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A method of passively suppressing noise within a heat
exchanger comprises the steps of preselecting a plurality of
sound wave travel distances formed between a plurality of
surfaces within the heat exchanger to cause destructive inter-
ference of a preselected set of sound waves as the sound
waves travel the preselected sound wave travel distances and
assembling the heat exchanger to have the preselected plural-
ity of sound wave travel distances formed between the plu-
rality of surfaces formed within the heat exchanger.
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HEAT EXCHANGER WITH INTEGRATED
NOISE SUPPRESSION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Provisional
Patent Application Ser. No. 62/034,941, filed Aug. 8, 2014,
the entire disclosure of which is hereby incorporated herein
by reference.

FIELD OF THE INVENTION

[0002] The invention relates to a heat exchanger, and more
specifically to a heat exchanger including passive noise sup-
pression features.

BACKGROUND OF THE INVENTION

[0003] Modern spark ignition and diesel internal combus-
tion engines utilize turbochargers to improve performance
and efficiency. The turbocharger compresses a stream of air,
causing the air to have an increased temperature and pressure.
However, it is desirable for the air entering the engine to be
cooled after exiting the turbocharger because cooler air will
have an increased density, thereby improving the efficiency of
the engine. Typically, a system including a turbocharger will
therefore also include a heat exchanger such as a charge air
cooler (CAC) or a water cooled charge air cooler (WCAC)
disposed downstream of the turbocharger to cool the stream
of air that has been compressed by the turbocharger. The
cooling of the air may also eliminate the danger of pre-
detonation of the air and a fuel prior to a timed spark ignition.
[0004] Most charge air coolers include an inlet tank that
distributes the air stream through a plurality of heat exchanger
passages. A second fluid acting as a coolant flows over the
plurality of heat exchanger passages and removes heat from
the air flowing therethrough. The air then exits the plurality of
heat exchanger passages and enters an outlet tank. The outlet
tank includes an outlet through which the air stream exits the
charge air cooler before entering an intake region of the
engine.

[0005] Oneissue associated with the charge air cooler is the
production of undesirable sound frequencies and amplitudes
that travel with the stream of air flowing through the charge
air cooler. These undesirable sound frequencies and ampli-
tudes may propagate through the system and be heard by a
passenger of a vehicle having the charge air cooler. These
sounds can be bothersome and even distracting to the passen-
ger.

[0006] It would therefore be desirable to produce a heat
exchanger for use with a turbocharged system that militates
against a generation of undesirable sound frequencies and
amplitudes by providing a passive noise suppression system
integrated within the heat exchanger.

SUMMARY OF THE INVENTION

[0007] Compatible and attuned with the present invention,
a heat exchanger having a passive noise suppression system
integrated therein has surprisingly been discovered.

[0008] In one embodiment of the invention, a heat
exchanger comprises an inlet tank having a hollow interior, an
inlet conduit in fluid communication with the hollow interior
of'the inlet tank, an outlet tank having a hollow interior, a heat
exchanger passage extending between the inlet tank and the
outlet tank, and a sound suppression structure integrated in at

Feb. 11, 2016

least one of the inlet tank, the outlet tank, and the heat
exchanger passage. The sound suppression structure is con-
figured to passively suppress a preselected set of sound waves
present within the heat exchanger.

[0009] A method of passively suppressing noise within a
heat exchanger is also disclosed. The method comprises the
steps of preselecting a plurality of sound wave travel dis-
tances formed between a plurality of surfaces within the heat
exchanger to cause destructive interference of a preselected
set of sound waves as the sound waves travel the preselected
sound wave travel distances; and assembling the heat
exchanger to have the preselected plurality of sound wave
travel distances formed between the plurality of surfaces
formed within the heat exchanger.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above, as well as other objects and advantages
of'the invention, will become readily apparent to those skilled
in the art from reading the following detailed description of a
preferred embodiment of the invention when considered in
the light of the accompanying drawings:

[0011] FIG. 1is a cross-sectional elevational view of a heat
exchanger according to an embodiment of the invention;
[0012] FIG. 2 is a fragmentary cross-sectional elevational
view of an inlet tank of the heat exchanger illustrated in FI1G.
1 having a perforated plate;

[0013] FIG. 3 is a fragmentary cross-sectional elevational
view of an inlet tank of the heat exchanger illustrated in FI1G.
1 having a plate with a plurality of conduits extending there-
through;

[0014] FIG. 4 is a fragmentary cross-sectional elevational
view of an inlet tank of a heat exchanger having a first sound
absorption feature according to another embodiment of the
invention;

[0015] FIG. 5 is a fragmentary cross-sectional elevational
view of the inlet tank illustrated in FIG. 4 having a second
sound absorption feature;

[0016] FIG. 6 is a fragmentary cross-sectional elevational
view of the inlet tank illustrated in FIG. 4 having a third sound
absorption feature; and

[0017] FIG. 7 is a fragmentary cross-sectional elevational
view of the inlet tank illustrated in FIG. 4 having a fourth
sound absorption feature.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The following detailed description and appended
drawings describe and illustrate various embodiments of the
invention. The description and drawings serve to enable one
skilled in the art to make and use the invention, and are not
intended to limit the scope of the invention in any manner. In
respect of the methods disclosed, the steps presented are
exemplary in nature, and thus, the order of the steps is not
necessary or critical.

[0019] FIG. 1 illustrates a heat exchanger 10 having a pas-
sive sound suppression structure integrated therein according
to an embodiment of the invention. The heat exchanger 10
includes an inlet tank 20, an outlet tank 30, and a plurality of
heat exchanger passages 40 extending longitudinally from
the inlet tank 20 to the outlet tank 30. Although four heat
exchanger passages 40 are shown in the drawings, it is under-
stood that more or fewer of the heat exchanger passages 40
can be used as desired. The inlet tank 20 acts an inlet manifold
for receiving a first fluid therein and distributing the first fluid
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to each of the heat exchanger passages 40. The outlet tank 30
acts as an outlet manifold for collecting and recombining the
first fluid from the plurality of the heat exchanger passages 40
before the first fluid exits the heat exchanger 10. Each of the
heat exchanger passages 40 may extend substantially parallel
to an adjacent one of the heat exchanger passages 40 while
being spaced apart in a direction perpendicular to a longitu-
dinal axis of each of the heat exchanger passages 40. Accord-
ingly, the plurality of heat exchanger passages 40 may be
formed in a stacked array wherein each row of the array
includes one or more of the heat exchanger passages 40. In
other words, although shown stacked vertically in the draw-
ings, it is understood the heat exchanger passages can be
stacked horizontally, both horizontally and vertically, or have
other patterns or configurations as desired. The inlet tank 20
and the outlet tank 30 each extend longitudinally in a direc-
tion perpendicular to the longitudinal axis of each of the heat
exchanger passages 40.

[0020] The heat exchanger 10 may be used in conjunction
with a turbocharger system of a motor vehicle. Accordingly,
the first fluid may be air that has been turbocharged in a
turbocharger of the motor vehicle for use within the engine of
the motor vehicle. However, the structures and methods dis-
closed herein may be adapted for use in any suitable applica-
tion where noise suppression is desirable within a heat
exchanging structure.

[0021] The passive sound suppression structure of the heat
exchanger 10 is comprised of a plurality of surfaces formed
within the heat exchanger 10 being spaced apart from each
other by a plurality of preselected sound wave travel dis-
tances, thereby promoting destructive interference of at least
a portion of a preselected range of the sound waves traveling
through the heat exchanger 10. The plurality of surfaces may
be formed in at least one ofthe inlet tank 20, the outlet tank 30,
and each of the heat exchanger passages 40. The plurality of
sound travel distances are described in greater detail herein-
below.

[0022] Theinlet tank 20 has an interior width D1, the outlet
tank 30 has an interior width D2, and each of the heat
exchanger passages 40 has a length D3. The width D1 is a
distance measured from a first interior wall 21 of the inlet tank
20 to a second interior wall 22 of the inlet tank 20. The first
interior wall 21 of the inlet tank 20 is formed adjacent a fluid
inlet 25 thereof and the second interior wall 22 is arranged
opposite the first interior wall 21 and formed adjacent an inlet
41 of each of the heat exchanger passages 40. In some
embodiments, the second interior wall 22 forms a portion of
a header plate 23 configured to receive the inlet 41 of each of
the heat exchanger passages 40. The header plate 23 may be
coupled to a remainder of the inlet tank 20 by any suitable
coupling means, including the use of welding, brazing,
crimping, or threaded fasteners, as non-limiting examples.
The first interior wall 21 and the second interior wall 22 of the
inlet tank 20 may be arranged substantially parallel to each
other, but other configurations may be used without departing
from the scope of the present invention. The width D2 is a
distance measured from a first interior wall 31 of the outlet
tank 30 to a second interior wall 32 of the outlet tank 30. The
first interior wall 31 of the outlet tank 30 is formed adjacent a
fluid outlet 35 thereof and the second interior wall 32 is
arranged opposite the first interior wall 31 and formed adja-
cent an outlet 42 of each of the heat exchanger passages 40. In
some embodiments, the second interior wall 32 forms a por-
tion of a header plate 33 configured to receive the outlet 42 of
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each of the heat exchanger passages 40. The header plate 33
may be coupled to a remainder of the outlet tank 30 by any
suitable coupling means, including the use of welding, braz-
ing, crimping, or threaded fasteners, as non-limiting
examples. The first interior wall 31 and the second interior
wall 32 of the outlet tank 30 may be arranged substantially
parallel to each other, but other configurations may be used
without departing from the scope of the present invention.
Thelength D3 is a distance measured from the inlet 41 of each
of'the heat exchanger passages 40 to the corresponding outlet
42 thereof.

[0023] The inlet tank 20 may have any suitable shape and
configuration while maintaining the relationship between the
first interior wall 21, the second interior wall 22, the fluid inlet
25, and the inlet 41 of each of the heat exchanger passages 40.
Similarly, the outlet tank 30 may have any suitable shape and
configuration while maintaining the relationship between the
first interior wall 31, the second interior all 32, the fluid outlet
35, and the outlet 42 of each of the heat exchanger passages
40. For instance, either of the inlet tank 20 and the outlet tank
30 may include substantially cylindrical portions, rectangular
parallelepiped portions, tapered portions, and curvilinear sur-
faces, as non-limiting examples. Additionally, the heat
exchanger passages 40 may be any form of heat exchanger
passages 40 known in the art. The heat exchanger passages 40
may forinstance be traditional flat tube passages formed from
a sheet of aluminium or the heat exchanger passages 40 may
be multi-port extruded tubes. However, the heat exchanger
passages 40 may have any suitable size, shape, and configu-
ration, including having a cross-section that is circular, ellip-
tical, rectangular, curvilinear, or split to include multiple flow
channels (not shown) included in a single heat exchanger
passage 40, as non-limiting examples, so long as the heat
exchanger passages 40 connect the inlet tank 20 to the outlet
tank 30 and maintain the length D3.

[0024] The fluid inlet 25 is formed at an end of a conduit 27
and may extend a distance D4 beyond the first interior wall 21
of'the inlet tank 20. The conduit 27 may be formed integrally
with the remainder of the inlet tank 20 or the conduit 27 may
be formed separately and coupled to the remainder of the inlet
tank 20 using any suitable coupling means including the use
of welding, brazing, crimping, or threaded fasteners, as non-
limiting examples. The inlet 41 of each of the heat exchanger
passages 40 may extend a distance D5 beyond the second
interior wall 22 of the inlet tank 20.

[0025] The fluid outlet 35 is formed at an end of a conduit
37 and may extend a distance D6 beyond the first interior wall
31 of the outlet tank 30. The conduit 37 may be formed
integrally with the remainder of the outlet tank 30 or the
conduit 37 may be formed separately and coupled to the
remainder of the outlet tank 30 using any suitable coupling
means including the use of welding, brazing, crimping, or
threaded fasteners, as non-limiting examples. The outlet 42 of
each of the heat exchanger passages 40 may extend a distance
D7 beyond the second interior wall 32 of the outlet tank 30.

[0026] The dimensions D1, D2, D3, D4, D5, D6, and D7 all
represent dimensions that have been identified as sound travel
path distances within the heat exchanger 10 that are important
in determining a frequency and an amplitude of sound that
may be destructively and constructively interfered with
within the heat exchanger 10. Accordingly, one method of
passively suppressing sound frequencies and amplitudes car-
ried through the heat exchanger 10 via the first fluid is by
altering one or more of the dimensions D1, D2, D3, D4, D5,
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D6, and D7 to “tune” the heat exchanger 10 to a desired
configuration. The tuning is accomplished by altering any
distances which incident and reflected sound waves travel
into, through, or out of certain regions of the heat exchanger
10. The dimensions D1, D2, D3, D4, D5, D6, and D7 may
accordingly be selected to create destructive interference
within the heat exchanger 10 that reduces the amplitude of
any sound having a predetermined frequency that may be in
need of suppression. Alternatively, the dimensions D1, D2,
D3, D4, D5, D6, and D7 may be selected to amplify the
amplitude of any sound having a predetermined frequency by
means of constructive interference, as desired.

[0027] The heat exchanger 10 may be tuned to reduce the
amplitude of certain frequencies or ranges of frequencies of
sound waves flowing therethrough by altering any combina-
tion of the dimensions D1, D2, D3, D4, D5, D6, and D7. In
some embodiments, only the dimensions D1, D2, and D3 are
altered to tune the heat exchanger 10, while in other embodi-
ments the tuning may be accomplished by altering the dimen-
sions of only one or both of the inlet tank 20 (D1, D4, D5) and
the outlet tank 30 (D2, D6, D7), as desired. If multiple heat
exchangers 10 are used in series in the same system, it may be
beneficial to tune the heat exchanger 10 disposed furthest
upstream of the remaining heat exchangers 10 if only one of
the heat exchangers is to be tuned. It may also be beneficial to
dispose any heat exchanger 10 that has been tuned for a
specific frequency at a location downstream and adjacent to
the component causing the noise that is intended to be sup-
pressed. For instance, the heat exchanger 10 may be disposed
immediately downstream of the turbocharger to eliminate the
propagation of any undesirable sound frequencies formed
within the turbocharger.

[0028] Inuse, the first fluid enters the heat exchanger 10 via
the conduit 27 and the fluid inlet 25 and flows through the inlet
tank 20, the plurality of heat exchanger passages 40, and the
outlet tank 30 before exiting the heat exchanger 10 via the
fluid outlet 35 and the conduit 37. The first fluid exchanges
heat energy with a second fluid flowing over an exterior
surface of the heat exchanger passages 40. In the case of a
charge air cooler, the second fluid acts as a coolant for cooling
the first fluid (air) before it enters an intake region of the
engine. As the first fluid enters the heat exchanger 10, sound
waves formed upstream of the heat exchanger 10 may also
enter the heat exchanger 10. The sound waves may strike any
of' the surfaces forming the interior of the heat exchanger 10,
thereby causing at least some of the sound waves to bounce
off the interior surfaces and proceed in an opposing direction
or transverse direction relative to a direction the sound waves
were traveling before striking the interior surfaces. Accord-
ingly, at least some of the sound waves will encounter other
sound waves traveling in an opposing direction. If the dimen-
sions D1, D2, D3, D4, D5, D6, and D7 are properly prese-
lected, or “tuned,” a predefined frequency or range of fre-
quencies of the sound waves may be caused to be
destructively interfered with as the sound waves travel the
distances D1, D2, D3, D4, D5, D6, and D7 before entering
new regions of the heat exchanger 10.

[0029] The sound wave travel distances D1, D2, D3, D4,
D5, D6, and D7 may accordingly be preselected to promote
each of the sound waves traveling a predetermined distance
before changing direction, thereby allowing at least some of
the sound waves to be put out of phase with other sound waves
present within the heat exchanger 10. The occurrence of out
of phase sound waves encountering each other within the
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interior of the heat exchanger 10 thereby causes at least some
of'the sound waves to destructively interfere with other sound
waves traveling within the heat exchanger 10. Accordingly,
the preselected frequencies of sound waves may be lowered in
amplitude due to the destructive interference when the sound
waves encounter each other, which in turn aids the heat
exchanger 10 in militating against noises formed within the
turbocharger system propagating to a passenger compartment
of'the vehicle having the heat exchanger 10. Alternatively, as
described hereinabove, the heat exchanger 10 may also be
chosen to have the dimensions D1, D2, D3, D4, D5, D6, and
D7 be preselected to allow for constructive interference of
any sound waves carrying through the heat exchanger 10 to
amplify a preselected frequency of sound wave, as desired.
[0030] Referring now to FIG. 2, the heat exchanger 10 is
shown with a perforated plate 50 disposed within the inlet
tank 20. The perforated plate 50 may extend in a direction
substantially perpendicular to a direction of a flow of air
through the inlet tank 20 and may be disposed between the
fluid inlet 25 and the plurality of heat exchanger passages 40.
The perforated plate 50 may cover an entire cross-section of
the interior of the inlet tank 20, causing the perforated plate 50
to abut an interior of the inlet tank 20 about a perimeter of the
perforated plate 50. The perforated plate 50 includes an array
of perforations 51 formed therein, wherein the perforations
51 provide fluid communication between the fluid inlet 25
and the heat exchanger passages 40. A size, shape, number,
and arrangement of the perforations 51 may be selected to
ensure that the heat exchanger 10 has desirable sound sup-
pression and air flow characteristics, including minimizing a
pressure drop in the air flowing through the heat exchanger
10. The perforations 51 may be formed in an array extending
in at least two perpendicular directions to cover a two-dimen-
sional surface of the perforated plate 50. For example, the
perforations 51 may be formed in the perforated plate 50 in a
grid pattern including linear rows and columns or the perfo-
rations 51 may be formed in an alternating offset arrange-
ment, as desired.

[0031] The perforated plate 50 may be disposed within the
inlet tank 20 at a preselected distance from each of the first
interior wall 21 and the second interior wall 22 of the inlet
tank 20. The perforated plate is shown in FIG. 2 as being
disposed a distance D8 from the first interior wall 21 while
also being disposed a distance D9 from the second interior
wall 22. The perforated plate 50 may also be disposed in
parallel arrangement to the first interior wall 21 and the sec-
ond interior wall 22, if desired.

[0032] The perforated plate 50 within the inlet tank 20
provides additional surfaces off which sound waves may be
deflected within the inlet tank 20, causing the sound suppres-
sion characteristics of the inlet tank 20 to be different from
that of an inlet tank 20 devoid of the perforated plate 50. The
sound suppression characteristics of the inlet tank 20 may
also be altered by changing the position of the perforated plate
50 within the inlet tank 20 to alter the distance each of the
sound waves bounces between the perforated plate 50 and the
interior walls 21, 22. Accordingly, the distances D8 and D9
are additional variables in addition to the dimensions D1, D2,
D3, D4, D5, D6, and D7 that may be altered in the heat
exchanger 10 having the perforated plate 50 disposed therein
to destructively or constructively interfere with sound waves
having a predetermined frequency or range of frequencies.
[0033] It should be understood that the perforated plate 50
may also be disposed within the outlet tank 30 of the heat



US 2016/0040942 A1

exchanger 10 to achieve a similar effect, as desired. Because
the inlet tank 20 and the outlet tank 30 are substantially
symmetric in form and configuration, it should be understood
that the perforated plate 50 may be positioned within the
outlet tank 30 in a manner wherein a distance measured from
the perforated plate 50 to each of the first interior wall 31 and
the second interior wall 32 may be selected to promote the
desired degree of sound interference within the outlet tank 30.
Additionally, it should also be understood that the heat
exchanger 10 may include one of the perforated plates 50
disposed in both the inlet tank 20 and the outlet tank 30, or
only in the outlet tank 30, as desired.

[0034] Referring now to FIG. 3, the heat exchanger 10 is
shown as having a plate 60 including an array of plate con-
duits 65 extending therethrough. The plate 60 includes a first
major surface 61 and an oppositely arranged second major
surface 62. In similar fashion to the perforated plate 50, the
first major surface 61 of the plate 60 may be spaced from the
first interior wall 21 by the distance D8 while the second
major surface 62 of the plate 60 may be spaced from the
second interior wall 22 by the distance D9. The plate conduits
65 provide fluid communication between the fluid inlet 25
and the heat exchanger passages 40. The plate 60 may be
formed with a plurality of perforations formed therein for
receiving each of the plate conduits 65, wherein the plate
conduits 65 are then coupled to the plate 60 by any suitable
means including welding or brazing, as non-limiting
examples. In other embodiments, the plate 60 may be formed
in a manufacturing process to include the plate conduits 65
integrally formed therein. In such cases, the plate 60 may be
formed in a moulding or stamping process, as non-limiting
examples. The plate 60 may extend across a cross-section of
the interior of the inlet tank 20 or may extend across only a
portion of the cross-section of the interior of the inlet tank 20.
A size, shape, number, and arrangement of the plate conduits
65 may be selected to ensure that the heat exchanger 10 has
desirable sound suppression and air flow characteristics,
including minimizing a pressure drop in the air flowing
through the heat exchanger 10. The plate conduits 65 may be
formed in an array extending in at least two perpendicular
directions to cover a two-dimensional surface of the plate 60.
For example, the plate conduits 65 may be formed in the plate
60 in a grid pattern including linear rows and columns or the
plate conduits 65 may be formed in an alternating offset
arrangement, as desired. The plate conduits 65 may extend
beyond either major planar surface 61, 62 of the plate 60. An
inlet 67 of each of the plate conduits 65 may extend a distance
D10 from the first major surface 61 of the plate 60 while an
outlet 68 of each of the plate conduits 65 may extend a
distance D11 from the second major surface 62 of the plate
60.

[0035] The addition of the plate 60 having the plate con-
duits 65 formed therein adds even more surfaces off which
sound waves may bounce than does the perforated plate 50.
Accordingly, any of the dimensions D1, D2, D3, D4, D5, D6,
D7,D8,D9, D10, and D11 may be preselected to tune the heat
exchanger 10 having the plate 60 disposed therein to destruc-
tively or constructively interfere with sound waves having a
predetermined frequency or range of frequencies.

[0036] It should be understood that the plate 60 may also be
disposed within the outlet tank 30 of the heat exchanger 10 to
achieve a similar effect, as desired. Because the inlet tank 20
and the outlet tank 30 are substantially symmetric in form and
configuration, it should be understood that the plate 60 may
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be positioned within the outlet tank 30 in a manner wherein a
distance measured from the plate 60 to each of the first inte-
rior wall 31 and the second interior wall 32 may be selected to
promote the desired degree of sound interference within the
outlet tank 30. Additionally, it should also be understood that
the heat exchanger 10 may include one of the plates 60 dis-
posed in both the inlet tank 20 and the outlet tank 30, or only
in the outlet tank 30, as desired.

[0037] Referring now to FIGS. 4-7, a heat exchanger 110
according to another embodiment of the invention is dis-
closed. The heat exchanger 110 further includes a passive
sound suppression structure integrated therein. The heat
exchanger 110 may have substantially similar structure to the
heat exchanger 10, including an inlet tank 120, a plurality of
heat exchanger passages 140, and an outlet tank (not shown).
Although not shown, it should be understood that the outlet
tank may be substantially symmetric in many respects rela-
tive to the inlet tank 120, as desired.

[0038] FIG. 4 illustrates the inlet tank 120 of the heat
exchanger 110. The inlet tank 120 includes an inlet conduit
127 providing fluid communication with a hollow interior
129 of the inlet tank 120. A fluid inlet 125 of the inlet tank 120
is formed at an end of the inlet conduit 127 and provides fluid
communication between the inlet conduit 127 and the hollow
interior 129 of the inlet tank 120. The inlet conduit 127 may
extend into the hollow interior 129 of the inlet tank 120 such
that the fluid inlet 125 is disposed within the hollow interior
129 and spaced apart from a first interior wall 121 of the inlet
tank 120. The inlet conduit 127 may have any suitable cross-
sectional shape, including a circular shape, an elliptical
shape, or a rectangular shape, for example. The inlet conduit
127 may also have any suitable length, as desired. A plurality
of the heat exchanger passages 140 also extend into the hol-
low interior 129 of the inlet tank 120. Each of the heat
exchanger passages 140 includes an inlet 141 formed at an
end thereof, wherein each of the inlets 141 extends into the
hollow interior 129 of the inlet tank 120 and is spaced apart
from a second interior wall 122 of the inlet tank 120.

[0039] The inlet tank 120 further includes a first sound
absorption feature 150 disposed within the inlet conduit 127,
wherein the first sound absorption feature 150 forms at least
one component of the passive sound suppression structure of
the heat exchanger 110. The first sound absorption feature
150 may abut an interior surface 128 of the inlet conduit 127
along the entirety of a circumference thereof. For instance, if
the inlet conduit 127 is cylindrical in shape, the first sound
absorption feature 150 may also be cylindrical in shape and an
outer diameter of the first sound absorption feature 150 may
be substantially equal to an inner diameter of the inlet conduit
127, allowing the inlet conduit 127 to receive the first sound
absorption feature 150 therein.

[0040] In other embodiments, the first sound absorption
feature 150 may cover only a preselected portion of the inlet
conduit 127, as desired, including covering only a portion of
a length of'the inlet conduit 127 and only extending around a
portion of a circumference of the inlet conduit 127, as desired.
Additionally, in some embodiments the first absorption fea-
ture 150 may only be disposed on portions of the inlet conduit
127 formed opposite each other, or may only be disposed on
parallel arranged surfaces of the inlet conduit 127 in the case
of an inlet conduit 127 having a non-cylindrical shape.
[0041] The first sound absorption feature 150 may be
formed from a sleeve 153 of a first sound absorption material
surrounding a first plate 154. The sleeve 153 of the first sound
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absorption material forms a portion of the first sound absorp-
tion feature 150 in contact with the interior surface 128 of the
inlet conduit 127, hence the sleeve 153 should be formed to
have an exterior surface having a size and shape substantially
corresponding to the size and shape of the interior surface 128
of'the inlet conduit 127. As such, the sleeve 153 may in some
cases be formed from a layer of the first sound absorption
material arranged into a cylindrical shape. The first sound
absorption material may be any material suitable for absorb-
ing sound waves of a predetermined frequency or range of
frequencies within the heat exchanger 110. The first sound
absorption material may be formed from a porous material
containing matted or spun fibers, as a non-limiting example.

[0042] The first plate 154 is disposed on an inner surface of
the layer of the first sound absorption material and may
include a plurality of perforations 151 formed therein. A size,
shape, number, and arrangement of the perforations 151 may
be selected to ensure that the heat exchanger 110 has desirable
sound suppression and air flow characteristics, including
minimizing a pressure drop in the air flowing through the heat
exchanger 110. The perforations 151 may for example be
formed in the first plate 154 in a series of columns extending
along a length of the first sound absorption feature 150 and a
series of rows extending around a circumference of the first
sound absorption feature 150. Alternatively, the perforations
151 may be formed in the first plate 154 in an alternating
offset arrangement. The first plate 154 may have a substan-
tially similar cross-sectional shape as the interior surface 128
of the inlet conduit 127 along a length of the first plate 154,
allowing for the sleeve 153 of the first sound absorption
material to have a substantially equal thickness as it extends
around a circumference of the first plate 154. The first plate
154 may accordingly be formed into a substantially cylindri-
cal shape disposed within an interior of the sleeve 153. Alter-
natively, the first plate 154 may be formed into any closed
shape corresponding to a shape of the interior surface 128 of
the inlet conduit 127.

[0043] As explained hereinabove, the first sound absorp-
tion feature 150 may not extend about an entirety of an inner
circumference of the inlet conduit 127, but may instead be
formed only on opposing surfaces within the inlet conduit
127. In such embodiments, instead of a sleeve 153 surround-
ing a cylindrical first plate 154, the first sound absorption
feature 150 may be formed from two or more segments of a
layer of the first sound absorption material contacting the
interior surface 128 of the inlet conduit 127 and disposed
between the interior surface 128 and a corresponding segment
of a perforated plate, as desired.

[0044] Referring now to FIG. 5, the inlet tank 120 of the
heat exchanger 110 is shown as having a second sound
absorption feature 160 disposed therein in conjunction with
the first sound absorption feature 150, wherein the second
sound absorption feature 160 forms at least one component of
the passive sound suppression structure of the heat exchanger
110. The second sound absorption feature 160 may be dis-
posed along a central longitudinal axis of the inlet conduit
127, causing the first sound absorption feature 150 and the
second sound absorption feature 160 to be arranged substan-
tially concentrically. The second sound absorption feature
160 may extend at least partially into each of the inlet conduit
127 and the hollow interior 129 of the inlet tank 120. The
second sound absorption feature 160 may have a substantially
cylindrical shape. If a cylindrical shape is used, the second
sound absorption feature 160 may be suspended along the
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central axis of the inlet conduit 127 through the use support-
ing structures (not shown) extending between the second
sound absorption feature 160 and one of the inlet conduit 127,
the first sound absorption feature 150, or an interior wall of
the inlet tank 120.

[0045] The second sound absorption feature 160 includes a
second plate 164 and a core 166 formed from a second sound
absorption material. The second sound absorption material
can be any suitable material used to absorb a specified fre-
quency or range of frequencies of sound waves. The second
sound absorption material may be the same material as the
first sound absorption material or the second sound absorp-
tion material may be a different material from the first sound
absorption material, as desired. The second plate 164 sur-
rounds the core 166 to form an exterior surface of the second
sound absorption feature 160 and may include a plurality of
perforations 161 formed therein. A size, shape, number, and
arrangement of the perforations 161 may be selected to
ensure that the heat exchanger 110 has desirable sound sup-
pression and air flow characteristics, including minimizing a
pressure drop in the air flowing through the heat exchanger
110. The perforations 161 may for example be formed in the
second plate 164 in a series of columns extending along a
length of the second sound absorption feature 160 and a series
of rows extending around a circumference of the second
sound absorption feature 160. Alternatively, the perforations
161 may be formed in the second plate 164 in an alternating
offset arrangement, as desired. The second plate 164 may
have any suitable shape, including being substantially cylin-
drical, for example. The second sound absorption feature 160
may extend into the hollow interior 129 of the inlet tank 20
beyond the fluid inlet 125, as desired.

[0046] Inother embodiments, the second sound absorption
feature 160 may instead have a flat configuration wherein the
second sound absorption feature 160 extends across a cross-
section of the inlet conduit 127 to divide the inlet conduit 127
into two distinct chambers to either side of the second sound
absorption feature 160. In such embodiments, instead of a
single second plate 164 formed into a substantially cylindri-
cal shape the second sound absorption feature 160 may
instead include a planar core 166 surrounded by a pair of
perforated plates to either side of the planar core 166.
[0047] FIG. 6 illustrates the inlet tank 120 of the heat
exchanger 110 having the first sound absorption feature 150
disposed in the inlet conduit 127 in conjunction with a third
sound absorption feature 170, wherein the third sound
absorption feature 170 forms at least one component of the
passive sound suppression structure of the heat exchanger
110. The third sound absorption feature 170 may be formed
within the hollow interior 129 of the inlet tank 120 between
the first interior wall 121 and the second interior wall 122 of
the inlet tank 120. The third sound absorption feature 170
may have any suitable shape and size depending on a shape
and size of the hollow interior 129 of the inlet tank 120.

[0048] The third sound absorption feature 170 may be
formed from a layer 172 of a third sound absorption material
and a third plate 174. The layer 172 of the third sound absorp-
tion material may be the same material or a different material
from the first sound absorption material and the second sound
absorption material, as desired. The third plate 174 may
include an array of perforations 171 formed therein. A size,
shape, number, and arrangement of the perforations 171 may
be selected to ensure that the heat exchanger 110 has desirable
sound suppression and air flow characteristics, including
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minimizing a pressure drop in the air flowing through the heat
exchanger 110. The perforations 171 may for example be
formed in the third plate 174 in a series of columns extending
along a length of the third sound absorption feature 170 and a
series of rows extending around a circumference of the third
sound absorption feature 170. Alternatively, the perforations
171 may be formed in the third plate 164 in an alternating
offset arrangement, as desired. The layer 172 of the third
sound absorption material abuts at least a portion of an inte-
rior surface 123 of the inlet tank 120 connecting the first
interior wall 121 to the second interior wall 122 thereof. In
some embodiments, the layer 172 of the third sound absorp-
tion material may extend around a circumference of the inte-
rior face 123 of the inlet tank 120 to encircle any air flowing
from the fluid inlet 125 to the plurality of heat exchanger
passages 140. In other embodiments, the layer 172 of the third
sound absorption material only covers portions of the interior
surface 123 of the inlet tank 120, such as two portions of the
interior surface 123 of the inlet tank 120 oppositely arranged
and facing each other, for example. In either case, the third
plate 174 is disposed on an inner surface of the layer 172 of
the third sound absorption. Accordingly, the third plate 174
forms an interior surface 178 of the third sound absorption
feature 170 in contact with a stream of the first fluid flowing
through the inlet tank 120.

[0049] FIG. 7 illustrates the inlet tank 120 of the heat
exchanger 110 having the first sound absorption feature 150
disposed in the inlet conduit 127 in conjunction with a fourth
sound absorption feature 180 disposed within the hollow
interior 129 of the inlet tank 120, wherein the fourth sound
absorption feature 180 forms at least one component of the
passive sound suppression structure of the heat exchanger
110. The fourth sound absorption feature 180 may be dis-
posed directly between the fluid inlet 125 and the heat
exchanger passages 140. The fourth sound absorption feature
180 may be suspended in the hollow interior 129 of the inlet
tank 120 via supporting structures (not shown) extending
from the fourth sound absorption feature 180 to at least one of
the first interior wall 121, the second interior wall 122, and the
interior surface 123 extending therebetween. In other
embodiments, the fourth sound absorption feature 180 may
extend from one portion of the interior surface 123 to another
portion of the interior surface 123, as desired.

[0050] The fourth sound absorption feature 180 is formed
from a fourth plate 184 and a layer 182 of a fourth sound
absorption material. The layer 182 of the fourth sound
absorption material may be the same material as at least one
of the first, second, and third sound absorption materials or
the fourth sound absorption material may be a different mate-
rial from each of the first, second, and third sound absorption
materials. The fourth plate 184 may be formed on an outer
surface of the layer 182 of the fourth sound absorption mate-
rial. The fourth plate 184 forms a leading surface of the fourth
sound absorption feature 180 that first encounters a flow of air
through the inlet tank 120 while the layer 182 of the fourth
sound absorption material forms a trailing surface of the
fourth sound absorption feature 180. The fourth plate 184
includes an array of perforations 181 formed therein. A size,
shape, number, and arrangement of the perforations 181 may
be selected to ensure that the heat exchanger 110 has desirable
sound suppression and air flow characteristics, including
minimizing a pressure drop in the air flowing through the heat
exchanger 110. The perforations 181 may for example be
formed in a series of columns extending from a tip of the
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conically shaped fourth sound absorption feature 180 to a
base thereof and a series of rows extending around a circum-
ference of the fourth sound absorption feature 180.

[0051] As shown in FIG. 7, the fourth sound absorption
feature 180 may have a substantially triangular cross-sec-
tional shape. The fourth sound absorption feature 180 may
have a substantially conical shape, for example. The conical
shape of the fourth sound absorption feature 180 may allow
for sound waves striking the fourth sound absorption feature
180 to be redirected in a plurality of opposing and radially
outwardly extending directions, thereby promoting addi-
tional destructive sound interference within the heat
exchanger 110. Alternatively, the fourth sound absorption
feature 180 may be formed from two angled surfaces meeting
to form the triangular cross-section thereof. In such embodi-
ments, the fourth sound absorption feature 180 may extend
across an entirely of the inlet tank 120 from one portion of the
interior surface 123 of the inlet tank 120 to another portion
thereof. In either case, the fourth sound absorption feature
180 is positioned in order to bounce sound waves backward
when encountered by the first fluid.

[0052] It should be understood that any of the absorption
features 150, 160, 170, 180 may also be adapted for use in an
outlet tank (not shown) of the heat exchanger 110. Further-
more, it should be understood that any combination of the
absorption features 150, 160, 170, 180 may be utilized within
the heat exchanger 110, hence the combinations of absorption
features 150, 160, 170, 180 illustrated in FIGS. 4-7 are non-
limiting examples of potential configurations of the heat
exchanger 110.

[0053] In use, the first fluid, which may be air, enters the
inlet tank 120 via the inlet conduit 127 and flows through the
hollow interior 129 of the inlet tank 120, the plurality of heat
exchanger passages 140, and the outlet tank before exiting the
heat exchanger 110. As the first fluid flows through the inlet
tank 120, any of the absorption features 150, 160, 170, 180
disposed within the heat exchanger 110 create additional
surfaces for reflecting or absorbing sound waves having fre-
quencies that may cause undesirable noise generation within
the passenger compartment of the vehicle. For example, the
first fluid may be bounced off of any plates 154, 164, 174, 184
to cause the sound waves to potentially destructively interfere
with each other within the inlet tank 120. Additionally, those
sound waves not encountering the plates 154, 164, 174, 184
may pass through one of the perforations 151, 161, 171, 181
and encounter one of the sound absorption materials, thereby
reducing an amplitude of those sound waves due to the acous-
tical energy of the first fluid being transformed into heat
energy when the first fluid encounters frictional forces within
the porous sound absorption materials. Similarly, the perfo-
rations 151, 161, 171, 181 may be sized to create a similar
effect when sound waves present in the first fluid pass through
each of the perforations 151, 161, 171, 181. Accordingly, by
increasing the number of surfaces capable of reflecting the
sound waves and capable of absorbing the sound waves due to
frictional forces, a probability of sound absorption occurring
within the heat exchanger 110 is increased. The form and
location of the absorption features 150, 160, 170, 180 also
beneficially reduce a pressure drop of the air within the heat
exchanger 110 due to the heat exchanger 110 providing very
little flow restriction. It should also be understood that the
heat exchanger 110 may also be tuned in similar fashion to the
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heat exchanger 10 by varying the dimensions of the inlet tank
20 or by repositioning any of the absorption features 150, 160,
170, 180 therein.

[0054] From the foregoing description, one ordinarily
skilled in the art can easily ascertain the essential character-
istics of this invention and, without departing from the spirit
and scope thereof, can make various changes and modifica-
tions to the invention to adapt the invention to various usages
and conditions.

What is claimed is:

1. A heat exchanger comprising:

an inlet tank having a hollow interior;

an inlet conduit in fluid communication with the hollow

interior of the inlet tank;

an outlet tank having a hollow interior;

aheat exchanger passage extending between the inlet tank

and the outlet tank; and

a sound suppression structure integrated in at least one of

the inlet tank, the outlet tank, and the heat exchanger
passage, the sound suppression structure configured to
passively suppress a preselected set of sound waves
present within the heat exchanger.

2. The heat exchanger of claim 1, wherein the sound sup-
pression structure includes a plurality of surfaces formed
within at least one of the inlet tank, the outlet tank, and the
heat exchanger passage spaced apart from each other by a
plurality of preselected sound wave travel distances to cause
destructive interference of a preselected set of sound waves as
the sound waves travel the preselected sound wave travel
distances.

3. The heat exchanger of claim 2, wherein the inlet tank
further comprises a first interior wall and an oppositely
arranged second interior wall, the first interior wall spaced
apart from the second interior wall by a first sound wave travel
distance of the plurality of preselected sound wave travel
distances; wherein the outlet tank comprises a third interior
wall and an oppositely arranged fourth interior wall, the third
interior wall spaced apart from the fourth interior wall by a
second sound wave travel distance of the plurality of prese-
lected sound wave travel distances; wherein the heat
exchanger passage extends from a fluid inlet to a fluid outlet
thereof, the fluid inlet spaced apart from the fluid outlet by a
third sound wave travel distance of the plurality of preselected
sound wave travel distances.

4. The heat exchanger of claim 3, wherein the inlet conduit
extends beyond the first interior wall and has a first end
disposed within the hollow interior of the inlet tank, the first
end of the inlet conduit spaced apart from the first interior
wall by a fourth sound wave travel distance of the plurality of
preselected sound wave travel distances; wherein the fluid
inlet of the heat exchanger passage extends beyond the sec-
ond interior wall and is disposed within the hollow interior of
the inlet tank, the fluid inlet of the heat exchanger passage
spaced apart from the second interior wall by a fifth sound
wave travel distance of the plurality of preselected sound
wave travel distances.

5. The heat exchanger of claim 4, wherein an outlet conduit
extends beyond the third interior wall and has a first end
disposed within the hollow interior of the outlet tank, the first
end of the outlet conduit spaced apart from the third interior
wall by a sixth sound wave travel distance of the plurality of
preselected sound wave travel distances; wherein the fluid
outlet of the heat exchanger passage extends beyond the
fourth interior wall and is disposed within the hollow interior
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of the outlet tank, the fluid outlet of the heat exchanger pas-
sage spaced apart from the fourth interior wall by a seventh
sound wave travel distance of the plurality of preselected
sound wave travel distances.

6. The heat exchanger of claim 5, further comprising a
perforated plate disposed between the first interior wall and
the second interior wall of the inlet tank, the perforated plate
spaced apart from the first interior wall by an eighth sound
wave travel distance of the plurality of preselected sound
wave travel distances, the perforated plate also spaced apart
from the second interior wall by a ninth sound wave travel
distance of the plurality of preselected sound wave travel
distances.

7. The heat exchanger of claim 6, wherein the plate further
includes a plurality of conduits extending through the plate,
each of the conduits including a first end extending beyond
the first major surface of the plate and a second end extending
beyond the second major surface of the plate, the first end of
each of the conduits spaced apart from the first major surface
of the plate by a tenth sound wave travel distance of the
plurality of sound wave travel distances and the second end of
each of the conduits spaced apart from the second major
surface of the plate by an eleventh sound wave travel distance
of the plurality of preselected sound wave travel distances.

8. The heat exchanger of claim 1, wherein the sound sup-
pression structure comprises a first sound absorption feature,
wherein the first sound absorption feature is disposed on an
interior surface of the inlet conduit, the first sound absorption
feature including a layer of a first sound absorption material

9. The heat exchanger of claim 8, wherein the first sound
absorption material is porous and includes at least one of
matted fibers and spun fibers.

10. The heat exchanger of claim 8, wherein a perforated
plate is disposed on an inner surface of the layer of the first
sound absorption material.

11. The heat exchanger of claim 8, wherein the interior
surface of the inlet conduit is substantially cylindrical in
shape and the layer of the first sound absorption material is
formed into a cylindrical sleeve received within the inlet
conduit.

12. The heat exchanger of claim 11, wherein a cylindrically
shaped perforated plate is disposed on an inner surface of the
cylindrical sleeve of the first sound absorption material.

13. The heat exchanger of claim 8, wherein the sound
suppression structure further comprises a second sound
absorption feature extending at least partially into the inlet
conduit, the second sound absorption feature comprising a
core formed from a second sound absorption material and a
perforated plate surrounding the core.

14. The heat exchanger of claim 13, wherein the first sound
absorption feature and the second sound absorption feature
are arranged concentrically.

15. The heat exchanger of claim 13, wherein the core and
the perforated plate are both cylindrical in shape.

16. The heat exchanger of claim 8, wherein the sound
suppression structure further comprises a second sound
absorption feature comprising a layer of a second sound
absorption material disposed on an interior surface of the inlet
tank and a perforated plate formed on an inner surface of the
layer of the second sound absorption material.

17. The heat exchanger of claim 16, wherein the second
sound absorption feature is disposed on a wall of the inlet tank
connecting a first side of the inlet tank having the inlet conduit
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extending therefrom to a second side of the inlet tank having
the heat exchanger passage extending therefrom.

18. The heat exchanger of claim 8, wherein the sound
suppression structure further comprises a second sound
absorption feature disposed between the inlet conduit and the
heat exchanger passage extending from the inlet tank.

19. The heat exchanger of claim 18, wherein the second
sound absorption feature comprises a conically shaped layer
of'a second sound absorption material and a conically shaped
perforated plate disposed on an outer surface of the layer of
the second sound absorption material.

20. A method of passively suppressing sound within a heat
exchanger, the method comprising the steps of:

preselecting a plurality of sound wave travel distances

formed between a plurality of surfaces within the heat
exchanger to cause destructive interference of a prese-
lected set of sound waves as the sound waves travel the
preselected sound wave travel distances; and
assembling the heat exchanger to have the preselected plu-
rality of sound wave travel distances formed between the
plurality of surfaces formed within the heat exchanger.

#* #* #* #* #*
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