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Description

SILENCER AND VEHICLE ENGINE INCLUDING SAME
Technical Field
The present invention relates to a silencer, which includes an outer housing and a cen-
tral perforated tube through which air flows. The present invention further relates to a
vehicle engine including a silencer.
Background
Small-displacement turbocharged engines are an important development in the direc-
tion of energy-efficient vehicles. A turbocharged engine improves the power and fuel
economy of the vehicle, but also introduced a new problem of noise for an air inlet sys-
tem, thereby severely impacting the rider’s comfort of the vehicle. The howling generat-
ed by a turbocharger adopting a mechanical relief valve during instant operation be-
longs to typical broadband noises. A conventional silencer has a narrow silencing fre-
quency range and cannot efficiently suppress this type of noise, and also has high cost

and large size.

Perforated broadband silencers are widely applied in air inlet systems of turbocharged
engines as excellent silencing elements meeting requirements of both silencing and
mounting space, and each include a main tube and several annular resonance cham-
bers. A desirable broadband silencing effect can be achieved by adjusting the width,
diameter and number of the annular resonance chambers and the aperture and number

of perforates.

When the perforated silencer is used in a turbocharged engine, the diameter of an air
flow main tube depends on the tube diameter of the air inlet system, and the outer di-
ameter of the annular resonance chamber is limited by the mounting space of an engine
compartment. Therefore, the design of the perforated silencer having the expected si-

lencing effect may be constrained in various terms including structure and size. Moreo-
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ver, it is further required in practice that the perforated silencer has small flow loss.

However, the existing perforated silencer cannot, at times, achieve the expected silenc-
ing effect due to limitations such as the mounting space, and is complicated in structure
and high in cost.

Summary

An objective of the present invention is to provide a silencer having a more compact

structure and desirable broadband silencing effect and a corresponding vehicle engine.

According to a first aspect of the present invention, a silencer is provided, including: an
outer housing; and a central perforated tube through which air flows; where the silencer
further includes an additional perforated structure located between the central perforat-
ed tube and the outer housing; a first chamber is formed between the central perforated
tube and the additional perforated structure; and the additional perforated structure is
configured such that at least one second chamber is formed, which is at least partially
located radially outside of the first chamber, wherein the second chamber is communi-

cated with the first chamber by perforates.

According to an optional solution of the present invention, the additional perforated
structure is configured as an additional perforated tube which is mounted over the cen-

tral perforated tube.

According to an optional solution of the present invention, the additional perforated tube
is disposed concentrically with the central perforated tube; and/or the additional perfo-
rated tube and/or the central perforated tube has circular cross section; and/or the first

chamber and/or the second chamber has annular cross section.

According to an optional solution of the present invention, the central perforated tube is
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adapted to be connected to or integrally formed with a first end pipe section located axi-
ally outside of the outer housing, and the additional perforated tube is adapted to be
connected to or integrally formed with a second end pipe section located axially outside
of the outer housing, wherein the first end pipe section and the second end pipe section

are located at axial opposite sides of the central perforated tube.

According to an optional solution of the present invention, the second chamber is con-
figured so as to be completely located radially outside of the first chamber; and/or the
second chamber and the first chamber have the same axial length and are aligned axi-

ally with each other.

According to an optional solution of the present invention, the second chamber is con-

figured so as to only be in a partial circumferential region of the central perforated tube.

According to an optional solution of the present invention, the second chamber is con-
figured as a box-shaped structure which has a radially-outward opening, and the outer

housing has a cover plate adapted to close the opening.

According to an optional solution of the present invention, the first chamber and/or the
second chamber is separated axially into a plurality of sub-chambers, communicated

with each other via a perforated member.

According to an optional solution of the present invention, the silencer is adapted for
use in an air inlet system of a vehicle engine; and/or the at least one second chamber
comprises a plurality of second chambers which are located radially with respect to
each other, and the adjacent second chambers are communicated with each other via

perforates.



WO 2017/012839 PCT/EP2016/065117

According to a second aspect of the present invention, an air inlet system of a vehicle

engine is provided, where the air inlet system has the silencer.

The silencer of the present invention has a compact structure and better broadband si-
lencing effect, especially when it is used in an air inlet system of a vehicle engine, the

broadband noise of the air inlet system can be obviously suppressed.

According to this invention, the silencer and the air inlet system are not limited to an
engine of a vehicle but also incorporate a silencer or an air inlet system for a stationary
engine, e.g. a power generator. The invention is not limited to an exhaust gas turbo
charged engine but also incorporates a silencer and an air inlet system for any other
engine charged by other devices like mechanical compressors or electrical driven air
chargers.

Brief Description of the Drawings

The present invention will be described in more detail below with reference to the

accompanying drawings, and principles, characteristics and advantages of the present

invention may be better understood. The accompanying drawings include:

FIG. 1 shows a three-dimensional sectional diagram of a perforated broadband silencer
according to an exemplary embodiment of the present invention;

FIG. 2 shows some simplified schematic diagrams, illustrating some possible arrange-
ments, position relations and size relations of a first chamber and a second
chamber; and

FIG. 3shows a simplified schematic diagram of a perforated broadband silencer
according to another exemplary embodiment of the present invention.

Detailed Description

In order for the technical problems to be solved, the technical solutions and beneficial

technical effects of the present invention must be clear and more comprehensive. The

present invention will be further described in detail through the accompanying drawings
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and multiple embodiments. It should be understood that the specific embodiments de-
scribed herein are merely used to explain the present invention, and are not intended to

limit the protection scope of the present invention.

FIG. 1 shows a three-dimensional sectional diagram of a perforated broadband silencer

according to an exemplary embodiment of the present invention.

As shown in FIG. 1, the silencer 1 mainly includes an outer housing 2, a first perforated
tube 3 and a second perforated tube 4 mounted over the first perforated tube 3, where,
the outer housing 2 is mounted over the second perforated tube 4. Preferably, the first
perforated tube 3 is disposed concentrically with the second perforated tube 4. A first
chamber 5 is formed between the first perforated tube 3 and the second perforated tube
4, and a second chamber 6 is formed between the second perforated tube 4 and the
outer housing 2, so as to form two chambers communicated with each other by perfo-

rates in a radial direction relative to the air flow.

During use, an air inlet silencer is generally mounted on a main pipeline between an air
cleaner and a turbocharger, or between the turbocharger and an intercooler. Preferably,
the first perforated tube 3 is made to have a diameter equal to that of the main pipeline.
As shown in FIG. 1, the first perforated tube 3 is integrally formed with a first end pipe
section 7 extending outside of the outer housing 2; the second perforated tube 4 is also
integrally formed with a second end pipe section 8 extending outside of the outer hous-
ing 2. Preferably, the first end pipe section 7, the first perforated tube 3, and the second
end pipe section 8 have the same diameters, and are disposed concentrically.

During mounting, the silencer 1 is embedded into a corresponding main pipeline
through the first end pipe section 7 and the second end pipe section 8, or the first end
pipe section 7 and the second end pipe section 8 are integrally formed with the main

pipeline.
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In view of the above, the intake silencer has two chambers communicated with each
other in the radial direction, and the chambers, together with perforates in the first and
second perforated tubes, form a Helmholtz resonance chamber structure. When the air
flow passes through the first perforated tube, the Helmholtz resonance chamber struc-
ture may generate an attenuation effect on the broadband noise. As being proved by ex-
periments, compared with the conventional perforated silencer having only one cham-
ber in the radial direction, the perforated silencer having multiple chambers communi-
cated with each other in the radial direction has a better silencing effect, especially hav-
ing a desirable silencing effect for any frequency in a broad frequency band. Moreover,
the silencer in such configuration is compact in structure and low in cost, and can be

mounted in a limited space.

It is understandable that changes of parameters such as the aperture, the percentage of
perforation, the length of the perforated tube and the chamber capacity may also affect
the silencing effect to some extent, and the silencer may be further optimized based on

these parameters in practice.

To simplify the structure and facilitate mounting, as shown in FIG. 1, the first perforated
tube 3 is provided with a first flange 31 and a second flange 32 that extend outward ra-
dially, and the second perforated tube 4 is transited to the second end pipe section 8
through a step 41. During mounting, the first flange 31 is pressed against the step 41,
an end 42 of the second perforated tube 4 is embedded into a receiving groove 33
formed in the second flange 32, and the outer housing 2 is mounted over the second
perforated tube 4, so that one end of the outer housing 2 is attached to the second end
pipe section 8 and the step 41, and the other end is connected to the second flange 32.
All portions that need to be connected may implement connection by means of, for ex-

ample, soldering.
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Definitely, the first flange 31 may also be omitted, that is, the end of the first perforated

tube 3 is directly pressed against the step 41.

The silencer needs three members in total, being simple in structure and convenient in

mounting, thereby greatly reducing the manufacturing cost.

It should be noted that the silencer 1 shown in FIG. 1 has two chambers communicated
with each other in the radial direction relative to the air flow. Definitely, the number of

chambers is not limited to two, and more chambers are available.

On the other hand, the silencer 1 shown in FIG. 1 is provided with two chambers com-
municated with each other and arranged radially in the whole circumference; however,
the present invention is not limited to this arrangement. According to requirements, for
example, specific limits of the mounting space, it may also be allowed that two cham-
bers communicated with each other are provided on a part of the circumference. For ex-

ample, two chambers may be disposed merely at one side of the first perforated tube 3.

For a person skilled in the art, although the first chamber 5 and the second chamber 6
shown in FIG. 1 are both annular, the first chamber and the second chamber are not
limited to these criteria, and any advantageous shape may be designed according to re-
quirements as long as the two chambers (or more chambers) are arranged radially rela-

tive to each other and communicated with each other.

According to a preferred embodiment, the second chamber may be designed as a box-
shaped structure. The box-shaped structure has a radially-outward opening and a cover
plate for closing the opening. The cover plate is preferably connected to the opening by

snapping, thereby simplifying mounting and manufacturing processes.
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Moreover, according to the technical idea of the present invention, the first chamber 5
and the second chamber 6 may also have different axial lengths, and definitely, may al-
so have different dimensions in other directions, as long as the first chamber and the
second chamber are arranged at least partially in a radial position relation relative to

each other.

To better understand the technical idea of the present invention, FIG. 2 shows some
simplified schematic diagrams, for illustrating some possible arrangements, position re-
lations and size relations between the first chamber and the second chamber, where, an
arrow indicates a flowing direction of the air flow passing through the first perforated

tube.

In a) and b) of FIG. 2, the first chamber 5 and the second chamber 6 are partially stag-
gered in an axial direction of flowing of the air flow, and the first chamber 5 and the sec-
ond chamber 6 have different sizes. In c¢) of FIG. 2, the first chamber 5 is completely
covered by the second chamber 6 in the axial direction, and in d) of FIG. 2, the first
chamber 5 completely covers the second chamber 6 in the axial direction. In ) and f) of
FIG. 2, the first chamber 5 and the second chamber 6 are partially overlapped in a radi-

al direction relative to the air flow.

It should be noted that FIG. 2 merely shows some possible arrangement solutions, and
they are not exhaustive. According to actual situations, other suitable arrangement solu-
tions are viable, as long as the first chamber and the second chamber at least partially

form a radial position relative to each other.

FIG. 3 shows a simplified schematic diagram of a perforated broadband silencer ac-

cording to another exemplary embodiment of the present invention, where an arrow in-

8
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dicates a flowing direction of an air flow passing through a first perforated tube.

As shown in FIG. 3, the first chamber 5 and the second chamber 6 are both partitioned
into multiple sub-chambers by perforated partition plates 10 substantially extending ra-
dially and/or axially. Specifically, the first chamber 5 is partitioned into three sub-cham-
bers 51, 52 and 53, and the second chamber 6 is also partitioned into three sub-cham-
bers 61, 62 and 63. The sub-chamber 51 is axially communicated with the sub-chamber
52, and the sub-chamber 52 is also axially communicated with the sub-chamber 53.
Similarly, the sub-chamber 61 is axially communicated with the sub-chamber 62, and
the sub-chamber 62 is also axially communicated with the sub-chamber 63. Moreover,
the sub-chamber 51 is radially communicated with the sub-chamber 61. Similarly, the
sub-chamber 52 is radially communicated with the sub-chamber 62, and the sub-cham-
ber 53 is radially communicated with the sub-chamber 63. It can be seen that the sub-
chambers are communicated with one another. This structure actually can be consid-

ered a serial connection of the structure shown in FIG. 1.

For persons skilled in the art, the embodiment shown in FIG. 3 is definitely exemplary. In
fact, the first chamber 5 and the second chamber 6 may also adopt other partition man-
ners. Even some sub-chambers may be omitted according to actual requirements, and
some axially adjacent sub-chambers may not be communicated with each other; all

these solutions fall within the scope of the present invention.

The basic idea of the perforated silencer of the present invention lies in that multiple
chambers communicated with each other and arranged at least partially in a radial posi-
tion relation relative to each other are provided at least in a partial circumferential re-
gion. By means of this structure, the silencer may achieve a better broadband silencing

effect.
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Although the perforated silencer is described by using a silencer for an air inlet system
of a vehicle engine as an example, for persons skilled in the art, the perforated silencer

definitely can be applied to other scenarios that require silencing the air flow.

Specific implementation manners of the present invention are described in detail here;
however, they are provided merely for explanation, and should not be construed as limi-
ting the scope of the present invention. Various replacements, variations and modifica-
tions may be conceived without departing from the spirit and scope of the present inven-

tion.

10
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Claims

1. Silencer, comprising:

an outer housing (2) and a central perforated tube (3) through which air flows, charac-
terized in that the silencer (1) further comprises an additional perforated structure (4)
located between the central perforated tube (3) and the outer housing (2), a first cham-
ber (5) is formed between the central perforated tube (3) and the additional perforated
structure (4), and the additional perforated structure (4) is configured such that at least
one second chamber (6) is formed, which is at least partially located radially outside of
the first chamber (5), wherein the second chamber (6) is communicated with the first

chamber (5) by perforates.

2. Silencer as claimed in claim 1, characterized in that the additional perforated struc-
ture (4) is configured as an additional perforated tube (4) which is mounted over the

central perforated tube (3).

3. Silencer as claimed in claim 2, characterized in that the additional perforated tube (4)
is disposed concentrically with the central perforated tube (3) and/or the additional per-
forated tube (4) and/or the central perforated tube (3) have/has circular cross section
and/or the first chamber (5) and/or the second chamber (6) have/has annular cross sec-

tion.

4. Silencer as claimed in claim 2 or 3, characterized in that the central perforated tube
(3) is adapted to be connected with or integrally formed with a first end pipe section (7)
located axially outside of the outer housing (2), and the additional perforated tube (4) is
adapted to be connected with or integrally formed with a second end pipe section (8)
located axially outside of the outer housing (2), wherein the first end pipe section (7)

and the second end pipe section (8) are located at axial opposite sides of the central

11
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perforated tube (3).

5. Silencer as claimed in any one of the previous claims, characterized in that the sec-
ond chamber (6) is configured so as to be completely located radially outside of the first
chamber (5); and/or the second chamber (6) and the first chamber (5) have the same

axial length and are aligned axially with each other.

6. Silencer as claimed in claim 1, characterized in that the second chamber (6) is con-

figured so as to only be in a partial circumferential region of the central perforated tube

(3).

7. Silencer as claimed in claim 6, characterized in that the second chamber (6) is con-
figured as a box-shaped structure which has a radially outward opening, and the outer

housing (2) has a cover plate adapted to close the opening.

8. Silencer as claimed in any one of the previous claims, characterized in that the first
chamber (5) and/or the second chamber (6) is separated axially into a plurality of sub-
chambers (51, 52, 53, 61, 62, 63) communicated with each other by a perforated mem-

ber (19).

9. Silencer as claimed in any one of the previous claims, characterized in that the si-
lencer (1) is adapted for use in an air inlet system of a vehicle engine and/or the at least
one second chamber (6) comprises a plurality of second chambers (61, 62, 63) which
are located radially with respect to each other, and the adjacent second chambers (61,

62, 63) are communicated with each other by perforates.

10. Air inlet system of a vehicle engine, characterized in that the air inlet system has a

silencer (1) as claimed in any one of claims 1-9.

12
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