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7) ABSTRACT

An exhaust guide guides exhaust gases within an exhaust
system to an intake portion of a sensor when an input port
and an output port of the exhaust guide are positioned within
an exhaust gas flow. A high pressure region formed at the
input port and a low pressure region formed at the output
port facilitate the flow of the gases through a chamber
housing that at least houses the intake portion of the sensor.
Contamination of the sampled gases by outside air is mini-
mized. In some configurations, the sensor is mounted out-
side of the exhaust system to increase the thermal isolation
between the sensor and the exhaust system improving the
performance and increasing the useful life of the sensor.
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SYSTEM, APPARATUS, AND METHOD FOR
GUIDING AN EXHAUST GAS

RELATED APPLICATIONS

[0001] The application claims the benefit of priority of
U.S. Provisional Patent Application Ser. No. 60/539,878,
entitled “SYSTEM, APPARATUS, AND METHOD FOR
GUIDING AN EXHAUST GAS”, filed Jan. 28, 2004 and
which is incorporated by reference in its entirety herein.

BACKGROUND OF THE INVENTION

[0002] The invention relates in general to exhaust guides
and more specifically to an apparatus, system and method
for guiding an exhaust gas to measure an oxygen concen-
tration.

[0003] Oxygen sensors are used to measure the concen-
tration of oxygen in a gas. Many conventional combustion
engines utilize oxygen sensors for determining the air to fuel
mixture of the exhaust of the combustion engine. Conven-
tional internal combustion engines typically incorporate
electronic fueling control using computing devices such as
Electronic Control Units (ECU) that meter fuel into the
engine intake depending on engine intake airflow. The
oxygen sensors are typically mounted within the exhaust
system along the engine exhaust gas flow. The exhaust gases
flow through an intake of the exhaust sensor exposing a
measuring cell within the oxygen sensor to the exhaust
gases. The oxygen sensor produces an output signal that
indicates the air to fuel ratio of the exhaust gas.

[0004] Conventional techniques for measuring exhaust
gases, however, are limited in several ways. The exhaust
flow within the exhaust system oscillates at least in magni-
tude and, in some circumstances, also in direction. External
air is often sucked back into the exhaust system through the
tail pipe. When the oxygen sensor is mounted near the
exhaust output, the exhaust gases that are measured are often
contaminated by external air which results in an inaccurate
oxygen concentration measurement. One attempted solution
to this problem includes placing the oxygen sensor or an
exhaust guide in the exhaust system away from the exhaust
output. If the sensor is permanently mounted within the
exhaust system, conventional techniques include modifying
a portion of the exhaust system to include a mounting
apparatus for the sensor. Atypical technique includes cutting
an opening within a exhaust pipe and welding a bung within
the opening. An oxygen sensor is then screwed into the
threaded bung. A significant drawback of this technique
includes the extra cost and inconvenience resulting from the
exhaust system modification. In addition, the exhaust gases
near the engine are often much hotter than near the output.
Oxygen sensors mounted near the engine experience high
temperatures and well as large temperature variations result-
ing in deterioration and premature failure of the oxygen
sensor. Where the measurement is a performed infrequently,
and the presence of the oxygen sensor is temporary, a typical
measuring technique includes inserting a long exhaust guide
such as pipe into the output of the exhaust system. The long
pipe provides the oxygen sensor with exhaust gases that are
sampled at a distance form the exhaust opening where
contamination from external air is less likely. This technique
is limited in that significant measurement delays result from
the time required for the sampled gases to travel along the
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pipe. Changes in oxygen concentration resulting from
adjustments and changing engine conditions can not be
easily correlated due to the measurement delays.

[0005] Therefore, there exists a need for an apparatus,
system and method for guiding a gas to a sensing portion of
a sensor.

BRIEF DESCRIPTION OF THE DRAWING

[0006] FIG. 1 is a block diagram of an exhaust guide
within an exhaust system in accordance with an exemplary
embodiment of the invention.

[0007] FIG. 2 is an illustration of a perspective view of an
exemplary exhaust guide suitable for mounting near the
output of an exhaust system.

[0008] FIG. 3 is an illustration of a sectional side view of
an exemplary exhaust guide mounted near an output of an
exhaust system.

[0009] FIG. 4 is an illustration of a front view of an
exemplary exhaust guide mounted near the output of the
exhaust system.

[0010] FIG. 5 is an illustration of a sectional side view of
an exhaust guide in accordance with a second exemplary
embodiment where at least a portion of the sensor is posi-
tioned outside of the exhaust channel.

[0011] FIG. 6 is an illustration of a front view of the
exhaust guide in accordance with a second exemplary
embodiment where at least a portion of the sensor is posi-
tioned outside of the exhaust channel.

[0012] FIG. 7 is an illustration of a perspective view of an
exhaust guide in accordance with a third exemplary embodi-
ment of the invention.

[0013] FIG. 8 is an illustration of a cross sectional side
view of the exhaust guide in accordance with the third
exemplary embodiment of the invention.

[0014] FIG. 9 is an illustration of a perspective view of an
exhaust guide in accordance with a fourth exemplary
embodiment of the invention.

[0015] FIG. 10 is an illustration of a side view of the
exhaust guide in accordance with the fourth exemplary
embodiment of the invention.

[0016] FIG. 11 is an illustration of cross sectional side
view of the exhaust guide mounted in an exhaust system in
accordance with the fourth exemplary embodiment of the
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0017] In an exemplary embodiment of the invention, an
exhaust guide directs exhaust gases past a measuring portion
of a sensor when an input port and an output port of the
exhaust guide are positioned within an exhaust flow. The
input port and output port are connected to a chamber
housing and configured to receive exhaust gases through the
input port, direct the exhaust gases through a chamber within
the chamber housing, and expel the exhaust gases from the
output port allowing the sensor positioned within the cham-
ber to sample the exhaust gases. The configuration and
orientation of the input port and output port result in the
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creation of a high pressure region near an input aperture of
the input port and a low pressure region near an output
aperture of the output port when the exhaust guide is
properly orientated within the exhaust flow. In the exem-
plary embodiment, the low pressure region is created during
both positive and negative flow cycles resulting in a nearly
continual low pressure region near the output port.

[0018] FIG. 1 is a block diagram of a side view of a gas
guide 100 within a gas channel 116 in accordance with an
exemplary embodiment of the invention. FIG. 1 includes
various blocks that represent components, regions, and areas
within the gas guide 100 in an illustrated arrangement that
parallels a schematic representation of sectional side views
of gas guides in accordance with the exemplary embodi-
ments. The blocks illustrated in FIG. 1 do not necessarily
represent the relative sizes or positions of the components or
regions of the gas guide 100. As discussed below in further
detail, the gas guide 100 may be formed as an integrated unit
from a single material or may be implemented using two or
more components of similar or different materials. The
various functions and operations of the functional blocks
described with reference to FIG. 1 may be implemented
using any number of components or elements. The gas guide
100 may be used to guide any gas or other fluid past a
sensing device when the gas guide 100 is positioned within
a gas or fluid flow. Accordingly, the principles and tech-
niques discussed herein may be applied in a variety of
circumstances in any of numerous industries without depart-
ing from the scope of the invention. The exemplary embodi-
ments presented below are discussed with reference to uses
of measuring oxygen concentration of exhaust gases within
an exhaust system connected to a combustion engine. Those
skilled in the art will readily apply the teachings herein in
accordance with known techniques to other implementa-
tions, industries, and applications.

[0019] The gas guide 100 includes at least a chamber
housing 102, an input port 104 and an output port 106. The
chamber housing 102 is configured to receive and hold a
sensor 108 in a manner such that at least the intake portion
110 of the sensor 108 is positioned within the chamber 112
of the chamber housing 102. The intake portion 110 of the
sensor 108 typically includes several openings that allow the
gases to be sampled to enter the sensor 108. The sensor 108
is drawn using dashed lines in FIG. 1 to illustrate that the
sensor 108 is not part of the gas guide 100 in the exemplary
embodiment. In some circumstances, however, the sensor
108 may be permanently secured to the gas guide 100. For
example, the sensor 108 may be implemented to include the
gas guide 100 in an integrated device in some situations. As
explained below in further detail, the sensor 108 is screwed
into a threaded bore (not shown) of the chamber housing 102
in the exemplary embodiments. Other moutiung techniques
can be used in some circumstances.

[0020] During operation, the gas guide 100 is mounted in
the gas flow 114 within a gas channel 116 such as an exhaust
system (116) connected to a combustion engine. The gas
guide 100 includes the appropriate configuration and mount-
ing mechanisms to secure the gas guide 100 at the desired
location within the gas channel (exhaust system) 116. The
gas guide 100 is illustrated as being completely contained
within the gas channel 116. In some circumstances, at least
a portion of the gas guide 100 may be located outside of the
gas channel 116. For example, the oxygen sensor 108 may
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be positioned completely outside of the exhaust system
(116) as described below with reference to second, third, and
fourth exemplary embodiments of the invention. Where the
gas channel 116 is an exhaust system (116), the exhaust gas
flow 114 within the exhaust system 116 generally flows from
its source at the exhaust valve of the engine toward an
exhaust output such as a tail pipe. The gas flow direction
(118, 120), however, may oscillate between a positive flow
118 from the exhaust valve toward the output and a negative
flow 120 from the output toward the engine. Accordingly,
the lines representing the gas flow 114 in FIG. 1 are drawn
with arrow heads on both ends to illustrate that the gas flow
114 may flow in both directions. The frequency of the
oscillation depends on the number of engine cylinders and
the engine speed as well as other factors. The oscillations are
more pronounced during slow engine speeds and with
engines having fewer cylinders. The lengths of the arrows
denoting the gas flow 114 in FIG. 1 represent the relative
pressure and velocity of the gas flow 114 across the diameter
of the exhaust system gas channel 116. In accordance with
well known fluid dynamics principles, the speed of the gas
flow 114 near the center of the channel 116 is greater than
the speed near the inner surface 130 of the channel 116. The
general direction of positive gas flow is illustrated with
arrow 118 and the negative gas flow direction is illustrated
by arrow 120 in FIG. 1.

[0021] The output port 106 is configured to pull gases
from the chamber 112 when the gases flow past the output
port 106. When the gas flow 114 moves past the output port
106, a low pressure region 122 is formed at the output
aperture 124 of the output port 106. The shape of the output
port 106 and the orientation of the output aperture 124
relative to the direction of the gas flow 114 are configured to
result in a gas flow 114 near the output aperture 124 that
creates the low pressure region 122. As discussed below, the
output port 106 is configured to include an output conduit
that positions the plane of the output aperture 124 an angle
to the gas flow 114 to create the low pressure region 122 in
the exemplary embodiment. Operation of the output port
106 can be explained with reference to the Bernoulli’s
Principle and the “venturi effect”. As observed in the exem-
plary embodiment, Bernoulli’s principle can be generally
summarized as the theory that an increase in the speed of a
flowing fluid results in a decrease in pressure. Accordingly,
when the gas is forced to travel around a longer path near the
output port 106, its speed must increase and, as a result, a
low pressure region 122 in the exhaust flow 114 is formed
at the output port 106. The output port 106, therefore, forms
a “venturi” where the higher pressure gases inside the
chamber 112 try to equalize the lower pressure at the output
port 106 and are, therefore, sucked toward the output
aperture 124. Examples of other suitable output port 106
configurations include baffles or flaps strategically aligned to
create the low pressure region 122.

[0022] The input port 104 is configured to create a high
pressure region 126 at the input aperture 128. As the angle
of the plane of the aperture to the gas flow direction
approaches 90 degrees, the pressure at the input aperture 128
increases. By positioning the input aperture 128 laterally
toward the gas flow 114 direction, the high pressure region
126 is formed at the input aperture 128. The combination of
the high pressure region 126 and the low pressure region 122
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create an efficient flow of gases from the input port 104,
through the chamber 112, and out through the output port
106.

[0023] FIG. 2 is an illustration of a perspective view of an
exemplary exhaust guide 200 suitable for mounting near the
output of an exhaust system 116. The exhaust guide 200 may
be implemented using a variety of materials and configura-
tions. The exhaust guide 200 may be formed form any
combination of solid metals, alloys, and ceramics that can
withstand the temperature changes in the particular envi-
ronment without significant deformation or deterioration.
Examples of suitable materials include stainless steel, cop-
per and cast aluminum.

[0024] In the exemplary embodiment, the input port 104
includes an input conduit 202 having an input aperture 128
opposite a chamber end 204 connected to the chamber
housing 102. The input aperture 128 is positioned to face the
exhaust gas flow 114 in the exemplary embodiments. The
output port 106 includes an output conduit 206 having an
output aperture 124 opposite a chamber end 205 connected
to the housing chamber 102. The plane of the output aperture
124 is aligned laterally to the exhaust flow 114 when the
exhaust guide 200 is mounted in an exhaust pipe of the
exhaust system 116. The output conduit 206 is configured to
align the plane of the output aperture 124 nearly parallel to
the exhaust gas flow 114 in the exemplary embodiment.
When the exhaust guide 200 is mounted to position the plane
of the input aperture 128 at a right angle to the exhaust gas
flow 114, therefore, the plane of the output aperture 124 is
positioned at a slight angle to the exhaust gas flow 114. As
described below in further detail, the output aperture 124 is
angled slightly toward the exhaust system output in an
exemplary embodiment where the output conduit is a pipe.
In other exemplary embodiments a bevel is formed near the
output aperture 124 and the plane of the output aperture 124
is parallel to the exhaust flow.

[0025] Although any of several mechanisms and tech-
niques may be used to mount the exhaust guide 200, a
mounting mechanism 208 includes a clamp arm 210 and a
clamp screw 212 in the first exemplary embodiment. The
clamp screw 212 may be a screw, thumb screw, screw knob,
or other type of threaded member that can be tightened to
secure the exhaust guide 200. The exhaust guide 200 is
positioned near the end of an exhaust system 116 such as in
the tail pipe by tightening the clamp screw 212 until sig-
nificant pressure is achieved between the end of the clamp
screw 212 and the edge of the tail pipe. In the exemplary
embodiment, the input aperture 128 is positioned along an
outer portion of the interior of the exhaust tail pipe and the
output aperture 124 is positioned near the inner portion of
the interior of the exhaust tail pipe. As discussed below in
further detail, this configuration further reduces the likeli-
hood of contamination from external air in the chamber 112
during backflow conditions.

[0026] FIG. 3 is an illustration of a cross sectional side
view and FIG. 4 is an illustration of a front view of the
exhaust guide 200 mounted in a tail pipe 302 in accordance
with the first exemplary embodiment. The input conduit 202
is positioned near the inner surface 304 of the tail pipe 302
placing the input aperture 128 within the outer region 308 of
the interior 310 of the exhaust tail pipe 302. As the exhaust
gases travel down the exhaust pipe 302, the exhaust gases
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near the inner region 312 travel at faster rate than the gases
near the tail pipe inner surface 304 (within outer region 308).
The lengths of the arrows (306) denoting the exhaust flow
306 in FIG. 3 represent the relative pressure and velocity of
the exhaust flow 306 across the diameter of the exhaust tail
pipe 302. In accordance with well known fluid dynamics
principles, the speed of the exhaust flow 306 near the center
402 of the exhaust pipe 302 is greater than the speed near the
inner surface 304 of the exhaust pipe 302. By positioning the
input conduit 202 farther from the center 402 of the exhaust
pipe 302 than the output conduit 206, contamination of the
sampled gasses by gases outside of the exhaust system 116
are minimized. During operation of the combustion engine,
the exhaust flow 306 follows a time-varying function where
the frequency of the oscillations depends on the number of
cylinders and the rotational speed of the engine. At low
speeds, the direction become negative during a portion of the
cycle and air near the output of the tail pipe 302 may be
sucked back into the exhaust pipe 302. As the speed of the
engine increases, a smaller portion of the cycle is negative.
During slower speeds, such as during idle conditions, the
outside air is pulled into the exhaust system 302. If allowed
to enter the chamber 112, the outside air contaminates the
gasses being measured resulting in an inaccurate oxygen
concentration measurement. At least two features of the first
exemplary exhaust guide 200 minimize contamination of the
measured gasses. Since the low pressure region 122 is
formed near output port 106 during negative exhaust flow
120 as well as during positive exhaust flow 118, exhaust
gasses are nearly continuously flowing through the chamber
112 from the input port 104 to the output port 106. Since the
change in direction and pressure is more pronounced in the
inner region 312, outside air sucked into the tail pipe 302
flows primarily within the inner region 312. The exhaust
gasses in the outer region 308 near the inner surface 304 of
the tail pipe 302, therefore, are less likely to be contaminated
with external air. As a result, the gasses entering the chamber
112 through the input port 104 are less likely to include
external air that has been sucked back into the exhaust
system 302 during negative cycles of the exhaust flow 306.

[0027] Although the input aperture 128 may have any of
several configurations, shapes, and orientations, the input
aperture 128 is a circular opening where the plane of the
circle defining the opening is perpendicular to the exhaust
flow 114 when the exhaust guide 200 is mounted within the
tail pipe 302. The angle 314 between the direction of the
exhaust flow 114 and the plane of the input aperture is 90
degrees or nearly 90 ninety degrees. The high pressure
region 126 is maximized when the plane of the input
aperture 128 is perpendicular to the exhaust flow 114.

[0028] The angle 316 between the plane of the output
aperture 124 and the exhaust flow 114 can be anywhere
between zero degrees and thirty degrees. The angle 316 is
zero degrees when the output aperture is parallel to the
exhaust flow 114 and is 90 degrees where the output aperture
124 is perpendicular to the exhaust flow 114. As the angle
316 between the plane of the output aperture 124 and the
exhaust flow approaches 0 degrees from 90 degrees, the low
pressure region increases. In most situations, the low pres-
sure region 122 will be at an optimum level when the angle
316 is between 1 and 4 degrees. In the first exemplary
embodiment the angle 316 is between 2 and 3 degrees is
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approximately 2.5 degrees. Therefore, the bevel angle 316
may greater than 0, 1, or 2 degrees and/or less than 3, 4, or
30 degrees.

[0029] Although the tail pipe 302 is a cylinder and has a
circular cross section in the exemplary embodiment, the tail
pipe 302 may have any of several shapes and configurations.
For example, the tail pipe 302 may have larger cross
sectional area than the exhaust pipe connecting the tail pipe
302 to the exhaust manifold. Further, in some circumstances,
the tail pipe 302 may have a rectangular cross section.

[0030] FIG. 5is an illustration of a sectional side view and
FIG. 6 is an illustration of a front view of an exhaust guide
500 in accordance with a second exemplary embodiment
where the oxygen sensor 108 is positioned outside of the
exhaust system 116. The second exemplary exhaust guide
500 includes a mounting mechanism 502 that positions the
oxygen sensor 108 outside the exhaust system 514.
Although other mounting mechanisms 502 and techniques
may be used in some circumstances, the mounting mecha-
nism 502 in the second exemplary embodiment includes a
tube 504 threaded into a bung 506 that is welded into the
exhaust system 514. The exhaust guide 500 includes a
marking (not shown) indicating the orientation of the input
aperture 128 within the exhaust system 514. The marking
provides a mechanism for properly aligning the exhaust
guide 500 within the exhaust system 514. After the tube 504
is threaded into the bung 506 and positioned at the appro-
priate depth and orientation, a locking nut 508 secures the
exhaust guide 500 to maintain the appropriate position in the
second exemplary embodiment. An example of another
technique for aligning and securing the exhaust guide 500
includes tightening the exhaust guide 500 into the bung 506
to deform a compression washer (not shown) positioned
between the top of the bung 506 and a bottom seat of exhaust
guide 500. With such a mounting mechanism, the exhaust
guide 500 is tightening until the exhaust guide 500 is secured
in the appropriate orientation to the exhaust flow 518. The
marking allows the installer to properly align the exhaust
guide 500 in the exhaust channel 514.

[0031] In the second exemplary embodiment, the input
port 104 is an input conduit 202 including an elbow to
position the plane of the input aperture 128 perpendicularly
to the exhaust flow 114. The output port 106 includes an
output conduit 204 having an output aperture 124 positioned
at an angle 516 of approximately 2 to 3 degrees to the
exhaust flow 518 in the exemplary embodiment. The angle
516 may be other values and should be between 0 and 30
degrees in most circumstances. In many situations, a suitable
value for the angle 516 is between 1 and 4 degrees. There-
fore, the bevel angle 516 may greater than 0, 1, or 2 degrees
and/or less than 3, 4, or 30 degrees. The input aperture 128
is positioned within the output region 510 of the interior 512
of the exhaust channel 514 and the output aperture 124 is
positioned within the inner region 516 within the interior
512 of the exhaust channel 514. As explained above, posi-
tioning the input aperture 128 within the outer region 510
near the interior surface 520 of exhaust channel 514 mini-
mizes contamination by external air where the exhaust guide
500 is mounted near the exhaust output. Where the exhaust
guide 500 is mounted near the engine, the positions of the
apertures 124, 128 are less critical for minimizing contami-
nation.
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[0032] The exhaust channel 514 may be any portion of the
exhaust system and may have any of several shapes and
sizes. The exhaust channel 514 is shown as a cylindrical pipe
or tube in FIG. § and FIG. 6. The second exemplary exhaust
guide 500 may be mounted in a section of exhaust pipe, to
an exhaust manifold, or anywhere in the exhaust system
where exhaust gases are sampled and measured.

[0033] As explained above, conventional systems are lim-
ited in that the oxygen sensor experiences high temperatures
and large temperature variations resulting in premature
failure of the oxygen as well as a decrease in the accuracy
of the oxygen concentration measurement when the oxygen
sensor is mounted near the engine. In the second exemplary
embodiment, the temperature of the oxygen sensor 108 is
significantly reduced improving performance as well as the
useful life of the oxygen sensor 108. By reducing the
proximity of the oxygen sensor 108 to the extremely high
temperature exhaust gases and exhaust system 116 compo-
nents, the ambient temperature near the oxygen sensor 108
is greatly reduced. The oxygen sensor 108 is further ther-
mally isolated by insulating the input conduit 202 and the
output conduit 204 from the exhaust channel 514. In some
circumstances, a material having a high thermal resistance
can be used to fill the area between the conduits 202, 204 and
the tube 504. Also, materials having a relatively low thermal
conduction may be used to form one or more components of
the exhaust guide 500.

[0034] FIG. 7 is an illustration of a perspective view and
FIG. 8 is an illustration of a cross sectional side view of an
exhaust guide 700 in accordance with a third exemplary
embodiment of the invention. Although any of several
materials can be used to form the exemplary guide 700, the
exhaust guide 700 is cast aluminum in the third exemplary
embodiment. In accordance with known techniques, the
exhaust guide 700 is cast and machined to form a single
piece of aluminum that includes at least an input conduit 202
having an input aperture 128, output conduit 206 having an
output aperture 124, and a chamber housing 110. In the third
exemplary embodiment, therefore, the input port 104, the
output port 106, and the chamber 112 are formed from
channels and cavities within a single cast aluminum body.

[0035] Although the input aperture 128 may have any of
several configurations, shapes, and orientations, the input
aperture 128 is a circular opening where the plane of the
circle defining the opening is perpendicular to the exhaust
flow 114 when the exhaust guide 700 is mounted within the
tail pipe 302. The angle between the direction of the exhaust
flow 314 and the plane of the input aperture is 90 degrees or
nearly 90 ninety degrees. The high pressure region 126 is
maximized when the plane of the input aperture 128 is
perpendicular to the exhaust flow 314.

[0036] Although the output aperture 124 may be slightly
angled from the direction of the exhaust flow 314, the output
conduit 206 includes a bevel 802 in the third exemplary
embodiment. The bevel 802 has a configuration such that a
bevel angle 804 is formed between the plane of the bevel
802 and the exhaust flow 306 when the exhaust guide 700 is
mounted in the tail pipe 302. Although the angle may be in
the range form 0 to 30 degrees, examples of suitable values
of the bevel angle include values in the range between 1 and
4 degrees. In the third exemplary embodiment, the bevel
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angle 804 is between 2 and 3 degrees. Therefore, the bevel
angle 1104 may greater than 0, 1, or 2 degrees and/or less
than 3, 4, or 30 degrees.

[0037] Although any of several mechanisms and tech-
niques may be used to mount the exhaust guide 700, a
mounting mechanism 208 includes a clamp arm 210 and a
clamp screw 212 in the third exemplary embodiment. The
clamp screw 212 may be a screw, thumb screw, screw knob,
or other type of threaded member that can be tightened to
secure the exhaust guide 700. The exhaust guide 700 is
positioned near the end of an exhaust system 116 such as in
the tail pipe 302 by tightening the clamp screw 212 until
significant pressure is achieved between the end of the
clamp screw 212 and the outer edge of the tail pipe 302. In
the exemplary embodiment, the input aperture 128 is posi-
tioned along an outer portion of the interior 304 of the
exhaust tail pipe and the output aperture 124 is positioned
near the inner portion of the interior of the exhaust tail pipe
302. As discussed below in further detail, this configuration
further reduces the likelihood of contamination from exter-
nal air in the chamber 112 during backflow conditions.

[0038] The exhaust guide 700 includes a threaded opening
702 to receive the oxygen sensor 108. Threads 704 are
machined into the opening 702 after the body of the exhaust
guide 700 is cast. In the third exemplary embodiment, the
oxygen sensor 108 is positioned outside of the exhaust flow
306 when the exhaust guide 700 is secured to the tail pipe
302. Positioning the oxygen sensor 108 outside of the
exhaust flow 306 reduces the operating temperature of the
oxygen sensor 108 in most situations. Since the oxygen
sensor 108 is not directly exposed to the hot exhaust gases,
the oxygen sensor 108 remains cooler. Further, the oxygen
sensor 108 is not exposed to large variations in temperature.
In many situations, the lower operating temperatures and
smaller temperature variations result in an improved oxygen
sensor 108 accuracy.

[0039] FIG. 9 is an illustration of a perspective view of an
exhaust guide 900 in accordance with a fourth exemplary
embodiment. Although any of several materials can be used
to form the exemplary exhaust guide 900, the exhaust guide
900 is stainless steel in the fourth exemplary embodiment.
The exhaust guide 900 includes threads 908 for screwing the
exhaust guide 900 into a bung 502 of an exhaust system. An
oxygen sensor 108 is screwed into the threaded opening 904
to position the sensing portion 110 of the oxygen sensor 108
within the chamber 112. An alignment marking 906 allows
the installer to align the exhaust guide 900 in the preferred
orientation within the exhaust system 514. Although the
alignment marking 906 may be any type of visual indicator
providing information regarding the position of the apertures
124, 128, the alignment marking 906 is a dimple above the
input aperture 128. In the fourth exemplary embodiment, the
exhaust guide 900 includes several cooling fins 902. The
cooling fins 906 are formed by machining radial grooves
along the circumference of the body.

[0040] FIG. 10 is an illustration of a side view and FIG.
11 is a cross sectional side view of the exhaust guide 900 in
accordance with the fourth exemplary embodiment. In
accordance with known techniques, the exhaust guide 900 is
machined from a single piece of stainless steel to form an
exhaust guide 900 including at least an input port 104 having
an input aperture 128, output port 106 having an output
aperture 124 and a chamber housing 110. In the fourth
exemplary embodiment, therefore, the input port 104, the
output port 106 and the chamber 112 are formed from
channels and cavities within a single stainless steel body.
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[0041] Although the input aperture 128 may have any of
several configurations, shapes, and orientations, the input
aperture 128 is a circular opening where the plane of the
circle defining the opening is perpendicular to the exhaust
flow 514 when the exhaust guide 900 is mounted within the
exhaust system 514. The angle between the direction of the
exhaust flow 514 and the plane of the input aperture is 90
degrees or nearly 90 ninety degrees. The high pressure
region 126 is maximized when the plane of the input
aperture 128 is perpendicular to the exhaust flow 514.

[0042] Although the output aperture 124 may be slightly
angled from the direction of the exhaust flow 518 in some
circumstances, the output conduit 206 includes a bevel 1002
in the fourth exemplary embodiment. The bevel 1002 has a
configuration such that a bevel angle 1004 is formed
between the plane of the bevel 1002 and the exhaust flow
518 when the exhaust guide 900 is mounted in the exhaust
system 514. Although the angle 1004 may be in the range
form 0 to 30 degrees, examples of suitable values of the
bevel angle 1004 include values in the range between 1 and
4 degrees. In the fourth exemplary embodiment, the bevel
angle 1004 is between 2 and 3 degrees and is approximately
2.5 degrees. Therefore, the bevel angle 1104 may greater
than 0, 1, or 2 degrees and/or less than 3, 4, or 30 degrees.

[0043] In the fourth exemplary embodiment, the exhaust
guide 900 is mounted in the exhaust system 514 by screwing
the exhaust guide 900 into a threaded bung 506 that is
welded into the exhaust channel 514. The exhaust guide 900
is tightened to crush a compression washer 1102 until the
marking 906 is facing the toward the exhaust flow 518.
Other mounting mechanisms may be used in come circum-
stances. A locking washer 508, for example, may be used as
described with reference to FIG. 5 in some situations.

[0044] The exhaust guide 900 includes a threaded opening
904 to receive the oxygen sensor 108. In the third exemplary
embodiment, the oxygen sensor 108 is positioned outside of
the exhaust flow 518 when the exhaust guide 900 is secured
to exhaust system 514. Positioning the oxygen sensor 108
outside of the exhaust flow 518 reduces the operating
temperature of the oxygen sensor 108 in most situations.
Since the oxygen sensor 108 is not directly exposed to the
hot exhaust gases, the oxygen sensor 108 remains cooler.
Further, the oxygen sensor 108 is not exposed to large
variations in temperature. In many situations, the lower
operating temperatures and smaller temperature variations
result in an improved oxygen sensor 108 accuracy.

[0045] Accordingly, the exemplary apparatuses, systems,
and methods of the present invention facilitate the efficient
and accurate measurement of exhaust gases. Exhaust gases
are guided through the input port 104, through the chamber
112 that houses the oxygen sensor 108, and out through the
output port 106 by creating a high pressure region 126 at the
input aperture 128 and a low pressure region 122 at the
output aperture 124 when the apertures 124, 128 are posi-
tioned with the exhaust flow 114. In the second exemplary
embodiment, the oxygen sensor 108 is thermally isolated
from the exhaust gases and the exhaust system 116 mini-
mizing the temperature of the oxygen sensor 108.

[0046] Those skilled in the art will readily recognize the
various modifications and combinations of the embodiments
discussed and other alternate embodiments based on the
teachings herein. For example, an adapter may be used to
provide a mechanism for converting an exhaust guide 200 in
accordance with the first exemplary embodiment to an
exhaust sensor 500 in accordance with the second exemplary
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embodiment where additional conduits or channels within
the adapter guide the exhaust gases to the input conduit 202
and output conduit 204.

[0047] Clearly, other embodiments and modifications of
this invention will occur readily to those of ordinary skill in
the art in view of these teachings. Therefore, this invention
is to be limited only by following claims, which include all
such embodiments, equivalents, and modifications when
viewed in conjunction with the above specification and
accompanying drawings.

What is claimed is:
1. An apparatus for guiding a gas to an intake portion of
a sensor, the apparatus comprising:

a chamber housing having a chamber configured to house
at least the intake portion of the sensor;

an input port connected to the chamber housing; and

an output port connected to the chamber, the input port
and the output port configured to guide the gas from the
input port through the chamber to the output port when
the input port and the output port are exposed to a gas
flow.

2. An apparatus in accordance with claim 1, wherein the
apparatus is configured to create a high pressure region at the
input port when the input port is exposed to the gas flow.

3. An apparatus in accordance with claim 1, wherein the
apparatus is configured to create a low pressure region at the
output port when the output port is exposed to the gas flow.

4. An apparatus in accordance with claim 1, wherein input
port comprises an input conduit having an input aperture, a
plane of the input aperture aligned laterally to the gas flow
when the input conduit is positioned within the gas flow.

5. An apparatus in accordance with claim 1, wherein
output port comprises an output conduit having an output
aperture, a plane of the output aperture aligned an angle
between one degree and 4 degrees to the gas flow when the
output conduit is positioned within the gas flow.

6. An apparatus in accordance with claim 5, wherein the
angle is between 2 degrees and 3 degrees.

7. An apparatus in accordance with claim 6, wherein the
angle is approximately 2.5 degrees.

8. An apparatus in accordance with claim 1, the apparatus
further comprising a mounting mechanism configured to
secure the apparatus to a gas channel, the gas flow flowing
through the gas channel.

9. An apparatus in accordance with claim 8, wherein at
least a portion of the sensor is positioned outside of a gas
channel.

10. An apparatus in accordance with claim 8, wherein the
mounting mechanism comprises a threaded bung connected
to the gas channel.

11. An apparatus in accordance with claim 10, wherein the
mounting mechanism comprises a compression washer.

12. An apparatus in accordance with claim 11, further
comprising an orientation indicator indicating the orienta-
tion of the input aperture.

13. An exhaust guide for guiding exhaust gases of an
engine exhaust gas flow within an exhaust system to an
intake portion of an oxygen sensor, the exhaust guide
comprising:

a chamber housing having a chamber configured to house
at least the intake portion of the oxygen sensor;

Jul. 28, 2005

an input port connected to the chamber housing; and

an output port connected to the chamber, the input port
and the output port configured to guide the exhaust
gases from the input port through the chamber to the
output port when the input port and the output port are
exposed to the engine exhaust flow.

14. An exhaust guide in accordance with claim 13,
wherein the exhaust guide is configured to create a high
pressure region at the input port when the input port is
exposed to the exhaust gas flow.

15. An exhaust guide in accordance with claim 13,
wherein the exhaust guide is configured to create a low
pressure region at the output port when the output port is
exposed to the exhaust gas flow.

16. An exhaust guide in accordance with claim 13,
wherein input port comprises an input conduit having an
input aperture, a plane of the input aperture aligned laterally
to the exhaust gas flow when the input conduit is positioned
within the exhaust gas flow.

17. An exhaust guide in accordance with claim 13,
wherein output port comprises an output conduit having an
output aperture, a plane of the output aperture aligned an
angle between one degree and four degrees to the gas flow
when the output conduit is positioned within the exhaust gas
flow.

18. An exhaust guide in accordance with claim 17,
wherein the angle is between two and three degrees.

19. An exhaust guide in accordance with claim 18,
wherein the angle is approximately 2.5 degrees.

20. An exhaust guide in accordance with claim 13, the
apparatus further comprising a mounting mechanism con-
figured to secure the exhaust guide to the exhaust system.

21. An exhaust guide in accordance with claim 20,
wherein at least a portion of the sensor is positioned outside
of the exhaust system.

22. An exhaust guide in accordance with claim 21,
wherein the mounting mechanism comprises a threaded
bung connected to the exhaust system.

23. An exhaust guide in accordance with claim 22,
wherein the mounting mechanism further comprises a com-
pression washer positioned between the threaded bung and
a bottom seat of the exhaust guide.

24. An exhaust guide in accordance with claim 20,
wherein the mounting mechanism comprises a clamp screw
and a clamp arm, the mounting mechanism configured to
connect to a tail pipe of the exhaust system.

25. An exhaust guide for guiding exhaust gases of an
engine exhaust gas flow within an exhaust system to an
intake portion of an oxygen sensor, the exhaust guide
comprising:

a chamber housing having a chamber configured to house

at least the intake portion of the oxygen sensor;

a mounting mechanism configured to position and least a
portion of oxygen sensor outside of the exhaust system;

an input port connected to the chamber housing; and

an output port connected to the chamber, the input port
and the output port configured to guide the exhaust
gases from the input port through the chamber to the
output port when the input port and the output port are
exposed to the engine exhaust flow.
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