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This invention relates to mixing and combus-
tion chambers In the cylinders of internal-com-
bustlon engines of the liquid-fuel or constant-
pressure-combustion type such as Diesel engines,
or the like, and is more particularly concerned
with the construction of such chambers,

It is generally admitted by those skilled in the
art that it 1s of high importance for the effi-
ciency of the engines of this type to introduce
the liquid fuel Into the engine cylinder or cyl-
inders so as to be animated therein with strong
whirling or turbulent movements or eddy cur-
rents. In general, the fuel injection begins some
degrees before the end of compression; at this
moment, the engine cylinder piston approaches
to its head-end dead center and moves slowly,
so that the air bulk confilned thereon is practi-
cally Immovable, and with the arrangements
hitherto in commeon use it is impossible to impart
thereto notable turbulence movements.

In contradistinction thereto, this invention
aims to provoke at this very moment, strong tur-
bulence movements which will subsequently be
maintained throughout the injection period or

during a notable fraction thereof, so as to cause :

the air and the incoming fuel liquid to be inti-
mately mixed together.

According to this invention, a suitable cham-
ber 15 provided in the engine piston on or/in its
head or ad)acently thereto forming, at the end
of compression, both the combustion chamber
and the mixing or turbulence chamber; the lig-
uid-fuel spraying nozzle or nozzles open directly
into this chamber the inner wall sides of which

are so incurved or inwardly curved as to guide ;

in desired sense turbulence or whirling move-
ments of the gases within the chamber which
communicates with the engine c¢ylinder space by
means of openings arranged so as to form or de-
fine at the end of compression, in cooperation
with the opposite surfaces of the cylinder com-
bustion head, conduits or passages of very nar-
row cross-section disposed or oriented tangen-
tially to whirling trajectories in the interior of
the chamber. At the end of compression, the
air 1 thus forced to flow with high velocity and
in desired direction in the turbulence or mixing
chamber.

The said chamber may be provided in the very

head of the engine piston or it may be formed :

within a separately attachable member secured
to the piston head and thermo-insulated there-
from more or less completely to prevent high tem-
perature in the combustion chamber from being

transmitted to the remainder of the piston and .
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from deleteriously affecting good operation
thereof, and the chamber from cooling.

The present invention is particularly readily
applicable t0 engine cylinders having two oppo-
site plstons which are movable in opposite direc-
tions; In this case, the head of one plston per-
forms with respect to the other piston the part
of a combustion or cylinder head. All the ar-
rangements which will be described hereinafter
may be applled indifferently to an engine cylinder
having flxed combustion head or to a cylinder
having two movable opposite pistons.

The invention may be carried out In numer-
ous manners, In one series of embodiments of
the invention, the chamber provided In the head
of the engine piston or in that of one of the two
pistons has a large openlng through which It
communicates with the cylinder barrel; it will
be only at the end of compression cycle, when
the piston is in the vicinity of the cylinder head
or the opposite piston hesd, that owing to coop-
erating opposite surfaces in the cylinder head or
In-the opposite piston the communication of the
piston inner chamber with the cylinder barrel
is reduced to narrow conduits or passages con-
venlently disposed or oriented.

In another serfes of the embodiments of the
invention, the combustion and turbulence cham-«
ber provided In the piston is nearly entirely closed
and communicates with the cylinder barrel
through relatively narrow conduits or passages
which open in the chamber tangentially to a cir-
cumference of whirling, and their cross-section
of communication with the cylinder barrel re-
malns invariable almost throughout the stroke
of the piston; at the end of compression, the said
cross-section is reduced to very small dimensions
owing to the approach to one another of oppo-
site surfaces convenlently arranged in the cylin-
ber head or the opposite piston head. Thus, the
volume of the chamber arranged in the piston
remains invariable throughout the compression
stroke, while the volume comprised between the
piston and the cylinder head or the opposite pis-
ton simultaneously decreases, resulting through-
out this stroke in a stream of air flowing through
the tangential conduit or conduits, whereby the
air thus introduced Is caused to whirl within the
chamber from the beginning of the compression
stroke. Such whirling is actually not necessary
at this very moment, but being subsequently
maintained throughout the compression stroke
it will help In establishing desired turbulence
currents by the maximum of velocity at the be-
ginning of fuel injeetion. When the pistons are
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in the vicinity of one another thelr relative speed
is considerably decreased, and the opposite pis-
ton head begins to reduce the cross-section of
the passages provided for admitting the air into
the chamber, thereby accelerat.ng the veloclty
of the inflowing ailr resultlng in very vigorous
whirling or turbulence currents. The openings
in the plston chamber and the cooperating sur-
faces of the cylinder head or the opposite piston
head are so arranged that the stream of air,
which so far has penetrated in the chamber he-
gins to grow thin and to attack tangentlally the
inner turbulence currents a shorter distance from
the chamber axis than precedingly, resulting in
secondary eddy or turbulence currents which
contribute to causing the air and the fuel to be
intimately mixed together, thus abridging the ig-
nition time and improving the combustion,

The combustion and turbulence chamberg con-
structed as just described have also the advan-
tage of diminishing the engine's knocking, for
the combustion flrst takes place within the
chamber and some time will go on before the
burnt or burning gases pass into the cylinder
barrel, the chamber outlet openings hindering
the velocity of the outflowing gases and a sud-
den increase of pressure on the pistons, On the
other hand, by abridging the ignition time, the
turbulence currents will also diminish sald
knocking.

In the aforesaid two serleg of embodlments of
the invention, the combustion and turbulence
chamber may be constituted by a cavity formed
in the piston only, or it may be constituted by
two similar cavities, one beihg formed in the pis-
ton head and the other in the cylinder head or
the opposite piston head, these two individual
cavities forming at the end of compression one
single chamber communicating with the cylinder
barre] as hereinabove explained.

Whatever may be the disposition of the com-
bustion chamber, it will be advantageous to pro-
vide the inner wall thereof with serrations sub-
stantially at right angles to whirling or turbu-
lence movetments therein for the purpose of form-
ing small secondary eddy or turbulence currents
to contribute to causing the air and the injected
atomized oil fuel to be intimately mixed togéther
in the chamber, and also for preventing the oll
fuel from contacting with hot chamber walls
to avold to a great extent the oll cracking phe-
nomenon,

In particular, the combustion chamber may
he of cylindrical, ¢conic or conic-cylindrical shape,
or more generally it may have any suitable form
of revolution about an axis registering with one
piston diameter or parallel to the piston head.
The fuel sprayinig nozzle or nozzles will then, of
course, be oriented parallelly to sald axis; In the
case of a chamber closed on its top portion, it
will be convenlent to positlon the spraying noz-
zles so that their axis be a certain distance below
the axis of the chamber, for the purpose of pre-
venting certain nozzle jets from beilg momen-
tarily masked by the top wall of the chamber,
or the nozzle Jet from striking against the said
wall. It i5 to be noted that In fact the fuel in-
Jjection generally begins some degrees hefore the
top dead center be reached by the piston and
that the injection finish some degrees thereafter;
in other terms, the piston has not yet reached
the end of its upward stroke when the injection
begins, and the piston has already started down-
wards before the injection be finished,

In order {hat the Invention may be more eas-
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ily understood and readily carried into effect,
the same will now be described with reference
to the accompanying drawings which show pre-
ferred embodiments of the invention and are not
to be construed in a limiting sense,

Fig. 1 is an axial sectional view of a four-cycle
engine cylinder head, with a piston having a
lateral combustion chamber; Fig. 2 Is a plan view
of the piston head.

Fig. 3 is an axia] sectional view of a double-
acting engine cylinder each of its two opposed
pistons having a combustion chamber dlametrally
arranged in the piston head.

Fig. 4 is an axial sectional view of a modified
form of combustion chambers diametrally ar-
ranged in two opposed piston heads; Fig. 6 Is a
plan view of one of these pistons.

Figs, 6 and 7 are sxial sectlonal and plan views
of another modifled forin of combustion cham-
bers diametrally arranged in two opposite piston
heads.

Figures 8 and 9 are axial sectional and plan
views of two opposed pistons having theijr lateral
combustion chambers disposed oppositely to one
another.

Figures 10 and 11 are axiai sectional and plan
views of two opposlte pistons having their dia-
metral combustion chambers almost entirely
closed.

Figures 12 and 13 show a modifled form of the
arrangement shown in Pigures 10 and 11.

Flgures 14 and 15 are axial sectional and plan
views of {wo opposite pistons one of which has
a combustion chamber almost entirely closed.

PFigures 16 and 17 show a modifled form of the
arrangement shown in Figures 14 and 15, .

Figures 18 and 19 show another modifled form
of the arrangemeni shown in Figures 14 and 15.

Fig. 20 is an axlal sectional view of still an-
other modifled form of the preceding arrange-
ment.

Figures 21 and 22 are plan views of other forms
of diametral combustion chambers,

Figures 23 and 24 are plan views of two oppo-
site pistons one of which comprises a coaxial
annular chamber having openings on the head
thereof which may be partly throttled by corre-
sponding projections on the opposite piston head
Figures 25 and 26 are sectional views of the two
pistons taken cn lines 25-—28 and 26—26, respec-
tively, of Pigure 23, showing the two pistons at
the end of compression cycle.

Figures 27 to 30 illustrate the embodiment of
the invention comprising an annular combustion
chamber which may be said to operate in a tele-
scope-like manner.

Figures 27 and 28 are plan views of tWo oppo-
gite pistons; Kz, 29 is a coaxial sectional view
of the two pistons taken on the litne 29—28 of
Figures 27 and 28; Fig. 30 is the evolution of a
sectlon of the two pistons In their telescoped po-
sition at the end of compression cycle, following
the line X—X {n Fig. 27.

PFigures 31 to 35 illustrate another combustion
chamber of the ielescoplng type, in the form of
a cylinder coaxially shaped In one piston head.
Figures 31 and 32 are plan views of two opposite
piston heads;

Flgure 33 is an axial section of the two pistons
taken on the line 33—38 of Pigures 31 and 33:
PFigures 34 and 35 are transverse sectiong of the
combustion chamber taken on the lines 84--34
and 36—35 of Fig. 33, respectively.

Figures 36 to 38 show a modifled form of the
preceding arrangement; Figures 36 and 37 being
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plan views of the opposite pistons and Flg. 38
being the axlal section thereof.

Fig. 3¢ is a plan view of a piston comprising
& nearly closed combustion chamber of spherical
segment or zone shape with its plane faces per-
pendicular to the piston head; Fig. 40 is a sec-
tional view of the piston taken through the me-
dian plane of this segment or zone.

Fg. 41 is a sectlonal view showine a particu-
lar arrangement of the inside walls of the com-
bustion chambers.

The embodiment of the invention shown in
Figures 1 and 2 comprises a lateral outwardly
opening chamber 2 of spherical-zone-like shape
hollowed out in the barrel and the head of the
piston | so that it cuts laterally the piston head
along a circular arc and has its lateral wall of
e¢ircular section. The liquld-fuel spraying noz-
zle 3 has its axis at right angle to the piston
head and its jets atomize the Hguid fuel uni-
formly round its axis. The plston head and the
opposlte combustlon head are perfectly plane.
The volume of the chamber 2 is so calculated
that towards the end of compression stroke the
distance between the plane piston head and the
combystion head is reduced to a very narrow
spacing B, wherefrom the air comprised therein
is caused to rush into the chamber 2 forming a
very thin stream which penetrates thereinto with
a high velocity in the direction of the arrow
thereby producing a violent shock against suit-
ably shaped walls of the chamber 2 and causing
desired eddy or turbulence currents to he formed
therein;

When the piston, after finlshing its compres- .

sion stroke in the conditions just stated, moves
back on 1ts suction stroke the compressed hot
gases resulting from the combustion and whirl-
ing in the chamber 2 are sucked at high velocity
into the increasing suction spacing 5; this suc-
tion and the movement which results therefrom
maintain whirling or turbulence currents dur-
ing the end of the fuel injection.

Tigure 3 shows an example of application of
the invention to a two-c¥cle engine cylinder hav-
ing two opposite pistons 6 and 1. The pistons
6 and 1 are provided on thelr heads with cham-
bers 8 and 9, respectively, each such chamber
being of cylindrical shape and hollowed out about
one diameter of the respectlve piston head and
the generating lines thereof being parallel to
said diameter; the cross-sections thereof are of
cardloid-like shape and open up obpositely to
one another on the head of each plston, both
plston heads being perfectly plane. As preced-
ingly, the volume of these chambers is so cal-
culated that towards the end of compressipn
stroke the distance between both piston heads is
reduced to a very narrow spacing 5. The liquid-
fuel spraying nozzle IP the axis of which is ori-
ented parallelly to the generating llnes of sald
chambers opens into the cylinder barrel at equal
distance from both piston heads and atomizes
the lquid fuel in the cavity formed by the two
chambers 8 and 9.

At the end of compression strcke the com-
pressed air comprised In the spacing 5 between
the twp piston heads is caused to rush into the
chambers 8 and 9 forming a very thin stream
inflowing with high velocity in the direction in-
dicated by the arrows. thereby producing a vio-
lent shock agalnst the circular walls of said
chambers and causing deslied eddy or turbulence
currents to form therein which will be main-
talned, as previously, when the two plstons be-
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gin to move away from one another on suction
stroke.

Of course, two liquid-fuel spraying nozzles fac-
ing one another may be disposed In the sgid mix-
ing chambers B and 9 at will.

The arrangement just described comprising two
cavitles facing one another may also be applied
to an engine cylinder having a single piston, one
of the cavities being then formed in the piston
head, while the other one will be provided in
the fixed combustion head. It is to be noted
that this observation is applicable to all the
modified forms of the invention which will here-
inafter be described in connection with two op-

7 posite pistons.

The embpdiment of the invention shown in
Figures 4 and 5 comprises the opposite pistons
8 and 71 having cylindrical mixing or turbulence
chambers |1 and 12, respectively, which are hol-
lowed out diametrally in the respective piston
heads; these chambers I{ and 12 of circular
cross-section are preferagbly lateraliy slightly off-
set or stepped relatively to one another; each
piston is so shaped that the portlons of its head

, disposed, respectively, at the right and at the

left of the mixIlng chamber opening are on slight-
ly diiferent levels, for example the right hand
plane portions 6z and Ta are on g little higher
level than the left hand plane poriions b and
Tb. In these conditions, when the pistons ap-
proach to one another, their plane heads form
or define two narrow spacings §a and 5b which
open into respective chambers {2 and |1 gbliquely
relatively to the obposite portions of the inner
wall thereof. The liguid-fue! spraying nozzle 10
or two nozzles are arranged as in the embodi-
ment shown in Fig. 3. At the end of compres-
sion stroke, the air compressed in the narrow
spacings 6z and 5b is forced into the mixing
chambers {1 and 12 forming a very thin stream
inflowing with high velocity, thereby producing
a shock against the chamber walls and thus
causing a very violent whirling or turbulence
movement therein, as may be desired,

In the embodiment shown in Figures § and 7
each of the opppsite plstons 6 and 1 is provided
with diametral cylindrical chamber of semi-
circular cross-section; the respective chamber
openings 13 and (4 are opposite to one another;
the piston heads are plane, and the respective
portions thereof on each side of the central
mixing or turbulence chamber are in the same
plane,

The opposite plane piston heads are joined to
the mixing chamber hy means of parallel in-
clined plane portions; owlng to this arrange-
ment, when the pistons approach to one another,
the compression spacing 5 between the plane
plston heads opens into the mixing cavity on
turbulence chamber (3—I14 by the medium of
two short obligue passages 15 and (6 parallel to
one another and having a stralght line cross-
sectlon of still lesser width than that of the
spacing 5, thereby imparting a still higher ve-
locity to the air forced into the mixing chamber
from the spacing 5 and causing a violent whirl-
ing or turbulence movement to form in the mix-
ing chamber.

The Figures 8 and 9 Hlustrate an example of
opposite pistons or of a piston and a combustion
head, each of them having a lateral mixing
chamber. Such chambers 17 and (8, each one be-
ing similar to the chamber 2 shown in Fig. 1, are
open tp one another on the plane heads of the
pistons 6 and 7. The liquid-fuel spraylng nozzle
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is positioned in 18 and its axis 1= parallel to the
plane heads of the said pistons and at equal dis-
tance therefrom.

The examples herejnafter set forth refer to the
embodiments of the {nvention wherein the mixing
or turbulence chamber is arranged either in the
piston or in the plston and the combustion head
and nearly completely closed and conserves an
invariable volume during the compression cycle.

In the examples shown in Flgures 10 and 11,
the head of the piston 6 is provided with a cham-
ber 20 of substantially cylindrical shape and
nearly completely closed. This chamber 28 has &
longitudinal slot 21 cut out {n its top wall por-
tion along & generating line thereof and opened
into the interior of the chamber 28 tangentially
to the wall of the latter, and a plurality of pas-
sages 22 with their outer mouths disposed along
& generating line of said chamber and with their
inner mouths tangential to the interior thereof at
points approximately diametrally opposed to the
sald longitudinal slot 21 and In the same sense,
sald passages 22 being preferably of oblong cross-
section in the direction of the eylinder axis, The
head of the opposite piston T is shaped so as to
partly overlap said outer passage mouths 22 and
the slot 21 when this piston 7 arrives at the viein-
ity of the head of the piston 6, thereby reducing
the Inlet sections thereof and increasing the ve-
locity of the ailr flowing into the chamber 20, at
the moment that the Injection of the fuel will
take place. The air confined between the two
pistons is thus forced tangentially into the cham-
ber 20,

With the chamber thus arranged, a single lig-
uld—fuel spraying nozzle 23 axially disposed may
be used, or two axial nozzles may be used, if de-
sired. The nozzle or nozzles may have a single
central jet, or they may have three or four jets
or even more, clrcularly arranged.

In the examples according to Figures 10 and 11,
as well as in those shown in Flgures 12 to 19, the
aXis of the nozzle or nozzles may be conveniently
disposed a little below the axis of the mixing
chamber,

PFlgures 12 and 13 illustrate an arrangement
similar to that shown in Figures 10 and 12. The
mixing chamber 20 is substantially of the same
shape and disposed substantlally in the same
manner as in the preceding example; but instead
of the longitudinal slot 21 a row of tangential
openings 24 is employed, and, between the two
rows of openings 22 and 24 an Intermediary row
of tangential holes 25 of smaller cross-section is
provlded, the tangency thereof belng orlented In
the same sense. The two rows of outer openings
22, 24 of larger cross-section may be partly closed
by the plston T when it approaches to the piston
6. The holes 25 of smaller cross-section have for
their object to direct into the chamber 20 the air
confined within the upper portion of the space
between the two pistons, thereby contributing to
the formation of eddies or turbulence currents on
the entire piston stroke. The fuel spraying hoz-
zle or nozzles are disposed as hereinbefore.

In the embodiment shown in Figures 14 and 15
the piston 6 is provided with a bi-eylindrical mlx-
ing chamber 26 of laid-down 8-shaped cross-sec-
tion to form two eddy or turbulenhce currents in
two opposite directlons. The left-hand half-
chamber has in its lower portion a plurality of
tangential holes 27 of relatively large eross-sec-
tion and in its upper portion a plurality of holes
28 of relatively small cross-section similarly tan-
gential at their junection with the chamber; also,
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the right-hand half-chamber has two rows of
holes; one row of holes 28 of relatively large
cross-section and the other row, 80 of relatively
small cross-section holes, and their tangential
Junction with the chamber is inverse of that of
the holes 271 and 28. The object of the rows of
holes 28 and 30 of relatively small section located
in the upper portion of the chamber is the same
as that of the holes of the row 25 shown in Pig-
ures 11 and 12,

The fuel spraying nozzle or nozzles employed
have at least two diametrically opposed jets regis-
tering with the principal axis of the laid down 8.

PFigures 16 and 17 illusirate a modified form of
the arrangement shown in Flgures 14 and 15.
The two rows of holes 28 and 30 of Figures 14 and
I5 are here unlted into a single row of holes 81
of relatively small cross-section disposed along
the generating line of the upper sharp edge of
the 8 and taking care of the two halves of the
chamber, The left-hand half of the chamber is
also taken care of by a row of passages 27 of rel-
atively large cross-sectlon tangentially jolned to
its upper portlon, while the right-hand haif
thereof is similarly taken care of by the row of
passages 28 of relatively large crgoss-section.

In the arrangement shown in Flgures 18 and
19, the piston 6 is provided with a cylindrical
combustion chamber 32 the cross-section of
which shows four symmetrical earlap-like por-
tions so as to produce four eddy or turbulence
currents. Two rows of passages 33 and 34 face
one another at the mid-height of the chamber;
the upper portion of the chamber has two rows
of passages 35 and 38 of relatively small cross-
section tangentially Joined thereto in Inverse
sense. The openings 33 and 34, as hereinbefore,
are overlapped by the piston T on the end of com-
pression stroke; the smaller openings 36 and 36
are designed for the purpose hereinbefore ex-
plained. The form of chamber 32 is particularly
suitable to engines of large dimensions. One or
two fuel spraying nozzles will be advantageously
employed therewith each one having at least four
Jets crosswise disposed.

In the arrangement shown in axial section in
Fig. 20, the mixing chamber 28 formed in the pis-
ton 6 is bi-cylindrieal and Its cross-sectlon is of
lald-down-8-shape, as In Flgures 5 and 6. How-
ever, the chamber 28 has in itg top portlon one
sjngle longitudinal slet parallel to the prineipal
axis of the laid down 8 and upperly expanded
80 as to recelve on the compression stioke a cor-
responding diametral projection 37 on the plston
1, the said projectlon while being engaged into the
sadd slot forms or defines two lateral oblique pas-
sages the cross-sectlon of which gradually de-
creages as the pistons approach to one another;
the air is thereby forced into the chamber 26 and
produces two eddy or turbulence movements in
two opposite senses. The fuel spraying nozzle or
nozzles are disposed as in Figures 5 and 6.

In the embodiments of the inventlon herein-
before described the miXxing chamber is not neces-
sarlly of cylindrical shape. For example, in the
case of using 8 single fuel spraying nozzle and as
shown In Figure 21, the chamber may be of trun-
cated-cone-shape 38, the nozzle being then dis-
posed parallelly to the axis of the frustum of
cohe. Also, when two opposed nozzles are used,
the chamber 39 (Figure 22) may be formed by
two coaxial truncated cones connected at thetr
larger bases, or it may be formed by two trun-
cated cones or two sphericel caps united by means
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of a cylinder, with fuel spraying nozzles axially
disposed.

The combustion or turbulence chamber may
also be of annuiar shape or form. Omne such em-
hodiment of the invention is shown in Figures 23
to 28. The piston 6 here comprises two portions
thermo-ingulated from one another and bolted
together by a central bolt, The upper portion
thereof comprises an annular comhbustion cham-
ber 40 having plane heads and lateral cylindrical
walls perpendicular to the plane piston hesd.

Four oblique condults 41 of substantially rec-
tangular cross-sectlon are opened upwardly on
the upper plane head of the pisten 6 and cause
the chamber 40 to communicate with the space
comprised between the two pistons, All the con-
duits 41 join the chamber 40 in similar manner,
The plane head of the piston 7 is provided with
heel-like projections or projecting plues 42 dis-
posed so as to respectively engage into the outer
openings of the sald condults 41 in connection
with the two plstons moving towards one an-
other; each projecting plug 42 is obliquely cut
on its lowermost end so as to form an obligue
face thereon parallel to the oblique face in each
corresponding condult 41. At the end of com-
pression stroke, the plues 42 engaged into the
conduits 41 will deflne oblique narrow passages
for the flow of the air Into the chamber 40, as is

most clearly shown in Figure 26, The air in this

chamber takes a whirling movement in the direc-
tlon of the arrow shown in Figure 23; the trajec-
tories of eddy movement are located in plans at
right angles to the piston axis. The horlzontal

fuel spraying nozzle 22 injects the liguid fuel :

obliquely into the chamber preferably in a direc-
tion opposite to that of eddy or turbulence move-
ment.

PFigures 27 to 30 illustrate another example of

annular cylindrical chamber according to this in- -

vention, sald chamber belng formed but at the
end of compression stroke by juxta-position of
hollow projecting elements provided on each pis-
ton.

The plane head of the piston & is shaped so as
to have, for example, two prismatic proiections 43
and 44 the plane beses of which sre constituted
respectively by two opposite quadrants of the pis-
ton head. Similarly, the plane head of the piston

T has two prismatic projections 4% and 46, but !

located in the other pair of opposite gquadrants
for engagement between fhe former prismatic
projections 43 and 44. Tn each of the said pro-
tectlons are provided annular passages 43a, 44a

and 45a. 46a, respectively; at the end of compres-

sion stroke, the projections of the two pistons
are reciprocally engaged. as is shown by their
evolution in Figure 30. causing the said passages
to form a single annular chamber. It will be
noted that the projections 43, 44, 45 46, when
approaching to the plane heads of the opposite
piston, form or defilne narrow spacings, respec-
tively 43b, 44b and 45b. 460 wherefrom the alr
escapes with high velocity into the annular pas-
sage in the neighbouring projection; in order to
cause the air to circulate in the same direction
in thege successive portions of the annular cham-
ber, the inlet opening of each passage !s larger
than its outlet opening and the latter Is off-set or

stepped in helght relatively to the inlet opening, 7

as is most clearly shown in Figure 30. In these
condltions, the air compressed in the spacing 456,
for example, may flow without obstacle Into the
inlet opening of the annular passage 43a, but can-
not be forced into the passage 44a situated on
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the other side, owing to the obstacle opposed by
the solid portion of the lateral wall of the pro-
jection 44. Thus the air Is caused to whirl in the
annular chamber in the direction of the arrows
as shown In Figures 27 and 30, The fuel spraying
nozzle 22 Is disposed preferably so as to Inject
the liquid fuel in a direction opposite to that of
whirling or turbulence movement,

The combustion chamber may also be formed
by & cylindrical cavity generated by a line parallel
to the piston axls, with the whirl movement in
planes perpendicular to this axis, The cylindri-
cal combustion chamber 47 (Figures 31 to 35) is
located In the piston 6 and has about the same
axis as the latter and forms above the piston head
48 & cylindrical protuberance having Its head
plane and solid. In the lateral wall of this pro-
tuberance are provided horizontal conduits 49
causing the chamber 47 to communicate with the
space comprised between both pistons. The con-
duits 49 are obliquely cut out and each of them
has for i{ts outer orifice an oblong slot substan-
tially as high as the cylindrical wall in the cham-
ber 47, and they are so shaped within this wall
that they open into the chamber 47 tangentially
to the {nner wall side of the latter at their top
portlons, whereafter in the downward direction
the horizontal sectlon thereof is changed so as to
open Into the chamber, no more tangentlally to
the inner wall side but tangentially to a coaxial
clrcumference of lesser radius. The head of the
piston T Is circularly hollowed out so as to be able,
at the end of compression stroke, to cap the pro-
jectlng portion of the chamber 47: the lateral
inner wall 50 of the hollow portion of the piston
T is provided with longitudlnal grooves 51 cor-
responding in number and dlsposition to the con-
dults 49, It will also be advantageous to shape
in the bottom of sald hollow portion an annular
recess §2 In communication with all the grooves
§1. When both pistons move towards one an-
other, the piston T gradually caps the chamber
47; the alr is then caused to flow from the grooves
51 into the annular spacing comprised between
the engine cylinder and the projecting outer wall
of the chamber 47; therefrom the air penetrates
into the conduits 49 the outer orifice of which
is gradually throttled by the solid portions of the
wall §0, whereby the alr is forced Into the cheam-
ber 41 through the conduits becoming more and
more narrow whlch let pass alr streams with
velocltles more and more Increased and which,
owing to the pecullar shape thereof, tangentially
attack the tnner eddy or turbulence currents ac-
cording to circumferences of decreasing dlameter
as the pistons approach one another. The fuel
spraying nozzle 22 1s positioned obliquely, follow-
ing the axis of an inclined conduit opening into
the bottom portion of the chamber 47; It Is dis-
posed, for example, go as to Inject the fuel in the
directicn opposed to that of the turbulence move-
ment.

In this arrangement, the fact that the cham-
ber 47 is ceaxlal with the piston causes to pro-
vide in Its wall a substantjally long conduit for
introducing the fuel resulting in a rather im-
portant dead space; the latter may, however, be
reduced with the sid of the modified form of the
invention shown in Figures 36 to 38.

According to Figures 36 to 38, the combustion
chamber 47 is disposed eccentrically relatively
to the axis of the pilstons 6 and T and hag in 583,
where it Is joined to the lateral wall of the pis-
ton 6, an opening for introducing the fuel jet
from the horizontal nozzle 22. The head of the
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piston T is hollowed out so as to cap at the end
of compression stroke the cylindrical protuber-
ance formed by the chamber without masking
the opening 53; the hollow of the piston T has
a recessed portion 64 through which the com-
pressed air between the outer head of the cham-
ber 41 and the head of the piston T may reach
into the free annular space comprised between
the inner wall of the engine cylinder and the
outer wall of the chamber 41.

Pigures 39 and 40 illustrate a modifled form of
the invention wherein the combustion and mix-
ing chamber s arranged in a manner somewhat
similar to that shown in Plgures 10 to 13, but
modified so as to permit the use of a spraying
nozzle In an oblique lateral position relatively to
the charge.

According to Figures 39 and 40, the combus-
tion chamber 5B 1s formed by a spherical segment
or zone the axis of which is the straight line b8
and which is laterally limited by two vertical
plane faces §T and 88. In the median plane par-
allel to the faces 571 and B8, the wall of the
chamber 65 Is projecting from the piston § and
has, cut therethrough, air inlet passages 58 all
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of them {nclined in the same manner and opening
tangentially to the inner wall and creating a
turbulence movement in the sense of the arrows
shown in Figure 40. Furthermore, the plane
lateral wall BT is obliquely cut through by two
passages 80 and 81, the former being disposed
In a horizontal plane and the latter in a vertical
plane. The face B8 I8 cut through by similar
passages 82 and 83; these four passages are dis-
posed so as to cooperate for the turbulence move-
ment In the same sense as the passages §8. The
fuel spraying nozzle 22 15 positioned laterally in-
clined to the chamber and it Injects the fuel
into the latter through the passage 84 tangential~
ly to its inner wall and, for example, in the di-
rection opposed to that of the turbulence move-
ment.

Figure 41 shows & cylindrical chamber 20 sim-
ilar to that shown in Flg. 12, the inner wall of
which is provided with circumferential serra-
tlons 68 for the purpose of promoting, In con-
tact therewith, secondary eddy or turbulence cur-
rents.

LUIS LEIZAOLA.



