive and direct combustible fluid toward
the opposite side of the engine cylinder and
explosion chamber, and also to deflect into
the interior of the bulb or hollow igniter,

combustible fluid injected into the combus-

tion chamber and against the hollow side of
said lip through the injection nozzle.

The nozzle may be heated by means of a
torch (not shown) or in any desired man-
ner until its temperature is sufficiently high
to ignite the combustible fluid in the explo-
sion chamber, and the heat from the explo-
sions and compression serve to keep it con-
stantly hot enough to vaporize and ignite
said fluid or fuel. An electric igniter may
also be provided comprising a spark plug
57 connected with and embraced within an
electric circuit in the usual manner by
suitable wiring 58, and having terminals or
electrodes 59 and 60 inside of the combus-
tion chamber. Tt will thus be seen that the
igniter bulb or ball 51 and lip 54 may be
initially heated by the explosion of combus-
tible fluid ignited by the electric igniter,

70

75

80

85

90

100

105

110

115

130




4

. and is adapted to be. used either in'con‘j'pnc-
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tion with or without the electric igniter,
and that, whether. an electric sparker is used
or not, the igniter formed by the bulb.or

‘ball 51, hollow neck 53 and lip 54 is adapted

to be kept constantly heated by the explo-
sions to a temperature which will ignite the
charges and also vaporize the injected com-

chamber so as to form a thoroughly homo-
geneous or uniform explosive mixture inside
of the explosion chamber at and not before
the proper moment for the respective explo-
sions to take place. Proper ignition and
combustion are thus produced, and prema-

“ture ignition is prevented by introducing
intermixed air and oil into the compressed .

air, in the cylinder at, and not until the
desired moment of ignition.

In operation, air is admitted to the piston
or explosion chamber through the main air
inlet passage by means of the valve 8, and
is then compressed by the return or com-

ression stroke of the piston. When the air .
in the explosion chamber is at or near its
“highest point of compression; the valve stem

91 is raised from the position shown in full
lines in Fig. 2 to the position shown in

broken lines in said figure, thereby opening

the passages 19 and 17 in the injection noz-
zle and closing the, fuel inlet passage 18 by
means of the fuel valve 22—the chamber 16
of the nozzle having been supplied with a
charge of combustible fluid through the
passage 18 and the ball valve 28.having
been closed before the beginning of the com-
pression stroke of the piston 4. Upon open-
ing the air valve 20 and valve 23 and there-
by the air passage 19 and injection passage
17 air under pressure exceeding:the pressure
of the compressed air in the explosion cham-
ber is forced into the chamber 16 of the
nozzle and intermixed with the combustible
fluid or oil in said chamber in proportions
which are by preference such as to make a
nonexplosive mixture of combustible fluid.
The -intermixing of combustible fluid or
fluid hydro-carbons and compressed air is
accomplished by pumping the compressible
fluid through inlet 18 and into chamber 16
in the nozzle, while air previously intro-
duced into said chamber through air inlet
19 still remains in said chamber. Upon

opening air inlet 19 and port 17, air is-

forced into and through the combustible
fluid in the chamber 16, and through said
chamber, and thus thoroughly intermixed
with the charge of combustible fluid or
hydro-carbons in said chamber during the
forcing of the air and combustible fluid
through the chamber. The air and com-
bustible fluid thus intermixed in the cham-
ber 16 in the nozzle are together forced
into the explosion chamber and against the

1,148,440

lip or inwardly projecting end 54 of the
metallic igniter which is kept heated to a
sufficiently high temperature to ignite the

combustible mixture at the moment it be-

comes explosive. The mixture thus forced
inte the explosion chamber, preferably dur-
ing and at or near the end of the compres-

) _ com- __ sion stroke of the piston, and against the
bustible fluid and thoroughly intermix it
with the:compressed air in the explosion’

eated metallic igniter lip is quickly and
‘thoroughly vaporized and intermixed with
the compressed air in the explosion chamber

- so as to form. an explosive mixture at the

‘moment when . the explosion should take

place.” Part of the mixture thus forced into

the explosion chamber and against the hent-
ed lip is deflected into the passage 53 and
chamber 52 in the hollow igniter, and ther-
oughly vaporized and ignited or exploded,
causing a flash of burning or exploding
gases to pass transversely across the explo-
sion chamber from the transversely dis-
posed passage 53 in the igniter and through
the vaporized and compressed explosive
mixture in the explosion chamber, in such
a manner as to produce substantially com-
plete combustion, resulting in a high degree
of efficiency. The combustible fluid injected
against the lip 54 is vaporized and deflected
and quickly and thoroughly intermixed
with the compressed air already in the ex-
plosion chamber in such a manner as to
form an explosive mixture at and not be-
fore the proper moment of the explosion to
oceur, so that premature explosions are pre-
vented. ‘The charges may be ignited by
means of the electric igniter, if desired,
until the igniter bulb or ball becomes suffi-

ciently heated, or to any desired extent.-

The metallic igniter bulb or ball, however,
may be initially heated by means of a torch
as already suggested, and is adapted to be
used either with or without the electric
igniter, and to be kept constantly heated by
the explosions. :

T claim:

1. In an engine of the class described, the
combination of a piston cylinder, a pis-
ton in said cylinder, an injection nozzle
provided with .a chamber having a pas-
sage leading into the interior of the pis-
ton cylinder and provided with a com-
bustible fluid inlet passage and an air sup-
ply passage communicating with the cham-
ber in the nozzle, an air inlet valve for
said air supply passage, a-fuel inlet valve
connected with the air inlet valve and mov-
able with the latter into position to close the
combustible fluid inlet passage simultane-
ously with the movement of the air inlet
valve to opened position, a valve interme-
diate said chamber in the nozzle and the
chamber formed by the piston cylinder,
means for introducing combustible - fluid
into the chamber in the nozzle, and means
for forcing air under pressure into and
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through said nozzle and into the interior of
the piston cylinder. :

2. In an engine of the class described, the
combination of a piston cylinder provided
with an explosion chamber having a main
air inlet passage, a piston mounted in the
cylinder and adapted to compress air in the
explosion chamber, an injection nozzle pro-
vided with a chamber having a discharge
opening adapted to communicate with the
explosion chamber, and provided with a
combustible- fluid inlet passage adapted to

-communicate with a source of combustibla

fluid supply, an air supply passage, com-
municating with the chamber in the nozzle,
a valve in the discharge passage of the noz-
zle and located intermediate the chamber in
the said nozzle and the combustion chamber,
means for forcing air under pressure
through the nozzle and with the combustible
fluid 1 the nozzle into the explosion chams-
ber in proportions forming a non-explosive
mixture thus forced through the discharge
opening of the nozzle, valves for opening
and closing the respective openings in the
nozzle, means for automatically operating
said valves, a metallic igniter member hav-
ing an inwardly projecting lip inside of the
explosion chamber in position to receive
fluid injected through the nozzle, and an
electric sparker embraced within an electric

circuit and having terminals inside of the

explosion chamber.
3. In an injection nozzle for explosion en-
gines, the combination of a main body por-

" tion forming a chamber having a discharge

passage and provided with a combustible
fluid inlet passage adapted to communicate
with a source of fuel supply, and an air
supply passage each adapted to communi-
cate with the chamber in the nozzle, a valve
stem having a bottom end portion adapted
to open and close the discharge passage, an
air valve on said valve stem adapted to open
and close the air supply passage, and a fuel
valve on the same valve stem and movable
with the air valve and adapted to close the
combustible fluid inlet passage and keep the

same closed while the air supply passage
and the discharge passage are open, and to
open the combustible fluid 1nlet passage
and keep the same open while the air valve
and the bottom end of the valve stem are in
position to close the air supply passage and
discharge passage.

4. In an injection nozzle for explosive en-
gines, the combination of a main body por-
tion forming a chamber having a discharge
passage and provided with a combustible
fluid inlet passage, and having an air sup-
ply passage adapted to communicate with
said chamber and with a source of com-
pressed air, a valve stem provided with
valves connected therewith for opening and
closing said passages respectively, a spring
operatively connected with the valve stem
and adapted to operate it, and the valves,
in one direction to close the air inlet pas-
sage and the discharge passage and open the
combustible fluid inlet passage, and mecha-
nism for operating the valve stem and there-
by said valves in the opposite direction in-
dependently of the fluid passing the valves.

5. In an mjection nozzle for explosive en-

'gines, the combination of a main body por-

tion forming a chamber having a discharge
passage and provided with a combustible
fluid inlet passage,'and having an air supply
passage adapted to communicate with said
chamber and with a source of air supply, a
valve stem provided with valves connected
therewith for opening and closing said pas-
sages respectively, a spring operatively con-
nected with the valve stem and adapted to
operate it and thereby a valve for each of
said passages respectively, in one direction,
and a movable operating member connected
with said valve stem and adapted to posi-
tively operate it and thereby the valves con-
nected with the valve stem, in the oppo-
site direction.

KONRAD NICOLL.

Witnesses:
Carrie M. Gisson,
Apam BALTER.
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