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(67) An intake manifold system in a V-type multiple cylinder engine comprises an upstream intake passage
32, a plenum intake chamber 33, an intake manifold 35, 53 and downstream intake passages 26. The
upstream intake passage 32, which is directly connected to a throttle body 34, curves downwards
towards the intake chamber 33 while the downstream intake passages 26 are connected to the upper part
of the intake chamber 33 by way of the intake manifold 35, 53 and after curving in the shape of an
inverted letter U are connected to the intake ports 25, Fig. 1, of the engine. The intake manifold system is
accommodated between the two cylinder banks 1, 2 of the engine. The advantageous arrangement of the
overall intake passage system produces a favourable ram effect and assures high volume efficiency

particularly in the low speed range of the engine.
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION

Intake manifold system in V-type multiple
cylinder internal combustion engine

This invention relates to an intake manifold
system in a V-type multiple engine and in par-
ticular to such an intake manifold system
which allows improvement of the performance
of the engine and reduction of the external
dimensions of the engine at the same time.

It has been generally known that the intake
manifold system of an engine is required to
have a certain intake passage length so that
the breathing properties of the engine may be
optimized according to resonator concepts.
Optimum configurations of such ram tube ar-
rangements can be determined by experiments
but in reality the length of the intake passages
is limited by the space permitted to the intake
manifold system and the performance of the
engine must be compromised in most cases.

US Patent No. 4,440,120 discloses a mani-
fold structure for a V-type multiple cylinder
engine in which an intake manifold is arranged
between the two banks of engine cylinders
and the required passage length is obtained
by interdigitally coiling ram intake passages
around the periphery of a casing which is ac-
commodated in the space define by the two
cylinder banks. The interior of the casing sur-
rounded by the coiling intake passages is de-
fined as an intake plenum chamber which ex-
tends along the axial direction of the V-type
multiple cylinder engine. A carburetor or a
throttle body is mounted to an axial end of
the plenum chamber.

However, if the engine is water cooled
which is often the case with a V-type multiple
cylinder engine, since a connecting pipe for
conducting cooling water is typically passed
across the gap between the cylinder banks of
the V-type engine along the axial direction and
the interference with such an accessory mem-
ber of the engine must be avoided, it has
been difficult to secure a sufficient passage
length for the intake passages and to arrange
a carburetor or a throttle body in an advan-
tageous location. In the above mentioned US
patent, such a cooling water passage is de-
fined in the lower part of the intake manifold
casing and it appears that heat transmission
from the cooling water to the intake air/fuel
mixture can not be appropriately controlled.

US Patent No. 3,742,923 discloses an in-
take manifold system for a V-type engine
which defines a clearance between the lower
surface of the intake manifold and the upper
surface of the engine between the two cylin-
der banks. However, the overall length of the
intake passage is limited.

A modern automotive engine is commonly
provided with an EGR device to recycle part
of the exhaust gas (EGR gas) by an appropri-
ate amount into the intake air for the purpose
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of lowering the temperture of combustion and
reducing the emission of Nox. In designing an
intake manifold system, it is quite essential to
provide an EGR supply port in an advan-
tageous location in the intake manifold so as
to accomplish uniform distribution of the EGR
gas. Uniform distribution of the EGR gas to
each cylinder is necessary for producing a uni-
form combustion pressure in each cylinder and
is therefore essential for high performance and
smooth operation of the engine.

Also, lead oxide or the like contained in the
exhaust gas should not contaminate the throt-
tle valve and the surrounding wall surfaces by
adhering thereto, because it could cause stick-
ing of the throttle valve. An EGR gas supply
port is typically provided downstream of a
throttle valve, but depending on the operating
condition of the engine the intake air may be
blown back to the throttle valve and may
carry some of the EGR gas therewith. This is
particularly a problem with a throttle body
having a primary and a secondary throttle
valve therein in a parallel relationship when the
rotational speed of the engine is low and the
engine load is light with only the primary
throttle valve being opened, because a strong
negative pressure is produced in the vicinity of
the secondary throttle valve.

Another problem that needs to be consi-
dered in designing an intake manifold system
is the possibility of moisture accumulation
within the intake manifold. This is particularly
a problem when an EGR system is incorpor-
ated in the engine because the exhaust gas
contains various chemical substances which
turn into acid when dissolved in water, as
well as a high level of water vapor, and the
walls of the intake manifold which may be
made of aluminum alloy could be rapidly cor-
roded by such substances. Also, freezing of
moisture within the intake manifold can be a
problem because it will not melt away for a
fairly long time after the engine is started and
may partially block the intake passage for a
long time, thereby causing severe loss of en-
gine power.

Yet another problem that needs to be consi-
dered in designing an intake manifold is the
rigidity of the overall intake manifold system,
since the intake manifold system may serve
as a resonator due to lack of rigidity and, as a
result, may produce engine noises.

According to the present invention there is
provided, in a V-type manifold engine, an in-
take manifold system comprising an upstream
intake passage communicating with a throttle
valve located upstream thereof, an intake
chamber communicating with the downstream
end of the said upstream intake passage, an
intake manifold communicating with the said
intake chamber, and a plurality of downstream
intake passages which are connected between
the downstream end of the intake manifold
and intake ports of the engine in a gap de-
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fined between the two cylinder banks of the
engine, wherein the said intake chamber ex-
tends in the direction of the crank shaft of the
engine as a hollow chamber which is integrally
formed with the said intake manifold, and the
said upstream intake passage inclines upward
from its intake chamber end to its throttle
valve end.

Such an arrangement enables a sufficient
passage length to be imparted to the up-
stream intake passage between the throttle
valve and the intake chamber, because the up-
stream intake passage extends obliquely rela-
tive to a horizontal line.

In a preferred form of the invention the said
intake manifold system comprises a first part
having the said downstream intake passages
integral therewith and a second part having
the said intake chamber and the said upstream
intake passage integral therewith and depend-
ing from the first part. Thus, it is made easier
to manufacture the intake manifold because
the said two parts can be cast individually.

As a further preferred feature of the inven-
tion, each of the said downstream intake pas-
sages extends in the shape of an inverted let-
ter U, having one end which is connected to
an intake port of the engine and another end
which is connected to the intake manifold at a
position which is offset, with respect to the
center of the crank shaft, towards the cylinder
bank opposite the corresponding intake port.
Optionally, passages which define a part of
the said downstream intake passages extend
from the intake chamber of the said second
part of the intake manifold system in the verti-
cal direction. Thus, the overall passage length
of the intake manifold system is increased
while the whole system is advantageously ac-
commodated within the gap between the two
cylinder banks of the engine.

According to another preferred feature of
the invention, the mating surface between the
said first part and the second part of the in-
take manifold system is coplanar with the
mating surfaces between the downstream in-
take passages and the intake ports of the en-
gine. Thus, the work involved in assembly of
the intake manifold system is simplified.

According to yet another preferred feature
of the invention, the bottom wall of the intake
chamber is convex downwards. Thus, the rigi-
dity of the intake chamber is enhanced and
resonance noises in the intake manifold sys-
tem can thereby be reduced.

According to yet another preferred feature
of the invention, the said bottom wall of the
intake chamber is integrally provided with a
conduit for conducting the cooling water of
the engine therethrough, whereby evaporation
of fuel can be promoted and accumulation of
moisture in the intake chamber can be pre-
vented.

According to yet another preferred feature
of the invention, an EGR gas supply port

70

75

80

85

920

95

100

105

110

115

120

125

130

opens at a downstream end region of the said
upstream intake passage and is directed to a
central part of the cross section of the said
intake chamber. The said EGR gas port may
comprise a tubular member which extends a
certain distance into the downstream end of
the said upstream intake passage and is
aligned with a central axial line of the intake
chamber.

Thus EGR gas which is introduced into the
intake chamber from the EGR supply port pro-
vided in the downstream end region of the
upstream intake passage, will not adhere to
the throttle valve and the surrounding wall sur-
faces. Additionally, the distribution of the EGR
gas to the different cylinders can be made
uniform.

An embodiment of the invention, together
with a modification, will now be described by
way of example and with reference to the
accompanying drawings, in which:—

Figure 1 is a partially broken away front
view of an embodiment of an engine to which
an intake manifold system of the present in-
vention is applied;

Figure 2 is a plan view of a relevant part of
Fig. 1:

Figure 3 is a sectional view taken along line
-t of Fig. 2;

Figures 4 and 5 are a bottom view and a
front view of the lower part of the intake
manifold body; and

Figure 6 is a view corresponding to part of
Fig. 3 showing an alternative embodiment of
the EGR gas supply port.

Fig. 1 shows a V-type 4-valve 6-cylinder
engine to which an intake manifold system of
the present invention is applied, and its cylin-
der block 5 defines a pair of cylinder banks 1
and 2 of an identical structure which are ar-
ranged in the shape of letter V'’ forming the
bank angle of 90 degrees therebetween and
are each integrally provided with three cylin-
ders 4 along the axial direction of a crank
shaft 3. A pair of cylinder heads 6 are fixedly
secured to the top ends of the cylinder banks
1 and 2. Each of the cylinder heads 6 is pro-
vided with a pair of openings on its top sur-
face and on its external side surface, respec-
tively, which are closed by a cam cover 7 and
a rocker arm cover 8, respectively.

A cam shaft 9 which is connected to the
crank shaft 3 by way of timing pulieys and an
endless timing belt, which are not shown in
the drawings, is rotatably supported inside the
cam cover 7 and cams 9a and 9b which are
provided on the cam shaft 9 along its axial
direction are engaged to rocker arms 10 and
11.

One of the rocker arms 10 is pivoted on a
spherical head of a rocker adjuster 12 at its
fulcrum so as to be permitted of a rocking
motion and the working end of the rocker arm
10 engages an end of an intake valve 13
which is spring biased towards a closed posi-
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tion. The other rocker arm 11 is pivoted on
another rocker adjuster 12’ in the same man-
ner as the mentioned rocker arm 10 and its
rocking motion is transmitted to an end of a
third rocker arm 15 by way of a push rod 14.
The third rocker arm 15 is permitted to un-
dergo a see-saw motion by means of a rocker
shaft 16 and the other end of the rocker arm
15 engages an end of an exhaust valve 17
which is likewise spring biased towards a
closed position.

Thus, the valves 13 and 17 are driven at
predetermined timing as the cam shaft 9 ro-
tates in synchronization with the crank shaft 3
to effect the intake of air/fuel mixture and the
exhaust of the burned gas in and out of the
cylinder 4 for each stroke of each cycle. The
engine to which the present embodiment is
applied has four valves, i.e. a pair of intake
valves and a pair of exhaust valves, for each
cylinder but only one of the intake valves and
one of the exhaust valves are illustrated in Fig.
1.

A spark plug 19 is threaded in the cylinder
head 6 at a location corresponding to the sub-
stantially central part of each of the cylinders
4, and its electrodes 19a protrude into a com-
bustion chamber 18 defined between the up-
per end surface of a piston 20, which is sli-
dably received in the cylinder 4, and the cylin-
der head 6.

An exhaust manifold 22 is attached to the
end surface of exhaust ports 21 for each of
the cylinder banks 1 and 2 to conduct the
combustion gas to the atmosphere by way of
a muffler which is not shown in the drawings.
An 0, sensor 23 is threaded into the exhaust
manifold 22 so as to control the amount of
fuel injection according to the amount of in-
take air to achieve a theoretical air fuel ratio
by feeding back the information on the oxygen
concentration in the exhaust gas to a control-
ler which is not shown in the drawings.

The piston 20 is connected to the crank
shaft 3 by way of a connecting rod 24 so as
to convert the reciprocating motion of the pis-
ton 20, owing to the combustion pressure of
the fuel, into the rotational motion of the
crank shaft 3.

The upper surface of the cylinder head 6
and the upper surface of a flange 50 at which
the intake ports 25 open are coplanar to each
other, and a manifold body 27 which integrally
defines intake passages 26 corresponding to
the intake ports 25 is attached to the upper
surface of the flange 50 by means of threaded
bolts 51 which are inserted from above (Fig.
2). For each of the cylinders 4, a fuel injection
nozzle 28 is attached to a flange 52 of the
manifold body 27 located adjacent to the part
at which the intake passage 26 and the intake
port 25 are connected to each other, so as to
inject fuel into the intake port 25. ,

As shown in Figs. 1 to 3, the manifold
body 27 is a hollow body which consists of
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an upper part 27a and a lower part 27b
which are integrally connected to each other
by threaded boits 29 which are inserted from
below (Fig. 1), and these two parts 27a and
27b are formed by being cast individually.

The upper part 27a defines downstream in-
take passages 26 which are connected to the
intake ports 25 at their downstream ends and
extend in the shape of an inverted letter U.
The upstream ends of the downstream intake
passages 26 reach the other sides of the cen-
tral axial line of the engine, as seen in the
plan view of Fig. 2, and extend vertically at
the extreme upstream ends. Therefore, the
downstream portions of the downstream in-
take passages 26 extend individually to the
various intake ports 25 while the upstream
portions of the downstream intake passages
26 are interdigitally clustered into a single
body.

The lower part 27b of the manifold body
27 defines an intake chamber 33 which has a
substantially flat elliptic cross section (Fig. 5)
and extends axially substantially over the
whole length of the engine. The upper part of
the intake chamber 33 is provided with six
openings 35 which are arranged in a stag-
gered manner on the alternating sides of the
central axial line of the engine as seen in the
plan view of Fig. 2 and are individually con-
nected to the corresponding upstream ends of
the downstream intake passages 26 by way
of six short and linear conduits 53 which are
formed integrally with the intake chamber 33
so as to extend vertically therefrom. Thus, the
upper part of the intake chamber 33, the
openings 35, the conduits 53 define an intake
manifold.

One of the axial ends of the intake chamber
33 is connected to an upstream intake pas-
sage 32 which extends obliquely upward from
the intake chamber 33 in the manner of a
goose neck. The upper end or the upstream
end of the upstream intake passage 32, which
opens in the axial direction of the engine, is
formed into a flange 31 which is connected to
a throttle body 34 by way of a rubber gasket
55,

Thus, the overall intake passage of this en-
gine consists of the upstream intake passage
32 which extends obliquely downwards from
the throttle body 34, the intake chamber 33,
and the downstream intake passages 26
which extend in the shape of an inverted letter
U and are connected to the individual intake
ports 25 of the engine. Therefore, the overall
length of the overall intake passage is sub-
stantial. Furthermore, as can be seen from the
drawings, the intake passage 32 defines a
substantial volume in combination with the in-
take chamber 33, and they in combination de-
fine a plenum chamber of a substantial vol-
ume. These two factors can contribute to the
performance of the engine through improved
breathing properties thereof. Additionally,
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through advantageous arrangement of the
overall intake passage as described above, as
the curvatures of the intake passage are made
relatively small the performance of the engine
in high speed range is not substantially im-
paired in spite of the length of the intake pas-
sage.

The mating surface between the upper part
27a and the lower part 27b of the manifold
body 27, and the mating surface between the
lower surface of the flange 52 of the upper
part 27a and the upper surface of the flange
50 on the side of the intake ports 25, are
coplanar to each other, and the upper part
27a is attached to the engine at the down-
stream end of the intake passages 26 while
the lower part 27b depends from the upper
part 27a. This structure is advantageous for
the facility of manufacture. Furthermore, since
there is a clearance between the lower end of
the lower part 27b and the upper surface of
the engine between the two cylinder banks 1
and 2, an accessory member such as a con-
duit 54 for conduiting engine cooling water
from one axial end of the engine to the other
can be accommodated in this clearance.

The bottom wall 72 of the intake chamber
33 is convex downwards and this increases
the effective volume of the intake chamber 33
on one hand and the rigidity of the manifold
body 27 on the other hand. A conduit 30 is
integrally formed with the bottom wall 72 of
the intake chamber 33 for conducting engine
cooling water therethrough. This conduit 30
comprises an inlet 68 and an outlet 69 which .
are formed adjacent to each other and fitted
with tubes 70 and 71, and a pair of passages
30a and 30b which extend parallel to each
other and are connected to each other at their
other ends so as to define a single passage
for warming the bottom wall 72 of the intake
chamber 33 with the cooling water passed
through this conduit 30, as best shown in
Figs. 4 and 5. By thus heating the bottom
wall 72 of the intake chamber 33, the temper-
ature of the intake air can be advantageously
controlled on one hand and any moisture
which may otherwise accumulate in the intake
chamber 33 can be eliminated.

The external wall surface of a bend in the
downstream end of the upstream intake pas-
sage 32 is provided with an annular boss 60
which is pressure fitted with an EGR supply
port 61 made of a stainless steel tube. The
supply port 61 protrudes into a central portion
of the cross section of the downstream end
of the upstream intake passage 32 and the
opening 62 of the supply port 61 is directed
to a central portion of the cross section of
the intake chamber 33.

The supply port 61 is connected to an ex-
haust gas recycling passage 63 of a conven-
tional EGR circuit and this exhaust gas recycl-
ing passage 63 communicates with an EGR
gas introduction port 64 which opens into the
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exhaust port 21, by way of an EGR valve 66
and a conduit 65. Therefore, when the engine
is operating, part of the exhaust gas flowing
through the exhaust port 21 is introduced into
the EGR valve 66 by way of the EGR gas
introduction port 64 and the conduit 65 and,
after being flow rate controlled by the EGR
valve 66, is introduced into the central portion
of the upstream intake passage 32 by way of
the exhaust gas recycling passage 63 and the
supply port 61.

The throttle body 34 which is connected to
the upstream end of the upstream intake pas-
sage 32 is provided with a primary bore 56
and a secondary bore 57 in a mutually parallel
relationship one above the other. The primary
and secondary bores 56 and 57 are provided
with a primary throttle valve 58 and a secon-
dary throttle valve 59, respectively, which are
controlled according to the operating condition
of the engine. For instance, only the primary
throttle valve 58 is opened when the rota-
tional speed of the engine is low and the en-
gine load is light, and both the primary and
the secondary throttle valve 58 and 59 are
opened when the rotational speed of the en-
gine is high and the engine load is heavy.

Now the action of the EGR system of this
embodiment is described in the following.

As the engine is operated, part of the ex-
haust gas flowing through the exhaust port 21
is taken from the EGR gas introduction port
64 and, after being flow rate controlled by the
EGR valve 66, ultimately introduced into the
downstream end of the upstream intake pas-
sage 32 by way of the exhaust gas recycling
passage 63 and the supply port 61. In this
connection, since the linear supply port 61 for
the EGR gas extends to the central portion of
the cross section of the downstream end of
the upstream intake passage 32, where the
speed of the intake air is highest, and its
opening 62 is directed to the central portion

of the cross section of the intake chamber 33,

the EGR gas which issues from the linear sup-
ply port 61 mixes well with the central body
of the intake air which flows through the up-
stream intake passage 32 and, by virtue of
the inertia effect of the linear supply port 61,
vigorously flows towards the central portion
of the intake chamber 33 with the result that
the intake air evenly flows to the six distribu-
tion conduits 53 of the intake chamber 33
and is therefrom distributed to the various cyl-
inders of the first and the second cylinder
banks 1 and 2 by way of the six downstream
intake passages 26 of the manifold body 27.
And, even when the secondary throttle valve
59, is closed and some negative pressure has
been produced in the vicinity of the secondary
throttle valve 59 for instance when the rota-
tional speed of the engine is low and the en-
gine load is light, the EGR gas which issues
from the supply port 61 is not blown back to
the throttle body 34, thereby eliminating the
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possibility of lead oxide or the like contained
in the exhaust gas adhering to the throttle
valves 58 and 59 and the surrounding wall
surfaces and preventing these throttle valves
58 and 59 from sticking.

According to the present embodiment, since
the supply port 61 of the EGR gas is made of
a stainless steel tube, the part of the supply
port 61 which protrudes into the upstream
intake passage 32 can be given a small dia-
meter and the distribution of the EGR gas can
be made substantially uniform so as to elimi-
nate the possibility of any ill effect arising
from uneven distribution of the EGR gas which
may otherwise affect the performance of the
engine.

Fig. 6 shows a modified embodiment of the
present invention. According to the present
modified embodiment, the supply port 61’ for
the EGR gas is integrally formed with the in-
take chamber 8 and this can contribute to the
reduction of manufacturing cost.

Thus, in preferred forms of the present in-
vention, since a relatively complex passage
structure can be obtained without making the
manufacture thereof unduly difficult, and a re-
quired passage length can be obtained while
accommodating the overall structure in a com-
pact space, the present invention is highly ef-
fective in reducing the size of the engine and
improving its performance.

Additionally, by advantageous arrangement
of the EGR system, the EGR gas can be re-
leased to the central portion of the intake
chamber where the speed of the air flow is
highest for uniform mixing with the intake air,
and, therefore, even when some negative
pressure has been produced in the vicinity of
the throttle body the EGR gas will not be
blown back to the throttle valve area, with the
result that lead oxide or the like contained in
the exhaust gas will not adhere to the throttle
valves and the inner wall surfaces of the
throttle body and the overall performance of
the engine can be improved.

it will thus be seen that the present inven-
tion, at least in its preferred forms, provides
an intake manifold system for a V-type mul-
tiple cylinder engine which allows a necessary
intake passage length without increasing the
external dimensions of the engine and without
interfering with the members which are acces-
sory to the engine; which also incorporates an
EGR system in an advantageous manner;
which also can effectively prevent accumula-
tion of moisture therein; and which also is
highly rigid and therefore can contribute to
quiet operation of the engine.

It is to be clearly understood that there are
no particular features of the foregoing specifi-
cation, or of any claims appended hereto,
which are at present regarded as being essen-
tial to the performance of the present inven-
tion, and that any one or more of such fea-
tures or combinations thereof may therefore
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be included in, added to, omitted from or de-
leted from any of such claims if and when
amended during the prosecution of this appli-
cation or in the filing or prosecution of any
divisional application based thereon.

CLAIMS

1. In a V-type muitiple cylinder engine, on
intake manifold system comprising an up-
stream intake passage communicating with a
throttle valve located upstream thereof, an in-
take chamber communicating with the down-
stream end of the said upstream intake pas-
sage, an intake manifold communicating with
the said intake chamber, and a plurality of
downstream intake passages which are con-
nected between the downstream end of the
intake manifold and intake ports of the engine
in a gap defined between the two cylinder
banks of the engine, wherein the said intake
chamber extends in the direction of the crank
shaft of the engine as a hollow chamber
which is integrally formed with the said intake
manifold, and the said upstream intake pas-
sage inclines upward from its intake chamber
end to its throttle valve end.

2. An engine as claimed in claim 1,
wherein the said intake manifold system com-
prises a first part having the said downstream
intake passages integral therewith and a sec-
ond part having the said intake chamber and
the said upstream intake passage integral
therewith and depending from the first part.

3. An engine as claimed in claim 2,
wherein each of the said downstream intake
passages extends in the shape of an inverted
letter U, having one end which is connected
to an intake port of the engine and another
end which is connected to the intake manifold
at a position which is offset, with respect to
the center of the crank shaft, towards the
cylinder bank opposite to the corresponding
intake port.

4. An engine as claimed in claim 3,
wherein the mating surface between the said
first part and the second part of the intake
manifold system is coplanar with the mating
surfaces between the downstream intake pas-
sages and the intake ports of the engine.

5. An engine as claimed in claim 4,
wherein the intake manifold system comprises
passages which define a part of the said
downstream intake passages and extend from
the intake chamber of the said second part of
the intake manifold system in the vertical di-
rection.

6. An engine as claimed in claim 5,
wherein the bottom wall of the said intake
chamber is convex downwards.

7. An engine as claimed in claim 6,
wherein the said bottom wall of the intake
chamber is integrally provided with a conduit
for conducting the cooling water of the engine
therethrough.

8. An engine as claimed in any preceding
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claim, wherein an EGR gas supply port opens
at a downstream end region of the said up-
stream intake passage and is directed to a
central part of the cross section of the said
intake chamber.

9. An engine as claimed in claim 8,
wherein the said EGR gas port comprises a
tubular member which extends a certain dis-
tance into the downstream end of the said
upstream intake passage and is aligned with a
central axial line of the intake chamber.

10. In a V-type multiple cylinder engine, an
intake manifold system substantially as herein-
before described with reference to the accom-
panying drawings.
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