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(57) ABSTRACT 

An exhaust gas muf?er for an engine, the exhaust gas 
muf?er having a body, at least one inlet for the exhaust gas 
from the engine on the body, a baf?ed chamber in the body 
to receive exhaust gas from the at least one exhaust gas inlet, 
at least one exhaust gas outlet from the baf?ed chamber to 
vent the exhaust gas from the baf?ed chamber, at least one 
fresh-air inlet on the body, a heat exchange conduit extend 
ing into the baf?ed chamber betWeen the fresh air inlet and 
the at least one exhaust gas outlet, the heat exchange conduit 
being siZed and shaped to permit heat exchange betWeen the 
fresh air and the exhaust gas in the baffled chamber, and a 
fresh air outlet on the heat exchange conduit, the fresh air 
outlet being siZed, shaped and located relative to the exhaust 
gas outlet to permit the fresh air to mix With exhaust gases 
being vented from the baf?ed chamber to loWer an exit 
temperature of the exhaust gases. 
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Figure 3 
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EXHAUST GAS MUFFLER 

FIELD OF THE INVENTION 

[0001] This invention relates to the general ?eld of 
exhaust systems, and more particularly to muf?ers used With 
internal combustion engines. 

BACKGROUND OF THE INVENTION 

[0002] Internal combustion engines generate by products 
of combustion often referred to as exhaust gases. Typically, 
for noise control the exhaust gases pass through a muffler 
and tailpipe before being released. Such engines and their 
associated exhaust systems are ubiquitous, being used to 
poWer all types of motor vehicles as Well as smaller, more 
specialiZed vehicles and devices such as, for example, golf 
carts, ATV’s, laWn tractors, poWer generators, and other turf 
and industrial equipment. 

[0003] The exhaust gases from an internal combustion 
engine can be very hot, for example, over 1000° F. Such high 
temperatures can affect muf?er components, in particular 
causing muf?ers to Wear out and require replacement faster 
than otherWise. Another problem is that the high exhaust 
temperature may cause“after bang” or “back ?ring” When 
unburnt or semi-burnt hydrocarbons, Which may be con 
tained in the How are ignited upon contact With hot muf?er 
components. High exhaust temperatures therefore are a 
potential safety haZard. 

[0004] In conventional passenger and truck motor vehicles 
the exhaust gases generally cool to some extent through a 
long exhaust pipe betWeen the engine and muffler. In smaller 
vehicles the exhaust pipe is likely to be short, With corre 
spondingly hotter exhaust gases received by the muffler. 
Also, since the motor compartment in smaller vehicles is 
more croWded, the heat emanating from a very hot muf?er 
is more likely to have an adverse affect on the performance 
or durability of neighbouring components. Thus, problems 
of high temperature exhaust gases can be more acute in 
smaller vehicles and motors. In many smaller motoriZed 
device applications the muffler may be someWhat exposed. 
As such, the muffler, if it gets very hot, becomes a safety 
haZard to users of the motoriZed device. One solution is for 
such muf?ers to be built With an insulated double layer outer 
Wall. This type of muf?er loWers the surface temperature of 
the muffler, Which usefully helps prevent burns to users Who 
may have incidental contact With the muffler and also 
reduces heat damage to neighbouring components. HoW 
ever, the outer insulation in this type of muffler also mag 
ni?es the problem of high internal and tailpipe exit tem 
perature for the exhaust gases. 

[0005] Such problems have led to a different approach, 
Which is disclosed in US. Pat. No. 4,265,332 to Presnall. 
This patent shoWs a muffler surrounded by a heat shield that 
de?nes an annular air passage 68 around the outer surface of 
the muffler. At the tailpipe output of the muffler the heat 
shield narroWs. When in use, the exhaust gases exiting the 
tailpipe pass out the muffler and through the narroW part. 
This draWs ambient air through the air passage 68. The 
ambient air ?oW cools the body of the muffler as it contacts 
the muf?er’s hot outer surface. The ambient air continues to 
How around the muffler until it mixes-With the exhaust gases 
to cool the exhaust gas output. Similar devices that also use 
an external heat shield, and that draW air through an air gap 
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concentric to the muffler by means of a narroW venturi at the 
exhaust gas exit are shoWn in US. Pat. No. 4,741,411 to 
Stricker and US. Pat. No. 4,487,289 to Kicinski. 

[0006] While these devices produce some cooling, the 
effect is limited since the cool air only passes past the outer 
skin of the muffler. The hot exhaust gas inside the muffler is 
relatively unaffected. Further, the external heat shield adds 
bulk to the muffler, Which can be a problem particularly in 
smaller vehicles Where the space is not available. This may 
force a costly redesign of the motor compartment and lead 
to a larger overall device. Also the external heat shield adds 
Weight and expense to the muffler, and is not that easy to 
fabricate. Accordingly, in the absence of a more effective 
solution the durability and safety problems inherent to 
muf?ers operating With high temperature exhaust are likely 
to continue. 

SUMMARY OF THE INVENTION 

[0007] What is desired is an exhaust muffler Which over 
comes one or more of the problems associated With the 
current devices and methods used for cooling exhaust muf 
?ers. 

[0008] Preferably, the operating temperature inside the 
muffler Will be reduced, so that the muffler components are 
subjected to less heat stress and thereby achieve enhanced 
durability. The temperature of the exhaust gas output from 
the muffler Will preferably also be reduced, producing a 
corresponding reduction in the risk of ignition of foreign 
materials and of back ?ring. It Would be preferable as Well 
if a heat shield or other bulky external device is not required, 
so that the muffler may be made as small as possible and thus 
more easily integrated into the existing motor compartments 
of the various internal combustion engine vehicles and 
devices. 

[0009] Therefore, there is provided, according to a ?rst 
aspect of the present invention, an exhaust gas muffler for an 
engine, said exhaust gas muf?er having: 

[0010] a) a body; 

[0011] b) at least one inlet for said exhaust gas from 
said engine on said body; 

[0012] c) a baf?ed chamber in said body to receive 
exhaust gas from said at least one exhaust gas inlet; 

[0013] d) at least one exhaust gas outlet from the 
baf?ed chamber to vent said exhaust gas from said 
baf?ed chamber; 

[0014] e) at least one fresh-air inlet on said body; 

[0015] f) a heat exchange conduit extending into said 
baf?ed chamber betWeen said fresh air inlet and said 
at least one exhaust gas outlet, said heat exchange 
conduit being siZed and shaped to permit heat 
exchange betWeen said fresh air and said exhaust gas 
in said baf?ed chamber; and 

[0016] g) a fresh air outlet on said heat exchange 
conduit, said fresh air outlet being siZed, shaped and 
located relative to said exhaust gas outlet to permit 
said fresh air to mix With exhaust gases being vented 
from said baffled chamber to loWer an exit tempera 
ture of said exhaust gases. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Reference Will noW be made, by Way of example 
only, to drawings illustrating the preferred embodiments of 
the invention, in Which: 

[0018] FIG. 1 is a side cross-sectional vieW of the exhaust 
muf?er of the present invention; 

[0019] FIG. 2 is a side cross-sectional vieW of another 
embodiment of the exhaust muf?er of the present invention; 

[0020] FIG. 3 is a side cross-sectional vieW of another 
embodiment of the exhaust muf?er of the present invention; 

[0021] FIG. 4 is a side cross-sectional vieW of another 
embodiment of the exhaust muf?er of the present invention; 

[0022] FIG. 5 is a side cross-sectional vieW of another 
embodiment of the exhaust muf?er of the present invention; 
and 

[0023] FIG. 6 is a side cross-sectional vieW of another 
embodiment of the exhaust muffler of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] The exhaust muffler of the present invention is 
shoWn in a side cross-sectional vieW in FIG. 1 and generally 
designated as 10. The exhaust muf?er 10 generally com 
prises a body 12, at least one inlet 14, a baffled chamber 16, 
at least one exhaust gas outlet or tailpipe 18, at least one 
fresh-air inlet 20 on the body 12, a heat exchange conduit 22, 
and a fresh-air outlet 24. The baffled chamber 16 includes at 
least one baffle 26, and the fresh-air inlet 20 usually includes 
an air ?lter 28. The tailpipe 18 has an input end 19 inside the 
baffled chamber 16 and an output end 21 located outside the 
muffler 10. 

[0025] The exhaust muffler 10 receives exhaust gas 30 
through the inlet 14 and ambient air 32 through the fresh-air 
inlet 20. The exhaust gas 30 and ambient air 32 are shoWn 
as a series of arroWs indicating the general How of the gas 
and air through the device 10. For additional clarity and to 
distinguish the tWo gases, the exhaust gas 30 is represented 
by an open arroWhead and the ambient air 32 is represented 
by a closed, triangular shaped arroWhead. It can be seen 
from FIG. 1 that the ambient air 32 ?oWs from the fresh-air 
inlet 20 through the heat exchange conduit 22 and fresh-air 
outlet 24 into the exhaust gas outlet or tailpipe 18, and is 
eventually expelled at the tailpipe output 21. 

[0026] The exhaust muf?er 10 of the present invention 
receives the exhaust gas 30 through attachment of the inlet 
14 to an exhaust pipe carrying the gas aWay from an internal 
combustion engine (not shoWn). The exhaust gas 30 is the 
Well-known gas produced by the engine upon completion of 
a cycle of combustion. This gas is generally very hot, for 
example, 1000° F. or more, and contains byproducts of 
combustion. The exhaust gas 30 ?oWs through the baf?ed 
chamber 16 into the tailpipe input 19, and out of the muffler 
10 at the tailpipe output 21. As is Well knoWn, the How of gas 
30 Within the muffler 10 acts to reduce the loud sound or 
noise of the engine. In addition, the muffler 10 of the present 
invention functions to reduce the internal temperature of the 
muffler inside the baffled chamber 16, and also to reduce the 
temperature of the exhaust gas 30 at the tailpipe output 21. 
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[0027] The body 12 of the muffler 10 of the present 
invention may be any housing or enclosure adapted to 
receive hot exhaust gases ejected from an internal combus 
tion engine. In most cases a body constructed from 14-22 
gauge mild, aluminiZed or stainless steel has been found to 
be adequate. The outer Walls of the body 12 Will commonly 
be a single layer or double layer With or Without separation 
by insulating material having the thickness of the gauge of 
steel being used. 

[0028] The body 12 can be rectangular, oval, cylindrical, 
or any other shape. HoWever, as Will be appreciated by those 
skilled in the art, the body 12 Will be siZed and shaped to 
handle the exhaust gases being generated by a speci?c 
motor, and that can be installed in the motor compartment 
space available. For many small vehicle applications the 
muffler body 12 Will be in the range of about 8 to 16 inches. 

[0029] The present invention comprehends that the inlet 
14 may be any form of conduit, tube, or other device on the 
body 12 that is adapted to receive the exhaust gas 30 from 
the engine. While there Will be at least one inlet 14, it can 
be appreciated that some embodiments of the muffler 10 Will 
have multiple inlets 14. In the preferred embodiment the 
inlet 14 is a tube Welded or attached to a hole through a side 
Wall of the body 12. Most preferably the tube is siZed and 
shaped to form a secure and airtight ?t With an engine 
exhaust pipe or outlet, and extends both inWardly and 
outWardly from the body. 

[0030] The baffled chamber 16 de?nes a space in the 
interior of the body 12 that receives the exhaust gas 30 from 
the exhaust gas inlet 14. The baffle 26 

[0031] is a sheet or plate, generally constructed of the 
same material steel as the body 12, that divides the chamber 
16 into at least tWo internal compartments 34. There is at 
least one opening or hole 36 in the baffle 26 to enable the 
exhaust gas 30 to pass betWeen the internal compartments 
34. While the baffle 26 Will most commonly be a single 
layer, a double or multiple baffle 26 such as that shoWn in 
FIG. 4 can also be used. 

[0032] In FIG. 1 the single baffle 26 divides the chamber 
16 into tWo compartments, designated ?rst internal com 
partment 34a and second internal compartment 34b. It can 
be appreciated that adding more baf?es Will increase the 
number of compartments 34 and the level of sound attenu 
ation performed by the muffler 10. FIG. 2 shoWs an example 
of a muffler 10 having tWo baffles 26 and three compart 
ments designated as ?rst, second, and third internal com 
partments 34a, 34b, and 34c respectively. Similarly, a muf 
?er having three baf?es Will be divided into four 
compartments 34. Of course, more chambers may be used if 
desired, and various forms of baf?es and other muf?ing 
material may also be used in the chamber. 

[0033] The present invention comprehends that the 
exhaust gas outlet or tailpipe 18 is a conduit, tube, or other 
device siZed and shaped to vent the exhaust gas 30 from the 
baf?ed chamber 16 to the ambient air outside the muffler 10. 
In the preferred embodiment the tailpipe 18 is a conduit or 
tube made of an appropriate material as discussed above, 
that extends from the tailpipe input end 19 inside the baf?ed 
chamber 16 through a Wall of the body 12 to tailpipe output 
end 21 outside the muffler 10. In this Way, exhaust gas 30 
and ambient air 32 that How into the tailpipe 18 inside the 
baf?ed chamber 16 are able to How outside. 
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[0034] As Will be discussed in greater detail below, 
according to the present invention, that portion of the 
exhaust outlet 18 inside the baf?ed chamber 16 is siZed and 
shaped to promote heat transfer betWeen the exhaust outlet 
18 and the exhaust gas 30 that is in the internal chamber 34 
to Which the exhaust outlet 18 is attached. 

[0035] The present invention further comprehends that the 
fresh-air inlet 20 may be any passageway, conduit, tube, or 
other device on the body 12 that is adapted to receive the 
ambient air 28 from the atmosphere outside the muffler 10 
and convey it to the heat exchange conduit 22. The fresh-air 
inlet 20 may accordingly be a tube Welded or attached to a 
hole in the body 12, With an opening inside the body 12 that 
is siZed and shaped to receive the heat exchange conduit 22. 
HoWever, as discussed beloW, the fresh-air inlet 20 is 
preferably simply an outer or external end of the heat 
exchange conduit 22. This embodiment is preferred since it 
is a simpler con?guration, requiring only one element 
instead of tWo, and since there Would be no issue of 
interfacing the fresh-air inlet 20 With the conduit 22. 

[0036] As shoWn in FIG. 1, the fresh-air inlet 20 prefer 
ably also includes the air ?lter 28 to prevent unWanted 
material such as grass, dirt, stones, and other airborne debris 
from entering or being draWn into the heat exchange conduit 
22. The air ?lter 28 may be a screen, such as a Wire mesh 
screen, a one-Way baf?e, or functionally any type of device 
con?gured to pass air but block physical particles larger than 
a predetermined minimum siZe. The air ?lter 28 may be 
attached to the fresh-air inlet 20 through any one of a 
number of Well-known means such as a screW, bolt, or 
Welded connection. Preferably the attachment is releasable 
so that the air ?lter 28 can be easily removed and cleaned, 
or replaced if damaged. 

[0037] The heat exchange conduit 22 is a passageWay, 
conduit, or tube con?gured to extend Within the baf?ed 
chamber 16 betWeen the fresh-air inlet and the exhaust gas 
outlet 18. The heat exchange conduit 22 can be of any 
convenient shape or length, as long as it functions to provide 
a connecting passage to carry ambient air 32 from the 
fresh-air inlet 20 to the exhaust gas outlet 18. Preferably the 
conduit 22 Will be constructed from tubular steel, but it can 
be appreciated that other materials that are heat conductive, 
lightWeight, durable, and that can function in a high tem 
perature environment are also comprehended. 

[0038] As noted, the heat exchange conduit 22 carries 
ambient air 32 inside a baf?ed chamber 16 ?lled With 
exhaust gas 30. Since the exhaust gas is invariably extremely 
hot, ie on the order of about 1000° F., the ambient air 32 
Will alWays be much cooler than the temperature inside the 
baffled chamber 16. Therefore, a process of heat exchange 
Will occur betWeen the hot exhaust gas 30 and the heat 
exchange conduit 22. In this process, a portion of the 
extreme heat of the gas 30 Will transfer to the ambient air 32 
inside the heat exchange conduit 22 and move out of the 
muffler 10 as the ambient air 32 ?oWs out of the tailpipe 
output 21. This has the desirable effect of loWering the 
internal temperature of the muffler 10. Accordingly, the heat 
exchange conduit 22 Will be siZed and shaped to permit heat 
exchange betWeen the fresh ambient air 32 and the exhaust 
gas 30 in the baffled chamber 16. 

[0039] The present invention comprehends various Ways 
to siZe and shape the heat exchange conduit 22 to promote 
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such heat exchange in the muffler 10. One aspect relates to 
the material used to construct the conduit 22. The material 
should be heat conductive so that the heat from the exhaust 
gas 30 can be ef?ciently transferred through the Wall of the 
heat exchange conduit 22 to the ambient air 32. Another 
aspect relates to enhancing heat exchange by decreasing 
Wall thickness of the conduit 22. Accordingly, the material 
should also be suf?ciently strong so that the Wall of the 
conduit 22 can be made as thin as possible, In the preferred 
embodiment, the tubular steel used is both a good conductor 
of heat and can be fashioned into a tube having an 
adequately thin Wall, While still retaining intrinsic strength. 
It can be appreciated that other metals, and other good heat 
conductive, thin-Walled materials may also be adequate as 
long as they satisfy the other desirable attributes of being 
lightWeight, durable, and effective in a high temperature 
environment. 

[0040] A further aspect of promoting heat exchange relate 
to surface features of the heat exchange conduit 22. Heat 
exchange is enhanced When the surface area betWeen the hot 
and cold areas across Which the exchange takes place is 
maximiZed. Accordingly, adding exterior surface features 
such as ?ns to the conduit 22, in order to increase the 
effective surface area of the conduit 22, is generally desir 
able. It can be appreciated that other types of surface 
features besides ?ns might also be used With adequate 
results. 

[0041] Apart from ?ns or the like, the present invention 
also comprehends siZing the conduit and positioning the 
baffle in the baf?ed chamber so that more cool surface area 
is exposed for heat exchange. For example, FIGS. 5 and 6 
shoW a design using a relatively narroW diameter heat 
exchange conduit 22, of the type suitable for loWer horse 
poWer motors needing less air ?oW. The narroWer conduit 
has a relatively smaller surface area than conduits having a 
Wider diameter, such as those shoWn in FIGS. 1 and 2. It can 
be seen that in FIGS. 5 and 6 the internal compartment 34a 
is relatively long, so that the hot exhaust gas 30 can contact 
a greater length of heat exchange conduit 22, to offset the 
effect on heat transfer rates of a smaller surface area of the 
conduit. 

[0042] It has also been found that heat exchange betWeen 
gases is improved When one or both of the gases are 
turbulent. The hot exhaust gas 30 is generally turbulent 
simply by the nature of the process of injecting exhaust gas 
30 into the baf?ed chamber. The ambient air 32 ?oWing 
inside the heat exchange conduit generally folloWs a laminar 
?oW, but can be encouraged to become turbulent by modi 
fying the surface features or textures of the interior of the 
conduit 22. This may include, for example, raised bumps or 
dents along the inner surface. Such features Will disrupt the 
smooth How of ambient air 32 and encourage turbulence, 
thus improving heat transfer rates. 

[0043] Yet another aspect is that heat exchange is 
enhanced as the temperature differential or contrast betWeen 
the hot and cold surfaces increases. Therefore, a given heat 
exchange system can operate closer to optimum efficiency if 
it is designed to maximiZe the exposure of the hottest ?uid 
With the coldest ?uid across a heat exchange surface. In the 
muffler 10 of the present invention, this is achieved by 
directing the hot exhaust gas 30 from its point of exit from 
the exhaust inlet 14, Where the gas 30 is hottest, onto the heat 
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exchange conduit 22, particularly in the internal compart 
ment 34a Where the conduit 22 is immediately attached or 
adjacent to the fresh-air inlet 20. The conduit 22 Will be 
coldest at this point, Where it has just received ambient air 
32. This can be seen in the design of FIG. 3, Which shoWs 
the exhaust gas inlet 14 directed at the heat exchange conduit 
22, and Where the conduit 22 has been positioned in the 
middle of the body 12 so that the tWo elements are posi 
tioned adjacent to one another. FIG. 4 shoWs a variation 
Where the exhaust gas inlet 14 is at the end and the conduit 
enters from the bottom and curves to meet the exhaust gas 
outlet 18. Again the inlet 14 is directed at the heat exchange 
conduit 22 a short distance aWay to promote heat exchange 
betWeen the exhaust gases 30 and the fresh air 32 in the heat 
exchange conduit When the muffler is in use. The exhaust gas 
inlet 14 can also be directed at the tailpipe 18 to promote 
heat exchange, since there Will be a temperature differential 
betWeen the hot exhaust gas 30 entering the baf?ed chamber 
16 and the exhaust gas 30 inside the tailpipe 18 Which has 
been cooled by mixture With the ambient air 32. This may be 
seen in FIG. 2, Which shoWs exhaust gas inlet 14b directed 
at tailpipe 18. 

[0044] It can be appreciated that the exterior and interior 
surface features such as ?ns, bumps, or dents described 
above add to the cost of the heat exchange conduit 22. As 
Well, the choice of material Will likely involve cost consid 
erations, and the layout of the conduit 22 relative to the inlet 
14 may be governed in part by the overall vehicle applica 
tion and motor compartment space available. Accordingly, it 
can be appreciated that the design of the muffler 10 of the 
present invention Will involve careful consideration of the 
various factors in order to maximiZe heat exchange Within 
the constraints that may be imposed by cost and the param 
eters of the particular design. 

[0045] The fresh-air outlet 24 is a passageWay, conduit or 
tube attached to, on, or part of the heat exchange conduit 22, 
that receives the ambient air 32 from the conduit 22 and 
transmits it to the tailpipe 18 at the tailpipe input 19. In 
particular, the fresh-air outlet 24 is siZed, shaped, and 
located relative to the exhaust gas outlet 18 to permit the 
fresh ambient air 32 to mix With the exhaust gases 30 being 
vented from the baffled chamber 16, to loWer an exit 
temperature of the exhaust gases 30. Preferably, the fresh-air 
outlet 24 is siZed and shaped to ?t Within at least a portion 
of the tailpipe 18, in particular at the tailpipe input end 19. 

[0046] Preferably, as shoWn in all of the FIGS. 1-6, the 
fresh-air outlet is simply a terminal end of the heat exchange 
conduit 22. In that case, the fresh-air outlet 24 is that portion 
of the conduit 22 that interfaces or overlaps With the tailpipe 
18. In FIGS. 1-4 it can be seen that the heat exchange 
conduit 22 and tailpipe 18 are of approximately the same 
diameter. Accordingly, in these embodiments the conduit 22 
tapers to form the fresh-air outlet 24, Which is a narroWer 
portion that ?ts Within the tailpipe 18 at the tailpipe input 
end 19. In another embodiment shoWn in FIGS. 5 and 6, the 
heat exchange conduit 22 has a diameter uniformly narroWer 
than the diameter of the tailpipe 18. In that case the fresh-air 
outlet 24 comprises an end portion of the conduit 22 Which 
again ?ts inside the tailpipe 18 at the tailpipe input end 19. 
In both cases the exhaust gas 30 enters the tailpipe 18 
through an annulus 38, Which is the concentric space 
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betWeen the outer diameter of the fresh-air outlet 24 or 
terminal end of the conduit 22 and the inner diameter of the 
tailpipe input end 19. 

[0047] The muffler 10 of the present invention also 
includes a means to pull or draW the fresh or ambient air 32 
into the fresh-air inlet 20 on the heat exchange conduit 22. 
The means moves the ambient air 32 through the conduit 22 
and fresh-air outlet 24, and into the tailpipe 18. This air 
pulling or air draWing means can be anything that draWs in 
air, including, for example, forced air systems such as fans, 
bloWers, or suction lines. 

[0048] Preferably hoWever the means is a loW pressure 
area created by a simple venturi. Aventuri is preferred over 
forced air systems because it is a passive system that has no 
moving parts. 

[0049] A venturi is a tube With a constriction or a small 
diameter ?oW area. When a gas or other ?uid ?oWs through 
a venturi it Will tend to speed up, to maintain an even ?oW 
through the tube. According to the Bernoulli principle, When 
a gas or ?uid speeds up a loW pressure area or region is 
created. 

[0050] Turning to FIG. 1, it can be seen that a venturi is 
created at the tailpipe input end 19 due to the orientation of 
the fresh-air outlet 24 of the heat exchange conduit 22 With 
the tailpipe 18. In particular, as described above an annulus 
or venturi 38 is created betWeen the narroWer fresh-air outlet 
24 and tailpipe 18. The venturi 38 is a constriction in the 
How of exhaust gas 30, Which otherWise, in a conventional 
muffler, Would be able to How through the full diameter of 
the tailpipe 18. As the exhaust gas 30 passes through the 
venturi 38, it speeds up and creates a loW pressure region 40 
in front of the fresh-air outlet 24. This region 40 is broadly 
in the shape of a cone or 20 triangle. The exhaust gas 30 that 
?oWs into the tailpipe 18 Will tend to bend around the loW 
pressure region 40 as it ?oWs toWards the tailpipe output end 
21. At the same time, the loW pressure region 40 acts to pull 
or draW in ambient air 32 through the fresh-air inlet 20 and 
heat exchange conduit 22. 

[0051] The venturi 38 can also have any shape that is 
convenient to ?t the particular tailpipe and muffler con?gu 
ration, provided a suf?ciently reduced area How cross 
section is presented to create the preferred loW pressure 
region 40. Therefore, as shoWn in FIGS. 1-4, the venturi 38 
may be formed betWeen a narroW tapered fresh-air outlet 24 
on the heat exchange conduit 22 and the exhaust gas outlet 
18. In another embodiment, as shoWn in FIGS. 5-6, the heat 
exchange conduit 22 has a uniform diameter adjacent to the 
fresh-air outlet 24, and the exhaust gas outlet 18 is siZed and 
shaped to ?t around the fresh-air outlet 24 to form the 
venturi 38. In the embodiment of FIG. 6, the tailpipe input 
end 19 is perforated adjacent to the venturi 38, to alloW for 
the entry of exhaust gas 30 into the tailpipe 18. 

[0052] It can be appreciated that the degree of loW pres 
sure created by the loW pressure region 40 is inversely 
related to the siZe of the annulus or venturi 38. As the siZe 
of the venturi 38 is reduced, as for example by substituting 
a larger fresh-air outlet 24, a loWer pressure loW pressure 
region 40 is created Which draWs in a larger volume of 
ambient air 32. While a larger air How is generally desirable, 
if the siZe of the annulus 38 is reduced too much an 
undesirable back pressure arises Which can block or hinder 
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the How of exhaust gas 30 from the engine. This can hurt 
engine performance. Therefore the annulus 38 should not be 
so small as to create too high a back pressure. By contrast, 
if the annulus or venturi 38 is too large, Which may occur 
When, for example, the fresh-air outlet 24 is relatively small, 
the speed of ambient air 32 into the heat exchange conduit 
22 may be substantially reduced and the muffler 10 Won’t 
cool as ef?ciently. Therefore, the venturi 38 should be 
designed so that the cooling function is optimiZed Without 
creating unacceptable back pressure. 

[0053] It can be appreciated that When the muffler 10 is in 
use, the venturi 38 of the present invention is adapted to 
continuously draW in more ambient air 32 as more exhaust 
gas 30 is vented. Further, the venturi 38 Will draW in the 
ambient air 32 at a greater rate When the exhaust gas 30 is 
vented at a greater rate. Accordingly, the venturi 38 may be 
vieWed as having an inherent self regulating capability in 
that it Will generally draW in an appropriate amount of fresh 
air, proportionate to the demands of the engine. 

[0054] In the preferred embodiment of the invention, it 
Was found that a variety of tube siZes provided adequate 
results. These include, for example, a muffler having a 
tailpipe 18 With an inner diameter of 1.125 inches and a heat 
exchange tube With a reduced fresh-air outlet section of 
0.875 inches (plus Wall thickness 0.048“), and another 
similar muf?er With corresponding measurements of 1.13 
inches for the tailpipe and 0.8 inch (plus Wall thickness 
0.048“). The uniform narroW diameter embodiment of 
FIGS. 5 and 6 produced adequate results With a tailpipe of 
1.255 inches inner diameter and a heat exchange tube of 
0.625 inches (plus Wall thickness 0.048). Using a 16 HP 
engine running at an engine speed of 3600 rpm, an air 
velocity of 1500 feet/minute Was reached in the heat 
exchange tube 22. It can be appreciated that other tube siZes 
and engine speeds may also be used that Would produce 
adequate results. 

[0055] It can be appreciated that the muffler 10 of the 
present invention can be simply and easily manufactured 
using knoWn methods and techniques. In particular, the 
elements of the body 12, exhaust gas inlet 14, baf?ed 
chamber 16, and tailpipe 18 may be readily constructed. As 
noted above, the elements of the fresh-air inlet 20, heat 
exchange tube 22, and fresh-air outlet 24 are preferably in 
the form of a single conduit or tube, Where the fresh-air 
outlet 24 may be a reduced or narroWed section. Accord 
ingly, the combined unit, designated as conduit 22, may be 
installed in the muffler 10 in a manner similar to that used 
to install the tailpipe 18. The additional holes to be made in 
the body 12 and baffle 26 to accommodate the conduit 22 are 
also similar to the holes made for the tailpipe 18. 

[0056] It is preferable that the conduit 22 be installed so 
that the fresh-air outlet 24 is Well centered and concentric 
With the tailpipe input end 19. If the tubes are off-center the 
loW pressure region 40 Will be less effectively formed. This 
Will cause less ambient air 32 to be draWn in, and the overall 
cooling efficiency of the muffler 10 Will be reduced. 

[0057] The operation of the present invention can noW be 
described. When the internal combustion engine is operat 
ing, hot exhaust gases 30 Will ?oW into the exhaust gas inlet 
14 and the baf?ed chamber 16, raising the internal tempera 
ture of the muffler 10. The gases Will-circulate betWeen the 
internal compartments 34, passing through the openings 36 
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in the baffles 26. The exhaust gases 30 Will enter the venturi 
38 created betWeen the fresh-air outlet 24 and the tailpipe 
input end 19 and speed up as they pass through the venturi. 
This Will create a loW pressure region 40 inside the tailpipe 
18 at the front of the fresh-air outlet 24. The loW pressure 
region 40 Will draW or pull in ambient air 32 through the air 
?lter 28, fresh-air inlet 20, heat exchange conduit 22, and 
fresh-air outlet 24. The ambient air 32 Will continue into the 
tailpipe 18, Where it Will mix With the exhaust gas 30 until 
the gas 30 and air 32 are vented into the atmosphere at 
tailpipe output end 21. As more exhaust gas is vented more 
fresh air is pulled in. Further, as the poWer of the engine 
varies changing the rate at Which the exhaust gas vents, the 
rate at Which fresh air is pulled in Will also vary in propor 
tion. In this Way the cooling effect Will be maintained. 

[0058] The ambient air 32 draWn into the heat exchange 
conduit 22 Will be substantially cooler than the exhaust gas 
30. Aprocess of heat exchange or conduction Will take place 
betWeen the hot exhaust gas 30 and the relatively cool heat 
exchange conduit 22. This process may be facilitated or 
promoted by design of various features of the heat exchange 
conduit 22 as discussed above. In the heat exchange, the 
cooler ambient air 32 Will draW heat from inside the muffler 
10 and discharge it through the tailpipe 18. Since the 
ambient air 32 enters the tailpipe 18 Where it mixes With 
exhaust gas 30, the tailpipe 18 Will also be cooled relative to 
the muffler internal temperature, though not to the same 
extent as the heat exchange conduit 22. Therefore, heat 
exchange or conduction Will also take place betWeen the 
tailpipe 18 and the exhaust gas 30. 

[0059] Turning to FIG. 1, it can be seen that internal 
compartment 34a Will be cooled by conduction from the 
heat exchange conduit 22, and that internal compartment 
34b Will be largely cooled by conduction from tailpipe 18. 
Similarly, in the tWo baffle embodiment of FIG. 2, it can be 
seen that internal compartment 34a Will be cooled by 
conduit 22, compartment 34b Will be cooled by both conduit 
22 and tailpipe 18, and compartment 34c Will be cooled by 
conduction With tailpipe 18. 

[0060] It can therefore noW be appreciated hoW the the 
operating temperature inside the muffler Will be reduced. 
The loWer internal temperature generally has the effect of 
subjecting the muffler components to less heat stress, so that 
they achieve enhanced durability. It can also be appreciated 
that the temperature of the gas vented at the tailpipe output 
end 21 Will be reduced because of the presence of the 
mixed-in ambient air 32. The loWer temperature at the 
tailpipe output reduces the risk of ignition of foreign mate 
rials and of back ?ring. 

[0061] Testing of the present invention Was carried out on 
a muffler having a tWo-baffle embodiment similar to that 
shoWn in FIG. 2. The engine used Was a 23 HP engine 
running at a poWer of 60% and 70% of capacity. The 
observed temperatures at each poWer output level Were 
recorded using ?rst a reference muf?er not having the heat 
exchange conduit 22 of the present invention, and then again 
using the muffler 10 of the present invention. 

[0062] Upon revieW, it Was found that in the internal 
compartment 34a the temperature Was reduced on average 
by about 234° F., in the middle internal compartment 34b 
temperature Was reduced by about 17° F., and in internal 
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compartment 34c temperature dropped by about 37° F. At 
the tailpipe output end 21 the exhaust gas temperature Was 
reduced by about 225° F. 

[0063] It can noW be appreciated that the present invention 
is suitable for use With internal combustion engine driven 
vehicles and devices that use a muffler, and that it is 
particularly suitable for those that are fairly compact, so that 
the muffler is close to the engine and the exhaust gases 
remain quite hot at the entry to the muffler. It can also noW 
be readily appreciated that the muffler 10 of the present 
invention may be easily integrated into the existing motor 
compartments of the various vehicles and devices, as it has 
the same basic form factor or shape as conventional mufflers 
and does not require a heat shield or other bulky external 
device. 

[0064] It Will be appreciated by those skilled in the art that 
the foregoing description Was in respect of preferred 
embodiments and that various alterations and modi?cations 
are possible Within the broad scope of the appended claims 
Without departing from the spirit of the invention. For 
example, While reference is made to tubular conduits, other 
shapes and siZes of conduits might also provide reasonable 
results. Further, different means may be used to improve 
heat exchange, as taught herein, Without departing from the 
scope of the present invention. Various other modi?cations 
Will be apparent to those skilled in the art but are not 
described in any further detail herein. 

1. An exhaust gas muffler for an engine, said exhaust gas 
muffler having: 

(a) a body; 

(b) at least one inlet for said exhaust gas from said engine 
on said body; 

(c) a baffled chamber in said body to receive exhaust gas 
from said at least one exhaust gas inlet; 

(d) at least one exhaust gas outlet from the baffled 
chamber to vent said exhaust gas from said baffled 

chamber; 
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(e) at least one fresh-air inlet on said body; 

(f) a heat exchange conduit extending into said baffled 
chamber betWeen said fresh-air inlet and said at least 
one exhaust gas outlet, said heat exchange conduit 
being siZed and shaped to permit heat exchange 
betWeen said fresh air and said exhaust gas in said 
baffled chamber; and 

(g) a fresh air outlet on said heat exchange conduit, said 
fresh air outlet being siZed, shaped and located relative 
to said exhaust gas outlet to permit said fresh air to mix 
With exhaust gases being vented from said baffled 
chamber to loWer an exit temperature of said exhaust 
gases. 

2-19. (canceled) 
20. A method of cooling an exhaust gas inside of a muffler 

body, said method comprising the steps of: 

(a) cooling said exhaust gases by conduction in at least a 
?rst internal muffler chamber by exposing said exhaust 
gases in said ?rst muffler chamber to a heat exchange 
surface cooled by cooling air; and 

(b) further cooling said exhaust gases by mixing said 
exhaust gases With said cooling air inside said muffler, 
before said exhaust gases are released from said muf 
?er. 

21. A method as claimed in claim 20 further including the 
step of draWing said cooling air into said muffler past said 
heat exchange surface. 

22. A method as claimed in claim 21 Wherein said step of 
draWing cooling air into said muffler further comprises 
forming a venturi adjacent to a cooling air conduit to create 
a loW pressure region for draWing in said cooling air. 

23. A method as claimed in claim 22 Wherein said step of 
mixing said exhaust gases With said cooling air occurs 
adjacent to said venturi. 


