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Abstract

Disclosed 1s an obstruction for use in a
combustion chamber of an internal combustion
engine. The obstruction is prcvided and located
within the chamber to generate turbulence and
break-up or disrupt the soot rich zone within a
directly injected quantity of fuel that isgs
purning. More specifically, disclosed is a ring to
disrupt fuel jets directly injected into the
combustion chamber that impact on or are influence
by the ring. The ring can be suspended from the
plston or from the fire deck. Disclosed are
obstructions that are posts that help generate
turbulence that also are targeted at disrupting

the soot rich zone of the burning fuel jets.

Disclosed 1s a method for disrupting the soot rich
zone or reducing soot generated within the
compustion chamber and increase burn rate by
1impacting the fuel jets on an obstruction within

the chamber.
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DIRECT INJECTION COMBUSTION CHAMBER GEOMETRY

Field of the Invention

This 1nvention relates to a method and
apparatus for reducling particulates generated
during a combustion event within the combustion

chamber of an internal combustior engine.

Background of the Invention

Advantages of high efficiency and high torque
at low speed are realized by rapid near-top-dead-
center injection of fuel jets. Such direct
1njection creates 1ts own turbulence, burning at a
characteristically turbulence-limited combustion
rates. Dlesel engines operate using this strategy.

A disadvantage of conventional diesel engines is
the tendency to produce soot as a result of
incomplete oxidation of the fuel. In this

-~

disclosure, the term "soot'' includes particulate

matter generally. Another tendency is to produce

excesslive nitrogen oxides (NOx) due to diffusion
combustion - the mode by which directly injected

R
—

diesel fuel burns. Diffusion combustion takes

place near the stcoichiometric temperature. Higher

temperature tends to form more NOX.

Further, 1t has long been known that measures
that tend to reduce the production of NOx also
tend to increase the production of soot and vice

versa. However, if soot production could be

inhibited, the prcduction of NOx could also be



10

15

20

25

30

CA 02406209 2002-10-02

reduced. Moreover, soot reduction should also

1ncrease power density.

A related 1ssue that impacts on soot formation

and the flexibility of managing NOx in diesel

1]

engines relates to partial re-circulation of

exhaust gas (EGR). EGR helps to reduce combustion
temperature and, as a result, NOx. The reduction
of combustion temperature, however, adversely

1mpacts soot formation. Further, experimental

measurements 1ndicate that EGR also tends to

reduce burning rate. Incomplete combustion

resulting from EGR reduces the efficiency of the

engine overall. Therefore, as soot production and

incomplete combustion limit the extent to which

EGR can be utilized, the advantages of increasing
the combustion rate and the soot oxidation rate
are apparent.

Developments 1n engine technology have shown
that diesel engines can be fuelled by gaseous
fuels. Some of these developments show that this

can pe done with no real impact on power and/or

efficiency. Examples of such gaseous fuels i1nclude

natural gas, methane, propane, ethane, gaseous
combustible hydrocarpon derivatives and hydrogen.

—
-

Natural gas wlill be discussed in tne context of

this disclosure however, as would be understood by

a person skilled in the art, the other gaseous

fuels noted may be adapted. Substituting diesel

wilth such natural gas results in emissions

benefits over diesel. Specifically, lower NOx and
soot levels are fcund in the exhaust gas.
A method usec to ensure that natural gas

matches, ftor the most part, the power and
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efficlency found in diesel-fueled ignition
engines, relies on high pressure cirect injection
followed by diffusicn combustion. That is, natural
gas 1s directly injected at high pressure into a
compustion chamber where an ignition source 1is
usually used toe lgnite the natural gas. Due to

such direct injection and diffusion combustion,

this fuel generally suffers from the same issues
noted above 1n regards to soot and NOx generation,

albeit at significantly lower levels than is the

case with diesel fuel. The same rone of incomplete

oxidation found in regards to combustion resulting

from diesel-fuelled compression ignition

strategies 1s thought tc result. As such, while

natural gas provide a significant reduction of
particulates and NOx, these fuels, directly
1njected, are governed by some of the same
physical processes found in diesel-fuelled
engines. Therefore, room is available to manage
soot and particulate production in both natural

gas and diesel-fuelled direct injection engines.

I 1}

DI Diesel

Dec, J.E., A conceptual Model o:

¢

Combustion based on Laser-Sheet Imaging'', SAE
270873, 1597 provided a physical understanding of
conventional diesel fuel combustion for the quasi-

steady period of burning. It appears that

combustion takes place in two phases. The first
occurs 1n the richk mixture created by entrainment

of air into the fuel jet. Here the equivalence

ratio 18 so high that the flame temperature is low
(perhaps around 1600 K) and scot forms by

pyrolysis due to the shortage of oxygen. A soot-
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rich zone is created that is surrounded by a thin
region in which final mixing and any remaining
chemical reactions cccur. Understanding the

behavior of this soot rich zone provides a

starting point for reducing the production of soot
1n the diesel and natural gas engines described

above.

5joeberg, in “The Rotating Injector as a Tool

for Exploring DI Diesel Combusticn and Emissions

Formation Processes”, 2001, 133N 1400-1179,

ot
aaal

provided a rotating injector that, in effect,

caused turbulence that impacted on the soot-rich
zone by moving the fuel jet throughout the
combustion chamber. Such a strategy, however, is
difficult to i1mplement. A rotating injector
introduces moving parts to the engine that are
susceptible to wear and durability issues.

The present invention deals with the above
noted problems related to directly injected fuels

used 1n internal combustion engines.

Summagx of the Invention

The present invention introduces combustion
chamber geometry directed at interfering with
directly 1injected fuels to help reduce the net

rate of soot formation resulting with directly

1njected fuels. The geometry introduces a

structure designed to “break up” the soot rich

I

zone found where a directly injected quantity o:

fuel 1s i1ntroduced into a combustion chamber and
also to creates turbulence to aid in the soot

oxldation process.
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One aspect of the 1nvention provides a method

of reducing soot generated by the combustion of a

fuel that 1s directly injected 1nto a combustion
chamber of an internal combustion engine. The
method 1ncludes drawing an intake charge into the

=

combustion chamber during an 1ntake stroke of a

piston of an 1internal! combustion engine. The

e a
e

pliston partially defines the combustion chamber.

The i1ntake charge 1s compressed during a

compression stroke ol the pilston. Fuel 1s then

directly injected i1nto the combustion chamber as a

fuel jJet. The fuel Jet 1s 1gnited and burned with
the combustion chamber and directed at or onto an
obstructicon within the combustion chamber.

In preferred embodiments, the obstruction

interrupts the socot rich zone within the fuel jet
by i1mpacting the fuel et on the obstruction.

The obstruction may comprise a ring. In some
embodiments the ring i1s suspended from a fire
deck. The fire deck may partially define the
combustion chamber. The ring may be centered

-y

around the injector. In some embodiments the ring

1s suspended from the piston. The ring may be a
glow ring. The obpstruction may comprilise one or
more posts.

In some embodiments of the i1nvention,
turbulence 1s generated within the combustion
chamber by providing a post suspended from the
fire deck.

The fuel jet mav be directed to cause an

increase 1n the 0:,:Sy ratio.

The fuel may be a gaseous fuel. The fuel may

et

comprise natural gas.
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The obstruction may also serve as an 1gnition
assist.

A further aspect of the i1nvention provides an
internal combustion engine comprising a cylinder,
a plston disposed in the cylinder where the piston
1s oscillating between top dead center and bottom
dead center in the combustion chamber during

F

operation of the engine. The engine has a fire

deck. The fire deck, cvlinder, the piston defines
a combustion chamber. An intake valve and exhaust
valve are also included. A fuel injector capable
of directly injecting a fuel as a fuel jet 1into
the combustion chamber is i1ncluded along with an
obstruction suspended within the combustion
chamber. The obstruction should be placed so as to
interfere with the fuel Jjet. The obstruction may

comprise a ring that may ke suspended from the

piston or fire deck and may be centered around the

injector. The obstruction may also comprise a post

or several posts suspenced from the fire deck. The

posts may be lcocated to generate turbulence to

interfere with the fuel 7Jjets.

The fuel of the engine ¢t the subject
invention may be natural gas that is 1gnition
assisted by a glow plug. The cobstruction may also
be a glow ring or hot surface for assisting
ignition.

A further aspect of the invention provides an
obstruction conficured to interfere with burning

fuel jets 1n a combustion champer. The obstruction

defines a reservo.rr and a orifilce where the

orifice is capable c¢f generating turbulence 1in the
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combustion chamber by directing a charge jet from

the reservoir into the combustion chamber during

P

the power stroke of the piston. That same

obstruction with the charge may also provide an

lgnition assist to the system.

Further aspects of the invention and features
of specific embod:ments of the invention are

degscribed below.

Brief Descrigtion of the Drawings

T

In drawings which 1llustrate non-limiting

embodiments of the invention:

iy
v

a

FIG. 1 shows a cross-sectional profile o:
directly injected jet of fuel during combustion of
the jet demonstrating the prior art understanding
as to how and where soot 1s accumulated within a

fuel jet.

FIGs. Za and b show two views of the

compustion chamber of a first embodiment of the

subject i1nventlion wherein an obstruction is

affixed to the fire deck of the combustion

e

chamber. FIG. Za ghows a top view of the

o
ey

combustion champber demonstrating the subject
FIG. Zb shows a cross-sectional view of

geometry.

fﬁ
—
M—

the combustion chamber across line A-A, referring

to FIG. Za, demonstrating the subject geometry and

1ts attachment to the fire deck.

FIG. 3a and 2b show two views of the

'}

compbustion chamber demonstrating a variation of
the first emboaiment o©of the subject invention
whereln an obstruction i1s affixed to the fire deck

r-

of the combustion chamber. FIG. 3a shows a top




10

15

20

25

30

CA 02406209 2002-10-02

'ﬁ

view of the combustion chamber demonstrating the

subject geometry of this embodiment. FIG. 3b shows
a cross-sectional view of the combustion chamber
across line B-B, referring to FIG. 3a,
demonstrating the subject geometry and attachment
to the fire deck of this embodiment.

FIG. 4 shows a close-up cross-sectional view

of halft of the combustion chamber referring to

FIG. 3b across line B-R from “IG. 3a4a.

f-

FIG. 5 shows a cross-sectional view of half

gr—

of the combustion chamber across line B-B of FIG.

Pﬁ

3a outlining the impact of the variation of the

first embodiment of the subject invention on the

tuel 7jet.

FIG. ba and ©b show two views of the
combustion chamber demonstrating a second
empodiment of the suoject invention wherein an
obstruction 1s affixed to the piston disposed in
the combustion chamber. FIG. 6ta shows a top view

ﬁ

of the combustion chamber demonstrating the

subject geometry ¢f the secona empodiment. FIG. 6D
shows a cross-sectlona. view of tne combustion
chamber across line -C, referring to FIG. 6a,
demonstrating the subject geometry and attachment
to the piston c¢f the second embodiment.

FIG. 7a and b show two views of the
compbustion chamber demonstrating a third

embodiment of the subject invention wherein post

obstructions are affixed to tne fire deck of the

combustion chamber. FIG. 7a shows a top view of

the combustion chamber demonstrating the subject

geometry of the fourth embodiment. FIG. 7b shows a



10

15

20

25

30

CA 02406209 2002-10-02

cross—sectional vi.ew of the combustion chamber

=y -

across line D-[', referring to FIG. 7a,

’v‘

demonstrating the subject geometry of the third

embodiment.

FIG. 8 shows a top view of the third
embodiment of the subject invention wherein
turbulence within the combustion chamber due to
the obstructions 1s approximated when the piston

18 at or near top dead center.

Detailed DescriEtion

In the presert invention, compustion chamber

geometry 1s provided to physically interfere with

r!

a quantity of either a gaseous or liguid fuel,

e d

directly 1njected into a combustion chamber of an

internal combustion =2ngine.

Reterrirg to FIG. 1, the prior art
understanding as to how and where soot 1s
accumulated withinrn a fuel Jet is shown. Fuel -et
10 15 1njected through injector hole 15 into an

1solated environment with little rurbulence. Here

the fuel jet has been ignited and 1s burning after
being 1njected into an envircnment conducive Lo
the i1gnition and combustion of the chosen fuel.
Soot oxilidation zone 20 and scot rich zone 22 are

shown where comrbustion zone 24 1s partlially

defined on one side by soot cxidation zone 20.
The 1gnition and combustion environment is

generated, 1n general, when a charge has been

drawn 1nto a combustion chamker and compressed

during the compression stroke of the engine.
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Depending on the rfuel, some type of ignition
assist may be necessary such as a glow plug or
pilot fuel or other ignition assist known to
persons skilled in the art. Such an ignition

asslist 1s general.y needed if natural gas 1is the

fuel. In general, this will be referred to as the

1gnition envircnment established within the

combustion chamber specific o the chosen fuel

whether 1t be ass.sted cr result from the

properties of the intake charge alone.
Referring to FIG. 1, during combustion a

directly injected jet of fue. will burn in

combustion zone 24, which is defined by the
poundary lavyer between fuel et 10 and the

—_

surrounding combustion environment. Interfaced

along this zone 1s a soot oxidation zone 20, which

surrounds soot rich zone 27. Soot rich zone 22 1is

K aand

an area of 1nadequate mixing of fuel and air

wherelin particulates form and cumulate. This

relatively large zone 22, 1f deprived of oxygen,

wlll tend to expel tne soot created here into the

exhaust system. The soot may i1nclude particulate

matter generated 1n the combustion chamber during
:

combustion of the fuel.

When an obstruction within the combustion

chamber 1interferes with one or more fuel Jjets, it
breaks up the soot rich zone causing oxygen to mix
with this soot rich zone and reducing the

propenslity to generate soot emissions. Such

obstruct_ons ceause the ratio of the surface area

”‘

of the oxidation zon= {(Og) to the volume of the

Sy

soott rich zone (3¢) the 0 Sy racio) to increase
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by interfering with the soot rich zone. Therefore,
the quantity of particulates expelled into the
exhaust system 1s reduced.

The embodiments discussed below provide a
combustion chamber partially defined by a piston
oscilllating between top dead center and bottom
dead center within a cylinder when the engine 1is
1n operation. bDuring operation, an intake charge
1s drawn into the combustion chamber through an
1ntake valve during the intake stroke. This same
charge 1s then compressed during the compression
stroke. An 1gn_tion environment is then
established within the combustion chamber at or
near the completion of the compression stroke. As
noted above, 1n all embodiments an ignition
environment that may include pilct or hot surface
induced ignition. As 1s often the case with
gaseous—fuelled diesel-stroke engines, the

environment created within the intake charge

alone, that 1s, the temperature and/or pressure of

that charge, 1s not sufficient to result in

ignition of the fuel. As such, the ignition

environment may be supplemented, for example, by

lgnition of a small amount of relatively easily

,4—»

auto-ignitable fuel or by the placement of a glow

plug in the combustion chamber. Such ignition
assists, along with the intake charge, are
encompassed 1n the discussion of an ignition
environment withir the combustion chamber. In any

event, the embocdiments suppose the fuel 1in

question 1s ignited after it s directly injected

1nto the combustion chamber.
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All embodiments consider engines using both
directly injected gaseous and directly injected
diesel or other liquid fuels.

In general, all the empodiments show physical
structures within the combustion chamber that are
positioned to help generate interference between
the 1njected fuel Jets once ignited and the
obstruction. Specifically, the obistruction

1nterferes with or breaks-up the soot rich zone.

Considering two varilations of the first
empodiment of the invention described below and in
FIGs. Z through 5, an obstruction is attached to

the fire deck.

Referring to FIG. 2, a top view and cross
sectional view of a first embodiment of the

subject 1lnvention 1s shcwn. Intake valves 50 and

exhaust valves 52, ring 54, injector 56 and fuel
jets 58 are also shown. Generallyv combustion
chamber 60 and plston o2 are alsc provided where

pliston 62 1s at top dead center. Fire deck 63 1is

.......

Referring to FIS. 3, a top and cross-

sectlonal view of a variation of the first
embodiment 1s providad wherein the obstruction 1is
affixed to fire deck 83. Intake valves 70, exhaust

R g

valves /2, ring 74, Llnjector 76 and fuel jets 78

are also shown. Combustion chamber 80 and piston
82 are agaln showr wnen the piston is at top dead
center. Posts &5 are provided.

Referring to FIi3. 4, a close-up of the cross-
section of one gquadrant of combustion chamber 80

1s provided with an outline of exhaust valve 72
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shown 1n an open position as it would appear near
or at the commencement of the intake stroke of
piston 82. Fuel jet 78 and ring 74 are shown with

piston 82 at top dead center.

Referring to FIG. 5, the influence of ring 74
1s shown, as an example, “breaking-up” one fuel
jet 78.

Note that 1n all figures, the fuel Jjet is
shown 1n that absence of the obstruction that is
the subject of the present invention. The
obstructlon 1s superimposed, demcenstrating the
lnterference tc be generated by the obstruction.

Referring to the two variations of the first
embodiment shown in FI3s 2 throuch 5, the

obstruction consists of rings 54 and 74 affixed to

tire decks 63 and 83, pistons 62 and 82 partially

defining combustion chambers ©0 and 80. The

diameter of each of the rings and the distance it

1s positioned from the fire deck allow ring to

interfere with each fuel jet. The difference

between the two embodiments 1s that the diameter

-

of ring 54 1s smaller than the diameter of ring

R

/4. As such, the corresponding distance of ring 54

from fire deck ©3 1s adjusted as compared to ring

/4 and fire deck &3 in order to provide turbulence
By way of example, the relative dimension

ranges of the rinc of the embodiment provided in

FIG. 2 may be provided by:
D = (0.2 - 0.35)*B
d (0.1 - 0.25)*R
n (0.01L - C.1)*R

i
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where D 1s the cuter diameter of the ring and d
the 1nner diameter of the ring, h is height of the

supporting posts, and B 1s the diameter of the

vy

cylinder. For FIG. 3 the following dimension range

1s 1llustrative:

D = (0.45 - 0.95)*R
d = (0.35 - (0.85)*R
h = (0.1 ~ 0.2)*B

The two rings shown in FIGs. 2, 3 and 4
provide flexibility considering the exhaust and
1ntake valves found in each embodiment. The
empodiment provided 1n FIG. 3 1s need to be
positioned from the fire deck to allow clearance
for exhaust valves 72 and intake valves 70 when

these valve are opened. See also FIG. 4. This

restriction however, may be offset by the benefit

F‘

of 1ntroducing a larger interference area closer

to the soot rich zone. Alternatively, referring to

FIG. 2, ring 24 can be provided at an outside
diameter that 1t <¢lears Intake and exhaust valves
50 and 52 providing greater flexibility regarding

the displacement of ring 54 from fire deck 63,

Referring to FIG. 5, fuel jJet 78 is pulled
over and around ring 74 1ncreasing the area of the
soot oxidation zone formed by uninterrupted direct
1njection alone which causes a corresponding

-~

lncrease 1n the D4 :%y ratio.

FIG. 6, a second embodiment of the subject
invention 1s provided wherein an onstruction is

affixed Lo a piston. This empodiment shows
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combustion chamber %6 with piston 90 including,

affixed to 1t, ring 92 and posts 93. Again fuel
jet 94 1s outlined being injected into combustion
chamber Y96 defined by piston 90 at top dead center

to demonstrate how the obstruction, ring 92, would

interfere with fuel jets. Intake valves 98 and
exhaust valves 100 are also snown with injector
102 represented.

This second embodiment of the subject
invention varies from the first as it provides a

structure or obstruction, 1in this example, ring

92, affixed to piston 90 rather than the fire
deck. Therefore, ring 92 interferes with the
directly injected fuel so long as the fuel is
directly injected when the plston is at or near
top dead center when the ring 1s posilitloned to
interfere with jJjets 94. It 1s preferred that the
fuel Jet be injected when the ring, and
consequently, the piston, 13 at ¢r near top dead
center.

The advantage of this embodiment 1s that it
moves the ring within the pilston creatlng
additional turbulence as the piliston moves away
through soot rich zone 22. This embodiment is less
sensitive to the clearance needed for the intake
and exhaust valveg as these tend to be closed when
the piston 1s at top dead center - i1.e., where the
ring 1s at 1ts closest approach to those valves.

By way of exemple, the relative dimension

—

ranges of the rinc¢ of the embodiment provided in

FIG. © may be provided by:
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D = (0.45 - 0.,95) *E
d = (0.35 - 0.85)*R

)
I

&

-

No
:

Ny O
X%

L

again, where D 1s the outer diameter of the ring

and d the inner diameter of the ring, h is height

of the supporting posts, and B is the diameter of
the cylinder.

Where a ring 1s utilized in the subject
1nvention (FIGs. Z through %), the jet momentum
1mpinges directly on the ring, breaking up the
oxygen-deficient region and generating turbulence
1n the wake of the ring. Posts 6%, 85 and 93 will
also have some 1influence. While they will interact
1n only a minor way with the jet momentum, they
wlll interact in more significantly within the

engine with swirl. These posts interact with the

burning fuel jets at a fairly early stage. The

beneficial effects of the posts may be increased

wlth an increase 1in fuel jet injection pressure.

The ring of the first two embodiments has the
advantage of interfering with all fuel jets

provided by the injector. As 1s usually the case,

the fuel i1njector injects fuel into combustion

chamber through several holes distributed around

the i1njector tip. Each of these holes forces a

fuel jJet i1nto the chamber resulting in a number of
fuel directed thrcugnout the combustion chamber.
Therefore, a ring, centered approximately around
the 1njector tip as provided for in these
empbodiments, allows each jet to be affected by the

obstruction.
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h
<

Other obstructions shouid help interfere with

the soot zone 1ncreasing the Osa: 3y ratio. FIG. 7

shows a further example with an alternate

empbodiment of the subject invention for use with
swirling combustion. Posts 120 are provided in
compustion chamber 122. Again fuel jets 124,
1njector 126 and piston 128 are provided along

with intake valves 130 and exhauset valves 132.

Referring to FIG. B, which indicates
substantial gross swirling mozion 135, obstruction
posts 120 are distributed throughout the
combustion chamber suspended from fire deck 123.

These posts, as noted above, are distributed to

work with a bowl shape found for the piston
designed to generate currents and eddies
throughout ccmbustion chamber 122. This is

P b

demonstrated by flow lines 134 as a result of the

physical presence of the posts interfering with
the swirling motlion 135. That is, as noted above
1n regards to the posts used Lo suspend ring 54,
/4 and 92, the effect of the posts 1s to create

mixture turbulence, as well as tc break up soot

formation zones which may 1mpinge on these posts.
This reduces the likelihood that soot will form
wlthin jets 124 arnd be expelled into the exhaust
system. Such posts 1Z0, 1n <onjunction with or
wlthout bowl geometry, create turbulence that
distorts and breaks-up Jjets 1:24.

As understood by a person skilled in the art,

there 1s considerable freedom for radial location,

cross-sectional shape and length of posts 120.

—r—

Also, 1t 18 preferable that a few posts be
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distributed throughcout combustion chamber in order

Lo generate turbulence. A single or a very few
posts will likely generate some turbulence,
however, more turbulence would likely be
desirable.

Other obstructions can be utilized within the

combustion chamber positioned, in general on the

pliston or fire deck.

The obstructions are not limited to the three
preferred embodiments disclosed above. The
obstructions should interfere with the directly
injected jet and provide additcional turbulence to
help break up the soot rich zone. By way of

example, the 1njector could be boxed in by a

perforated structure that would cbstruct the flow

of fuel 7jets.

The three embodiments, and any other
obstructions, require high temperature materials
whose use 1s well known to person skilled in the
art as related to other internal combustion engine
applications, e.g., glow plug shield materials.

Further, the energy stored in the high
Cemperature structure may also appreciably enhance

pr—

the i1gnition of the fuel jets. For example 1f the

fuel 1s natural gas which, consequently, requires
a relatively high temperature environment for
ignition, a carefully selected material for use
for the posts cr the ring may be used to assist
heating such environment. The material can act as
a passive glow ring that retains heat generated
curing previous ccmbustion events to provide a
compbustion chamber more conducive to fuel ignition

thereby assisting in igniting the fuel used to
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drive the engine. By way of example, such

ceramics. Catalytic coating of the surface of the
ring and/or posts may be used to promote ignition.

It would be apprropriate to fasten the
obstruction using screws or welding or other
methods, as would be understood by a person
skilled 1n the art.

Also, a reservolr within the ring with an
orifice for providing fluid communication between
the reservolir and combustion chamber can be
provided. The orifice would allow for a quantity
of an i1ntake charge to accumulate within the

reservolr during the compression stroke. During

the power stroke, this quantity of charge could be

ejected from the reservcir through the orifice and

into the combustion chamber by the pressure

gradilient established between the reservoir and

compbustion chamber. The orifice 1s dimensioned to

restrict flow thus setting up the pressure

gradient. If this "~ “charge jet'' is directed at or

out of the soot rich zone, additional turbulence
can be created to break-up this zone and increase
the Osn:Sy ratio.

While the disclosure focuses on four-stroke

engine, as would ke understood by a person skilled
in the art, the use o»f an obstruction could be
adapted to a two-stroke engine.

While particular elements, embodiments and
applicaticons of the present invention have been
shown and descriped, 1t will be understood, of
course, that the invention is not limited thereto

since modifications may be made by those skilled
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in the art withou: departing from the scope of the

present disclosure, particularly in light of the

foregoing teachings.
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21 -

What 1s claimed is:

1. A method of reducing soot gensrated by the
combustion of a fuel directly 1njected into a
combustilon chamber of an internal combustion
engine, said method comprising:
a. drawling an 1ntake charge 1nto saild
combustion chamber during an intake

f-.-

stroke of a piston, said piston

partliaily defining said combustion

chamber,
o compressing sald intake charge during a

compression stroke of said piston,
C . directly 1njecting said fuel as a fuel

Jjet intc sald combustiorn chamber,

d. igniting and burninag sa.d fuel 7jet,
e. directing said fuel jJet onto an
obstruction within said combustion

champer.

Z . The method of claim 1 wherein said fuel -~et
1s directed at saild obstruction caudsing a soot
rich zone within said fuel jet tce Lmpact on said

obstruction.

3. The method of claim 1 wherein said

obstruction 1s a ring.
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4 . The method of claim 3 wherein said ring is

suspended from a fire deck, said fire deck

partially defining scaid combustion chamber.

5. The method of claim 4 further comprising
generating turbulence within said combustion
chamber with a post, said post used to suspend

sald ring from sa:d fire deck.

o . The method of reducing particulates claimed

1n c¢laim 3 wherelin sald ring 1s centered on a fuel

injector, said fuel injector providing said fuel

Jjet to said combustion chamber.

7. The method of reducing particulates claimed

in claim 3 wherein said ring 1s suspended from

sald piston wherein said fuel 1s directly injected
into sald combustion chamber when saild piston 1is

at or near top dead center.

3 . The method of reducing particulates claimed
1n claim 1 whereiln salid obstruction is at least

one post.

9. The method of reducing particulates claimed
1n any one of claims 1 through 3 wherein directing
sald fuel Jet causes an increase 1 the Oga: Sy

ratio.

10. The method of claim 3 whereln said ring 1s a

glow ring.
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11. The method of any one of claims 1 through 10

wherein said fuel 1s a gaseous fuel.

-y

12. The method of claim 11 whereln sald fuel 1is

5 natural gas.

13. The method of claim 12 wherein igniting said

fuel 1s assisted by heat retained in said

obstruction.

10
14. An internal combusticon engine comprising
a. a cylinder,

a plston disposed in said cylinder, said
pliston osclllating between top dead

15 center and pottom dead center 1n salid

combustion chamber during operation of
sald engine,

C. a fire ceck, said cvlinder, said piston

and said fire deck defining a combustion
20 chamber,

d. arnl 1ntake valve and an exhaust wvalve

e. a fuel njector, said fuel injector

B

capable of directly injecting a fuel as

a fuel jJet 1nto saida combustion chamber,

—h

25 : an opbstruction suspended within said

compustion chamber and positioned to

interfere with said fue. Jjet.

15. The 1nternal combustion engine of claim 14

30 wherein said obstructicn 1s a rindg.
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16. The internal combustion engine of claim 15

wherein sald ring 1s suspended from said fire
deck.

1/7. The internal combustion engine of claim 16

further comprising at least one post, said at

least one post suspending said ring structure from
sald fire deck, said post for generating

turbulence within said combustion chamber.
18. The 1nternal combustion engine of claim 15
wherein sald ring 1s centered around said

1njector.

19. The internal combustion engine of claim 15

wherein said ring 1s suspended from said piston.

20. The 1nternal combustion engine claimed 1in
claim 14 wherein csaid obstruction 18 art least one

post.

21. The internal combustion engine of any one of

claims 14 through 20 wherein said fuel is a

gaseous fuel.

phiiy
e

22. The internal combustion engiline of claim 21

wherein said fuel 1s natural gas.

23. The internal combustion =ngine of claim 21

wherein sald obstruction 1s a glow ring.

24. The 1nternal combustionrn engire of claim 21
wherein said obstructlon 1s a thermal insulator

capable of assisting 1n igniting said fuel.
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25. The 1internal combustion engire of any one of
claims 14, 21 or 24 wherein said obstruction
defines a reservolr and a orifice. gaid orifice

capable of generating turbulence in said

compbustion chamber by directing a charge jet from
sald reservolr into said combustion chamber during

the power stroke of said pilston.

26. A method of reducing scor generated by the
combustion of a tuel directly injected into a
combustion chamber of a two-stroks internal
combusticn engilne, sald method conmprising:

a. drawlng an 1ntake cnarge inte said
compustion chamber while a piston 1s
moving away from a f're deck, said
piston and said f{ire deck partially
defining said combustion chamber,

D. compressing sald 1ntake charge while
sald pilston 1s mov.ng towards said fire
deck,

C. directly 1njecting said fuel as a fuel
Jjet 1nto said combustion chamber,

d. Lgniting and burning said fuel jet,

e, directing said burning fael Jet onto an
obstruction within said ~ombustion

chanmber .
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FIG. 2b
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FIG. 4
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FIG. 6a
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