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Description

The invention relates to an internal combustion
engine and in particular to an improved intake
system for an internal combustion engine.

There are internal combustion engines, for
example of four-cycle type, which have their
intake valves located in the downstream end of
their intake passages such that the respective
valve stems are intersecting the flow of intake air.
Internal combustion engines of this type experi-
ence a phenomenon that the intake air flowing
through the intake passage is obstructed in the
downstream end of said passage by the stem and
guide of said intake valve so that the intake air
flow is disturbed immediately downstream of the
valve stem with respect to the flow direction.

Said air flow disturbances result in a loss of
intake air thereby creating the probiem that the
intake air amount or intake air pressure within the
cylinder to be charged is reduced resulting in a
corresponding reduction in the output per-
formance of the internal combustion engine.

US—A—4 186 706 describes an internal com-
bustion engine of the type in which a first and a
second intake passage and an exhaust passage
are formed in each cylinder head and an intake
valve is arranged at the downstream end of the
first intake passage such as to have its valve stem
intersecting the flow of intake air into a com-
bustion chamber. The second intake passage has
an effective area set smaller than that of the first
intake passage and opens into the first intake
passage immediately downstream of said intake
valve stem such that it is directed in the trans-
versal direction to the direction of the first intake
passage while intersecting same. Furthermore, a
throttle valve is disposed upstream of said intake
valve within the first intake passage such that it is
closed in the low or intermediate speed running
operation of the engine. In the intake system as
shown in US—A-—4 186 706, there is a transverse
offset between the opening of the secondary
(auxiliary) intake passage and the axis of the vaive
stem.

The object of the claimed invention is to design
an intake system for internal combustion engines
such that the disturbances of the intake air flow
immediately downstream of the valve stem of the
intake valve with respect to the flow direction are
eliminated.

This object is solved by the subject-matter of
claim 1 which specifies the inventive location of
the inlet point of the auxiliary intake passage. Six
ways of carrying out the invention are described
in detail below with reference to the drawings
which illustrate these six specific embodiments,
in which:

Fig. 1 is a sectional view showing the intake
system according to the present invention;

Fig. 2 is a view taken along arrow Il of Fig. 1;

Fig. 3 is a sectional view showing the third
embodiment;

Fig. 4 is a sectional view showing the third
embodiment;

70

15

20

25

30

35

40

50

55

60

65

Fig. 5 is a sectional view showing the fourth
embodiment;

Fig. 6 is a section taken along line VI—VI of Fig.

5;
Fig. 7 is a sectional view showing the fifth
embodiment;

Fig. 8 is a view taken along arrow VIll of Fig. 7;
and

Fig. 9 is a sectional view showing the sixth
embodiment.

The figures show an intake system of a four-
cycle engine. This four-cycle engine A, A’ is
equipped with a plurality of cylinders a, a’ of
which one is shown in the drawings.

Each cylinder comprises a cylinder head b, b’
and a piston (c, c¢’).

Reference numeral 1 denotes a recess which is
formed in the upper end of the aforementioned
cylinder head b. This recess defines a combustion
chamber 2 together with the upper end of the
piston ¢ shown at its top dead centre.

Reference numerals 3 and 4 indicate two intake
passages and two exhaust passages which are
disposed at both the sides of the axis of the
cylinder a and which are curved toward the afore-
mentioned combustion chamber 2 to communi-
cate with the combustion chamber 2 through
intake ports 5 and exhaust ports 6, respectively.

Reference numeral 7 indicates intake valves for
opening and closing the aforementioned intake

~ ports 5, and numeral 8 indicates exhaust valves

for opening and closing the exhaust ports 6.

As shown in Fig. 2 in the illustrated embodi-
ment, each cylinder head is provided with two
intake valves 7 and with two exhaust valves 8 so
that fwo intake passages 3 and two exhaust
passages 4 are required.

These intake and exhaust valves 7 and 8 are so
arranged downstream of the intake passages 3
and the exhaust passages 4 as to have their
respective valve stems 7a and 8a intersecting the
flows of the intake air and the exhaust gas,
respectively, and have their lower ends facing the
inside of the combustion chamber 2 and corre-
sponding to the intake ports 5 and the exhaust
ports 6, respectively, and their valve stems 7a and
8a slidably guided within the wall of the cylinder
head b by means of guides 9 and 10, respectively.

The four-cycle engine A so far described now
experiences a phenomenon that the flow of the
intake air is blocked in the intake passage 3 by the
intake valves 7, specifically, by the valve stems 7a
and by the guides 9 so that the intake air flow is
disturbed immediately downstream of said valve
stems 7a with respect to the flow direction. As
means for eliminating that phenomenon, it is
known to provide auxiliary intake passages 11.

Each of these auxiliary intake passages 11 has
its effective area set smaller than that of the intake
passage 3 and opens into said passage 3 imme-
diately downstream of the intersection of the
valve stem 7a into the intake passage with respect
to the flow direction, i.e. the opening of each
auxiliary intake passage is located in a plane
comprising the axis of the valve stem and such
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that the opening is directed in the transverse
direction to the direction of the first intake
passage while intersecting same. Furthermore,
said auxiliary intake passage 11 opens at the out-
side of the curved direction, such that it is directed
toward the combustion chamber 2, i.e. toward the
outer circumferential portion of the same.

Moreover, the aforementioned auxiliary intake
passage 11 extends through the wall of the
cylinder head b and is connected through a short
pipe 12 and a connecting pipe 13 with a com-
munication pipe 14.

This communication pipe 14 has a iength which
extends over the respective cylinders of the
engine A so that the intake passages 3 of the
respective cylinders are allowed to communicate
through the auxiliary intake passages 11 of the
respective cylinders which are made to communi-
cate by connecting those passages 11 with said
pipe 14, as has been described in the above.

Since the respective cylinders of the afore-
mentioned engine A now have different stroke
phases, the vacuum of one cylinder in the intake
stroke is exerted upon the intake passages 3 of
the cylinders in a stroke other than the intake
stroke so that the intake air in the intake passages
3 of the cylinder in the stroke other than the intake
stroke is sucked by the vacuum to fiow through
the auxiliary intake passages 11 and the com-
munication pipe 14 into the auxiliary intake
passages 11 of the cylinder in the intake stroke.

Moreover, the intake air coming from those
auxiliary intake passages 11 flows at a high rate
into the cylinder a via those portions of the intake
passages 3, which are located just downstream of
the valve stems 7a.

As has been described hereinbefore, the intake
air is prevented from residing in the intake
passages 3 of each cylinder, and the disturbances
of the intake air immediately downstream of the
valve stems 7a are settled down and eliminated
by the intake air which flows from the auxiliary
intake passages 11, thus augmenting the charges
of the cylinder a with the intake air.

Other embodiments of the present invention
will now be described with reference to Figs. 3 to
9.

Incidentally, in order to simplify the explana-
tion, parts identical to those of the foregoing
embodiment are indicated at identical reference
characters, and their explanations are omitted.

First of all, in an embodiment shown in Fig. 3
the auxiliary intake passages 11 of each cylinder
are connected with a plenum chamber 15.

This plenum chamber 15 has a relatively large
capacity and is provided independently for each
cylinder. As a result, the plenum chamber 15 per-
forms a function to temporarily reserve the intake
air for a time period from the end of the intake
stroke to the start of the subsequent intake stroke
of the cylinder.

More specifically the vacuum, which has been
applied to the plenum chamber 15 via the auxili-
ary intake passages 11 during the intake stroke, is
left active after the end of the intake stroke so that
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the intake air of the intake passages 3 is sucked by
that vacuum and reserved in the plenum chamber
15.

On the other hand, the intake air reserved in the
plenum chamber 15 is returned during the sub-
sequent intake stroke from the auxiliary intake
passages 11 to the intake passages 3.

As a result, the intake air is allowed to con-
tinuously flow without residing in the intake
passages 3, the intake air in the plenum chamber
15 merges into the intake air of the intake
passages 3 immediately downstream of the valve
stems 7a by way of the auxiliary intake passages
11 so that the intake air is prevented from being
disturbed just downstream of said valve stems 7a
thereby to augment the charge of the cylinder a
with the intake air.

Moreover, the intake system of the embodi-
ment under discussion can be attached to a
single-cylinder engine because its plenum
chamber 15 is provided independently for each
cylinder. ¢

Next, in another embodiment shown in Fig. 4
the auxiliary intake passages 11 are connected
with the intake passage 3 upstream of the valve
stems 7a by way aof a by-pass conduit 16 while by-
passing said valve stems 7a.

Thus, in this embodiment, the intake air flowing
through the intake passages 3 is divided into the
by-pass conduit 16 so that the intake air intro-
duced from said conduit 16 into the auxiliary
intake passages 11 merges into the intake air
flowing in the intake passages 3 immediately
downstream of the valve stems 7a. As a result, the
disturbances of the intake air immediately down-
stream of the valve stems 7a are settled down to
augment the intake air the cylinder a is to be
charged with.

Incidentally, the intake system of the embodi-
ment thus far described can aiso be applied to a
single-cylinder engine because the bypass con-
duit is provided for each cylinder.

Moreover, since the two intake passages 3 of
each cylinder are made to merge into each other
at their upstream portions, the merging portions
of the respective cylinders may be made to com-
municate with a single pipe connected with the
by-pass conduit.

With this modification, into the by-pass conduit
16, there flow not only the intake air which is
divided from the intake passage 3 but also the
intake air which comes from the intake passage 3
of the cylinder in a stroke other than the intake
stroke, so that the flow rate of the intake air can be
augmented.

Next, another embodiment shown in Figs. 5
and 6 is modified from the foregoing embodiment
shown in Fig. 1 and 2 such that there is provided a
throttle valve 17 which is made operative to close
one of the auxiliary intake passages 11 of each
cylinder when the engine A is in a low or inter-
mediate speed running operation.

That thrattle valve 17 is disposed in a conduit
18, which connects one of the auxiliary intake
passages 11 and the communication pipe 14, and
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is adapted to be closed when in the low or inter-
mediate speed running operation of the engine A
and opened when in a high speed running oper-
ation.

Reference numeral 19 indicates a throttle valve
which is disposed at the upstream side of the
intake passage 3 of each cylinder and which is
adapted to be closed similarly to the afore-
mentioned throttle valve 17 when in the low or
intermediate speed running operation of the
engine A thereby to regulate the flow of the intake
air from the intake passage 3 into the cylinder a.

Incidentally, the throttle vaive 19 thus far
described is used in the embodiment in which the
intake air is fed to the respective cylinders by the
action of a single carburetor (although not
shown). Therefore, the throttle valve 19 can be
replaced by the throttie valves of the respective
carburetors in the embodiment in which the
respective cylinders are independently equipped
with the carburetors.

In the embodiment under discussion, too, it is
similar to the foregoing embodiments that the
disturbances of the intake air in the intake
passage 3 immediately downstream of the vaive
stem 7a can be eliminated. This embodiment can
enjoy the following additional operation.

Specifically, during the low or intermediate
speed running operation of the engine A, the
throttle valves 19 and 17 in the intake passage 3 of
each cylinder and in one of the auxiliary intake
passages 11 are closed.

As a result, the cylinder a during the intake
stroke is fed with the intake air exclusively from
the auxiliary intake passage 11 which is open.
However, since the auxiliary intake passages 11
are directed toward the outer circumferential
portion of the combustion chamber 2 and have
the smaller effective area, the intake air coming
from one of the auxiliary intake passages 11 flow
at a high rate in the tangential direction into the
cylinder a so that it can generate a swirling flow in
the cylinder a to effect the combustion with the
intake air in the combustion chamber 2 at a high
rate and in a stable manner thereby to improve
the combustion efficiency.

Next, another embodiment shown in Figs. 7
and 8, is different in the type of the engine, speci-
fically, in the intake and exhaust systems of the
engine from those of the foregoing embodiments.

More specifically, the engine A’ in this embodi-
ment is the so-called “counterflow type multi-
cylinder engine”, in which an intake passage 3’
and an exhaust passage 4' formed in the cylinder
head b’ of each cylinder are arranged side by side
and have their port 5’ and 6’ respectively in a
common plane.

Both the aforementioned two passages 3’ and
4' are directed toward the outer circumferential
portion of a combustion chamber 2’ through their
intake and exhaust port 5’ and 6', respectively.

Reference numeral 20 indicates a carburetor
which is connected to the upstream end of the
intake passage 3’ of each cylinder so that it feeds
the respective cylinders with the intake air.
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As shown in Fig. 8, the aforementioned engine
A’ is equipped similarly to the foregoing embodi-
ments with an auxiliary intake passage 11’ which
opens into the first intake passage 3' immediately
downstream of the intersection of the valve stem
into the first intake passage with respect to the
flow direction; i.e. the opening of said auxiliary
intake passage 11’ is located in a plane X com-
prising the axis of the valve stem 7', and such that
it is directed in the transverse direction to the
direction of the first intake passage 3’ while inter-
secting same. The auxiliary intake passage 11’
opens in an outwardly curved portion down-
stream of the intake passage.

In other words, the auxiliary intake passage 11’
is directed to face the outer circumferential por-
tion of the combustion chamber 2', which is
located at the opposite side of the intake passage
3’, from the intake port 5’ generally in the tangen-
tial direction of a cylinder a'.

Moreover, the auxiliary intake passages 11’ of
the aforementioned respective cylinders are con-
nected to a communication pipe 14’ so that they
communicate with one another.

Reference numeral 21 indicates a throttle valve
which is disposed upstream of the intake valve 7'
within the intake passage 3’ such that it is closed
when in the low or intermediate speed running
operation of the engine A’.

Thus, the intake system of this embodiment is
similar to the foregoing embodiments in that the
possible disturbances of the intake air imme-
diately downstream of valve stems 7a’ are elimi-
nated by the intake air coming from the auxiliary
intake passages 11’ but has the following
additional operation.

Specifically, the intake air is made to flow
exclusively through the auxiliary intake passages
11’ by closing the throttle valve 21 in an upstream
portion of the intake passages 3’ during the slow
or intermediate running operation of the engine
A,

Since the auxiliary intake passage 11’ is now
directed tangentially to the cylinder a’, the intake
air from said passage 11’ establishes the swirling
flow in the cylinder a’ so that the combustion in
the combustion chamber 2’ can be maintained at
the high rate and in the stable manner thereby to
improve the combustion efficiency.

Next, another embodiment shown in Fig. 9 is
modified from the foregoing embodiment of Figs.
7 and 8 such that the communication pipe 14 is
connected to the carburetor 20 by way of a
conduit 22,

Thus, in this embodiment, the auxiliary intake
passage 11’ is directly connected to the car-
buretor 20, while by-passing the throttie valve 21
upstream of the intake passage 3', so that the
intake air flows directly from the carburetor 20
into the auxiliary intake passage 11, even if the
aforementioned throttle valve 21 and the throttle
valve 23 of the carburetor 20 are closed, thereby
to establish a more intense swirling flow than
those of the foregoing embodiments.

Incidentally, it is similar to the foregoing
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embodiments that the disturbances of the intake
airimmediately downstream of the valve stem 7a’
are eliminated by the flow of the intake air coming
from the auxiliary intake passage 11'.

Claims

1. An internal combustion engine (A’) of the
type in which a first and a second intake passage
(3’, 11’) and an exhaust passage (4') are formed in
each cylinder head (b’) and an intake valve (7') is
arranged at the downstream end of the first intake
passage (3') such as to have its valve stem inter-
secting the flow of intake air into a combustion
chamber (2} of said cylinder head, characterized
in that said second intake passage (11, 11') is
opening into the first intake passage (3, 3') imme-
diately downstream of the intersection of the
valve stem into the intake passage with respect to
the flow direction, i.e. the opening of said auxili-
ary intake passage (11, 11’} is located in a plane
comprising the axis of the valve stem (7a, 7a’),
and such that it is directed in the transverse
direction to the direction of the first intake
passage (3, 3') while intersecting same.

2. An internal combustion engine as set forth in
claim 1, characterized in that said auxiliary intake
passage {11') is connected with a communication
pipe {14, 14’} communicating with the auxiliary
intake passages of the other cylinders of the
engine (A, A').

3. An internal combustion engine as set forth in
claim 2, characterized in that said communication
pipe (14') is connected to a carburetor (20) while
bypassing said throttle valve {21} which is located
in said intake passage (3') upstream of said intake
valve stem.

Patentanspriiche

1. Brennkraftmaschine (A’) des Typs, bei
welchem ein erster und ein zweiter EinlaBkanal
(3", 11") und ein AuslaRkanal (4') in jedem
Zylinderkopf (b’) ausgebildet sind und ein Einlal3-
ventil {7') an dem stromabwdérts gelegenen Ende
des ersten EiniaRkanals {3’} angeordnet ist, so
daR dessen Ventilschaft die Ansaugluftstrémung
zu einer Brennkammer (2) des Zylinderkopfes
durchschneidet, dadurch gekennzeichnet, da® der
zweite EinlaBkanal (11, 11') sich in dem ersten
EinlaBkanal (3, 3') direkt stromab der Durch-
schneidung des Ventilschaftes durch den Einlal3-
kanal mit Bezug zur Strémungsrichtung Offnet,
d.h. die Offnung des HilfseinlaRkanals (11, 11') ist
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in einer Ebene angeordnet, welche die Achse des
Ventilschafts (7a, 7a’) umfat und derart, daR sie
in einer Querrichtung zur Richtung des ersten Ein-
laBkanals (3, 3') gerichtet ist, wéhrend sie diese
schneidet.

2. Brennkraftmaschine nach Anspruch 1,
dadurch gekennzeichnet, daf der HilfseiniaRkanai
(11’) mit einer Verbindungsrohre (14, 14') ver-
bunden ist, welche mit den HilfseinlaBkanalen der
anderen Zylinder der Maschine (A, A’} in Ver-
bindung steht.

3. Brennkraftmaschine nach Anspruch 2,
dadurch gekennzeichnet, dal} die Verbindungs-
réhre (14’) mit einem Vergaser (20) verbunden ist,
wahrend sie das Drosselventil {21) umgeht,
welches in dem EinlaRkanal (3’) stromauf des Ein-
lalBventilschaftes angeordnet ist.

Revendications

1. Moteur a combustion interne (A’) du type
dans lequel un premier et un second passages
d’admission (3’, 11') et un passage d’'échappe-
ment (4') sont formés dans chaque culasse (b') et
dans lequel une soupape d'admission (7’) est
disposée a I'extrémité aval du premier passage
d'admission (3') de fagon telle que sa tige de
soupape intersecte le flux d'air d’admission arri-
vant dans la chambre de combustion (2) de ladite
culasse, caractérisé en ce que ledit second pas-
sage d'admission (11, 11') débouche dans le
premier passage d'admission (3, 3') immédiate-
ment en aval, dans le sens du flux, de l'inter-
section de la tige de soupape dans le passage
d’admission, de sorte que ['ouverture dudit pas-
sage auxiliaire d’admission (11, 11’} est située
dans un plan comprenant l'axe de la tige de
soupape (7a, 7a’) et tel que cette ouverture est
dirigée dans la direction transversale a la direc-
tion du premier passage d'admission (3, 3') tout
en l'intersectant.

2. Moteur & combustion interne selon la
revendication 1, caractérisé en ce que ledit pas-
sage auxiliaire d’admission (11’) est relié¢ a une
conduite de communication (14, 14') qui com-
munique avec les passages auxiliaires d’admis-
sion des autres cylindres du moteur (A, A').

3. Moteur a combustion interne selon la reven-
dication 2, caractérisé en ce que ladite conduite
de communication (14’) est reliée & un carburetor
(20) tout en shuntant le papillon des gaz (21) qui
est situé dans ledit passage d’admission (3') en
amont de ladite tige de soupape d'admission.
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