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1

This invention relates to compression-ignition
internal combustion engines of the kind wherein
at least one of the two elements which co-operate
to form the combustion chamber, namely the
cylinder head and the piston crown, has a recess
into which atomised fuel is injected.

Considering the compression, in an engine of
this kind, of a charge of air as the piston ap-
proaches the cylinder he 1d prior to the injection

of fuel, it is convenient to visualise the enclosed 1

space as divided into a number of volumes, which
may be termed prismatic volumes, extending
parallel to the axis of the cylinder, for example,
one such volume having as end surfaces the
mouth of said recess and & like fransverse area
on the opposite element, and one other such vol-
ume having as its end surfaces the remainder of
the recessed element and the opposite pari-sur-
face of the co-operating element. In order 0

achieve the desired compression ratio, the end ¢

surfaces defining said latter volume may be
brought. very closely together when the piston
aitains its outer dead cenire. It will be appre-
ciated that such end surfaces need not be right

transverse planes, but may be oblique and/or i

curved.

Tn such & combustion chamber, during the ap-
proach of the piston to its outer dead centre, the
rate or degree of reduction of volume is not uni-

form throughout the enclosed space, that is, as

between the aforesaid prismatic volumes, which
have different axial dimensions; the volume
whose end surface includes the said recess has
the greater axial dimension, and undergoes &

lower rate of reduction than the volume whose 3

end surfaces are constituted by closely approach-~
ing surfaces of the piston crown and cylinder
head. This difference of rates of volume reduc-
tion imparts an internal displacement o the air

charge, which is known and will hereinafter be 4

referred to as an air squish effect.

In compression-ignition engines, including
those of the kind described, it has hitherto been
common practice to inject-the fuel into the com-
bustion chamber and to atomise it with the aid
of a fuel pump and an atomising injector which
apply very high pressure to the fuel.

The present invention has for an object to
eliminate the use of high pressure or “jerk”
pumps and high pressure injectors which, being
usually required to supply and atomise small
quantities of fuel at each operation, necessarily
comprise small parts that have to be made of
very high grade materials and by very accurate

machining in order durably to withstand and ¢

effectively to operate under the high pressure.
Accordingly, the invention provides, in an en-
gine of the kind described, means for atomising
by said air squish effect fuel jintroduced at a con-
trolled rate with the aid of a metering device.

60

2

More particularly, fuel atomising means in an
engine of the kind described may coumiprise an
obturator body disposed within the combustion
chamber so as to enter and substantially enclose
said recess on the approach of the piston crown
element to the cylinder head element, and there-
by to divide the combustion chamber into two
volumes one of which comprises the recess and
is subject to a lower rate of volume reduction
than the other volume, at least one passage for
air under displacement to said one volume from
said other volume, a receiving chamber for fuel
in the eylinder head, a feed duct to the receiving
chamber, a non-return valve associated with the
teed duct and at least one atomising duct ex-
tending from the receiving chamber to convey
fuel from said chamber to the recess under the
air displacement.

The invention may further provide, for mount-
ing in the cylinder head of an engine having a
piston with-a recess in its crown, an obturator
body in which are formed the aforesaid receiv-
ing chamber, feed duct, atomising duct and air
passage.

Alternatively an. obturator body may be inte-
gral with or mounted on the piston, and the re-
cess may then be located in the cylinder head.

An obturator body mounted in the cylinder
head may have extending through an aperiure
in its inner end a jet member, the peripheral
wall of which has a plurality of grooves or flutes
to constitute with the surrounding wall of the
aperture a plurality of atomising ducts. Such a
jet member may have a stem displaceable axially
in the obturator body and incorporating the non-
return valve,

The or each passage for air under displacement
may extend from the combustion chamber into
the fuel receiving chamber for ejecting the fuel in
the latter chamber by pressure.

In an alternative arrangement, the or each -
passage for air under displacement may extend
transversely across that end of an atomising bore
which is remote from the receiving chamber, for
inducing fuel from the latter chamber. Such
passage may extend through the obturator body
or aliernatively may be constituted by annular
clearance between the peripheral walls of the
obturator hody and the recess. The or each of
such passages may have a Venturi section, the
atomising bore opening into its narrowest por-
tion.

In any of the aforesaid variants of the chtura-
tor body, said body may be adjustable axially
with respect to the element in which it is se-
cured.

The fuel metering means for controlling the
rate of fuel supply to atomising means as afore-
said may consist in a low vressure pump with



2,874,084

3

positive displacement and capable of speed varia-
tion for controllihg the’ quantity delivered,

Alternatively, in atomising means wherein the
air under displacement acts on the fuel by induec-
tion, the fuel metering device may comprise a
valve, for example a screw down needle valve, in
combination with the feed ‘duct,”which ‘valve
serves to throttle and thereby control ‘the amount
of fuel injected, since such fugl extends ss an
unbroken body or column through the obturator
and induction of a quantity of fuel from the re-
ceiving chamber into the aforesaid recess results

under the automatic operation of the non-retirn
valve in its replacement by further fuel at a rate

controlled by the setting of the metering valve.

Some embodiments of the invention will be
described by way of example with reference to
the ~accompanying diagrammatic drawings
wherein, on an enlarged scale,

Figure '1 shows in axial section one embodi-
ment of ohturator hody mounted in a cylinder
head for co-operation with a recess in the piston

crown,
_ Figure 2 shows in axial section an alternative
- obturator bedy, -
Figure 3 shows in axial section yet another
obturator hody,

Figure VS in. axial section a still further
emhodiment, of an gbturator body mounted in
cylinder head, for co-operation with a recess in
the piston crown, and.

i ‘ mentary sectional view showing
of. the invention including a fuel

the arrangement
puamp.

Referring now. to Fig. 5, a_piston 1 is moyable
in a cylin 2. The piston crown is formed
with a recess 15.into which an obturator body 3
projects, . elements will be described in
detail hereinaffer. A fuel pump P supplies fuel
to a fuel passage in the obturator body through
& conduit, which ends in a. conduit member. 3
in which &

L which 2 threaded needle valve 3b is mounted
for throttling the fuel injected by the fuel
pump P, :

Referring to Figure 1, the piston { is shown
With a bulbous recess 15 having an offset, cylin-
drical ‘opening, I§ into the combustion cham-
ber 1. The cylinder head 2 has an obturator
body 3 secured. In an opening 18.in co-axial rela-
tionship to the opening,
The body 8 has an axial bore constituting. the
feed duct 4 which ‘ai ifs outer end hgs an en-
larged portion 19, to: accommodate a compres.
slon. coil spring 20 for a non-return valve 21, the
stem 24. of which exfends through the feed duct
4 and is surrounded at its outer end by the spring
28 which is compressed bétween g shoulder. 22 at
the inner end. of. the opening {8 and a nut 23
screwed on the outer end of the stem. 24,

The non-return valve 21 is, located in a fuel re~

celving chaniber 6 af the inner end .of the body
3. "Radial Dassiges 1 extend from the chamber

§ 50 that theit outer ends open into the compus-

tion’ chamber 17 ‘adjacent the _inner “surface of
the cylinder head 2. The inner end of the cham-
ber 6 has'an -aperture 21 which is closed by a
valve ‘28 under the action ring 29
round the valve stem 30 within the chamber 6,
In the operation of this embodiment of fuel
atomising means,” during
the pistori- 1, tHe upper edge
16.in the piston crown passes
of the obturator 3. A pressure

set up, due to.the lower rate of ‘volume reduc-

tion at the zone of ‘the opening jS,.:in ‘the piston

16 in the piston crown. ;

of a spring 29 sur-

upward movement of
11 of the aperture’
the lower edge 12
difference is then.
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relative to the rate of volume reduction hetweeti
the piston crown and the surface of the cylinder
head surrounding the body 8. This pressure dif-
ference creates ah air squish effect which forces
air through the passages 7 into the chamber 6
and thereby causes the valve 28 to open to an
extent sufficient to afford a conical atomising
duct between the face of the valve 28 and its
Seat, through which fuel in the chamber § is ex-
pelled in atomised form into the recess 5. Com-
bustion of the fuel is therefore initiated within
the recess 15 and extends over the entire volume
of the combustion chamber 17 as soon as down-
ward movement of the piston causes the edge 11
of-aperture 16 to be withdrawn beyond the edge
12 of the body 3.

On the attainment of suitably reduced: pres-
sure within the chamber 8, at o subsequent stage
of the engine cycle, the said chambper is refilled
with fuel by means of a low pressure metering
bump (not shown), the non-return valve 21 open-
ing to permit the ingress of further fuel and then
closing under the action of the spring 29,

In an alternative embodiment of obturator
body 3. shown in Figure 2, there is provided a
co-axial jet member 31 the peripheral surfage of
which is formed with a plurality of 8rooves. or
flutes 32. This, jet. member is located centrally
In an aperture 33 at the inner end of the, body
3, said aperture extending. from. an annular fuel
receiving chamber 34 with which radial passages
1 communicate. The jet member 31.1is. mounted
on a stem 35 and an inner frusto-conical sur-
face 3% on said. member. serves in co-operation
with a seat 37 ag_the non-return valve. The jet
member is urged upwardly for the closing of the
valve 26 by spring 29, housed in an enlarged part,
19 at the outer end of the feed:duet 4 ang abut-
ting a shoulder 22 at the lower end of said en-
larged part and a collar or nut. 23 secured to.the
outer end of the stem 35,

The operation of this empodiment is similar
in prineiple to that of the . preceding embodi-
Air. under . displacement, from the vol-
ume between the piston crown and the inner sur-
face. of the cylinder. head: is. forced radially in-
wards through the passages T and expels. fuel
from. the receiving chamber 22 through  the
grooves. or flutes.32 of the jet member. 3{ into
the. recess. such as A5 (Figure 1), these grooves:
or fiutes co-operating with the surrounding wall
of the aperture 23 to .constitute atomising ducts.,
Again, at a suitable stage in the engine  cycle,
reduction of - pressure in chamber 34 permits.a
low pressure metering pump to_displace the. jet;
member 3{. and.open the non-return valve. 3%
against the actionvof,spring 28 to convey g fresh
fuel charge to the chamber 34,

In the embodiment shown in Figure 3 the modi-
fied. obturator bedy. has. a.receiving. chambper. §.
in which is. located. a. non-return. valve 24 nor-.
mally_ma,_intai_ned in. closed position by a.spring
20. From the chamber 6-atomising. ducts 9 ex-.
tend: downwardly. ang outwardly each. to. open
into the narrowest. portion of one of. g plurality
of downwardly. and-inwardly dirscteg, Venturi-.
shaped passages_ 38 which extend each from .one
of the radial openings 7.in the body 2 tc-a central:
aperture.39.at the inner.end of said:body..

In the operation .of.this embodiment, air.under
displacement from between the piston crown.and:
the inner.surface of the cylinder- head is. forced.
radially inwards through the. openings.T:and the
bassages 38. By.reason.of the form of these.pas-.
sages, the air therein acquires Where it -traverses-
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the ends of the bores ¢ a high velocity sufficient
to induce fuel through these hores from the re-
ceiving chamber 8. Such induced fuel is then
expelled in atomised form with the air through
the aperture 3% intoc a recess such as {5 (Figure
1) within the piston.

Turther, in this arrengement since fuel is dis-
placed from the chamber & by the inductive ei-
fect of air traversing the passages 3¢, the non-
return valve 2 opens ausomatically on such
withdrawal to replenish the chamber §. The rate
of supply of fuel to the feed duct & can there-
fare be controlied by a simple needie valve serving
as the fuel metering device, since ab all times an
unbroken body or coluinn of fuel must extend
from the bores § through chamber § and feed
duct & to the valve which is 1oeated in a fuel sup-
ply line connected to the duct &.

Tn the embodiment sirown in Figure 4, air un-

der displacement from ihe combustion chamber -

{7 to the recess 1% in the piston { is confined to
an annular pessage 43 hetween the peripheral
surface &1 of cbburator body % and the sur-
rounding wall of the aperture 16 from the recess
{5 to the piston crown surface. In thig embodi~
ment the receiving chamber § communicates by
way of ragdial passages 42 with a plurality of
atomising bores 43 downwardly and cutwardly
divected to the peripheral suriace 41 of the body
3 so that on the approach of the piston crown
to the inner surface of the cylinder head they
are masked as shown by the wail of the aperture
{§ in the piston crown. Thus air under dis~
plagement from the combustion -chamber (7 to

the recess 1% is forced at high velocity through

the annular passage 49 and exercises an induc-
tive effect through the bores 42 and passages 43
upon fuel in the receiving chamber §. This fuel
is thus conveyed by the air in atomised form
into the recess % for sombustion therein. Fur-
thermore, since the fuel is withdrawn hy induc-
tion from chamber 8 the non-return valve 21 is
enabled to cpen against the action of its return
spring 20 for replenishment of the chamber § by
way of feed ducts 4 from a fuel supply line con-
nected to said duch, under the control of a needle
valve serving in the manner above deseribed as a
fuel metering device.

1 desired, the peripheral surface of the hody

3 may be made convex ab the zone of the bores ;

43, and/or the upper part of the wail of aperture

{5 may be made convex 1o impart to the annuiar

passage 4% a Venturi form in radial section.
The embodiments above described with ref-

erence to the drawings are merely examples of

various modes in which the invention may he
practiced and it will be appreciated that varia-
tions may ke made in the fuel atomising means
in relation to cylinder heads and pistons having
other forms, without exceeding the scope of the
invention.

Tor example, the cylinder head may have &
recess and include or support adjacent thereto
atomising means comprising & fuel receiving
chamber, for example & toric chamber, at least
one atomising bors extending for exaimnple up-
wardly and inwardly to the recess, and the ob-
turator body may be provided on the piston
crown to enter the recess in the cylinder head
so as to givide the combustion chamber into two
volumes, one enclosed in the recess by said body,
and the other enclosed between the remaining
surfaces of the cylinder head and the piston
crown and having a higher rate of volume re-
duction so as to create the aforesaid air squish
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effect. In such an arrangement, various disposi-
tions of atomising ducts and air passages may be
embodied. One such disposition may correspond,
for example, to the means llustrated in Figures
1 and 2 of the drawings, wherein fuel is expelled
from the receiving chamber into the reeess by
the sir squish effect. Another such disposition
may correspond, for example, t¢ the means i1~
ustrated wherein fuel is withdrawn from the
receiving chamber by inductive action of the air
under displacenment, either in a manner similar
to that described with reference to Figure 3 by
the provision of passages through the material
of the cylinder head across the ends of atomising
bores, or in a manner similar ts that described
with reference o Figure 4 by the disposition of
the atomising bores to open into the peripheral
wall of an aperture in the cylinder heag from
the recess therein, so that fuel in said bores is
disposed for induction by air under displace-
raent in the snnular passage between the pe-
riphery of the obturator on the piston and the
wall of said aperture.

Iclaim:

In g compression ignition internal combustion
engine having a ¢ylindrical head element and a
pigton crowi element which cooperate to form
o combustion chamber, and wherein the piston
crown element is formed with ‘a recess adapted
t6 receive injectad atomized fuel, fuel atomizing
means comprising, in combination, an obiurator
body secursd to the cylinder head and proejecting
into the combustion chamber so as to enter and
substantially enclose said recess on the approach
of the piston crown clement to the cylinder head
elament whereby the combustion chamber is di-

ided into two velumes, one of sald volumes com-
prising said recess and being subject to a lower
rate of volume reduction than the other of said
volumes, said obturator body being formed with

receiving chamber for fuel, with a feed duct
o0 said receiving chamber, and with an axial pas-
sage communisating with saild receiving cham-
per and ending in a frusto-conical valve seat lo-
eated at the inner end of said obturator body,
said obbturator body being also formed with a
transverse passage connecting said receiving
chamber with the other of said yolumes of said
combussion chamber for the passing of displaced
sir from said other volume through said receiv-
ing chamber to said one volume; a non.return
valve located in said feed duct of said obturator
body; 2 frusto-conical valve cooperating with
said  frusto-conical valve seat: and resilient
means urging said frusto-conical valve into en-
gagement with said valve seat, said frusto-coni-
cal valve being adapted to be raised from said
valve seat by displaced air passing through said
axial passage to said one yolume.
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