JP 2004-519575 A 2004.7.2

(19) BFREREHFT (JP) 22 | F 4 |A) ()L EARES
$53R2004-519575
(P2004-519575A)
U9 AEH TRIGETH2H (2004.7.2)
(51) Int.CL." Fl F—va—F (B%)
FO1N 1/02 FO1N 1/02 E 3G0O04

EERR AWK FHREEWERE E19R)

@) WEES 5RE2002-566090 (P2002-566090) |(71) EEA 500277711
(86) (22) HEEE FRL1482H 140 (2002.2. 14) B FARNRT F— F—rt—
85) BIRASCIRIME  ERRISETA 150 (2003.7.15) AV z—FE LTZ—-405 08 A
(86) EREHEH S PCT/SE2002/000260 IFERY 4 (BHAL)
87 EELMES  W02002/066798 (74) KEA 100098729
87 EEAEBE FERL 458 298 (2002. 8. 29) #E+L BF ME
31) WEIEEEE S  0100585-9 (74) fRIB A 100116757
(32) E%HE FRE13E2H 21H (2001.2.21) #E+ EK HEHE
(33) BEEEEE AYI—F (P (74) KEA 100123216
#E+L B #H—

(74) {RE A 100099357

#E+L BHE —#
(74) I A 100110320

f#EL B2 AT

B EICHE S

(54) [READER] BERNOLREMET 2 EE

GHOO000

0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000 4 ., °
0ooo 1




e R ey [ s R s [y |

Ooooooogoooooao
Ooooooogogogoooao
OO0 oDooogogooooao
Oooooocooooooao
Oo0oooooooooao

e s e e s e e e A
e e s e e s e e e e s s [ A v
e s ) e e s e e s e e s e R v
oo o0ooooooo0 oo oD ooo o o0 oD oD o oo o0oo0o oo oo o oo ooooofg
I s e e s e

O

OoOoo0oooaoo

O Ooo0oooo
O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

O
OJ
O

O
O
O
O
O
O
O

(2)

JP

I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

2004-519575

OJ
O
O
O
O
OJ

O
O
O
O
O

2004.7.2

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

Oo0ooooo4o0oooooo400 oo oDoooo oo oDoDoDo4ggoooDoooogogg
e A s e e e e e ) e e e A s s [

O 0Oooo
O 0Oooo

Oooooooogooooodg
OO0 Oooooo4gogooooodg
OOo0ooooooooooood
Ooooooooooooodg

oo oooOooo o0 oo oooo o0 oo ooo oo oDoooogooQgog

I s e e s [ |

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0oood
OoOoo0ooood
OoOoo0ooood
OO0Oo0oooogd
O0Ooo0Oo0oood
OoOoo0ooood
OoOoo0ooood

O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O

O
O
O
O
O
O
O
O
O
]
O
O
O
O
(]
O
O
O
O
O
O
O

O oOooo
O oOooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo

O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

)

O

O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

JP

O

2004-519575

godoaao

O
O
O
O
O
O

OJ
O
O
O
O
OJ

O
O
O
O
O

O
O
O
O
O

2004.7.2

O Oooooo
O Ooo0oooao

10

20

30

40

50



OoOooooooo0oooooo oo oDoDoooooooDoDoooooooooogdg
OoOooooooo0oooooo oo oDoDooooo oo oDooDoooooooog
OO0 ooDooo4o0oooooo oo oDoDoooUooooDoDooDoggogooooog
e s e e s e e e e O R v

Oooooooooooooooooood

Ooooooooogogooo

Oooooooodg

O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog
O 0Oo0ooo
O 0Ooo0ooo
O 0Ooogooo
O Ooogoo
O OooQgoaog
O 0Oo0oo0oo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
O Ooogoog
O O0OoQgogog
O 0Ooo0ooo
O 0Ooooo
O 0Ooogoo
O Ooogoog
O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0ooo
O 0OooOooo
O Ooogoog
I [ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo

O
O
O
O
O
O
O
O
O
]
O
O
O
O
(]
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
(]

(4)

[

JP

O

2004-519575

gboogooboad

O
O
O
O
O
O

O

2004.7.2

ugooad

O Ooogoo
I [ Y

O
O
O
O

ooooooao

ooooooao

10

20

30



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

ugbooobooodoboado

WO 02/066798 Al

(19) World I Property Or

()

{12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Internalional Bureau

(43) International Publication Date

(10) International Publication Number

29 August 2002 (29.08.2002) PCT WO 02/066798 Al

1)
@n
2
(25)
@6)
30)
n
2

(75)

74

International Patent Classification™  FOIN 1/02, 7/08

International Application Number:  PCT/SL02/00260

International Filing Date: 14 February 2002 (14.02.2002)
Filing Language: Swedish
Publication Language: Linglish

Priority Data:
0100585-9 21 February 2001 (21.02.2001)  SI

Applicant (or all designared States except US): VOLVO
LASTVAGNAR AB [ST/ST]; $-405 08 Goteborg (ST0).

Luventors; and
Inventors/Applicants (for US only): WAHLSTROM,
Gert-Ove [SF/SE]: Gjulegirden 151, $436 45 Askim
(SE). HENRIKSSON, Bjirn [SE/SE]; Vakimislarcgin-
gon 12, S-413 18 Gdteborg (SE).

Agent: FROHLING, Werner; Volvo Technological De-
velopment, Patent Department, CTP 06820, S-412 88 Gate-
borg (SE).

(81) Designated States (narionalj: Ali, AG, AL, AM, AT, AU,
A7, BA, BB, BG, BR, BY, BZ, CA, CIL, CN, CO, CR, CUJ,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GII,
GM, [IR, [1U, ID, 1L, IN, IS, JP. KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LY, MA, MD, MG, MK, MN, MW,
MX, M7, NO, NZ. OM, PH, PL., PT, RO, RU, SI, SI%, SG,
ST, 8K, S, TI, TM. TN, TR, TT, T7, UA, UG, US, U7,
VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARTPO patent (GH, GM,
KE, 1.8, MW, M7, SD, SL, S7, T7, UG, 7M, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Luropean patent (AL, BLi, CH, CY, DK, LS, I'l, I'R,
GB, GR, (I, I'l, LU, MC, NI, P ‘I'R), OAPI patent
(BT, B, CT, CG, CT, CM, GA, GN, GQ, GW, MI, MR,
NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refér to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazelte

{54) Title: APPARATUS I'OR DAMPING RUISONANCI: IN A CONDUIT
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an intermal combustion engine. The resonance is damped by virtue of the conduit (10) being provided with at lcast one perforation

(14) located at a distance from the outer end (11) of the conduit.
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TITLE

Apparatus for damping resonance in a conduit

FIELD OF THE INVENTION
The present invention relates to an apparatus for
damping resonance in a conduit for transporting exhaust

gases from an internal combustion engine.

BACKGROUND

In most cases, a silencer system consists of one or
more chamber(s) with intermediate conduits. The sound
pressure inside the conduit will vary with the position
along the conduit. Pipe resonance can sometimes occur
in an exhaust system. What happens then is that the
ignition pulses from the engine are reflected between
the mouth of the exhaust pipe and a preceding part of
the exhaust system, frequently that chamber in the
silencer closest to the end pipe. In most cases, this
only happens at a specific engine speed, where the
wavelength of the ignition frequency coincides with the

length between the two adjacent reflecting pipe ends.

In cases when resonance has occurred in the pipe, the
differences in sound pressure will be particularly
great Dbetween different positions. A high sound
pressure then builds up in the end pipe, and sound
escapes into the surrounding environment via the mouth
to a greater extent than would otherwise have been the
case. Known solutions to this problem usually involve
the dinsertion of additional silencer wunits, which
results in higher costs and can also lead to an

increase in the pressure drop.

DISCLOSURE OF THE INVENTION

One object of the invention is therefore to produce an
apparatus which solves this problem, without
appreciably raising the price or increasing costs.

JP 2004-519575 A 2004.7.2
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To this end, the apparatus according to the invention
is characterized in that the conduit is provided with
at least one perforation located at a distance from the
outer end of the conduit. By virtue of this design of
the apparatus, an effective reduction in the resonance
level is brought about in a simple manner.

Advantageous illustrative embodiments of the invention
emerge from the following, dependent patent claims.

BRIEE DESCRIPTION OF FIGURES

The invention will be described in greater detail below

with reference to illustrative embodiments shown in the

accompanying drawings, in which

FIG 1 shows a diagrammatic plan view of a portion
of a conduit designed according to a first
variant of the invention,

FIG 2 is a longitudinal section through a portion
of a conduit designed according te a second
variant of the invention,

FIG 3 is a longitudinal section through a portion
of a conduit designed according to a third
variant of the invention,

FIGS 4-5 show modifications of the variant of the
invention shown in Fig. 2, and

FIGS 6-7 show a part of the plate wall of the conduit
in section and in a plan view respectively,

with examples of different perforations.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The invention relates to an apparatus which can be
applied to exhaust systems and silencer systems in
various types of internal combustion engine, for
example engines which function according to the Otto,
Diesel or Wankel principles. The engine can be located
in a wvehicle, for example a passenger car, a truck, a
work vehicle or a vessel. The invention can also be
applied to fixed engine installations, such as engine-
driven power plants and the like. The apparatus can

JP 2004-519575 A 2004.7.2
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then be located in different positions along the pipe
portions which form part of the exhaust and silencer
systems of the engine. Such a pipe portion can form,
for example, the end pipe which transports exhaust
gases from a silencer pot out into the surrounding
environment.

Fig. 1 shows a pipe portion 10, curved essentially at
right angles, with an outlet end 11 and an inlet end
12, the wall 13 of which has a perforation 14 on the
inside of the curve. The perforation connects the inner
volume of the pipe to the surrounding environment. When
the pipe portion is mounted in an exhaust system, for
example as an end pipe, and a pulsating exhaust gas
flow passes through the pipe portion, resonance may
occur. Some of the sound pressure in this resonance can
escape to  the surrounding environment via the
perforation 14. This means that the size of the
resonance is reduced. In this way, the escaping sound,
both from the mouth and through the perforation, will
occur from a significantly lower sound pressure level.
Overall, a smaller amount of sound will be emitted to
the surrounding environment from the exhaust system.

Exhaust emissions through the perforation 14 can be
avoided, because this is located in a part of the flow
passage where the static pressure 1s comparatively
lower than in other parts of the passage.

Fig. 2 shows on larger scale an alternative embodiment
of the invention, in which a number of perforations 14
are made in the pipe wall 13 of a pipe section 10 with
a portion 10a with a slightly reduced flow area. In
this connection, the flow rate will increase within
this portion with a reduction in the static pressure in
the pipe as a consequence, which means that surrounding
air can be sucked into the ©pipe through the
perforations without exhaust gases escaping.

JP 2004-519575 A 2004.7.2
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Fig. 3 shows a further variant of the invention, where
an indentation 15 has been made in the pipe wall 13 in
such a manner that a reduction in the flow area has
been brought about in this part. Downstream of the
indentation 15, the ©pipe wall forms a step 16
essentially at right angles out to the normal cross
section. A perforation 14 is located on the downstream
side of this step. An exhaust gas flow through the pipe
section in Fig. 3 will increase its flow rate at the
indentation 15. The reduced pressure will draw air in
from the surrounding environment of the pipe via the

perforation 14.

Another way of avoiding leakage of exhaust gases via a
perforation can be to introduce a partly sound-
permeable material which will serve as flow resistance.
This material can be applied on the outside of the
pipe, inside the pipe or in the perforations
themselves. The material can consist of steel, another
metal, glass fiber, textile material, ceramic and so
forth. The material can, for example, have a structure
in the form of a net, unstructured or structured fabric

and also porous medium.

Fig. 4 shows a modification of the invention where a
condult designed according to Fig. 2 has been provided
with an outer sleeve 17 which covers the perforations
and 1is provided with a large number of small
perforations 18. The purpose of the outer sleeve 17 is
essentially to “conceal” the perforations 14. The outer
sleeve 17 also provides a certain damping of sound
leakage via the perforations 14. This leakage can be
damped further by virtue of a space 19 between the
conduit 10 and the outer sleeve being filled with a
suitable damping material, for example mineral wool.

Fig. 5 shows another modification of the invention
where a conduit designed according to Fig. 2 has been

JP 2004-519575 A 2004.7.2
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provided with an internal cuff made of scund-permeable

non-woven fabric.

As emerges from Figs 6 and 7, the perforations 14 can
be made in a number of different ways. The invention
comprises a hole which is usually made in a geometrical
shape, for example round, square, V-shaped, slot-shaped
or any other shape.

The invention is not to be regarded as being limited to
the illustrative embodiments described above, but a
number of other variants and modifications are possible
within the scope of the following patent claims. For
example, the apparatus according to the invention can
comprise a combination of a number of pipe portions 10

arranged in series or in parallel.

JP 2004-519575 A 2004.7.2



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(11)

WO 02/066798 PCT/SE02/00260

10

15

20

25

30

35

PATENT CLAIMS

1. An apparatus for damping resonance in a conduit
(10) for transporting exhaust gases from an internal
combustion engine, characterized in that that the
conduit (10) is provided with at least one perforation
(14) located at a distance from the outer end (11) of
the conduit.

2. The apparatus as claimed in claim 1, characterized
in that the perforation (14) forms an acoustic
connection between the interior of the conduit (10) and

the surrounding atmosphere.

3. The apparatus as claimed in «claim 1 or 2,
characterized in that the perforation (14) is located
at a point in the conduit (10) with a comparatively
lower static pressure than the pressure a little way
downstream of the perforation.

4. The apparatus as claimed in claim 3, characterized
in that the lower static pressure in the vicinity of
the perforation (14) is brought about by means of a
reduction in the cross section of the conduit.

5. The apparatus as claimed in claim 4, characterized
in that the reduction in the cross section of the
conduit (14) is designed as a venturi.

6. The apparatus as claimed in claim 4 or 5,
characterized in that the pipe portion (10a) designed
as a venturl 1s covered on the outside with a sound-
absorbing material.

7. The apparatus as claimed in claim 6, characterized
in that the sound-absorbing material is covered by a
perforated plate (17).

8. The apparatus as claimed in claim 3, characterized
in that the lower static pressure in the vicinity of

JP 2004-519575 A 2004.7.2
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the perforation (14) is brought about by means of a

change in direction of the gas flow in the conduit.

9. The apparatus as claimed in claim 8, characterized
in that the change in direction of the gas flow is
brought about by means of a curve of the conduit.

10. The apparatus as claimed in any one of the
preceding claims, characterized in that the
perforations (14) are covered by means of a sound-
permeable fabric (20) on the inside or outside of the
conduit (10).

JP 2004-519575 A 2004.7.2
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