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(7) ABSTRACT

A direct-injection internal-combustion engine comprising at
least one cylinder (1) with a cylinder head (2), a piston (5)
sliding in the at least one cylinder, a gas intake and exhaust
(3, 4), a combustion chamber defined on one side by the
upper face (SP) of the piston (5), the face comprising a
projection (7) pointing towards cylinder head (2) and
arranged at the center of a concave bowl (8). According to
the invention, engine comprises at least one injection nozzle
(6) for injecting fuel with a nappe angle (a;) less than or
equal to 2Arctg, ", where CD is the diameter of cylinder
(2) and F the distance between the point of origin of the fuel
jets from injection nozzle (6) and the position of the piston
corresponding to a crankshaft angle of 50° in relation to the
top dead center (TDC).
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DIRECT-INJECTION ENGINE WITH SMALL
NAPPE ANGLE AND PROCESSES ALLOWING
SUCH AN ENGINE TO BE USED

FIELD OF THE INVENTION

[0001] The present invention relates to a direct-injection
internal-combustion engine and to processes allowing such
an engine to be used.

BACKGROUND OF THE INVENTION

[0002] The state of the art can be illustrated by the
following patents: EP-849,448; EP-589,178 (U.S. Pat. No.
5,363,820); JP-10,184,362; JP-10,184,363; U.S. Pat. No.
3,945,351, GB-2,134,181; DD-147,386.

[0003] The development of combustion systems for inter-
nal-combustion engines must meet requirements such as
emissions reduction, torque and specific power increase,
combustion noise reduction, while remaining compatible
with endurance criteria.

[0004] Engineers currently have a wide range of possible
modifications allowing these objectives to be reached.

[0005] They can change, for example, design or adjust-
ment parameters, like the shape of all or part of the com-
bustion chamber, such as the bowl, provided in the upper
part of the piston, in order to facilitate air/fuel mixing.

[0006] They can also change the compression ratio, cer-
tain parameters of the injection system (pressure, control
law, etc.) and of the fuel jets (number of holes, diameter,
etc.), the pressure charging adjustment, the EGR (exhaust
gas recirculation) ratio or the intake temperature.

[0007] Unfortunately, it is increasingly difficult to improve
one of these points without deteriorating another one.

[0008] A well-known example is the improvement of the
following compromise: NO,, emissions/particles emissions.

[0009] The problem is even more difficult to solve when
endurance criteria have to be taken into account.

[0010] This is for example the case for the liquid fuel or
the soot in the vicinity of the cylinder walls, whose presence,
harmful to the lubricant stability, depends on the nappe angle
of the injection nozzle, on the shape of the bowl or on the
timing and on the injection pressure. Adjustment of these
parameters unfortunately has a harmful effect on the com-
bustion, leading to an emissions increase and/or to a reduc-
tion in the full load performances and/or to a noise increase.

[0011] Patents EP-849,448 or EP-589,178 notably relate
to combustion chambers for internal-combustion engines.
These combustion chambers are delimited on one side by the
upper wall of the piston, which comprises a conical or
truncated shaped part referred to as teat, pointing towards
the cylinder head and having the same axis, at the center of
a circular cup or bowl. The fuel is injected through a multijet
nozzle in line with each cylinder, with a very wide nappe
angle of the order of 140 to 160°. The angle at the top of the
teat is suited to the nappe angle of the injection nozzle so that
the fuel jets are injected substantially along the slopes of the
cone, then diverted thereby and by the rounded shape of the
cup towards the top of the cylinder, thus vaporizing without
ever touching the walls of the cylinder and therefore without
affecting its lubrication. Of course, the pistons have to be
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quite close to the top dead center (TDC) thereof for this
effect to be obtained. Only a limited latitude is therefore
available for selection of the fuel injection times.

[0012] This latitude constitutes a drawback that is by no
means insignificant since it is also well-known that early and
late fuel injections afford many advantages. Thus, a pilot
injection before the top dead center and the main injection
allows the combustion noise to be reduced. Regeneration of
the particle filters, which is initiated, according to a known
technique, by raising the exhaust temperature, requires a fuel
injection shortly before opening of the exhaust valves. A fuel
injection during expansion or during the exhaust phase can
also be useful to obtain favourable exhaust conditions allow-
ing regeneration of the NO_ traps.

[0013] Since combustion systems generally use injection
nozzles with nappe angles ranging between 140° and 160°,
the adjustment range of these injections is reduced to limit
problems of lubricant dilution by fuel or soot.

[0014] In order to overcome this limitation, the present
invention proposes an engine developing a combustion
allowing very varied injection conditions.

SUMMARY OF THE INVENTION

[0015] The direct-injection internal-combustion engine
according to the invention, comprising at least one cylinder
with a cylinder head, a piston sliding in this cylinder, gas
intake and exhaust means, a combustion chamber delimited
on one side by the upper face of the piston comprising a teat
pointing towards the cylinder head and arranged at the
center of a concave bowl, is characterized in that it com-
prises at least one injection nozzle for injecting fuel with a
nappe angle less than or equal to

CD
2Arctg e

[0016] where CD is the diameter of the cylinder and F the
distance between the point of origin of the jets from the
injection nozzle and the position of the piston corresponding

to a crankshaft angle of 50° in relation to the top dead center
(TDC).

[0017] Using an injection nozzle with a relatively narrow
nappe angle offers a great latitude for selection of the fuel
injection times while avoiding the drawbacks linked with the
wide dispersion of the fuel injected, notably as regards
wetting of the cylinder walls. This type of injection nozzle
is well-suited to the combustion mode referred to as homo-
geneous combustion.

[0018] According to an embodiment, the angle at the top
of the teat is selected substantially in accordance with the
nappe angle of the injection nozzle and the bowl is so shaped
that the injected fuel is diverted towards the cylinder head by
following the concave shape thereof towards the outside of
the bowl and vaporized without reaching the walls of the
cylinder, for any position of the piston up to +30° in relation
to the top dead center.

[0019] The combined use of the injection nozzle with a
relatively narrow nappe angle and of a bowl of particular
shape allows conventional operation for a fuel injection in
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the neighbourhood of the top dead center, but within a wider
angle range than the range that is usually allowed.

[0020] The nappe angle of the injection nozzle is advan-
tageously selected between 0° and 120°.

[0021] The nappe angle of the injection nozzle is prefer-
ably selected between 40° and 100°.

[0022] The angle at the top of the teat is selected greater
than the nappe angle by a value ranging between 0° and 30°.

[0023] The height of the teat is greater than at least 40%,
preferably at least 60% of the depth of the bowl.

[0024] The fuel jets from the injection nozzle form an
intersection angle of the order of 5° with the flank of the teat.

[0025] According to a particular feature of the invention,
the bowl has a bowl diameter BD, a bowl depth L, a first
curvilinear part of radius R1, a second curvilinear part of
radius R2, a bowl bottom diameter FD, a lateral wall of
inclination a; and a diametral section length Cb, and the
dimensions of the bowl meet at least one of the following
conditions:

[0026] the BD/L ratio is less than 6 and preferably
less than 4;

[0027]
[0028]
[0029]
[0030]
[0031]

the BD/R1 ratio is greater than 4;

the R2/R1 ratio ranges between 0.4 and 1;
the FD/BD ratio is less than 0.8,

the Cb/BD ratio is less than 2;

the angle of inclination a, is less than 45°.

[0032] The angle of inclination is negative so that the bowl
has a re-entering neck allowing to delimit an outlet section
of said bowl.

[0033] The neck is arranged at a height that is less than the
total height of the bowl.

[0034] The dimensions of the bowl meet one of the
following conditions:

[0035] the GD/BD ratio is less than 1;
[0036]
[0037]

the L2/L ratio is less than 1;

the S/V ratio is less than 0.1 mm™".

[0038] The process according to the invention for improv-
ing the latitude of operation of a direct-injection internal-
combustion engine comprising at least one cylinder, a piston
sliding in this cylinder, gas intake and exhaust means, a
combustion chamber delimited on one side by the upper face
of the piston comprising a teat pointing towards the cylinder
head, at the center of a bowl, is characterized in that it
consists in injecting the fuel into each cylinder through an
injection nozzle with a nappe angle that is less than or equal
to

CD
2Arctg 5

[0039] where CD is the diameter of the cylinder and F the
distance between the point of origin of the fuel jets from the
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injection nozzle and the position of the piston corresponding
to a crankshaft angle of 50° in relation to the top dead center
(TDC).

[0040] A piston such that the angle at the top of the teat is
substantially in accordance with the nappe angle of the
injection nozzle, and a bowl whose wall is so shaped that the
injected fuel is guided towards the outside thereof and
vaporized without reaching the cylinder walls, for any
position of the piston up to +30° in relation to the top dead
center, are advantageously used.

[0041] The invention allows to avoid the presence of
liquid fuel on the cylinder walls while affording wide engine
performance and pollution control possibilities.

[0042] According to a process of the invention for improv-
ing the latitude of operation of a direct-injection internal-
combustion engine comprising at least one cylinder, a piston
sliding in this cylinder, gas intake and exhaust means, a
combustion chamber delimited on one side by the upper face
of the piston comprising a teat pointing towards the cylinder
head, it is characterized in that it consists:

[0043] for low and average loads, in injecting the fuel
into each cylinder through an injection nozzle with a
nappe angle less than or equal to

CD
2Arctg 55

[0044] where CD is the diameter of the cylinder and F is
the distance between the point of origin of the fuel jets from
the injection nozzle and the position of the piston corre-
sponding to a crankshaft angle of 50° in relation to the top
dead center (TDC) so as to obtain a long mixing time of the
fuel with the air admitted before combustion of this mixture,

[0045] for high loads, in injecting the fuel through the
same injection nozzle with the same nappe angle, so
as to obtain stratified mixing of the fuel with the air
and a progressive combustion.

[0046] At full load and at high loads, the engine according
to the invention allows good carry-over of the vapour fuel
thus favouring mixing thereof with the air in order to obtain
a good combustion rate and high air/fuel ratios as a result of
a good use of the air admitted. At partial loads, a reduced
nappe angle allows a wide injection system adjustment
latitude without the cylinder walls being wetted.

BRIEF DESCRIPTION OF THE FIGURES

[0047] Other features and advantages of the system
according to the invention will be clear from reading the
description hereafter, given by way of non limitative
example, with reference to the accompanying drawings
wherein:

[0048] FIG. 1 diagrammatically shows an internal-com-
bustion engine provided with a fuel injection nozzle with a
narrow nappe angle and a piston surface of carefully
designed profile affording a greater latitude as regards
selection of the possible injection times,

[0049] FIG. 2 is a large-scale partial local view of a
modified profile of the bowl of the piston of FIG. 1,
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[0050] FIG. 3 illustrates a large-scale partial local view of
another profile of the piston bowl,

[0051] FIGS. 4a to 4e show various stages of the fuel
combustion according to the invention and for full-load
running conditions.

DETAILED DESCRIPTION

[0052] With reference to FIGS. 1 and 2, an internal-
combustion engine provided with a fuel injection nozzle, of
Diesel type for example, comprises at least one cylinder 1 of
axis XX' with a cylinder head 2, air intake means and burnt
gas exhaust means, in the present case respectively one or
more intake valves 3, one or more exhaust valves 4, a piston
5 sliding in cylinder 1 and a fuel injection nozzle 6 such as
a multijet nozzle, preferably arranged in line with axis XX'
of the cylinder.

[0053] Of course, it is possible for the injection nozzle not
to be arranged in line with axis XX' but, in this case, the
general axis of the fuel jet nappe from this fuel injection
nozzle is coaxial to this axis XX'.

[0054] The fuel injection nozzle has a small nappe angle
a;, nappe angle a,, being selected at most equal to 120° and
preferably ranging between 40° and 100°.

[0055] This nappe angle is so selected that the walls of the
cylinder are never wetted by the fuel for any position of the
piston ranging between +50° and +o or between -50° and
-, where a represents the crankshaft angle for the injection
phase selected in relation to the top dead center (TDC), this
angle a being greater than 50° and less than or equal to 180°
to obtain a homogeneous type combustion.

[0056] If CD represents the diameter of cylinder 1 and F
the distance between the point of origin of the jets from
injection nozzle 6 and the position of the piston correspond-
ing to a crankshaft angle of 50°, nappe angle a,, will be less
than or equal to

CD
2Arctg F

[0057] Atypical angle range for nappe angle a,, ranges for
example between 40° and 100°.

[0058] The invention thus allows to obtain a great latitude
for the selection of the injection times since the injection
nozzle as defined above allows to obtain a fuel jet nappe that
will not wet the cylinder walls for an injection ranging
between the positions of the piston corresponding to a
crankshaft angle ranging between 50° and +o or between
-50° and 31, where a represents the crankshaft angle for
the injection phase selected in relation to the top dead center
(DC), this angle o being greater than 50° and less than or
equal to 180.

[0059] In fact, as has been shown many a time, the
configuration of the fuel nappe is such that it comes out of
the injection nozzle, according to an axial section, in form of
a triangle and it ends, still with an axial section, in a
semicircle whose diameter is equal to the base of the
triangle.
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[0060] The combustion chamber is delimited on one side
by cylinder head 2 and, on the opposite side, by upper face
SP of piston §.

[0061] This face comprises a teat 7 whose axis is coaxial
to the axis of the fuel nappe coming from injection nozzle 6,
which points towards cylinder head 2 at the center of a cup
or bowl 8 whose axis is also coaxial to the axis of the fuel
jet nappe from nozzle 6. The concave part of this bowl is
pointed towards this cylinder head 2 and it opens onto a
substantially horizontal part 9 of said piston.

[0062] Of course, the axis of the bowl may not be coaxial
to that of the cylinder, but the main thing is the arrangement
according to which the axis of the fuel jet nappe, the axis of
the teat and the axis of the bowl are coaxial.

[0063] This truncated teat comprises a substantially hori-
zontal vertex 10 extended, in the direction of the bowl
bottom, by a substantially rectilinear flank 11. The angle at
vertex a, of teat 7 is substantially suited to the nappe angle
a,, of injection nozzle 6 so that the fuel is injected substan-
tially along flank 11 of the teat when the piston is in the
neighbourhood of the top dead center (TDC).

[0064] The diametral section of bowl 8 is curvilinear and
comprises, from the top of teat 7 symmetrically towards the
outside of piston 5, on either side of its axis (merging with
axis XX' here), vertex 10 of the teat with a curved connec-
tion for the rectilinear part formed by flank 11, this flank
being extended by a first curvilinear part 12 of radius of
curvature R1, a second curvilinear part 13 of radius of
curvature R2 and ended by a substantially rectilinear
inclined lateral wall 14 joining the substantially horizontal
part 9 of upper face SP of piston 5.

[0065] L represents the depth of bowl 8, BD the diameter
of the opening of the bowl, CD the diameter of the cylinder,

Cyp

2

[0066] the length of the diametral half-section of bowl 8
from the vertex of teat 7, considered at the intersection of
this vertex with the axis passing through the fuel jet nappe
(axis XX' here), up to its connection with the upper face of
piston 5 (the developed length of the diametral section of the
bowl is therefore Cb), a, the angle formed by wall 14 of the
bowl in relation to a vertical, here a line parallel to axis XX'
which, in the example of this figure, also corresponds to a
line parallel to the axis of the jets from nozzle 6, and FD the
mean diameter of bowl 8 considered from the bottom
thereof. In the case of FIG. 1, diameter FD is considered at
the lowest point M of the bowl, i.e. at the intersection
between radii R1 and R2. In a configuration where the
lowest point of the bowl is a plane zone, diameter FD is to
be considered as the diameter taken at the median of this
plane zone.

[0067] The shape of bowl 8 is compatible with the nappe
angle a,, selected. It is so designed as to allow, in the
conventional type operating mode (for any position of piston
5 up to £30° in relation to the top dead center (TDC) for
example), to obtain the desired effect of diversion of the
injected fuel towards the cylinder head (along the concave
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part thereof towards the outside of the bowl) and its vapor-
ization without wetting the cylinder walls.

[0068] This shape is preferably obtained by meeting the
following conditions:

[0069] the BD/L ratio is less than 6 and preferably
less than 4;

[0070]
[0071]

the BD/R1 ratio is greater than 4;

the R2/R1 ratio ranges between 0.4 and 1;
[0072] the FD/BD ratio is less than 0.8,

[0073] the Cb/BD ratio is less than 2.

[0074] An angle less than 45° (FIG. 1) and advanta-
geously substantially equal to 20°, as illustrated in FIG. 2,
is preferably selected for aj,.

[0075] The height H of teat 7, considered at the bottom of
bowl 8 up to vertex 10, is advantageously less than depth L
of bowl 8.

[0076] Thus, upon fuel injection, the fuel jets will mix
along flank 11 with the air (or a mixture of recirculated
exhaust gas and air) previously allowed to pass into the
combustion chamber, then they will be guided by parts 12
and 13 associated with wall 14 so that they cannot come into
contact with the walls of cylinder 1.

[0077] FIG. 3 shows another example of a bowl profile
contained in piston 5.

[0078] Piston 5 of axis XX' comprises a bowl 8 whose
concave part points towards the cylinder head (not shown)
and which comprises a teat 7.

[0079] The teat, situated at the center of bowl 8, which is
also coaxial to the axis of the fuel jet nappe, has a more
tapered shape than the teat shown in FIGS. 1 and 2, with a
conical shape whose vertex 10 is slightly rounded and whose
base surface is smaller than that of FIGS. 1 and 2.

[0080] This vertex is extended by a substantially rectilin-
ear flank 11 in the direction of the bowl bottom, then by a
first curvilinear part 12 of radius of curvature R1, a sub-
stantially horizontal plane wall 15 forming the bottom of the
bowl, a second curvilinear part 13 of radius of curvature R2,
an inclined wall 14 forming the lateral wall of the bowl and
an inclined surface 16 connected to wall 14 by a shoulder 17,
said inclined surface 16 leading to the horizontal part 9 of
upper face SP of piston 5.

[0081] The length of the diametral section Cb will thus
consist of the doubling of the length from the intersection of
vertex 10 of teat 7 with the geometric axis of the teat, which
in this case merges with axis XX', up to the connection of
inclined surface 16 with the upper face of piston 5.

[0082] Inthe example of FIG. 3, the angle at the vertex a,
of the teat is suited to nappe angle a,, so that the fuel is
injected substantially along flank 11 and this teat has a height
H which is greater than at least 40% of the depth L of bowl
8, a depth considered between horizontal part 9 of piston 5§
and bottom wall 15, this height being greater, in the example
of FIG. 3, than 60% of the depth of the bowl.

[0083] Angle a, formed by lateral wall 14 of the bowl with
a vertical, considered between shoulder 17 and curvilinear
part 13, is substantially identical to the angle described in
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connection with FIGS. 1 and 2, but it has the distinctive
feature of being negative, i.e. considered in the opposite
direction to that of FIGS. 1 and 2.

[0084] Thus, lateral wall 14 forms a re-entering part at the
outlet of bowl 8, which constitutes a neck 17 formed by the
shoulder between wall 14 and surface 16 which is inclined
at an angle a,, formed by a vertical passing through one of
the points of this surface, this angle a4 being preferably
greater than 5°.

[0085] The bowl of FIG. 3 thus has:

[0086] a bowl opening diameter BD, with a radius
considered in the neighbourhood of the bowl bottom
and corresponding to a distance taken between axis
XX' and the remotest point of second curvilinear part
13,

[0087] a bowl bottom diameter FD whose radius
corresponds to a distance between axis XX' and
mid-point M of segment AB delimiting the bowl
bottom formed by plane wall 15,

[0088] a neck diameter GD with a radius correspond-
ing to the distance between axis XX' and the end of
neck 17 opposite teat 7, which delimits the outlet
section of the bowl,

[0089] a neck depth L.2 considered at neck diameter
GD and extending from neck 17 to bottom wall 185.

[0090] This other bowl profile shape also meets the ratio
conditions listed above, to which the following ratios are
added: L2/L is less than 1, outlet section S of the bowl
(considered at diameter GD) divided by the total volume V
of the bowl is less than 0.1 mm™" and GD/BD is less than 1.

[0091] Ratio S/V is preferably equal to about 0.05 mm™.

[0092] As canbe seen in FIG. 3, neck diameter GD is less
than bowl diameter BD, which allows to restrict the outlet
section considered at diameter GD and thus to obtain a
higher displacement rate of the fuel mixture. In addition, the
negative inclination of angle a5, has the advantage of ori-
enting the fuel jets towards axis XX' and thus to avoid
contact of the fuel with the cylinder walls.

[0093] Furthermore, the great height H of teat 7 allows to
better separate the fuel jets coming from the injection nozzle
and to better release these jets in their vapour form because
the volume of air contained between flank 11 of the teat and
the fuel jets is greater.

[0094] The fuel jets preferably form an intersection angle
a5 of the order of 5° with flank 11.

[0095] Of course, the present invention is not limited to
the embodiment examples described above; it can also be
implemented in a process using an engine that allows, for
low and average loads, injection of the fuel into each
cylinder by means of an injection nozzle having a nappe
angle a,, as defined above, so that the fuel jets do not touch
the walls of cylinder 1 for any position of piston 5 ranging
between +50° and +a. or between -50° and -« in relation to
the top dead center (where a is, as described above, greater
than 50° and less than or equal to 180°) so as to obtain long
mixing times for the fuel with the air prior to combustion of
this mixture and, for high loads, injection of the fuel through
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the same injection nozzle with the same nappe angle, so as
to obtain stratified mixing of the fuel with the air and a
progressive combustion.

[0096] By way of example, it can be seen in FIGS. 44 to
4e showing various stages of the combustion at fill load
(between —15° and +40° crankshaft) that the injected fuel is
guided along the concave parts of the bowl.

[0097] In these figures, the black areas represent the fuel
injected, the light shaded areas represent the air, and the dark
shaded areas represent a mixture of vaporized fuel and air.

1. A direct-injection internal-combustion engine compris-
ing at least one cylinder (1) with a cylinder head (2), a piston
(5) sliding in this cylinder, gas intake and exhaust means (3,
4), a combustion chamber delimited on one side by upper
face (SP) of piston (5) comprising a teat (7) pointing towards
cylinder head (2) and arranged at the center of a concave
bowl (8), characterized in that it comprises at least one
injection nozzle (6) for injecting fuel with a nappe angle (a,)
less than or equal to

CD
2Arctg e

where CD is the diameter of cylinder (2) and F the distance
between the point of origin of the fuel jets from injection
nozzle (6) and the position of the piston corresponding to a
crankshaft angle of 50° in relation to the top dead center
(TDC).

2. An engine as claimed in claim 1, characterized in that
the angle at the vertex (a,) of teat (7) is selected substantially
in accordance with nappe angle (a,) of nozzle (6) and bowl
(8) is so designed that the fuel injected is diverted towards
the cylinder head by following the concave parts towards the
outside of the bowl and vaporized without reaching the
cylinder walls, for any position of piston (5) up to +30° in
relation to the top dead center (TDC).

3. An engine as claimed in claim 1 or 2, characterized in
that nappe angle (a,) of injection nozzle (6) is selected
between 0° and 120°.

4. An engine as claimed in claim 1 or 2, characterized in
that nappe angle (a;) of injection nozzle (6) is selected
between 40° and 100°.

5. An engine as claimed in claim 3 or 4, characterized in
that the angle at the vertex (a,) of teat (7) is selected greater
than nappe angle (a,) by a value ranging between 0° and 30°.

6. An engine as claimed in any one of the previous claims,
characterized in that the height of teat (7) is greater than at
least 40% of the depth of bowl (8).

7. An engine as claimed in any one of claims 1 to 5,
characterized in that the height of teat (7) is greater than at
least 60% of the depth of bowl (8).

8. An engine as claimed in any one of the previous claims,
characterized in that the fuel jets from injection nozzle (6)
form an intersection angle (as) of the order of 5° with flank
(11) of teat (7).

9. An engine as claimed in any one of claims 1 to 8,
wherein the bowl comprises a bowl diameter BD, a bowl
depth L, a first curvilinear part (12) of radius R1, a second
curvilinear part (13) of radius R2, a bowl bottom diameter
FD, a lateral wall (14) of inclination a5 and a diametral
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section length Cb, characterized in that the dimensions of the
bowl meet at least one of the following conditions:

the BD/L ratio is less than 6 and preferably less than 4;
the BD/R1 ratio is greater than 4;

the R2/R1 ratio ranges between 0.4 and 1;

the FD/BD ratio is less than 0.8;

the Cb/BD ratio is less than 2;

the angle of inclination a4 is less than 45°.

10. An engine as claimed in claim 9, characterized in that
inclination angle a; is negative so that the bowl has a
re-entering neck (17) allowing to delimit an outlet diameter
(GD) of said bowl.

11. An engine as claimed in claim 10, characterized in that
neck (17) is situated at a height (L.2) that is less than the total
height of the bowl.

12. An engine as claimed in any one of claims 10 or 11 in
combination with claim 9, characterized in that the dimen-
sions of the bowl meet one of the following conditions:

the GD/BD ratio is less than 1;
the [.2/L ratio is less than 1;

the S/V ratio is less than 0.1 mm™, S being the outlet
section considered at diameter GD and V the total
volume of the bowl.

13. A process for improving the latitude of operation of a
direct-injection internal-combustion engine comprising at
least one cylinder (1), a piston (5) sliding in this cylinder, gas
intake and exhaust means (3, 4), a combustion chamber
delimited on one side by the upper face of piston (5)
comprising a teat (7) pointing towards cylinder head (2), at
the center of a cup or bowl (8), characterized in that it
consists in injecting the fuel into each cylinder through an
injection nozzle having a nappe angle (a,) less than or equal
to

CD
2Arctg 7

where CD is the diameter of cylinder (2) and F the distance
between the point of origin of the fuel jets from injection
nozzle (6) and the position of the piston corresponding to a
crankshaft angle of 50° in relation to the top dead center
(TDC).

14. A process as claimed in claim 13, characterized in that
a piston (5) such that the angle at the vertex (a,) of teat (7)
is substantially in accordance with nappe angle (a;) of
injection nozzle (6) and a bowl (8) whose wall (14) is so
shaped that the fuel injected is guided towards the outside
thereof and vaporized without reaching the walls of cylinder
(1), for any position of piston (5) up to +30° in relation to
the top dead center (TDC), are used.

15. A process for improving the latitude of operation of a
direct-injection internal-combustion engine comprising at
least one cylinder (1), a piston (5) sliding in this cylinder, gas
intake and exhaust means (3, 4), a combustion chamber
delimited on one side by the upper face of piston (5)
comprising a teat (7) pointing towards cylinder head (2), at
the center of a cup or bowl (8), characterized in that it
consists:
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for low and average loads, in injecting the fuel into each
cylinder through an injection nozzle with a nappe angle
(a,) less than or equal to

CD
2Arctg 5

where CD is the diameter of cylinder (2) and F is the
distance between the point of origin of the fuel jets
from injection nozzle (6) and the position of the piston
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corresponding to a crankshaft angle of 50° in relation to
the top dead center (TDC) so as to obtain a long mixing
time of the fuel with the air admitted before combustion
of this mixture,

for high loads, in injecting the fuel through the same
injection nozzle with the same nappe angle, so as to
obtain stratified mixing of the fuel with the air and a
progressive combustion.
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