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(57) Abstract: A mulffler for coupling to an exhaust port of an internal combustion engine. The muffler includes a housing having an

& exhaust inlet configured to receive exhaust gas from the engine, at least one internal expansion chamber and an outlet opening. The
& mulffler further includes a diffuser cover attached to the housing over the exhaust opening of the housing forming an exhaust outlet

of the muffler. The diffuser cover forms a trap chamber, a restricted throat and an ejector portion. The ejector portion is configured
to draw in ambient air through an air inlet to cool the exhaust gas as it passes through the exhaust outlet. The restricted throat is
positioned downstream from said trap chamber so as to increase the velocity of the exhaust gas as the exhaust gas passes through the
restricted throat and into the ejector portion so as to aid in drawing in ambient air.
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METHOD AND APPARATUS FOR VENTING EXHAUST GAS FROM AN
ENGINE

CROSS REFERENCE TO RELLATED APPLICATION

[0001] This application claims the priority benefit of U.S. Utility Patent
Application Serial No. 10/818,284 filed April 5, 2004.

BACKGROUND OF THE INVENTION

Field of Invention

[0002] The mvention relates to mufflers for internal combustion engines and,

more particularly, to a catalyst muffler system with improved capability for cooling
the exhaust gas stream for an mternal combustion engine used on portable tools such

as air blowers, flexible line trimmers, edgers, chain saws, and the like.

Description of Related Art

[0003] Portable tools such as air blowers, flexible line trimmers, edgers,
chain saws, and the like are commonly used and becoming more prevalent as people
seek the convenience provided by such tools. It is widely appreciated that such tools
can emit exhaust that increase air pollution. Typically the exhaust gas is energy
rich, especially for small two-stroke engines, as complete burning of the fuel is not
obtained. To curb the problem, regulations requiring increasingly low exhaust
emission output levels have been passed.

[0004] It 1s known to use catalytic converters in a muffler for a small internal
combustion engine used on portable tools to reduce noxious components of exhaust
gas, such as hydrocarbons and carbon monoxide. An exothermal chemical
conversion takes place in the catalytic converter where, for example, hydrocarbons
are converted to carbon dioxide and water. The exhaust gas typically enters the
mufiler with a temperature of approximately 600 degrees centigrade (C). Burning
the unburnt hydrocarbons causes the temperature of the exhaust gas to increase in

the catalytic converter 40 to about 1000 degrees C.
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[0005] The high temperature of exhaust gas has several identifiable
problems. With hand-held portable tools, operating personnel can be endangered by
both high temperature exhaust gas and 1gnition of exhaust gas. The exhaust gas can
ignite if it reaches ambient air containing oxygen, through the exhaust outlet or
through a gap at a partition interface of the muffler housing, at temperatures high
enough for ignition.

[0006] Accordingly, there 1s a need for a compact and light weight muffler
for a small internal combustion engine having a relatively low exhaust emission
output level and relatively low exhaust gas stream exit temperature and muffler
housing surface temperature. Additionélly, the muffler should provide good noise

reduction, maintain good engine performance, and be reliable, inexpensive, and easy

to manufacture.

SUMMARY OF THE INVENTION

[0007] This invention provides an exhaust system that effectively cools the
exhaust gas as the exhaust gas leaves the muffler; an exhaust system that draws in
ambient air to cool the exhaust gas; and an exhaust system that is economical to
manufacture. In one aspect, the invention is a muffler for coupling to an exhaust
port of an internal combustion engine. The muffler includes a housing forming at
least one internal expansion chamber configured to receive exhaust gas from the
engine and an exhaust outlet. The exhaust outlet has a restricted throat and an
gjector portion, wherein the ejector portion is configured to draw in ambient air
through an air inlet to cool the exhaust gas. The restricted throat increases the
velocity of the exhaust gas as the exhaust gas passes through the restricted throat and
into the ejector portion so as to aid in drawing in ambient air.

[0008] In another aspect, the invention is a muffler for coupling to an
exhaust port of an internal combustion engine. The muffler includes a housing
forming, the housing having an exhaust inlet configured to receive exhaust gas from
the engine, at least one internal expansion chamber and an outlet opening. The
muffler further includes a diffuser cover attached to the housing over the outlet
opening in the housing and forming an exhaust outlet of the muffler. The diffuser
cover comprises a trap chamber, a restricted throat and an ejector portion, the ejector

portion configured to draw in ambient air through an air inlet to cool the exhaust gas
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as it passes through the exhaust outlet. The restricted throat 1s positioned
downstream from the trap chamber and has a smaller cross-sectional area than said
trap chamber so as to increases the velocity of the exhaust gas as the exhaust gas
passes through the restricted throat and into the ejector portion so as 1o aid 1n
drawing in ambient air.

[0009] In yet another aspect, the invention is a muffler for coupling to an
exhaust port of an internal combustion engine. The muffler includes a housing
having an exhaust inlet configured to receive exhaust gas from said engine, at least
one internal expansion chamber and an outlet opening. The muffler further includes
a diffuser cover attached to the housing over the outlet opening in the housing and
forming an exhaust outlet of the muffler. The diffuser cover includes means for
drawing in ambient air into the exhaust gas to cool the exhaust gas as it passes
through the exhaust outlet, and means for increasing the velocity of the exhaust gas
as the exhaust gas passes into the ejector means so as to aid in drawing in ambient
air.

[0010] These and other features and advantages of this invention are
described in, or are apparent from, the following detailed description of various

exemplary embodiments of the systems and methods according to this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Various exemplary embodiments of the systems and methods of this
invention will be described in detail with reference to the following figures, wherein:

[0012] Figure 1 illustrates a perspective view of an exhaust system used with
a combustion engine on a portable tool; |

[0013] Figure 2 is a cutaway view of the exhaust system of FIG. 1 showing
the exhaust gas pathway through the exhaust system; and '

[0014] Figure 3 is a cross-section view of the exhaust system taken along

line 3-3 of FIG. 1.

[0015] Corresponding reference characters indicate corresponding parts

throughout the views of the drawings.
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DETAILED DESCRIPTION OF EXEMPI.ARY EMBODIMENTS

[0016] The invention will now be described with reference to the drawings,
wherein the drawings are for purposes of 1llustrating at least one embodiment of the
invention and not for purposes of limiting the same. Figure 1 illustrates an exhaust
gas muffler, broadly and exhaust system, generally indicated at 10. The exhaust
system 10 includes a muffler housing 12 preferably formed from two sections,
namely an inlet housing section 14 and an outlet housing section 16. The inlet
housing section 14 and outlet housing section 16 of the muffler housing 12 are
suitably fastened or clamped together with a flange conmection 18 along the
peripheral edge of the two sections to form a sealed housing. An exhaust gas intake
20 (shown in FIGS. 2 and 3) connectiﬁg to a gas exhaust outlet (not shown) of a 2
cycle or a 4 cycle engine for a hand-held power tool 1s provided in the inlet housing
section 14. Meanwhile, a diffuser cover 22 is fixedly attached to the outlet housing

section 16 of the housing 12 and forms an exhaust outlet 24 as will be more fully

described below.
[0017] With reference now to FIGS. 2 and 3, the interior of the muffler

housing 12 1s divided with a partition 28 extending transversely to the inflow
direction of the exhaust gas thereby forming a first expansion chamber 30 and a
second expansion chamber 32 within the muffler housing 12. The exhaust gas
mtake 20 1s i fluid connection with the first expansion chamber 30. Exhaust flow
line 34 illustrated in Fig. 2 shows the path of the exhaust from the engine (not
shown) as 1t travels into the exhaust gas intake 20. The exhaust gas enters the first
expansion chamber 30 and strikes an arched indentation 36 in the partition 28.
[0018] In one embodiment, it 1s possible to construct the outer circumference
of the muffler housing 12 with double wall construction as shown in FIGS. 2 and 3.
Heat 1nsulating material 26 1s packed between the double walls as shown. The heat
insulating material 26 can be selected from a group of the heat insulating materials,
such as alumina, glass wool, ceramic wool, mineral fiber, and the like. The double
wall construction enhances the heat insulating efficiency of the muffler 10 and
reduces the radiation of heat toward the outside of the muffler.
[0019] The exhaust gas then flows through a catalytic converter 40 located in
the first expansion chamber 30. The catalytic converter 40 is suitably made of

stainless steel and 1s coated with a catalyst such as platinum or rhodium, or other
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suitable catalyst. The catalytic converter 40 is provided with a plurality of
honeycomb-like through holes (not shown) to permit the exhaust gas to pass
through and come in contact with the catalyst. As the use of catalytic converters 40
in mufflers is well known to those skilled in the art, further description will not be
provided herein. Furthermore, the inlet housing section 14 and outlet housing
section 16 may be detachably connected so that the catalytic converter 40 can be
removed for replacement or cleaning. Of course, one will understand that the use
of a catalytic converter 40 is not essential and the muffler can be used without a
catalytic converter.

[0020] The first and second expansion chambers 30, 32 are m flud
connection via an aperture 42 in the partition 28 that enables the exhaust gas stream
to flow from the first expansion chamber 30 to the second expansion chamber 32
after passing through the catalytic converter 40. The aperture 42 may comprise a
single larger opening as shown in Fig. 2 or a plurality of smaller opening (not
shown) in the partition 28. In one embodiment, guide flanges 44 direct the exhaust
gas stream through the aperture 42. The circuitous path through the second
expansion chamber 32 aids in the cooling process of the exhaust gas.

[0021] From the second expansion chamber 32, the exhaust gas stream |
passes through an opening 48 1 the outlet housing section 16. As illustrated, the
diffuser cover 22 is attached to the housing 12 over a portion of the outlet housing
section 16 such that a trap chamber 50 1s formed by the diffuser cover 22 over the
opening. As shown, the chamber 50 1s a dome-shaped chamber, although other
shapes may be used without departing from the scope of the invention. The diffuser
cover 22 is made of a suitable heat resistive material such as aluminized steel,
stainless steel or the like, and is fastened to the housing 12 with fasteners 51,
although other means for fastening the diffuser cover 22 to the housing 12, such as
by welding, riveting, clamping and the like are contemplated without departing from
the scope of the invention. Alternately, the diffuser cover 22 can be formed as an
integral piece with the outlet housing section 16 using a suitable stamping or
molding process.

[0022] Turning now to the inventive featui”es of the mufifler 10, the diffuser
cover 22 further comprises an ejector portion 52 having an air inlet 54 and the
exhaust outlet 24. A restricted throat or venturi, indicated at 60, leads from the trap
chamber 50 to the ejector portion 52. By restricted throat 60, it 1s meant that the
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exhaust gas travels through a passageway which has a smaller cross-sectional area
than that of the trap chamber 50 or that of the exhaust outlet 24. The smaller cross-
section provided by the restricted throat 60 causes an increase in the velocity of flow
of the exhaust gas stream through the throat and a corresponding decrease in
pressure. From the restricted throat 60, the exhaust gas stream, now traveling at the
greater velocity, flows into the gjector portion 52. As a consequence of the exhaust
gas stream flowing at a higher velocity into the ejector portion 52, an ejector effect
1s formed by means of which ambient air 1s drawn mto the exhaust gas stream
through the air inlet 54 opening in the diffuser cover 22. This drawn-in air mixes
with the exhaust gas thereby significantly reducing the temperature of the exhaust
gas that 1s discharged from the muifler 10. The design of the restricted throat 60
causes the exhaust gas stream to have a higher velocity entering the ejector portion
52, thereby creating a greater influx of ambient air, which in turn, provides an
increased cooling effect on the exhaust gas.

[0023] The ejector portion 52 includes a louver 62 wherein a first edge 64 of
the louver forms the air inlet 54 and a second, opposite edge 66 of the louver forms
the exhaust outlet 24. As shown, the louver 62 has an arch shape at the air inlet 54
and 1s sloped downward to form a nozzle directing exhaust outlet 24. The exhaust
gas stream 1s directed away from the muifler 10 through a sloped channel 68 in the
outlet housing section 16. :

[0024] In one embodiment, the restricted throat 60 1s formed by the contour
of the diffuser cover 22 and the outer surface of the outlet housing section 16. The
restricted throat 60 suitably has a cross-sectional area of less than 0.750 square
inches (4.8 cm”), more desirably less than 0.400 square inches (2.6{ cm®), and
preferably less than 0.200 square inches (1.3 cm®), however other sizes are
contemplated. In one embodiment, the restricted throat 60 is generally rectangular
in shape and has a width of about 1.0 inch (2.5 cm) and a height of about 0.120
inches (0.305 cm). The rectangular shape of the restricted throat 60 desirably
spreads out the exhaust gas to encourage mixing with the ambient air. In one
embodiment, to be used for exemplary pufposes only and not by way of limitation,
the exhaust gas stream passes through the muffler at a rate of about 340 liters per
minute and the restricted throat 60 and ejector portion 52 are sized to draw in about
2 liters of ambient air per minute through the air inlet. It has been found that

drawing m and mixing ambient air with the exhaust gas is sufficient to cool the
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exhaust gas stream to a temperatufe less than 475°F (246°C) in an exhaust plane one

inch (2.5 cm) from the exhaust outlet 24.
[0025] The diffuser cover 22 can be rotated with respect to the outlet

housing section 16 depending on the configuration of the portable tool and the
desired direction of the exhaust gas stream discharge. For example, mufflers 10 for
use with air blowers may have a different configuration and desired exhaust outlet
24 direction than mufflers for use with string trimmers.

[0026] While this invention has been described in conjunction with the
specific embodiments described above, it is evident that many alternatives,
combinations, modifications and variations are apparent to those skilled in the art.
Accordingly, the preferred embodiments of this invention, as set forth above are
intended to be illustrative only, and not in a limiting sense. Various changes can be

made without departing from the spirit and scope of this invention.
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It 1s claimed:

1. A muffler for coupling to an exhaust port of an internal combustion
engine, said muffler comprising a housing forming at least one internal expansion
chamber configured to receive exhaust gas from said engine and an exhaust outlet,
said exhaust outlet having a restricted throat and an ejector portion, the ejector
portion configured to draw 1n ambient air through an air inlet to cool the exhaust gas
as the exhaust gas passes through the exhaust outlet, wherein the restricted throat

increases the velocity of the exhaust gas so as to aid in drawing in ambient air.

2. The muffler according to claim 1 further comprising a diffuser cover

attached to the housing, said diffuser cover forming the restricted neck and ejector

portion.

3. The mutffler according to claim 2 wherein the diffuser cover forms a
trap chamber upstream from said restricted throat, said trap chamber having a larger

cross-sectional area than said restricted throat.

4. The muffler according to claim 3 wherein the restricted throat has a

cross-sectional area less than about 0.750 square inches.

5. The muffler according to claim 4 wherein the ejector portion
comprises a louver, wherein a first edge of the louver forms the air inlet and a

second edge of the louver forms the exhaust outlet.

6. The muffler according to claim 3 wherein the trap chamber is a

dome-shaped chamber.

7. The muffler according to claim 1 further comprising a catalytic

converter positioned 1 said expansion chamber.

8. The muffler according to claim 2 wherein the diffuser plate is

tastened to the housing over an exhaust opening in the housing.

9. A muffler for coupling to an exhaust port of an internal combustion

engine, said muffler comprising:



CA 02560374 2006-09-19
WO 2005/103457 PCT/US2005/007565

a housing having an exhaust inlet configured to receive exhaust gas from

said engine, at least one mternal expansion chamber and an outlet opening; and

a diffuser cover attached to the housing over the outlet opening in the
housing and forming an exhaust outlet of the muffler, the diffuser cover comprising
a trap chamber, a restricted throat and an ejector portion, the ejector portion
configured to draw 1 ambient air through an air inlet to cool the exhaust gas as it
passes through the exhaust outlet, wherein the restricted throat is positioned
downstream from said trap chamber and has a smaller cross-sectional area than said
trap chamber so as to increases the velocity of the exhaust gas as the exhaust gas

passes through the restricted throat and into the ejector portion so as to aid in

drawing i ambient air.

10.  The muffler according to claim 9 wherein the restricted throat has a

cross-sectional area less than about 0.750 square inches.

11. The muitler according to claim 9 wherein the ejector portion
comprises a louver, wherein a first edge of the louver forms the air inlet and a

second edge of the louver forms the exhaust outlet.

12. The muffler according to claim 9 wherein the trap chamber is a

dome-shaped chamber.

13.  The muffler accordmg to claim 9 further comprising a catalytic

converter positioned i said expansion chamber.

14. A mutffler for coupling to an exhaust port of an internal combustion

engine, said muffler comprising:

a housing having an exhaust inlet configured to receive exhaust gas from

said engine, at least one internal expansion chamber and an outlet opening; and

a diffuser cover attached to the housing over the outlet opening in the
housing and forming an exhaust outlet of the muffler, wherein the diffuser cover

comprises:

means for drawing in ambient air into the exhaust gas to cool the

exhaust gas as it passes through the exhaust outlet; and
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means for increasing the velocity of the exhaust gas as the exhaust

gas passes 1nto the ejector means so as to aid in drawing in ambient air.

15.  The muffler according to claim 14 wherein the means for increasing
the velocity of the exhaust gas includes a restricted throat having a cross-sectional

area less than about 0.750 square inches.

16.  The muffler according to claim 14 wherein the means for drawing in
ambient air mcludes a louver, wherein a first edge of the louver forms the air inlet

and a second edge of the louver forms the exhaust outlet.
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