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(57) Abrégée/Abstract:

In a combustion chamber of an engine, a first intake port (19), which Is a straight port, has a throat (43) linearly formed and opened
In a direction tangential to the Iinner periphery of a cylinder (11a) and produces a first swirl (51), and a second Iintake port (20),
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(57) Abrege(suite)/Abstract(continued):

which Is a helical port, has a throat (44) spirally formed and produces a second swirl (S2) on the inside of the first swirl ($1), In the
same direction as the first swirl (S1). Thus, the first and second swirls (S1, S2) that do not interfere with each other can be
efficiently produced almost without bending the entire first and second intake ports (19, 20). The construction reduces processing
cost of a cylinder head, makes the cylinder head compact, and simplifies the structure of the cylinder head.
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ABSTRACT

In an engine combustion chamber, a first intake port (19) formed from a straight port
has a throat portion (43) formed 1n a linear shape and opening in a tangential direction of the
inner periphery of a cylinder (11a), thus generating a first swirl (S1), and a second intake port
(20) formed from a helical port has a throat portion (44) formed in a helical shape, thus
generating a second swirl (S2) inside the first swirl (S1) in the same direction as that of the
first swirl (S1). In this way, even with the first and second intake ports (19, 20) hardly
curved overall, 1t 1s possible to efficiently generaté first and second swirls (S1, S2) that do not
interfere with each other, and it becomes possible to reduce the cost of machining the cylinder

head, make the cylinder head compact, and simplity the structure of the cylinder head.
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DESCRIPTION
INTAKE PORT STRUCTURE FOR ENGINE
TECHNICAL FIELD
[0001] The present invention relates to an intake port structure for an engine that provides
communication between first and second intake ports extending in a direction perpendicular to

a cylinder line and respective first and second intake valve holes opening in a combustion

chamber.

BACKGROUND ART

(0002] An arrangement in which, In an engine equipped with two intake ports
corresponding to each cylinder, the intake ports being formed from straight ports, a swirl 1s
generated by individually curving throat portions of the two intake ports 1s known from Patent
Publication 1 below.

[0003] That is, a swirl is generated in a clockwise direction within the cylinder by making
one intake port disposed on the right-hand side relative to the cylinder axis curve leftward so
as to be connected to the inner periphery of the cylinder in a tangential direction, and another
swirl is generated in a clockwise direction within the cylinder by making the other intake port
disposed on the left-hand side relative to the cylinder axis first curve leftward so as to avoid
the one intake port and then curve rightward in front of the one intake port so as to be
connected to the inner periphery of the cylinder in a tangential direction.

Patent Publication 1: Japanese Patent Application Latd-open No. 7-34884

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] In the above-mentioned conventional arrangement, since a swirl 1s generated by
connecting both of the two intake ports to the inner periphery of the cylinder in the tangential
direction, it is necessary to strongly curve and maneuver the two intake ports, and it 1s
necessary to extend beyond the cylinder line the other intake port from the cylinder head
intake side to the exhaust side, and this causes the problems of an increase in the cost of

machining the cylinder head, an increase in the size of the cylinder head, and the structure of
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the cylinder head being made complicated.

[0005] Furthermore, if as an intake port a helical port is employed instead of the straight
port, since it is unnecessary to connect the intake port to the inner periphery ot the cylinder in
a tangential direction, it becomes unnecessary to curve the intake port, but if two helical ports
are employed, swirls generated by the two ports interfere with each other, and there 1s a
possibility that sufficient performance will not be obtained.

[0006] The present invention has been accomplished in the light of the above-mentioned
circumstances, and it is an object thereof to generate a sufficient swirl while simplitying the
structures of two intake ports that communicate with an engine combustion chamber.

MEANS FOR SOLVING THE PROBLEMS

{0007] In order to attain the above object, according to a first aspect of the present
invention, there i1s proposed an intake port structure for an engine that provides
communication between first and second intake ports extending in a direction perpendicular to
a cylinder line and respective first and second intake valve holes opening 1n a combustion
chamber, characterized in that the first intake port is a straight port in which a throat portion 1s
formed in a linear shape and opens in a tangential direction of the inner periphery of a
cylinder, the first intake port generating a first swirl, and the second intake port s a helical
port in which a throat portion 1s formed in a helical shape, the second intake port generating a
second swirl inside the first swirl in the same direction as that of the first swirl.

[0008] According to a second aspect of the present invention, in addition to the first aspect,
the second intake port comprises a helical outer wall formed along a peripheral edge of the
second intake valve hole, a helical inner wall formed radially outside a valve stem positioned
at the center of the second intake valve hole, a first guide wall connected to the helical outer
wall and extending in a direction tangential to the second intake valve hole, and a second
auide wall connected continuously to the helical inner wall from a state in which it 1s paralle]
to the first guide wall, and is formed so that as an interwall distance of the first and second
guide walls decreases toward the downstream side in the intake air flow direction, an interwall

distance in a direction perpendicular to the interwall distance between the first and second
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guide walls increases.

[0009] According to a third aspect of the present invention, in addition to the first or second
aspect, the first and second intake ports are positioned on one side of the cylinder line.
EFFECTS OF THE INVENTION

[0010] In accordance with the first aspect of the present invention, the first intake port,
which is formed from a straight port, has a throat portion formed 1n a straight line shape and
opens in a tangential direction of the inner periphery of the cylinder so as to generate a first
swirl, and the second intake port, which is formed from a helical port, has a throat portion
formed in a helical shape so as to generate a second swirl, in the same direction as that of the
first swirl, inside the first swirl. In this way, even with the first and second intake ports
hardly curved overall, it is possible to efficiently generate first and second swirls that do not
interfere with each other, and it becomes possible to reduce the cost of machining the cylinder
head, make the cylinder head compact, and simplify the structure of the cylinder head.

[0011] Furthermore, in accordance with the second aspect of the present invention, even
when the width, viewed in the cylinder axis direction, of the throat portion of the second
intake port having the helical outer wall and the helical inner wall in order to generate a swirl
1s reduced, since, as the interwall distance between the first and second guide walls connected
to the helical outer wall and the helical inner wall decreases toward the downstream side in
the intake air flow direction, the interwall distance in a direction perpendicular to the interwall
distance of the first and second guide walls 1s increased, it is possible to minimize any
increase in flow resistance of the intake air in the throat portion.

[0012] In accordance with the third aspect of the present invention, since the first and
second intake ports are disposed on one side of the cylinder line, it is possible to minimize the
length of the intake port and simplify the structure of the cylinder head.

BRIEF DESCRIPTION OF DRAWINGS

(0013] [FIG. 1] FIG. 1 is a horizontal sectional view (sectional view along line 1-1 in FIG.
3) of a cylinder head of a diesel engine (first embodiment).

I[FIG. 2] FIG. 2 is an enlarged view of an essential part of FIG. 1 (first embodiment).
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[FIG. 3] FIG. 3 is a sectional view along line 3-3 in FIG. 1 (first embodiment).
[FIG. 4] FIG. 4 is a sectional view along line 4-4 in FIG. 1 (first embodiment).
[FIG. 5] FIG. 5 1s a sectional view along line 5-5 in FIG. 1 (first embodiment).
[F1G. 6] FIG. 6 is a perspective view of first and second intake ports (view from arrow 6 1n
FIG. 3) (first embodiment).

(F1G. 71 FIG. 7 is a view from arrow 7 in FIG. 6 (first embodiment).
EXPLANATION OF REFERENCE NUMERALS AND SYMBOLS

[0014] 11a Cylinder

13 Combustion chamber

15 First intake valve hole

16 Second intake valve hole

19 First intake port

20  Second intake port

24b Valve stem

43 Throat portion

44 Throat portion

44a Helical outer wall

44b Helical inner wall

45 First guide wall

46 Second guide wall

H Interwall distance

L1 Cylinder line

S1  First swirl

S2  Second swirl

W Interwall distance

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] A mode for carrying out the present invention is explained below by reference to the

attached drawings.
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EMBODIMENT 1

(0016] FIG. 1 to FIG. 7 show a mode for carrying out the present invention.

[0017] As shown in FIG. 1 to FIG. 5, an in-line four cylinder diesel engine includes tour
pistons 12 slidably fitted into four cylinders 1la formed in a cylinder block 11, and a
reentrant-type combustion chamber 13 is recessed in a top face of each ot the pistons 12.
First and second intake valve holes 15 and 16 and first and second exhaust valve holes 17 and
18 facing the top face of each of the cylinders 11 open on a lower face ot a cylinder head 14,
which is joined to an upper face of the cylinder block 11, first and second intake ports 19 and
20 communicate with the first and second intake valve holes 15 and 16, and first and second
exhaust ports 21 and 22 communicate with the first and second exhaust valve holes 17 and 18.
[0018] The first and second intake ports 19 and 20 are disposed on one side of a cylinder
line L1 joining the centers of the four cylinders 11a, and the first and second exhaust ports 21
and 22 are disposed on the other side. The first and second intake ports 19 and 20 each
independently extend in a substantially straight line in a direction perpendicular to the
cylinder line L1, and downstream ends of the first and second exhaust ports 21 and 22 are
merged. When the piston 12 is at top dead center, a squish area ts formed between the upper
face of the piston 12 and the lower face of the cylinder head 14.

[0019] First and second intake valves 23 and 24 include valve bodies 23a and 24a opening
and closing the first and second intake valve holes 15 and 16, and valve stems 23b and 24b
connected to the valve bodies 23a and 24a; the valve stems 23b and 24b, which are disposed
in parallel to a cylinder axis L2, are slidably supported on valve guides 25 and 25 and urged
by intake valve springs 26 and 26 in a valve-closing direction. An intake rocker arm 28
having one end supported on a hydraulic tappet 27 has the other end abutting against a stem
end of the first and second intake valves 23 and 24, and a roller 29 provided in a middle
portion abuts against an intake cam 31 provided on an intake camshaft 30.

[0020] First and second exhaust valves 32 and 33 include valve bodies 32a and 33a opening
and closing the first and second exhaust valve holes 17 and 18, and valve stems 32b and 33b

connected to the valve bodies 32a and 33a; the valve stems 32b and 33b, which are disposed

-5



CA 02645713 2008-09-11

in parallel to the cylinder axis L2, are slidably supported on valve guides 34 and 34 and urged
by exhaust valve springs 35 and 35 in a valve-closing direction. An exhaust rocker arm 37
having one end supported on a hydraulic tappet 36 has the other end abutting against a stem
end of the first and second exhaust valves 32 and 33, and a roller 38 provided in a middle
portion abuts against an exhaust cam 40 provided on an exhaust camshaft 39.

10021] The extremity of an 1njector 41 positioned on the cylinder axis L2 and the extremity
of a glow plug 42 inclined relative to the cylinder axis 1.2 are disposed so as to face the
combustion chamber 13.

[0022] When the intake camshaft 30 rotates, the intake rocker arm 28, which has the roller
29 pushed by the intake cam 31, swings with the hydraulic tappet 27 as a fulcrum, and pushes
the stem end of the first and second intake valves 23 and 24 against a resilient force of the
intake valve springs 26 and 26, thus opening the valves. Furthermore, when the exhaust
camshaft 39 rotates, the exhaust rocker arm 37, which has the roller 38 pushed by the exhaust
cam 40, swings with the hydraulic tappet 36 as a fulerum, and pushes the stem end of the first
and second exhaust valves 32 and 33 against a resilient force of the exhaust valve springs 35
and 35, thus opening the valves.

[0023] As shown in FIG. 6 and FIG. 7, the first intake port 19 is a straight port in which a
throat portion 43 immediately upstream of the first intake valve hole 15 extends linearly, and
1s connected to the inner periphery of the cylinder 11a in a tangential direction when viewed
in the cylinder axis L2 direction. Therefore, when the first intake valve 23 opens and intake
air 1s guided from the first intake port 19 into the cylinder 11a, the intake air flows in a
direction tangential to the inner periphery of the cylinder 11a, thus generating a first swirl S1i
so as to surround the cylinder axis L2.

[0024] The second intake port 20 1s a helical port in which a throat portion 44 immediately
upstream of the second intake valve hole 16 extends in a helical shape so as to surround the
valve stem 24b of the second intake valve 24. The throat portion 44 includes a helical outer
wall 44a formed so as to be connected to the inner periphery of the second intake valve hole

16 in a tangential direction, and a helical inner wall 44b formed radially outside the valve
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stem 24b of the second intake valve 24: the interwall distance between the swivel outer wall
44a and the swivel inner wall 44b becomes narrower the further downstream in the intake air
flow direction it 1s. Although this intensifies a second swirl S2 generated by the second
intake port 20, there is the problem that the flow resistance of the intake air in the throat
portion 44 1ncreases.

10025] A ftirst guide wall 45 connected to the upstream side of the swivel outer wall 44a
extends 1n a substantially straight line, but a second guide wall 46 connected to the swivel
inner wall 44b so as to face the first guide wall 45 curves in a direction such that the further
downstream it 1s the closer i1t gets to the first guide wall 45. Since the width of the second
intake port 20 when viewed in the cylinder axis L2 direction, that is, an interwall distance W
(see FIG. 2) between the first and second guide walls 45 and 46, becomes narrower the further
downstream 1t 1s, the flow resistance of intake air increases further. However, in the present
embodiment, since an interwall distance H (see FIG. 4) of the second intake port 20 when
viewed in a direction perpendicular to the cylinder axis L2 becomes wider the further
downstream 1t is, the narrowing of the throat portion 44 of the second intake port 20 and the
narrowing of the width W of the second intake port 20 upstream thereof are compensated for
by the widening in the height H of the second intake port 20, thereby minimizing any increase
in the flow resistance of the intake air of the second intake port 20, which is formed from a
strongly constricted helical port.

[0026] As described above, among the first and second intake ports 19 and 20
communicating with the interior of the cylinder 11la, the first swirl S1 1s generated by
connecting the first intake port 19, which is formed from a straight port, to the inner periphery
of the cylinder 11a 1n a tangential direction, the second swirl S2 1s generated by the second
intake port 20, which 1s a helical port, inside the first swirl S1 in the same direction as that of
the first swirl S1, and 1t 1s therefore possible to minimize interference between the first and
second swirls S1 and S2, thus enabling a strong swirl to be generated effectively. Moreover,
the swirls S1 and S2 can be efficiently generated while disposing the first and second intake

ports 19 and 20 substantially linearly 1n a direction perpendicular to the cylinder line L1, and
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1t 1s therefore possible to reduce the cost of machining the cylinder head 14, make the cylinder
head 14 compact, and simplify the structure of the cylinder head 14.

100271 In particular, since the first and second intake ports 19 and 20 are disposed on one
side relative to the cylinder axis L1 and do not extend to the opposite side of the cylinder axis
L1 (the first and second exhaust ports 21 and 22 side), 1t 1s possible to minimize the length of
the first and second intake ports 19 and 20, thereby enabling the cost of machining the
cylinder head 14 to be further reduced, the cylinder head 14 to be made more compact, and
the structure of the cylinder head 14 to be further simplified.

[0028] A mode for carrying out the present invention 1s explained above, but the present
invention may be modified 1n a variety of ways as long as the modifications do not depart
from the spirit and scope of the present invention.

[0029] For example, in the embodiment an 1in-line four cylinder engine 1s 1llustrated, but the
present invention may be applied to an engine with any number of cylinders. In the case of a
single cylinder engine or a V2 engine, the cylinder line direction L1 referred to in the present

invention is defined as a direction parallel to the crankshatft.



CA 02645713 2008-09-11

CLAIMS

1] An intake port structure for an engine that provides communication between first and
second intake ports (19, 20) extending in a direction perpendicular to a cylinder line (L1) and
respective first and second intake valve holes (15, 16) opening in a combustion chamber (13),
characterized 1n that the first intake port (19) 1s a straight port in which a throat portion
(43) 1s formed in a linear shape and opens in a tangential direction of the inner periphery of a
cylinder (11a), the first intake port (19) generating a first swirl (S1), and the second intake
port (20) i1s a helical port in which a throat portion (44) is formed in a helical shape, the
second intake port (20) generating a second swirl (S2) inside the first swirl (S1) in the same
direction as that of the first swirl (S1).
[2] The intake port structure for the engine according to Claim 1, wherein the second
intake port (20) comprises a helical outer wall (44a) formed along a peripheral edge of the
second intake valve hole (16), a helical inner wall (44b) formed radially outside a valve stem
(24b) positioned at the center of the second intake valve hole (16), a first guide wall (45)
connected to the helical outer wall (44a) and extending in a direction tangential to the second
intake valve hole (16), and a second guide wall (46) connected continuously to the helical
inner wall (44b) from a state in which it i1s parallel to the first guide wall (43), and 1s formed
so that as an interwall distance (W) of the first and second guide walls (45, 46) decreases
toward the downstream side in the intake air flow direction, an interwall distance (H) in a
direction perpendicular to the interwall distance (W) between the first and second guide walls
(45, 46) increases.
[3] The intake port structure for the engine according to Claim 1 or Claim 2, wherein the

first and second intake ports (19, 20) are positioned on one side of the cylinder line (L1).

Smart & Biggar
Ottawa, Canada
Patent Agents
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