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A silencer

The present invention concerns silencers to reduce noise
in flowing gas media, preferably for incorporation into

5 exhaust pipes from internal combustion engines.

Silencers for such uses are frequently either of the re-
flection silencer type, absorption silencer type or a cam-
bination of these two types. Both are characterized by

10 giving a wideband damping in the acoustic frequency spec-
trum. Such a wideband damping is generally needed, since
the unsilenced spectrum from the engine, although it may
contain peaks, also contains a considerable share of all
frequencies within the audible range.

15
Both reflection and absorption silencers are based on si-
lencing mechanisms in connection with one or more cham-
bers, typically in a container having an admission pipe
and an exhaust pipe. The silehcing effect is obtained in

20 the reflection silencer in that sound energy is reflected
at cross-sectional transitions between pipes and chambers.
The effect of the absorption silencer is obtained in that
sound energy is transmitted to a sound absorbing material,
e.g. mineral wool, in which oscillatory energy is dissi-

25 pated by internal friction in the gas and by ihteraction
between the gas and the fibres of the absorbent.

The damping range in the frequency spectrum is different
for the two silencer types. Since the effect of the ab-
30 sorption silencer requires standing waves in the absor-
bent, this gives a downward limitation in the spectrum.
Also the effect of the reflection silencer is limited
downwardly in the spectrum, viz. by the filter natural-
frequency. This, however, is generally considerably lower.
35 Thus, in many uses for internal combustion engines it is
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difficult to obtain sufficient low frequency damping with
absorption silencer alone. This is of importance, since
precisely the most powerful frequency in the unsilenced
spectrum, generally the ignition frequency of the engine
(attributable to the cyclic process of the engine) is
relatively low. A pure reflection silencer, or a combined
reflection and absorption silencer is thus generally ne-

cessary.

The pure reflection silencer has the weakness that inter-
fering passage frequencies occur in its damping spectrum,
i.e. declines in the damping spectrum. These declines can
be attributed to standing gas oscillations in the cham-
bers. In some cases a decline may be so pronounced that it
actually involves negative damping at the characteristic

frequency, i.e. this frequency is amplified.

Incorporation of a sound absorbent in a reflection silen-
cer can reduce the detrimental effect of passage frequen-
cies to some degree, since standing oscillations in the
chambers can be reduced by dissipation of oscillatory
energy in the absorbent. In particular the basic natural
frequency of a chamber can still occur with a considerable
decline in the damping spectrum. The basic natural fre-
quency of the chamber is frequently somewhat higher in the
frequency spectrum than the filter natural frequency.

A known method of counteracting this decline comprises
extending the admission pipe to the center of the first
chamber. Such a geometry is expedient, because the basic
natural frequency of a chamber has a pressure node pre-
cisely at the center. This means that oscillatory energy
emitted here can excite the basic natural oscillation in
the chamber only to a limited degree. Furthermore, this
avoids excitation of all higher order natural frequencies

which also have a pressure node in the center of the



WO 94/18438 PCT/DK94/00049

chamber.

If such a positioning of pipe mouths to the chamber center
is realized by a simple termination of the pipe, the posi-
5 tioning will be somewhat indistinct, since the sound emis-
sion takes place via a certain zone in the axial direc-
tion, a zone whose length is related to the pipe diameter.

This problem is solved according to Danish patent No.

10 128427 by terminating the admission pipe with a radial
diffuser, from which the gas flow is directed into the
chamber in the form of a thin veil whose extent in the
axial direction is very small and therefore enables ac-
curate positioning to the pressure node.

15
The change in direction, from axial to radial flow, in-
volved by the radial diffuser does not necessarily entail
significant irreversibility in the flow. If the geometry
of the diffuser is appropriate, flow separation can be

20 avoided.

A further advantage of using radial diffusers in reflec-
tion silencers according to DK patent No. 128427 is that
the transverse plate of the diffuser reflects sound. This

25 provides a sound reducing effect which is added to the
initially mentioned reflection effect caused by the cross-
sectional transition (from pipe to chamber), and to the
above-mentioned effect that can be obtained by pressure
node positioning.

30
The present invention is based on the finding that re-
flection silencers having radial diffusers enable almost
complete elimination of passage frequencies corresponding
to standing gas oscillations axially in the chambers, but

35 not standing gas oscillations transversely thereto. In
some uses this is not considered to be a serious drawback,
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viz. when the mounting conditions make it natural to make
the silencer elongated, so that the standing transverse
waves correspond to relatively high frequencies that can
be reduced relatively efficiently by means of the sound

5 absorbent incorporated in the chambers.

However, there are uses of silencers, e.g. where the
mounting conditions make it necessary or expedient to
select a shorter embodiment with a container diameter

10 which is large with respect to the pipe diameter. In such
cases the use of a radial diffuser involves reflection of
sound at the transverse wall in the diffuser and pressure
recovery, two of the properties which are advantageous, as
described above. On the other hand, positioning to the

15 chamber center in an axial direction, while being expe-
dient in principle, is of less importance because of the
disadvantage that exact positioning to the node of the
basic natural frequency, which is more serious in this
case owing to lower frequency, of standing waves trans-

20 versely in the chamber is not possible.

Transverse oscillations of passage frequencies are there-
fore of greater importance in short silencers. But this
may also be important in those cases where the length of
25 the silencer is somewhat greater than the diaméter, viz.
in the event that the silencer contains several chambers,

one or more of which being shorter than the diameter.

In addition, e.g. French patent No. 800850 discloses a

30 silencer of the type stated in the introductory portion of
claim 1. This silencer is provided with a slot outlet
along the shell walls in the silencer, which causes the
gas flow to be conveyed into the chamber in the form of a
thin veil. Since all rotation-symmetrical transverse os-

35 cillations have their pressuré maximum on the inner side
of the shell, they will hereby be excited. Of this basi-
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cally infinite amount of oscillation modes, it is in prac-
tice primarily the lower order modes, and in particular
the basic oscillation in the transverse direction which

may give rise to interfering passage frequencies.

Accordingly, the object of the invention is to provide a
silencer which exhibits improved properties with respect
to damping of transverse oscillations in the chamber. This
is achieved by the features defined in the charactering

10 portion of claim 1.

Since the exhaust gas discharge opening is thus positioned
radially substantially symmetrically about the pressure
node of a transverse oscillation in the container, and so

15 that the outer plate or the discharge opening is spaced
from the shell, it is possible to construct a silencer
which exhibits improved properties with respect to damping
of transverse oscillations in the chamber, in particular
as regards lower order transverse oscillations.

20
In most cases it will be practically interesting to uti-
lize positioning in the pressure node which corresponds to
the basic oscillation in the transverse direction, as
stated in claim 2. However, there are cases whgre posi-

25 tioning in a pressure node of a higher order transverse
oscillation instead may be expedient, in particular the
first overtone, as is expressed in claim 3. It may e.g. be
in silencers where the passage frequency corresponding to
the basic oscillation is controlled in another manner,

30 e.g. by positioning the discharge pipe from the shell in
the pressure node of the basic oscillation. Another case '
.may be that the frequency corresponding to the first over-
tone in the transverse direction is particularly predomi-
nant in the unsilenced spectrum before the silencer, and

35 can therefore be given priority in the design of the fre-
gquency characteristic of the silencer.
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The subject-matter of claim 4 provides damping of trans-
verse oscillations together with a reasonable damping of

axial oscillations in the container.

The subject-matter defined in claim 5 provides a diffuser
effect of the medium flow and thus a lower back-pressure

for the silencer.

When the discharge opening is constructed as stated in
claim 6, the internal reflection of the sound waves is

increased, leading to improved silencing.

The subject-matter defined in claim 7 or claim 8 provides
an embodiment of the invention which is particularly easy

to manufacture and thus inexpensive.

When a catalyst element is incorporated in the silencer,
as stated in claim 10, good utilization of the total sur-
face of the catalyst is obtained.

Particularly expedient embodiments of the invention will
be explained more fully below with reference to the draw-

ing, in which

fig. 1 shows a schematically axial section in a rotation-
symmetrical embodiment of the invention,

fig. 2 shows another embodiment of the invention with a
relatively flat design,

fig. 3 shows a distinctly flat embodiment with a reverse

flow direction,

fig. 4 shows a fourth embodiment with a deflection of the

exhaust gas without sharp bends,
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fig. 5 shows an alternative embodiment of the invention,
fig. 5a shows a section at A-A in fig. 5,
fig. 6 shows a multi-chamber embodiment of the invention.

Fig. 1 shows an axial section of a rotation-symmetrical
embodiment of the invention. The silencer is here defined
by a cylindrical shell 1 and by end bottoms 2 and 3. The
gas flow is conveyed into the silencer from the inlet pipe
4 and is discharged from the silencer by the discharge
pipe 5. The double-deflecting element is composed of an
outer plate 6, which forms an abrupt bend at the contour K
to form the cover plate 7, and of the curved inner plate 8
and of a plurality of radial ribs 9, which are welded to
both the cover plate 7 and the inner plate 8 to retain the
latter. Sound absorbents 10 and 11, respectively, pro-
tected by perforated plates 12 and 13, are arranged around
the inlet pipe 4 and behind the inner plate 8.

Pressure oscillation modes of basic natural frequencies in
the longitudinal direction as well as in the transverse
direction are plotted in the figure. The positioning of

the gés flow to the pressure node will appear from this.

In a cylindrical chamber the node occurs approximately at
two thirds of the radius, calculated from the center axis
toward the inner contour of the shell. More precisely, the
position can be calculated to 0.63 times radius. This re-
sult occurs by the solution of the partial differential
equation called wave equation, which describes the rota-
tion-symmetrical, three-dimensional gas oscillation field

in the chamber.

On the face of it, it might be believed that the double-

deflection'involves considerable irreversibility, i.e.



WO 94/18438 PCT/DK94/00049

contributes significantly to increasing the overall flow
resistance of the silencer. However, a close analysis of
the field of flow in the flow element shows that the
double-deflection can be realized with a remarkably low
5 loss. This advantageous property can be ascribed both to

the rotation-symmetry of the flow element and to the fact
that the center C of the transverse plate as well as the
contour K constitute stagnation singularities in the field
of flow. This can be explained as follows: In many types

10 of pipe elements deflection of the flow involves a consi-
derable friction loss. This is the case e.g. with a 90°
pipe bend, even if it has an arc-shaped center line, e.g.
without sharp bends. The reason why considerable losses
occur nevertheless is that secondary flows occur in the

15 bend, i.e. vortices having a center axis in parallel with
the center line of the axis of the pipe. These vortices
cause internal impulse losses in the field of flow. In the
double-deflecting flow element of fig. 1 the rotation-
symmetry ensures that such secondary flow phenomena can be

20 avoided completely. Likewise a suitable embodiment of the
double-deflecting element (e.g. with a geometry as shown
in fig. 1) also avoids the type of vortices which can
occur in less expediently constructed diffusers (e.g. with
a too sudden expansion of area) because of flow separation

25 along the contour wall of the diffuser. _

Although it is thus possible to avoid vortex formations in
the double-deflecting element, the flow will be turbulent
in most cases, i.e. the smooth flow along flow lines will
30 be superimposed by random particle movements in all direc-
tions. The average travel of such movements characterizes
the degree of turbulence in the flow. This degree of tur-
bulence is somewhat greater in the double-deflecting ele-
ment than in a straight pipe flow, which involves a some-
35 what greater friction loss. However, in contrast to vortex

flow, this loss is useful in the sense that it contributes
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to the resistive acoustic resistance of the element, i.e.
is associated with a silencing effect. Thus, it may be
said that the double-deflecting element has a controlled

turbulence degree.

The above-mentioned stagnation singularities in the flow
may be explained as follows: A point singularity occurs in
the center C of the inner plate; here the gas stands
still. The flow is gradually decelerated along the central

10 axis of the inlet pipe on its way toward C; this decelera-
tion takes place almost completely without any losses (re-
versibly). Flow of gas particles along lines beginning on
a slightly larger radius will also be decelerated on the
way toward the inner plate, but not completely. Shortly

15 before the inner plate the particles will be deflected to
a preferably radial direction of flow, and then immedi-
ately be acceierated in a radial direction. Thus, the de-
flection takes place at a low flow rate, which contributes
to explaining the low deflection loss.

20
The singularity C is also present in a radial diffuser,
and the explanation of the low deflection loss in the
change from axial to radial flow just given is well-Kknown
per se among those skilled in the field of flow techno-

25 logy. However, the corresponding stagnation effect occur-
ring at the contour K in the double-deflection flow ele-
ment of fig. 1 has not been described before, not even in
the specialized flow literature. Here the greater part of
the radial flow up toward the cover plate 7 will be dece-

30 lerated almost reversibly and then be deflected at low
rate toward renewed axial flow, so that, here too, an al-
most loss-free deflection of the flow is obtained.

Fig. 2 shows another, distinctly flat embodiment of the
35 invention. The outer plate is omitted here, the inlet end
bottom 2 serving the dual function of forming part of the
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silencer boundary toward the surroundings and of forming
the flow directing outer plate. Another difference from
the embodiment of fig. 1 is that the discharge pipe 5 is
shown to be laterally directed with respect to the longi-
5 tudinal axis of the otherwise rotation-symmetrical si-
lencer. An embodiment according to fig. 2 may e.g. be
expedient in case of a silencer which is positioned below
the engine of a truck with a downwardly directed admission
pipe from the engine, the extension of the exhaust pipe

10 being horizontal along the undercarriage.

As indicated in the figure, the embodiment may e.g. be

combined with an elongate silencer of a known type.

15 Fig. 3 shows a third, likewise distincly flat embodiment
of the invention. In this embodiment the inner plate co-
incides with the other end bottoh 3 in such a manner that
the double directional change of the gas flow results in a
veil-like inflow to the chamber directly against the flow

20 direction in the admission pipe. Directional changes will
here involve a particularly efficient sound reflection in
the double-deflecting flow element. Also the embodiment
according to fig. 3 is almost rotation-symmetrical; the
only deviation from rotation-symmetry is that the dis-

25 charge pipe 5 is secured to the end bottom 2 oﬁ a certain

radius.

The embodiment according to fig. 3 may e.g. be expedient
in the positioning of a silencer below a truck engine like"

30 in fig. 2, but where the extension of the exhaust system
is upward e.g. to a mouth at the level of the roof of the

" driver's cab. In some cases, as indicated in fig. 3, an
elongate silencer of a known type may be incorporatéd in

the upwardly directed discharge pipe.
35
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Fig. 4 shows a fourth embodiment of the invention. This
embodiment differs from those described above in that the
cover plate forms an extension of the outer plate 6 with-
out sharp bends, so that the contour K is omitted. This

5 reduces the sound-reflecting effect of the double-deflect-
ing pipe element to some degree. But e.g. in case of gas
flows having a great content of soot, this embodiment may
be appropriate in order to prevent accumulation of soot in
the corner which is included in the double-deflecting flow

10 element embodied with the contour K.

Figs. 5 and 5a show an embodiment of the invention in
which the double-deflecting flow element is fork-shaped,
enabling a split tangential flow veil into a silencer

15 chamber. In all of the variants described above the veil
flow is axial. An embodiment with a tangential veil may be
expedient in those cases where the mounting conditions
make it advisable to mount the admission pipe transversely
to the shell 1, and not via the end bottom 2.

20
The tangential veil flow in the embodiment according to
fig. 5 involves a slightly reduced possibility of posi-
tioning at the pressure node of transverse oscillations in
the chamber in comparison with embodiments having an axial

25 veil. The reason is that on an average the veii flow,
which has a length of the order of some times the veil
width, follows a cylinder face having a somewhat varying
radius, seen in relation to a cylinder face concentric
with the shell. When the shell diameter is not too small,

30 this deterioration of the positioning is not of great im-
portance however. It may moreover be reduced if the veil-
like tangential flow to the chamber is withdrawn slightly
(as shown in fig. 5), so that the center of the veil (seen
in the axial direction of the admission pipe) is on the

35 cylinder face of the pressure node in the chamber.
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Fig. 6 shows an example of a two-chamber embodiment. The
last one of the chambers here utilizes a flow element of
the éame type as in fig. 3, while a variant of a flow ele-
ment according to the invention is additionally provided
in the first chamber. Here, a ring channel 15 is inter-
posed between the admission pipe 4 and the discharge open-
ing 14. This variant enables an axial veil flow to the
first chamber, even though the axial direction of the ad-
mission pipe is transverse to the axis of the container
(like in fig. 5). Peripheral flow takes place in the ring
channel, so that the exhaust gas, without a major loss of
total pressure, can be distributed evenly along the peri-
phery before flowing axially into the slot at the dis-

charge opening.

The examples of embodiments of the invention shown above
are built with a circular cylindrical shell and with a
considerable degree of rotation symmetry. The basic ideas
of the invention, however, are not bound to the circular
cylinder shape. The shell may e.g. be conical or elliptic.
This may e.g. be of interest in uses where the mounting
conditions make it advisable for the silencer to have a
flat shape.

In addition, it is possible to incorporate a cétalyst or a
heat exchanger such that these are positioned between the
discharge opening 14 and the discharge pipe 5. The geome-
try of the discharge opening 15 will ensure a particularly
good efficiency of the catalyst or the heat exchanger,
since these are supplied with an even flow of exhaust

gases over the entire active surface.
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Patent Claims:

1. A silencer, preferably for exhaust gases from internal
5 combustion engines, consisting of a container with a shell
(1) formed essentially as a cylinder face, and two end
bottoms (2, 3) as well as at least one admission pipe (4)
and one exhaust pipe (5) for exhaust gases, wherein the
flow prior to entering the internal volume of the con-

10 tainer is converted to a slot flow between an outer plate
(6) and an inner plate (8), said plates (6, 8) being so
shaped at their periphery as to form an exhaust gas dis-
charge opening (14), said plates having a contour direc-
tion which is substantially perpendicular to the radial

15 direction, c haracterized in that the dis-
charge opening (14) is positioned radially substantially
symmetrically around pressure nodes of a transverse oscil-
lation in the container, and so that the outer plate (6)
at the discharge opening (14) is spaced from the shell

20 (1).

2. A silencer according to claiml, character -

i z e d in that the discharge opening (14) is positioned

radially substantially symmetrically around pressure nodes
25 of the basic oscillation in the container.

3. A silencer according to claim 1, character -
i zed in that the discharge opening (14) is positioned
radially substantially symmetrically around pressure nodes

30 of the first overtone in a transverse direction.

4. A silencer according to one of claims 1-3, ¢ h a -
racterized in that the discharge opening (14) is
positioned axially around the pressure node of an axial

35 oscillation in the container.
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5. A silencer according to one of claims 1-4, c h a -
racterized in that the total cross-sectional
area of the discharge opening is greater than the cross-

sectional area of the admission pipe.

6. A silencer according to one or more of the preceding
claims, c haracterized in that at a location
between the admission pipe (4) and the discharge opening
(14) the outer plate (6) has an abrupt directional change
in the contour of the plate (6) to form the cover plate

(7).

7. A silencer according to one or more of the preceding
claims, characterized in that the outer plate
is formed completely or partly by the container end bottom

at the admission pipe.

8. A silencer according to one or more of claims 1-6,
characterized in that the inner plate is
formed completely or partly by the container end bottom

opposite the admission pipe.

9. A silencer according to one or more of the preceding
claims, characterized in that a ring channel
(15), to which the admission pipe (4) is connected, is
interposed between the admission pipe (4) and the dis-

charge opening (14).

10. A silencer according to one or more of the preceding
claims, characterized in that a catalyst
element is incorporated in the container between the dis-

charge opening and the exhaust pipe.

11. A silencer according to one or more of the preceding
claims, characterized in that the container
shell (1) is formed by a circular cylindrical pipe.
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12. A silencer according to one or more of claims 1-10,
characterized in that the cpntainer shell (1)

is formed by an elliptic pipe.
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