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5 Claims.

This invention relates to improvements in fuel
injection systems for multi-cylinder internal com-
bustion engines and in particular to injection sys-
tems of the kind wherein fuel is supplied by a
feed pump or other convenient means at a sub-
stantially constant pressure sufficient to effect
injection, the fuel passing by way of a selection
or distributing device and through appropriate
injection valves to the engine cylinders in the
correct order and in timed sequence with the
engine crankshaft.

In known apparatus of this kind the achieve-
ment of a uniform quantity and pressure of fuel
supplied, and a uniform period of injection at
each of a plurality of injection valves has been
dependent upon extreme accuracy of manufac-
ture of the apparatus.

As engine speeds increase and the quantity of
fuel required at each injection decreases, it
becomes increasingly difficult to cbtain such
equality of metering at all the injection valves
as will ensure maximum power delivery by the
engine and equal power delivery from the sev-
eral cylinders.

The object of the present invention is an im-
proved method and means for delivering an
equal quantity of fuel to each of the several in-
Jection valves of a multi-cylinder engine and for
equalizing the fuel pressutre acting on each of
the respective valves and the period of time dur-
ing which each of the valves is subjected to the
injection pressure so that the injection conditions
are the same at each and every injection valve,

It is a further object of the invention to pro-
vide means whereby the quantity of fuel sup-
plied may be varied at will for all injection valves
in unison.

The control of the quantity of fuel injected
from zero to maximum at all valves may be ef-
fected by varying the flow of fuel from the pres-
sure supply into a distributing passage which is
arranged to communicate with all the injection
valves in turn and with a low or no pressure re-
ceptacle or the like through a restricted outlet
or alternatively the variation may be effected by
varying the restriction at the outlet. Again the
variation may be achieved by varying the inlet
and outlet restriction in conjunction with one
another.

The arrangement is such that after an injec-
tion has taken place the pressure in the distribu-
tion passage falls and by this means dribble at
the injection nozzle is prevented.

The pressure in said distribution passage must
however be re-established for the next injection,

(CL. 123—138)

and this occurs during the time that the passage
is open to the supply pressure, so that the pres-
sure necessary to effect injection only exists dur-
ing a part of the time that the bassage is open to
the supply pressure.

For a given time period during which fuel flows
through said distribution passage, any desired
maximum pressure below the supply pressure may
be maintained therein for a time period which
may be varied from only slightly less than the
whole flow time period downwards, by the con-
trol means referred to above, and thus the in-
jection pressure for a desired proportion of the
flow period may be obtained at the injection
nozzle which is in communication with the dis-
tribution passage during the said flow period.

Various embodiments of the injection system
according to the present invention are illustrated
in the accompanying drawings in which

Fig. 1 shows diagrammatically a pump and dis-
tribution system according to the invention for
use with a three-cylinder engine, the arrange-
ment shown being one which is well adapted to
be carried out as a unitary structure,

Fig. 2 is a diagrammatic illustration of an al-
ternative construction employing poppet type
valves,

Fig. 3 is a view of still a further alternative
arrangement the distributor being shown in sec-
tion,

Pigs. 4 and 5 are sectional views on the lines
A—A and B—B of Fig. 3,

Fig. 6 shows a detail, and

Fig. 7 is a view in side elevation showing an
arrangement for limiting or varying the outlet
area from the distribution bassage or chamber,
and providing an attachment for governor con-
trol,

Fig. 8 is a graph showing the maximum and
zero injection valve discharges.

The same reference numerals refer so far as
is possible to corresponding parts in the various
constructions illustrated.

Referring to Fig. 1, 23 represents the pump
crankshaft, the cranks being shown separately
for each of three pump plungers 50 for conven-
fence in illustration. This crankshaft 23 is
coupled with the engine so that the several cranks
are correctly synchronized to operate the cylin-
ders of the pump in the required order for fuel
injection at the injection valves 15 of the various
cylinders through their fuel supply passages.

The pump plungers 50 are arranged for recip-
rocating movement in passages 51 formed in a
suitable body, the passages also containing piston
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valves 32 each formed with three sealing por-
tions 52, 12 and (4 and two portions 53 and 54
of reduced diameter and with an enlarged head
55 the projecting peripheral portion of which is
adapted to seat upon a shoulder 56 formed at the
junction of each passage 81 with an enlargement
57 formed at the upper end thereof.

The piston valves 32 are raised by the engage-
ment of the moving plunger 50 with their lower
ends and returned by the pressure of the fuel
in the spaces 57 above the heads 55.

A chamber 58 is provided containing fuel at a
predetermined constant high pressure, the fuel
being supplied thereto by way of conduits 2 and
4, the conduit 2 being connected to any conven-
jent source of fuel supply such as a tank not
shown.

Spaces 59 in passages 51 between each plunger
590 and valve 32 are in communication with said
conduit 4 and pairs of non-return valves 60, 1]
are provided to permit transfer of fuel under
pressure created in the spaces 59 from conduit 4
to the chamber 58 by way of outlet 62, or the
introduction of fuel into space §9 from the sup-
ply pipe 2.

A spring controlled relief valve 6 is also pro-
vided between conduits 2 and & to permit egress
of fuel from the conduit 4 to conduit 2 when
the required pressure in chamber 58 is exceeded,
and an adjustment may be provided to enable
the pressure in chamber 58 to be determined at
will.

From the chamber 58 leads a conduit 1T having
branches leading to the interior of each of the
passages 51 at points opposite the parts 53 of
the valves of reduced diameter and at the point
of juncture of passage {71 with chamber 58 is pro-
vided a feed or supply orifice 16 of selected size.

The interior of each passage 5l is also in com-
munication with a branch of a common distrib-
uting conduit 13, each branch having two ex-
tremities 63, 64, one of which 63 is located so that
it is covered and uncovered by sealing portion 12
of a valve as the latter is reciprocated while the
other is at all times open opposite the portion of
reduced diameter 54.

Tn one of the branches of distributing conduit
{3 is provided an outlet or leak-off valve 18 pro-
vided with an adjustment 20 whereby the quan-
tity of fuel flowing through said valve may be
varied at will.

The outlet side of said valve 18 is in communi-
cation by way of conduit 21 with fuel inlet con-
duit 2.

Each passage 50 also communicates by way of
a passage 65 with an injection valve {5 discharg-
ing into the corresponding cylinder (not shown),
the passage 65 being located so that it is opened
or closed to the passage 51 as the piston valve rises
and falls.

Each passage 85 is also connected through a
passage 66 containing a non-return valve 25 with
the space in the corresponding passage 51 oppo-
site the reduced portion 54 of the reciprocating
valve 32. The arrangement is such that when
passage 65 is closed by the portion 14 of the re-
ciprocating valve a higher pressure may be main-
tained in the passage 65 to injection valve 15 than
exists in the part of passage 5! opposite portion
54 of reduced diameter.

In operation as a pump plunger 50 rises fuel at
high pressure is forced through the conduit 4 to
pressure chamber 58, any surplus returning by
way of valve 6 to conduit 2. When the plunger
engages the lower end of a valve 32 toliftitand a

2,120,739

branch 63 of distributing conduit 13 is uncovered.
fuel flows through supply orifice 16 and the ap-
propriate quantity of fuel according to the size
of supply orifice 16 is metered to the conduit 1.

Assuming the centre valve 32 in Fig. 1 to be
raised, the fuel flows into the space in passage 51
surrounding the reduced portion §3 and out
through branch 63 of distribution passage 13, the
flow continuing for a period corresponding to a
constant angular rotational period of the crank-
shaft. The fuel passes on partly by way of the
branch 64 of the passage 13 opposite the reduced
portion 54 of the piston valve and thence by way
of passage 65 to the appropriate injection valve 15
and partly by continuation in distribution passage
13 to leak-off valve 18 that proportion of the fuel
passing through said valve returning by way of
passage 21 to the pump suction conduit 2 or to
the fuel supply tank.

During such time as all the pistons 32 are in
their lowered position the common distribution
conduit 13 and the spaces in the passages 51
opposite reduced valve parts 94 remain in com-
munication with the conduit 2 or fuel supply tank
by way of leak-off orifice 18 and passage 21 so
that the pressure therein falls. Similarly, the
pressure in passages 65 to the injection nozzles is
permitted to fall to a certain extent by way of
non-return valve 25 in passage 66 also in commu-~
nication with the space in passage 51, and by this
means dribble at the injection nozzles is obviated.

As soon as a valve 32 is lifted to uncover the
inlet 63 to passage 13 and the inlet to passage 65,
the pressure is re-established in distribution pas-
sage I3 and the corresponding passage 65 to the
injection nozzle |15 simultaneously with a fall of
pressure in supply conduit 17 and the supply
spaces in passages 51 opposite the reduced valve
parts 53, supplied from the high pressure cham-
ber 58 way of feed or supply orifice 16. A pres-
sure sufficient to effect injection is built up in the
distribution conduit 13 and the spaces in passages
51 opposite reduced valve parts 54 for a part
of the time during which the valve is lifted this
part being dependent upon the fuel supply pres-
sure and the areas of the feed orifice 16 and the
leak-off orifice 18.

Each of the plurality of injection valves 13 is
therefore supplied with fuel for the same period
of time from a distribution conduit 13 common
to all, the pressure conditions in which are con-
trolled from a single high pressure fuel source in
conjunction with the single pair of orifices 16 and
{8 and the pressure, time of injection and quan-
tity of fuel injected will thus be the same at all
the injection valves.

The return or lowering movement of the valves
32 may be effected by the pressure of fuel in
spaces 51 above the enlarged heads 24 of the
valves. For this purpose there is provided an
annular groove 10 in the portion 14 of each
valve immediately beneath the head 24 and this
groove communicates by way of an aperture T
in the valve with a central bore 3{ within the
valve body, the groove in turn being in commu-
nication with pressure supply conduit 4 at a
point on the pump side of supply orifice {6.

Thus fuel under pressure is maintained at all
times in spaces 57 so that the valves 32 are urged
downwards as the pump plunger 50 recedes until
the peripheries 24 of the valve heads 55 reach
their seatings on shoulders 56.

In the arrangement shown in Fig. 2, poppet
valves are employed in place of the piston valves
of the above described embodiment.
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Fuel is supplied at high pressure through pipe
4 whence it passes by way of the feed or supply
orifice 16 to a plurality of chambers 26 corre-
sponding in nhumber to the number of cylinders
to be supplied with fuel, one only of which cham-
bers is shown, but all of which are interconnected
by a common passage I1T1. The outlet passage 27
from each chamber 26 is closed by a spring con-
trolled poppet valve 12, 29. The passage 2T com-
municates with one of several chambers 28 corre-
sponding in number to the number of cylinders
to be supplied and all of which again are inter-
connected by a common distributing passage 13
which in turn is connected through one of the
passages 2T and through a single outlet or leak-
off orifice 18 to a pipe 21 leading to the pump
suction pipe or fuel supply tank.

The outlet from each chamber 28 to the injec-
tion nozzle is also closed by a spring controlled
poppet valve 14, 30 and leads to the supply pipe
15 of the corresponding injection nozzle.

The strength of the spring 30 is such that the
valve 14 is held lightly on its seating when the
fuel pressures are nearly equal in the correspond-

5 ing passage 15 and chamber 28.

It will be understood that one unit, as shown,
is provided for each injection nozzle with the ex-
ception that a single fuel supply orifice 16 and
a single outlet or leak-off orifice 18 are provided
common to all units.

The valves 12 and 14 may be opened and
closed by electro-magnetic or other known means
(not shown) the two valves of each unit being
cpened and closed simultanecusly and main-
tained open for the desired constant angular
rotational peried of the engine crankshaft during
which fuel is required to flow, the pairs of valves
of each unit being held open for similar periods
in the required order and in correct synchronism.

When a pair of valves 12 and 14 of one unit
are opened, fuel supplied to the supply conduit
4 from a convenient constant high pressure source
which is at a higher pressure than is required
for injection, flows through the supply orifice
16, which meters the maximum quantity which
can flow in a given time. From this feed ori-
fice the fuel flows into the corresponding cham-
ber 26, then past the valve (2 into passage 27
and distributing passage 13 common to all the
chambers 28, and into all the chambers 28 while
a part flows off through the outlet or leak-off
orifice 18 to pipe 21 leading to the initial no pres-
sure fuel supply. A valve 14 being open, the fuel
from chambers 28 emerges and passes to the
conduif, 15 to the injection nozzle.

When all the valves 12 and 14 are closed, the
chambers 28 and the common passage #3 are in
communication through leak-off orifice {8 with
the no-pressure fuel supply, so that the pressure
in chambers 28 and distributing passage {3 falls,
as does also the pressure in injection nozzle 15
by relief through valve (4, the closing spring of
which, as stated above, exerts only a slight pres-
sure.

When valves (2 and 14 are opened, the injec-
tion pressure is re-established in chambers 28
and distributing passage 13 simultaneously with
a fall of pressure in the common supply passage
i1 and the chambers 26 below the pressure in
supply pipe 4 and the injection pressure in the
said parts is maintained for a fixed period and
of a magnitude which is determined in accord-
ance with the fuel supply pressure and the areas
of the feed orifice 16 and the outlet or leak-off
orifice 18.

3

The magnitude and duration of the injection
pressure at each injection nozzle is determined by
the same initial supply pressure and the same
orifices 16 and 18, so that the quantity and injec-
tion period at each nozzle will be the same.

In the construction according to Figs. 3 to 5,
a distributing system is employed having rotary
valves.

Referring to Fig. 3 a no-pressure fuel tank 1
supplies fuel to a pump 3 (shown diagrammati-
cally) by way of a pipe.

The pump shaft 23 is coupled with, geared to
or rigid with a rotating valve member 22 of the
distributing system, which valve is arranged for
votation in a cylindrical casing which may be
formed as an extension of the pump casing 3.

The pump shait 23 and valve 22 are driven
from the engine in a pre-arranged manner such
28 will afford a properly synchronized and or-
dered series of injections at the injection nozzles
15 in the manner yet to be described.

The pump delivers fuel at a constant high pres-
sure as determined by a spring controlled relief
valve 6 through a pipe 4 which leads on the one
hand to a space formed in a boss on the dis-
tributor casing f{ and thence through a feed
orifice {6 leading to a passage {7 through the cas-
ing, and on the other hand to a chamber within
a housing 8 containing the above referred to
relief valve 6 and thence through a return pipe
18 to the fuel supply tank {.

An adjustable screw control member 8 is pro-
vided in housing 9 whereby the compression of
spring ¥ may be varied to vary the pressure at
which valve 6 can open and therefore the pressure
in conduit 4. While the housing 8 for the valve
is shown as a structure separate irom the pump
and distributor, it wili be understood that these
parts may be cormbined in a single structure.

In the rotary valve 22 are formed a number
of similar radial passages (2 corresponding to
the numbper of injection nozzles (fcur in the ex-
ample shown} uniforinly distributed around the
valve member 22 snd all lying in the same plane
as passage {7 in the casing t1 so thal as the valve
member 22 is rotated, the four passages {2 come
into register in succession with passage 7.

All the passages {2 communicate with a cen-
tral bore #3 in the valve member and a further
radial hole {4 is formed in the valve member 22
spaced fromm passage 12, and also in communica-
tion with central bore #3. In the casing i1 and
also in the same piane as radial hole 14 are
formed four uniformly spaced passages leading
to the injection nozzles 15 shown diagrammati-
cally in Fig. 3, with each of which radial hole {4
registers in turn as valve member 22 rotates.

In the surface of rotary valve 22 is formed a
slot 25, this sict being on the trailing side of and
in comimunication with passage i§ and in the
same plane &§ thiat passage, so that as the valve
rotates a passage §5 remains in comimmunication
with the interior of bore {3 for an appreciabie
period afier communication between its corre-
sponding passage §2 and passage |7 has been
broken.

One end of the central bore 13 in valve 22 is
closed while the other end is covered by a disc in
which is formed a hole 18 forming the ocutlet or
leak-off orifice from distributing passage 13.
Outside this disc is mounted a plug !9, screwed
into the end of casing (I and provided with a
handle 29 whereby said plug may be moved to-
wards or away from the leak-off orifice to vary
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the effective area of the fuel passage there-
through.

In operation the valve member is driven in
synchronism with the engine revolutions, in the
direction of the arrow in Fig. 5, Puel at high
pressure flows through the pipe 4 and when
onc of the passages 12 comes opposite passage 7
firel flows through feed orifice 16, the maximum
guantity for a given supply pressure which can
flow while a passage {2 and passage [T are in
communication being metered as determined by
the pressure in the pipe 4 and space 13 and the
time passages 12 and {7 are open for fuel flow.

At the same instant that communication is
established between a passage 12 and passage 11,
passage 14 in the valve 22 leading from space 13,
comes into register with one of the passages 15 to
an injection nozzle and fuel will therefore flow
to the injection nozzle. At the same time a
proportion will flow by way of leak-off orifice
{8 to return pipe 2{ back to supply tank | and
it will readily be understood that the quantity
of fuel injected and the time of injection will
be dependent upon the supply pressure to the
fecd orifice {8 and the sizes of feed orifice 16 and
leak-off orifice 18. The passages (2 all being
similar to one another and passages 15 to the in-
jecticn nozzles being similar to one another, fuel
will flow for the same angular rotational period
which period is always greater than the actual
injection period.

Each injection passage {5 however remains in
communication with passage {4 and space 13,
after communication between the corresponding
passage 12 and passage |71 has been broken, and
therefore with return pipe 21 and the tank | by
way of outlet or leak-off orifice {8, so that the
fuel pressure in the passage 15 can and does fall
together with that in distribution space 13 and
thus dribble at the nozzles is prevented between
injection periods. Pressure is re-established in
space I3 and the passage |4 while the next pas-
sage 12 is in register with passage (1.

The fuel supply pressure can be varied for ex-
ample by adjustment of relief valve 6 and the
flow through the outlet or leak-off orifice 18 can
be varied by control 20 to vary the quantity of
fuel injected and the injection period, it being
understood that any adjustment made will effect
a variation which is the same for all injection
noezzles.

Alternatively the size of the feed orifice 16
may be varied if desired.

Whilst in the above described arrangement the
pump shaft 23 is coupled with, geared to or
rigid with the rotating valve member 22 of the
distributing system, it is to be understood that
the rotating valve member 22 may be syn-
chronously timed with regard to the engine and
the pump shafi may be driven entirely inde-
pendently.

Again it will be understood that the passages
12 in the rotating valve member 22 instead of
heing uniformly distributed around said member
as described abova, mey he distributed other than
uniformly as may be reqiired by the engine in-
jection intervals.

In Fig. 6 is shown an arrangement alternative
to that shown in Fig. 3 whereby the fuel supply
pressure may be varied, a rotatable cam 42 being
provided to move a sliding plunger 8 in the hous-
ing 9 to compress or release the spring 1 con-
trolling relief valve 6.

In the position shown the valve is held with
the maximum of pressure of the spring T on its

2,120,739

seating so that flow of fuel through valve 6 is
resisted and maximum pressure exerted at feed
orifice 16.

In the reverse position of cam 42 the pressure
on valve 6 is lowest, a greater proportion of fuel
will flow past the valve 6 and a lower fuel feed
pressure will be applied at feed orifice 16.

In Fig. 7 is shown a diagrammatic view of a
fuel injection apparatus embodying an arrange-
ment for controlling the fuel injecticn and there-
fore the engine by varying the area of the out-
let or leak-off orifice from the distribution pas-
sage.

In Fig. 7, 19 represents the spindle of the plug
illustrated in Fig. 3 as being movable towards
and away from the outlet or leak-off orifice 18
to vary the area of the flow passage therethrough.
On the spindle is fixedly mounted the contrel arm
28 bearing a projecting lug 36 and on said arm
20 is also mounted a stiff leaf spring 35, the free
end of which is normally spaced from lug 36.

On the side of the apparatus is mounted a fixed
two-armed bracket in the arms of which are
mounted stop screws 33 and 34 to limit the move-
ments of lever or arm 28.

In the position shown the arm is in a position
where lug 36 is against stop screw 34 and the
leak-off orifice is closed to the maximum extent
for the shown setting of screw 34 and maximum
injection is achieved. Increase or decrease of
the maximum injection can be achieved by ad-
justment of the screw 34.

The screw 33, which is provided with a fric-
tion retaining device such as a spring, is set so
that when the arm 29 and spindle {9 are in the
appropriate position for idling, the spring 35 is
engaged with the end of the screw 33.

The arrangement is such that the arm 20 can
be moved further in the counter-clockwise direc-
tion against spring 35 forcing the spring 35
against the lug 36 to still further open the leak-off
orifice 18 and thereby stop the engine.

A rod 39 may be connected with the arm 2§ as
shown at 38 and with a suitable form of engine
driven governor device (not shown), so that the
lever 20 is automatically adjusted to counteract
variations in engine speed.

A further control rod 40 may be provided con-
nected with lever 28 through a further lever 39
and a spring 41 to permit manual control or foot
control.

The quantity of fuel injected for a given setting
of the outlet or leak-off orifice 18 or for a given
range of settings as controlled hy lever 280 may
also be varied by adjustment of the fuel pressure
on the supply orifice 16, an external adjustment
8, Fig. 7, being provided for this purpose.

By this means a quantity of fuel can be sup-
plied to the distribution system which will en-
sure the achievement of the required pressure
conditions for a given opening pressure of the in-
jection valves and the required quantity of in-
jection.

As stated above, after injection the pressure in
the distributing system may he arranged to fall,
the extent of the fall being determined by the
provision of adjustable relief valves or it may
even be permitted to fall to the pressure existing
in the suction line, and this fall in pressure is
instrumental in preventing dribble at the in-
jection nozzles.

On opening a valve from the distributing sys-
tem pressure will rise in the passages leading
fuel to the appropriate injection nozzle and the
rate of pressure rise, and the duration of injec-
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tion pressure will be determined by the relative
sizes of the supply and outlet or leak-off orifices,
and it will readily be seen that by adjustment of
these orifices either separately or in conjunction
with one another, the proportion of the flow
period during which pressure sufficient to effect
injection exists and therefore also the quantity
of fuel injected can be varied.

It is well known that the weight of air taken
into the cylinders of an engine per cycle decreases
with the increase of engine speed. Under such
conditions the quantity of fuel injected should
also be decreased and by the arrangement de-
scribed above this will be effected automatically
as engine speed increases, because of the de-
crease in the total flow time in the distribution
passage 13 for each injection.

It is also sometimes desirable to provide non-
uniform variations of fuel supply with changes
in engine speed according to the characicristics
of the engine and this may be done with the
apparatus according to the present invention by
adjustment of the fuel supply pressure, {or ex-
ample by means of the relief valve § hetween the
pressure and suction sides of the pump,

The fuel container 53 sccording to Fig. 1 may
also he utilized as an air pressure vessel if de-
sired.

The curves indicated in the diagram of Fig. 8
show the maximum and zero injection valve dis-
charges with an arrangement using injection
valves of the kind which open at a predetermined
bressure. The curves represent iniection when
injection and leak-off discharges take place into
he same pressure, which may be atmospheric.
The abscissae represent a fixed angular portion
of the engine crank rotation and the ordinates,
bressure, the maximum injection quantity being
shown by the shaded area. The lengths of the
horizontal lines represent the period of fuel flow
threugh the distributing system in terms of en-
gine crank degrees for each injection and the
vertical height from the bottom of the diagram
to the top horizontal line represents the maxi-
mum injection pressure, while that to the inter-
mediate horizontal line represents the injection
valve opening pressure,

The diagonal lines represent the rate of pres-
sure rise in the distributor, zero injection dis-
charge occurring when the maximum pressure
built up in the distribution passage does not
exceed the injection valve closing pressure,

It is to be understood that these curves rep-
resent maximum injection discharge at maximum
engine speed and load, and zero injection dis-
charge. Variations of engine speed and load can
be compensated for on the injection of adjust-
ing, for example, the area of the outlet orifice
from the passage, such adjustments being effected
manually, or if desired by a governing device
controlled by the engine speed.

I claim:

1. A distributor for injecting liquid fuel into
the cylinders of a multi-cylinder internal com-
bustion engine comprising a low pressure liquid
fuel supply, a high pressure fuel reservoir, an
injection nozzle for each of the cylinders, cham-
bers corresponding in number to each of the cyl-
inders, passages connecting the low pressure lig-
uid fuel supply and high pressure reservoir with
said chambers, and means within said chambers
to transfer the fuel from the low pressure supply
to the high pressure reservoir, additional pas-
sages connecting said high pressure reservoir
with each of said chambers, and means within

5

the chambers for controlling the flow of fuel
from the high pressure reservoir to the nozzles,
the first named means moving the second named
means into injection position, said second named
means being urged out of injection position by
the pressure existent in the high pressure reser-
voir,

2. A distributor for injecting liquid fuel into
the cylinders of a multi-cyiinder internal com-
bustion engine comprising a low pressure liguid
tuel supply, a high pressure fucl res oir, an
mjeciion nozzle for each of the ¢ylinders, cham-
irs corresponding in number to the cylinders,
conduits connecting the low pressure liguid fuel
supply and high pressure reservoir with said
chambers, and means within said chambers to
transfer the fuel from the low pressure supply
to tlwe high pressure reservoir, additional con-
duits connecting said high pressure reservoir with
each of said chambers, passages connecting said
hambers with said nozzles and means for con-
trolling the fow of fuel through the last narted
passages from said chambers to said nozzles, the
first named means moving the second named
means into injection position, said second named
means being urged out of injection position by
the pressure existent in the high pr
voir and a restricted cutlet connecting
nhamed passages with the low pressure supoly.

3. A distributor for injecting liquid fuel into
the cylinders of a multi-cylinder internal com-
hustion engine comprising a low pressure liguid
fuel supply, a high pressure fusl res IVQir, an
injection nozzle for cach of the cylinders. cham.
bers correspending in number to the cyiinders,
conduits connecting the low pressurs liquid fucl
supply abd high pressure reservoir with said
chambers, reciprocating pistons within said
chambers to transfer the fuel from the low pres-
sure supply to the high pressure reservoir, addi-
tional cenduits connecting said high pressure
reservoir with each of said chambers and piston
valves within the chambers for controlling the
flow of fuel from the high pressure reservoir to
said nozzles, the reciprocating pistons moving the
piston valves into injection position, the piston
valves being urged out of injection position by
the pressure existent in the high pressure reser-
voir.

4. A distributor for injecting lquid fuel into
the cylinders of a multi-cylinder internal com-
bustion engine comprising a low pressure liquid
fuel supply, a high pressure fuel reservoir, an
injection nozzle for each of the cylinders, ¢cham-
bers corresponding in number to the cylinders,
conduits connecting the low pressure liguid fuel
supply and high pressure reserveir with said
chambers, and reciprocating pistons within said
chambers to transfer the fuel from the iow pres-
sure supply to the high pressure reservoir, addi-
tional conduits connecting said high pressure
reservoir with each of said chambers, passages
connecting said chambers with said nozzles snd
piston valves for controlling the flow of fuel
through the last named passages from said cham-
bers to said nozzles, the reciprocating piston
moving the piston valves into injcction position,
said piston valves being urged out of injection
position by the pressure existen: in the high
pressure reservoir and a restricted cutlet con-
necting the last named passages with the low
bressure supply.

5. Apparatus for injecting liquid fuel into the
cylinders of a multi-cylinder internal combustion
engine, comprising a low pressure liquid fuel
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supply, a high pressure fuel space, an injection
nozzle for each of the cylinders of the engine,
means for transferring fuel from the low pres-
sure fuel supply to the high pressure fuel space
and for maintaining in said high pressure space
a substantially constant pressure exceeding the
maximum required injection pressure, a fuel pas-
sage adapted to distribute fuel intermittently to
all the injection nozzles in turn, said fuel dis-
tributing passage being at all times in communi-
cation with the source of low pressure fuel supply
through an orifice of limited and variable area,
a supply passage for conducting fuel from the
high pressure fuel space to said fuel distributing

2,120,739

passage, valve means for putting said supply pas-
sage intermittently into communication with the
said distributing passage and simultaneously put-
ting said distributing passage into communica-
tion with an injection nozzle each for a constant
angular period of engine rotation exceeding the
maximum angular period of injection required,
and means for establishing communicaticn be-
tween the injection nozzle last supplied and the
low pressure fuel supply during the intervals be-
tween injections.

THEOPHILUS JAMES
BRADLEY DRAYTON.
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