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_ fuel oils. ) 1
broad or general type which includes air -
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7o all whom it may concern:

Be it known that we, SaMUEL
vy and Harry A. CowarDIN, citizens of the
United States, residing at Richmond, in the
county of Henrico and State of Virginia,
have invented certain new and useful Im-
provements in Fuel-Injectors for Internal-
Combustion- Engines; and we do declare
the following to be a full, clear, and exact
description of the invention, such as will en-
able others skilled in the art to which it ap-

pertains to make and use the same, reference
being had to the accompanying drawings,

and to the letters and figures of reference
marked thereon, which form a part of this
specification. '

This invention relates to improvements in

fuel injectors. for internal combustion en-
gines, proposing a devieer which is appli-
cable to engines operating on the Diesel cycle
and adapted for the heavier and less volatile
The present injector is of - the

and oil valves functioning, in cobperation,
to discharge the oil in an atomized or highly
comminuted condition into the engine eyl-
inder whereby it will form an explosive, or

~ more strictly, combustible mixture with the
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air, admitted by the main air valve, and

highly compressed by the engine piston at

the moment of oil admission. A
The primary object of the invention is

. to effect, so far as practicable, such a com-
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plete atomization of the liquid fuel by air
under pressure projected through a stream
or film of the fuel at.the discharge end of
the injector that a combustible mixture
from the heavier oils may be produced ca-
pable of ignition in cylinders of low com-

pression engines without the necessity of

using preheating device, such as the “hot
ball,” or. relying on the high temperature
of compressed air, and without depending
on a carbureter for making the combustible
mixture before the charge enters the engine
cylinder. :

Other objects of the invention briefly
stated, are to simplify the construction and
operation of injectors of the type referred
to, to establish certainty and reliability in
the correlation of the operations of its air

_and oil valves, to insure certainty in the tim-

ing of the fuel injection and to effect thor-
oughness and uniformity in the atomization
of the oil, whereby it will more readily and

P. Cowar-

completely forin a combustible mixture with
the air under compression in the engine cyl-
inder. . B ‘
These objects are achieved according to
the invention, by the utilization of the oil
supplied to the injector for the control of
the operation of the air valve and by a spe-
cial arrangement of parts whereby -the oil
pressure effects the opening of the oil valve
in conjunction with the opening of the air
valve, the arrangement enabling, as is pre-

“ferred, the correlation of the operations of

said valves, whereby the oil valve is opened
after and closed before the respective open-

‘ing and closing of the air valve, -

Three embodiments of the invention are

'shown, by way of example, in the accom-

panying drawings which comprise:
Figures 1, 2 and 3, each a vertical sec-
tional view of one of the respective embodi-
ments, that shown in Fig. 1 being, as now
considered, preferred; and Fig. 2%, a detail
sectional view on the line z—a of Fig. 2.
The injector shown in Fig. 1 includes a
casing 1, preferably made in two parts 1#
and 1°, the part 1* having a sérew-threaded
boss 8 by which it is joined to the part 1®,
The casing 1 is adapted for attachment to
the engine cylinder in the same manner as
an ordinary spark plug and accordingly its
part 1* is formed with. attachment threads
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4 for engagement in a threaded opening in -

the cylinder.
The casing is provided with an oil inlet

.5 opening into an oil chamber 6 and with a

compressed air inlet 7 opening into an air
passage 8 which extends axially through
thie casing, piercing the inner end thereof.
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The escape of air from the passage 8 is -

controlled by a valve 9 which is formed to
co-act with a seat 10 at the discharge end
of the passage 8 and whose stem 11 extends
wholly through said passage but is reduced
to provide the necessary clearance. The oil
chamber 6 is open to an oil passage 12
which, in the present embodiment. extends
axially through the air valve stem 11 and
air valve 9, piercing the end of the latter
and terminating in an external seat 13 for
codperation, with an oil valve 14. The stem
15 of the oil valve 14 extends through the
oil "passage 12 and projects into the oil
chamber 6 wherein it is provided with an
adjustable nut or collar 16 for engagement
by a spring 17 which normally holds the
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valve 14 to its seat, the spring 17 having a
bearing against a shoulder 18 formed with
the casing 1 internally of the chamber 6.
The air passage 8 and the oil chamber 6
are separated by a movable element which is
influenced by the pressure of the air and
oil in said respective passage and chamber
and is connected to the air-valve stem 11 to
control the operation of the air valve- 9. As
now preferred this movable separating ele-
ment comprises a diaphragm 19 surround-
ing the stem 11 and clamped thereto by
upper and lower nuts 20 and 21. The mar-

ginal portion of the diaphragm 19 is conven-’

iently clamped between the boss 3 of the
casing part 1* and an adjacent an-
nular shoulder 22 of the casing part 1P.
The air passage 8 terminates within tlie
casing in an enlarged portion 23 which ac-
commodates the nut 21 and extends to the
diaphragm 19. The depth of said enlarged
portion 23 is sufficient to allow of a slight
downward play of the nut 21 in conse-
quence of a downward deflection of the dia-
phragm and the width or diameter of said
enlarged portion is such as to insure that the
air pressure on the diaphragm shall be suf-

ficient to hold the diaphragm in its normal-

plane and to maintain the closure of the air

valve 9 until the proper moment for the oper-

ation of the injector. . The enlarged portion
23 provides an annular shoulder 24 against
which the nut 21 strikes when the diaphragm
is deflected downward, the shoulder 24 thus
limiting the downward movement of said
diaphragm whose upward movement is lim-

“ited by the engagement of the air valve 9
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against its seat 10, L
The oil inlet 5 and the air inlet 7 ave

connected respectively to an oil pump and

an air compressor but these elements are

not shown inasmuch as they are well known-

as the necessary accessories of an injector
of the type to which the invention relates.
The oil pump is timed to work with the
engine and the air is maintained at a sub-
stantially constant degree of pressure which,
as is known, must suitably exceed the maxi-
mum pressure developed by the engine pis-
ton of the air admitted into the engine cyl-
inder through the main air valve (not
shown) during the suction stroke.

_As the engine piston nears the completion
of its compression = stroke the oil pump
forces a charge of oil into the chamber 6
and oil  passage 12, the maximum pressure

- of the o1l pump being maintained for the
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period necessary to effect the injection of
the right amount of fuel into the engine
cylinder. The first effect of the charge of
oil thus forced into the chamber 6 is. to
counteract the air pressure on the opposite
side of the diaphragm 19 and to thus pro-

_duce a downward or inward deflection of

said diaphragm in consequence of which the

© 1,333,541

valve 9 is opened to permit the escape of
compressed air into the engine cylinder.
The next and immediately succeeding effect
of.the oil pressure in the chamber 6 and pas-
sage 12 is to pop open the oil valve 14
whereby the oil will escape from said pas-
sage into the engine cylinder, the said valve
thus functioning as a discharge valve for
the oil pump. -

The discharge mouths of the air and oil
passages are in concentric juxtaposition and
the relative inclination of the faces of the
air and oil valves and their seats is such
that an annular stream of compressed air
is projected angularly through an annular
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‘stream or film of oil, effedting complete

atomization of the oil whereby the latter
will form an intimate combustible mixture
with the air previously compressed in the
engine cylinder. The thorough atomization
of the o1l in this manner is, of course, as-
sisted by the heat developed during the com-
pression stroke of thé engine piston and
constantly latent in the exposed portions of
the air and oil valves. '

When the piston of the oil pump com-
mences to vetract the oil pressure in the
chamber 6 and passage 12 1s relieved until
it is insufficient to counteract the spring 17
at which moment the oil valve is closed. 95
Thereafter the diminished air pressure . in
the passage 8 and the resiliency of the dia-
phragm 19 become effective to return said
diaphragm to its normal position and there-
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by to close the air valve 9 against its seat 10 100

upon which the air pressure quickly in-
creases to its normal degree. :
The pressure of the spring 17 may be reg-
ulated, as desirved, by suitable adjustments _
of the nut or collar 16 on the oil valve stem 105
15 but, in any event, will be selected with
regard to the mormal air pressure in the
passage 8 and the operating pressure of the
oil on the diaphragm 19 and valve 14 where-
by said valve will not be forced open until 110
after the oil pressure has effected a down-
ward or inward deflection of the diaphragm
and consequent opening of the air valve 9
but will be closed prior to the closing of
said air valve.
The construction shown in IFig. 2 includes
a casing made in sections 1* and 1° an oil
inlet 5, an oil chamber 62, an air inlet 72, an
air passage 8%, an air valve 9* with its stem
112 ‘and seat 10%, and a diaphragm 19* se- 120
cured to the stem 11* by nuts 20* and 21°—
all similar to the corresponding features of
the construction shown in Fig. 1. A modi- °
fication, however, is introduced in the rela-
tion of the air and oil valve. “In this case 125
the oil valve 14 and its stem 15* are ar-
ranged within an oil passage 12% extending
axially through the air valve stem as in the
previous embodiment, but the seat 13* for
the oil valve is internal instead of external 130
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and the oil valve must, therefore, be lifted
from its seat instead of being popped there-

according to which said spring has its fixed
bearing against the upper or outes end of
the casing and presses the oil valve down-

ward or inward. The spring 17 exerts.its
thrust against a nut or collar 16* adjustably-
mounted on the.stem 15°. The oil pressure,

- as'in the previous embodiment, produces a
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downward or inward deflection of the dia-
phragm which effects the unseating of the
air valve. Under the. action of the spring
17* the oil valve initially participates in the
opening movement of the air valve but be-
fore such movement is completed the further
movement of the oil valve is arrested by the

engagement of the nut or collar 16> against
-an annular_sh'()uldel" 25 formed with the cas-
ing 1 within the oil chamber 6° - This en-

gagement of the nut or collar 16* against the
shoulder 25 is instrumental, in conjunction
with the continued opening movement of the

air valve to lift the oil valve from its seat
'13* whereby the oil will be injected into the

engine cylinder and will be atomized by the -
" air escaping past the air valve. When the

pressure of oil in the chamber 6* and oil
passage 12¢ is relieved the air valve com-

mences to close and in the course of its clos-

ing movement the seat 13* is brought against
the oil valve which at such time is com-
pletely closed. The air valve then continues
its closing movement and thereupon the air
and oil valves move together as one until
the movement of the air valve is arrested by
its engagement upon its seat 10°, If desired,
a spring 26 may be provided to assist' the
closing of the air valve, said spring being
arranged in an enlargement 23° at the upper
end of the air passage 8* to bear against an

~annular shoulder 27 at the bask of said en-
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largement and - exert its thrust against the
nut 212, ' Lo

Fig. 2 and 2@ also illustrate 4 special form-

of air nozzle which may be employed with
advantage for certain of the heavier. fuels.

This nozzle comprises a cap. 28 which is
threaded or otherwise secured upon the in-
ner or lower end of the injector casing and
“has a central ovifice 29 leading from a con-’

centric recess whose diameter is slightly
greater than the greatest diameter of the air
valve seat 10°. This recess is provided with
an annular series of ribs 30 tangential to the
orifice 29 and which provide channels to di-
vide the air escaping past. the valve 9 into
separate streams. By virtue of the tangen-

tial inclination of the ribs 30 the air streams-

have'a whirling motion as they meet in and
pass through the orifice 29 and they are,
therefore, highly effective in atomizing the
oil, also passing through said orifice and in
establishing the thorough and yniform ad-

8

mixture of the atomized oil with the com-

; 1 “pressed air in the engine cylinder.
from.  This necessitates a re-arrangement .
~of the oil valve spring, here shown at 172,

The ribs 30 may also be utilized to limit
the opening movement of the air valve and, -
therefore, the shoulder 24 employed for this 70
purpose in the embodiment of Fig. 1 is not

‘required.

~ In the two embodiments above described.
the oil valve and its stem are arranged con-
centrically within the air valve and its stem. 75
Fig. 3 shows a modification wherein the re-
lation of the air and oil valves is reversed. .
In this case the oil passage 12° supplied by
an oil inlet 5° is formed within the injector
casing and has at its lower end an internal
seat for an oil valve 14® whose stem 15° ex-
tends through said passage and into an air
chamber 31 having a compressed air inlet
7. The air passage 8" is formed axially
within the oil valve stem'15® and terminates
in-an external seat 10° for codperation with
an air valve 9* whose stem- 11° .extends
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through the passage 8. - The air chamber 31
is formed between an upper diaphragm 19

and a lower diaphragm 32, the casing being
made in sections having sérew threaded
joints to provide for the convenient and se-
cure clamping of the marginal portions of

.90

_these diaphragms. The diaphragm 32 sur-

rounds the o1l valve stem 15* and is con- 95

‘nected thereto by clamping nuts 83. The

diaphragm 19" acts on the air valve stem 11,
preferably, through the medium of a spac-
ing disk 34 arranged in a suitable clearance
or recess 35. The portion of the casing above 100

“or at the outer side of the diaphragm 19® is

provided with an oil chamber 6° which is
supplied by a by-pass 36 from the oil pas-
sage 12, : = N
The oil valve is held closed by the pressure 105
of the air in the chamber 81 on the dia-

- phragm 32, 'aided, if desired by a spring 87

having its bearing against the upper or outer

- end of said chamber and exerting its thiust
. against the upper nut 83. The air valve is 110

held closed by a spring 38 arranged in a

;clearance or enlargement 39 at the upper
-end of .the air passage 8 and exerting its
thrust against a nut or collar 40 adjustably -
_mounted upon the upper or outer end of the 115

air valve stem 11° and bearing against the
spacing disk 34, . '

. When the oil pump charges the passage

12* and chamber 6 with oil, the first effect .
of the developed oil pressure is to produce 120
a downward or inward deflection of the dia-

_phragm 19 and a consequent opening of

the air valve whereby the air under compres-
sion in the chamber 31 escapes past the air
valve into the engine cylinder. The'air pres- 125
sure in the chamber 31 being thus reduced

thie mext and immediately succeeding effect

of the developed oil pressure is to produce
an upward or outward deflection of the dia-
phragm 32 and a consequent opening of the 130
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oil valve. The film or stream of oil then
forced into the engine cylinder meets, at an
angle, the stream of compressed air and 1s
completely atomized thereby. Upon the oil
pressure being relieved by the action of the
0il pump, the oil valve is first closed by the
combined action of the air pressure and
spring 87 in the air chamber 31 and imme-
diately thereafter the air valve is closed by
the combined action of the air pressure and
the spring 38.

In each of the embodiments of the inven-
tion, the oil pressure directly effects the
opening of the air valve and directly or in-
directly effects the opening of the oil valve.
The opening of the air valve before, and its
closing after, the opening and closing of the
oil valve secures a result of great advantage
in that a thorough atomization of all the
0il escaping past the oil valve is effegted and

_any solid particles of oil which, upon the

opening or closing of the oil valve .might
otherwise adhere to its exposed surfaces arve
completely broken down and consumed.
Each embodiment of the invention is spe-
cially constructed to provide for this de-
sived correlation of the operations of the oil
and air valves consequent to the developed
oil pressure.

Having fully described our invention, and
set forth its merits, what we claim is:

1. A fuel oil injector for internal combus-
tion engines having oil and air passages
whose discharge ends are in juxtaposition,
oil and air valves located at the discharge
ends of said passages for controlling the
respective passages, an oil chamber, an oil
inlet supplying said oil chamber and oil
passage, a movable element separating the
oil chamber from the air passage and mov-
able by oil pressure insaid chamber, said ele-
ment 1n its 1hovement by oil pressure effect-

_ing the opening of the air valve and means

(%723
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whereby the oil pressure effects the opening

of the oil valve in conjunction with the
opening of the air valve. .
2. A fuel oil injector for internal :com-

‘bustion engines having concentric stems pro-

vided respectively with oil and air valves
and- having oil and air passages controlled
by said valves and in which said stems are
mounted, one of said passages being formed
in one of said stems, an oil. chamber, an oil
inlet supplying said oil chamber and oil
passage, a movable clement separating the
oil chamber from the air passage and mov-
able by oil pressure in said chamber, said
element in its movement by oil pressure ef-
fecting. the opening of the air valve and

means whereby the oil pressure etfects the

opening of the oil valve i conjunction with
the opening of the air valve.

3.\ fuel o1l injector for internal combus-
tion engines having. oil and air passages
whose discharge euds ate in juxtaposition,

N
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oil and air valves controlling the respective
passages, an oil chamber, an oil inlet supply-
ing said oil chamber and oil passage, a mov-
able diaphragm separating the oil chamber
from the air passage and movable by oil
pressure in said chamber, said diaphragm

being related to said air valve to open the’

same in its movement by oil pressure, and
means whereby the oil pressure effects the
opening of the oil valve in conjunction with
the opening of the air valve.

4. A fuel oil injector for internal combus-
tion engines having a casing formed with
an air passage, piercing one end thereof, an
air valve having its stem disposed in said
passage and in turn formed with an oil pas-
sage, an oil chamber, a diaphragm connected
to said air valve and separating said oil
chamber from said air passage, said dia-
phragm being movable by oil pressure in said
chamber to open said air valve, an oil valve
having its stem disposed in said oil passage
and projecting into said oil chamber and
means, including a spring to maintain the
clogure of said oil valve, whereby the oil
pressure effects the opening of the oil valve
in conjunction with the opening of the air
valve, . ‘

5. A fuel oil injector for internal combus-
tion engines having a casing formed with
an air passage piercing one end thereof and
terminating in an external valve seat, an
air valve coacting with said seat and hav-
ing its stem disposed in said passage and in
turn formed with an oil passage terminating
in an external valve seat, an oil chamber,
a digphragm connected to said air valve and
separating said oil chambei from said air
passages said diaphragm being movable by
oil pressure in said chamber to open said air
valve, an oil valve coOperating with the
valve seat of said oil passage and having its
stem disposed in said oil passage and pro-
jecting into said oil chamber and a spring
in said oil chamber acting on said oil valve

‘stem to hold the latter c¢losed and tensioned
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whereby the oil pressure effects the opening

of the oil valve in conjunction with the
opening of the air valve.

6. A fuel oil injector for internal combus-
tion engines having oil and air passages
with their discharge ends in juxtaposition,
oil and air valves located at the discharge

ends of said passages for controlling said.

passages, an oil chamber, an oil inlet sup-
plying said o1l chamber and oil passage, and
nieans operated by the pressure of oil in said
oil chamber for opening said air valve.

7. A fuel oil injector for intewnal coin-
bustion engines having. concentric oil and
alr passages, oil and air valves positioned
adjacent cach other at the discharge ends of
sald passages for controlling-said passages
and having their stems disposed in said re-
spective passages, one of said passages being
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formed in one of said valves, an oil chamber,
an oil inlet supplying said oil chamber and
oil passage, and means operated by the pres-
sure of o1l in said oil chamber for opening
said air valve.

8. A tuel oil injector for internal com-

bustlon engines  having concentric ol and.

air passages, oil and air valves controlling
said passages and having their stems dis-
posed in said Lespectne passages, one of
said passages being fornied in one of said

. valves, an oil chamber, an oil inlet supply-

ing sa1d oil chamber and oil passage, and a
diaphragm operated by the pressure of oil
in said oil chamber for opening said air
\ahe

. A fuel injector for mternal combustion
ungmes having fuel and air passages whoso
discharge ends are in juxtaposition, means
located at the discharge ends of said pas-
sages for controlling the respective passages,
and means for. opening the air passage first
and afterward the fuel passage in discharg-

“ing fuel and air from the respective pas-

25

sages, and closing the fuel passage first and
afterward the air passage in cutting off the
discharge from the respective passages, the

. dlscharge ends of said passages and the con-

30

trolling means being so positioned that a
stream of air is projected through a stream
of oil at the point of discharge of the sepa-

- rate streams from the passages.
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10. A fuel injector for internal combus—
tion engines having fuel and air passages
whose discharge ends are in juxtaposition,
fuel and air discharge controlling means,
located at the discharge ends of said pas-
sages, controlling the respective passages, a
fuel chamber, a movable element separatin
the fuel chamber from the air passage an
coacting with one of the discharge control-
ling means in its closing operation, and
means for opening the air passage first and
afterward the fuel passage and subsequently
closing the fuel passage and then the air
passa

11. A fuel 1n]ector for internal combus-
tion engines having fuel and air passages

5

whose discharge ends are in juxtaposition,
fuel and air valves disposed concentrically
with relation to each other and controlling
the respective passages, and means for open-
ing ‘the air valve and afterward the fuel
valve and subsequently closing the fuel valve
and then the air valve.

12. A fuel injector for internal combus-
tion engires having fuel and air passages
whose dlSChdl(Te ends are in juxtaposition,
fuel and air valves contr olling the respective
passages, a fuel chamber, an air chamber, a
movable memper .aepfu*atmg the two cham-
bers and co-acting with the air valve, means
for opening the air valve first and fiel valve
afterward in discharging air and fuel from
the injector and closlno the fuel valve first
and air valve ‘Lften\nud in cutting off the
discharge of fuel and air from the i injector,
said air and fuel valves being concentrically
dispesed and formed so that the fuel and air
are projected one across the path of the
other at the discharge end of the fuel and
alr passages.

13. A fuel injector for 1nte1na1 combus-
tion engines having fuel and air passages
whose dlscharge ends are in juxtaposition,
fuel and air valves controlling the respec-
tive passages, a fuel chamber, an air cham-
ber, means for opening the air valve first
and fuel valve afterward in discharging air
and fuel from the injector and closing the
fuel valve first and air valve wfterw(ud in

_cutting off the discharge of fuel and air from
the injector, said fuel and air valves being

concentucally disposed and formed so that
the fuel and air are projected one across the

path of the other, and means for producing:
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a whirl of*the mlxed air and fuel at the dis- -

charge end of the injector.
In testimony whereof we affix our signa-
tures in presence of two witnesses.

SAMUEL P. COWARDIN.
HARRY A. COWARDIN.

Witnesses:
W. B. Samoner,
-CHgr, E. TaLLEY.



