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€9 Intake system of an internal-combustion engine.

€ An internal combustion engine is provided with an auxiliary 14
intake passage (11, 11') which opens into an intake passage (3,
3') immediately downstream of a valve stem (7a, 7a’) of anintake
valve (7, 7') with respect to the flow direction of the intake air
flowing towards a combustion chamber (2, 2’). As a result, the
disturbances of the intake air flow immediately downstream of the
valve stem are eleminated by the intake air flow coming from said
auxiliary intake passage.
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INDARNAL COHBUSTION ENGINES WITH IMPROVED INTAKE SYSTEMN

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

There are inbternal combustions engines, for example of
four-cycle type, which have their intake valves
located in tThe 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 experience a phenomenon that the intake air
flowing through the intake passage is obstructed in the
downgtream end of said passage by the stem and guide

of saild 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 problem that the intake air amount
or intake alr vressure within the cylinder to be charged
is reduced resulting in a corresponding reduction in the
output performance of the internal combustion engine.
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The invention as claimed is intended to remedy these
drawbacks. It solves tne problem of how to design an
intake syétem for internal combustion engines sucn thav
the disturbances of the intake air flow immediately
downstream of the valve stem of the intake valve with
respect to the flow direction are eliminabted. This
elimination of disturbances causes the charge of the
cylinder with the intake air to be enhanced to improve
the output performance of the internal combustion engine.

Six ways of carrying oubt the invention are described in
detail below with reference to drawingswhich illustrate

these six specific embodiments, in which:

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

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

b
[
5]
]
N

is a sectional view showing the second embodiment;
Fig. 4 is a sectional view showing The third embodiment;
Fig. 5 is a sectional view showing the forth 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 VIII of Fig.”/; and
Fig. 9 is a sectional view showing the sixth embodiment.
The Figures show an intake system ofra four-cycle engine.

This four-cycle engine A, A' is equippedwith a pluralitbty

of cylinders a, a' of which one is shown in the drawings.
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Bach cylinder comprises a cylinder head b, b' and a
vissvon (c, ¢').

Reference numeral 1 denotes a recess which is formed in
the uoper 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.

deference numerals 5 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 aforementioned combustion chamber 2 to
communicate with the combustion chamber 2 through intake
ports 5 and exhaust ports 6, réspectively.

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 5.

As shown 1in Fig. 2 in the illusgtrated embodiment, each
cylinder head is provided with two intake valves 7 and
with two exhaust valves 8 so that two intake passages

-z

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 Ya
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
corresponding 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.
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The four-cycle engine 4 so far described now experiences
a phenomenon that the flow of the intske air is blocked
in the intvake passage 3 by Tthe intake valves 7/,
specifically, by the valve stems 72 and by the guides 9
so that the invake air flow is disturbed immediabtely
downstream of said valve stems 7a with respect to the
flow direction. As means for eliminating that
phenomenon, tThere are provided auxiliary intake passages
1. '

Each of these auxiliary intake passages 11 has its
effective area set smaller than that of the intake
passage 3 and opens'into saild passage % immediabely
downstream of the valve stem 7a with respect to The
flow direction, i.e. in the wall which is located
downstream of the infake passage 3 and at the outside
of the curved direction, that it is directed toward
the combustion chamber 2. i.e. toward the outer
circunferential 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

pive 13 with a communication pipe 14.

This communication pipe 14 has a length which exbtends
over the resvective 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 communicate by connecting those passages 11 with
said pipe 14, as has been described in the above.

Since the respective cylinders of the aforementioned
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 to that the intake air in the
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intake passages 3 of the cylinder in the stroke other
than the intake stroke is sucked oy the vacuum to flow
through the auxiliary intake passages 11 and the
communication 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 portiomsof the intake passages 3,
waich are 1o0cated 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. % to 9.

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

Firgt of all, in an embodiment shown in Fig. 3 the

auxiliary intake passages 11 of each c¢ylinder are
connected with a plenum chamber “15.

This plenum chamber 15 has a relatively large capacity
and 1s provided independently for each cylinder. As a
result, the plenum chamber 15 performs a function to
tempvorarily reserve the intake air for a time period
from the end of the intake stroke to the start of the
subsequent intgke stroke of tThe cylinder.
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More specifically the vacuum, which has been apnlied to
the plenum chamber ‘15 via the auxiliary intake passages
11 during the intake stroke, is leit active after the
end of the intake stroke so that the intake air of The
intake passages 3 is sucked by that vacuum and reserved
in the plenum chamber ‘5.

On the other hand, the intake air reserved 1n the plenun
chamber 15 is returned during the subseguent iniake
stroke from the auxiliary intake vassages 11 To The
intake passages 3.

As a result, the intake alr is allowsd to continuously
flow without regiding in the intake »passages 3, the '
intake air in the plenum chamber 15 merges into the
intake air of the intake passages 3% immediately down-—
stream of the valve stems 7a by way of the auxiliary
intake passages 11 so that the intake air is »Hrevented
from being disturbed Jjust dowastrean of said valve stems
7a thereby to-augmeat the charge of the cylinder a with

Tthe ip take air

Horeover, the intake system of the embodiment under
discussion can be attached to a single-~-cylinder en
because its plenum chamber 15 is provided independen
for each cylinder.

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

stems 7a.

, in This embodiment, the intake air flowing through

sne intake passages 3 is divided into the by-vass

condult 16 so That The intake air introduced from said
16

into the auxiliary infake »nassages 11 nmerges
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into the intake air flowing in the intake vassages 3

imnmediately downstream of the valve stems Ja. As a

al

result, the disturbances of the intake immediately

3
|

dovnstream of The valve stems Ya are settled down to
augnent the inbtake air the cylinder a is to be charged
with.

Incidentally, the intake syster of the embodiment thus
far described can also be anplied To a singleéojlinder
engine because the bypass conduit is provided for each
cylinder.

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

With this modification, into the by-vass 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 olther 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 intermediate speed running operation.

That throttle valve 17 is disposed in a conduit 18,
which connects one of the auxiliary invalke Dassages

11 and the communication pl e 14, and is adanted to be
ed running

spe
neration of the engine A4 and ovened when in a high

O

sveed ruaning oneration.
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Reference numeral 19 indicates a throttle valve which

is disposed at the upstream side of the intake passage
% of each cylinder and which is adapted to be closed
similarly to the aforementioned throttle valve 1/ when
in the low or intermediabe 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 valve 19 thus far described

is used in The embodiment in which the inbtake 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 throttle 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 down-
stream of the valve 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.
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4s a result, the cylinder a during the intake stroxe

is fed with the intake air exclusively fron the
auxiliary intake passage 11 which is open. However,
since the auxiliary intake passages 11 are direcved
toward the outer circumferential portion of the
combustion chamber 2 and have the smaller effective
area, the intake air coming from one of Tthe auxiliary
intake passages 11 flows 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, specifically,
in the intake and exhaust systems of the engine from

those of the foregoing embodiments.

Yore specifieally, the engine A' in this embodiment is
the so-called "counverflow tyve nulti~-cylinder engine”,
in which an intake passage 3' and an exhaust passage 4!
formed in the cylinder head ' of each cylinder are
arranged side by side and have their port 5' and 6!
resoectively in a common plane.

Both the aforementioned two passages 3' and 4' are
directed toward the ouber circumferential portion of
a combustion chamber 2' through their intake and exhaust

port 5' and 6', resvectively.

Reference numeral 20 indicabesa carburetor which is

connected to the upshtream end of the intake passage 3'
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Foreover, the aforenenvioned enzgine A' is eguipped
similaxrly to the foregoinz embodiments with an
auxiliary intake passage 11' which opens the intake
passage 3' immediately downstream of an intake valve 7!
and in such an outwardly curved portion downstream of
the intake passage 3' thnat it is directed in The
opposite direction to the intake passage 3' while
intersecting the sane. '

In other words, therauxiliary intake passage 11' is
directed to face the outer circumferential portion of
the combustion champber 2', which is located at the
opposite side of the intake passage 3', from the intake
port 5' generally in the tangential direction of a
cylinder a'.

Moreover, the auxiliary intake passages 11! of the
aforementioned respective cylinders are connected to

a communication pine 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 immediately downstream
of valve stems 7a' are eliminated 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 vassages 11°
by closing the throttle valve 21 in an upstream portion
of the intake passages 3' during the slow or inter-—
mediate running operation of the engine A'.
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Since the auxiliary intake passage 711' is now directed
tangentially to Tthe 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 tvhereby to improve the combustion effic-
iency. ‘

Next, another embodiment ghown in Fig. 9 is modified.
from the foregoing embodiment of Figs. / 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 carburetor 20, while
by-passing the throttle valve 21 upstream of the inbtake
passage 5',.30 that the intake air flows directly fron
the carburetor 20 into the auxiliary intake passage 11°',
even if the aforementioned throttle valve 271 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 embodiments
that the disturbances of the intake air immediately
downstream of the valve stem 7a' are eliminabted by the

flow of the intake air coming from the auxiliary intake
pvassage 11'.

As has been described hereinbefore, according to the
present invention, there is provided the auxiliary intake
passage which dis so opened in the intake passage
--immediately downstream of the valve, stem with- respect
. to the flow direction that it is directed toward the
combﬁstion chamber. As a result, the disturbances of
the intake air flow immediately downstream of The
valve stem are eliminated by the intake air flow coming
from that auxiliary intake passage so that the flow
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CLATMS

1. An internal combustion engine of the type having an
intake valve (7) which is arranged at the downstream end
of an intake passage (3,3') such as ©o have its valve
stem (7a, 7a') intersecting the flow of intake air into
a combustion chauber (7), characterized in that an
auxiliary intake passage (11, 11') is provided which
opens with one end into said intake vassage (3,3%')
immediately downstream of said valve stem (7a, 7a') with

respect to the intake air flow direction.

2. Internal combustion engine according to claim 1,
characterized in that said auxiliary intake passage
(11, 11') extends through the wall of a cylinder head
(b, ') and is connected to the respective intake
passages (3,3') of each further cylinder (a, a') via a
comnunication pipe (14, 14').

3. Internal combustion engine according to claim 1,
characterized in that said auxiliary intake passage (11)
is connected to a plenum chamber (15).

4, Internal combustion engine according to claim 1,
characterized in that said auxiliary intake passage (11)
has its other end connected to a portion of the intake
passage (3) which is located upstream of said valve stem

(7a).

5. Internal combustion engine aécording to claim 4,
characterized in that a by-pass conduit (16) is provided
which by-passes said valve stem (7a).

6. Internal combustion engine according to claim 1,
characterized in that a throttle valve (17) is disposed
within the auxlllary intake vpassage (11).
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. Internal combustion enzine according to claim 5,

20~

haracterized 1n that sald throttle valve (17) is
is

nosed in a conduit (18) which connects sald auxilizry

e

atake passage (11) with a communication vine (14').

8. Internal combustion engine according to clainm 7,
characterized in that said communicabion »nipe (1H4%) is
connected to a carburetor (20) while by-passing a throttle
valve (21) which is located in the intake passage (3')
upstream of said intake valve stem (7a').
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