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Specification

1. Title of the Invention

Combustion Chamber For Diesel Engines
2. Claims

A combustion chamber for a direct injection-
type diesel engine comprising a combustion
chamber formed at the top of a piston and
having a recess whose diameter increases from
the bottom toward the top, and a nozzle that
injects fuel toward a side wall of the combustion
chamber, the combustion chamber characterized
in that a lip portion extending toward the center
is formed around the combustion chamber inlet,
and the following are satisfied

d = (0.002 to 0.02)D
2d +9.5<B < 2d + 135

where the outer diameter of the piston is D
(mm), the length of the lip portion is d (mm),
and the angle of impact of the injected fuel
hitting the side wall of the combustion chamber
is B (°).
3. Detailed Description of the Invention

The present invention relates to a combustion
chamber of a direct injection diesel engine.

A combustion chamber in a conventional direct-
injection diesel engine has a space
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formed by a recess 2 at the top of the piston 1,
as shown in FIG. 1, and the combustion
chamber 3 usually increases in diameter from
the bottom to the top of the recess 2. In other
words, the inner diameter D; of the combustion
chamber inlet in the figure is larger than the
inner diameter D, of the central portion (D1 >
Dy).

FIG. 2 shows fuel being injected in this known
combustion chamber 3. The fuel (P) injected
from the nozzle 4 into the combustion chamber
3 is partly blown upward toward the top of the
piston 1 (as shown by Q in the figure). This fuel
Q blown upward causes incomplete
combustion, resulting in increased diesel black
smoke and reduced combustion efficiency.

Another known combustion chamber is shown
in FIG. 3. This type of combustion chamber 5
has an annular lip 6 on the circumferential edge
of the inlet. Just before the end of the
compression stroke of the piston 7, a squish, as
shown by R in the figure, flows into the
combustion chamber 5 to promote the mixing
of combustion and air in the combustion
chamber 5.
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This combustion chamber structure, commonly
known as a squish lip type combustion chamber,
has a lip 6 length ds and piston 7 outer diameter
Ds; ratio of (ds/Ds=) of 0.04 to 0.10, which
promotes fuel/air mixing in the combustion
chamber 5. However, because the air in the zone
indicated by S in the figure does not contribute
to combustion, the air utilization rate is low,
easily causing the generation of black smoke,
and the lip tends to become extremely hot
during continuous operation, leading to cracks
and other types of damage.

In addition, diesel engines are required to
reduce NOx in exhaust gas, and there is a trend
toward delaying the fuel injection timing.
However, the disadvantage of delaying the
injection timing is that black smoke increases.

It is an object of the present invention to
improve the open-chamber type combustion
chamber and realize a combustion chamber for
a diesel engine with a structure and effect
different from those of squish lip type
combustion chambers that prevents damage due
to thermal stress.
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In the present invention, the angle of impact B

(°) is in the range
2d + 9.5 < B < 2d + 135.

The values for d and B were adopted from the
following data.

In FIG. 5, the horizontal axis is d/D and the
vertical axes are the smoke concentration C,
nitrogen oxide NOx generated, and amount of
cracking K in the lip portion 13.

The characteristics of C show that C decreases
at an accelerating rate when d/D is between 0
and 0.002, and increases when d/D exceeds
0.04.

Meanwhile, the occurrence of cracking K varies
greatly depending on the size of D. In other
words, at D = 150 mm, the occurrence of
cracking K starts at d/D = 0.0036, while for D =
100 mm, d/D < 0.02 almost never occurs.

NOx remained almost constant between d/D of
0 to 0.002 despite the decrease in smoke
concentration (improvement of thermal burning
efficiency), and did not change at all even when
d/D exceeded 0.002.
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The present invention will now be described
with reference to the figures.

FIG. 4 is a cross-sectional view of an example
of the invention.

In the figure, the combustion chamber 10 is
formed with a recess 9 in the top of the piston
8. This recess 9 increases in diameter from the
bottom to the top. The cylinder head 11 has a
nozzle 12 that injects fuel into the combustion
chamber 10. A lip portion 13 extends inward at
the entrance to the combustion chamber 10.
The length d (mm) of the annular lip portion 13
has the following relationship with the outer
diameter D (mm) of the piston 8

d = (0.002 to 0.02)D.

The angle of impact B (°) at which the injected
fuel hits the side of the combustion chamber 10
has a significant effect on the amount of fuel
blown upward Q in FIG. 2 and the amount of
fuel blown into the quench zone S’ and
combusted in the reverse squish flow V.
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In other words, it is very effective to reduce
NOx by delaying the injection timing to meet
the NOx reduction requirements mentioned
above.

The C in FIG. 5 above increases in the region
where d/D > 0.02, but this is presumably due
to an increase in the zones indicated by S in
FIG. 3 and a decrease in the air utilization rate,
and in the range of d/D < 0.002, it is assumed
that carbon generation appears as a result of
an increase in the blown upward fuel Q shown
in FIG. 2.

In the d/D = (0.002 to 0.04) range, there is
no fuel Q blown upward and no combustion in
zone S. Therefore, the smoke generation is the
lowest. Therefore, an a value of (0.002 to
0.02)D is the most desirable range if cracks are
taken into consideration.

Next, the relationship between the angle of
impact B (°) and the amount of black smoke
produced will be described.

FIG. 6 (A), (B), and (C) show the amount of
black smoke produced for each B, in which (a)
is ford = 0.2 mm, (b) is ford = /mm, and (c)
is ford = 3 mm.
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In (a), the suitable angle for B is about 10° to
135°, in (b), the suitable angle for B is about 11°
to 137°, and in (c) the suitable angle for B is about
15° to 141°. The relationship between B and d is
shown in FIG. 7. In other words, the optimal range
of B depends on d, and the portion in the cross-
hatching indicated by G in the figure is the optimal
range of 3. In other words, the following applies.

2d + 9.5 < B° < 2d + 135

In other words, the characteristics in FIG. 5 can
be summarized as follows: the region indicated by
Xin FIG. 5 is the region for the conventional squish
lip type combustion chamber, the region indicated
by Y is the region for the present invention, and the
region indicated by Z is the region for a
conventional open-chamber combustion chamber.

In the example shown in FIG. 4 obtained by
solving the characteristics in FIG. 5 and FIG. 6, the
thickness H of the lip portion 13 is preferably H =
(0.02 to 0.07)D, and the inner wall 14 is preferably
straight.

The combustion chamber of the present invention
is configured as described above to prevent fuel
blow-up in conventional open-chamber combustion
chambers and to obtain a combustion chamber with
high combustion efficiency, no generation of diesel
black smoke, and no NOx emissions.
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4. Brief Description of the Drawings

FIG. 1 is a cross-sectional view of a conventional
open-chamber combustion chamber, FIG. 2 is a
view showing the operation of FIG. 1, FIG. 3 is a
cross-sectional view of a conventional squish lip
combustion chamber, FIG. 4 is a cross-sectional
view of an example of the present invention, and
FIG. 5 is a graph showing the change in the
amount of smoke generated, the amount of NOx
generated, and the occurrence of cracks in relation
to lip length. FIG. 6 (A), (B), and (C) are graphs
showing the relationship between B and the
amount of black smoke generated, and FIG. 7
shows the relationship between B and d.

8: Piston,
9: Recess,
10: Combustion chamber,
13: Lip portion
Agent Saburo TSUJI, Attorney
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FIG. 5 FIG. 6
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TRANSLATOR'S DECLARATION:

I, Frank McGee, hereby declare:

1. 1 am well versed in both the Japanese and English languages and have over 30 years of
experience translating Japanese technical documents into English.

2. The attached translation of document JP5474012A — Oota to English is accurate and complete to
the best of my knowledge.

| declare that all statements made herein of my knowledge are true, that all statements made on
information and belief are believed to be true, and that these statements were made with the
knowledge that willful false statements and the like so made are punishable by fine or imprisonment,
or both, under Section 1001 of Title 18 of the United States Code.

Executed this 15th day of May, 2025, at Wolfeboro, New Hampshire.

g —

Frank McGee
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