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Description
TECHNICAL FIELD

[0001] The invention relates to sound attenuation of
noise at the release of exhaust gases from a high power
combustion engine.

BACKGROUND ART

[0002] Animportant factor to consider, when desiging
an exhaust system connected to one or several high pow-
er combustion engines, is the noise in close vicinity to
the outlet of the system. Examples of such a high power
combustion engine are a diesel engine for a ship, for a
power plant or for a train. By high power combustion en-
gine is meant an engine with a total effect of more than
500 kW. A traditional method for providing a system of
attenuators for sound attenuation comprises that such
attenuators are built and supplied as one unit. Such a
unit tends to become bulky.

[0003] A traditional system for sound attenuation of
noise relating to an exhaust system of exhaust gases at
a ship involves the use of a standardized system of at-
tenuators, which are wrapped in walls of metals. Such a
standardized system of attenuators may as such be
called an attenuator and is a bulky unit with a large cross
section area corresponding to a typical diameter of 2-4
meters. This means that in the case of a cruise ship,
typically equipped with six diesel engines, the sound at-
tenuators consume valuable space, which otherwise
could be used for additional cabins.

[0004] Itis known that one may reduce noise from an
exhaust system of a high power combustion engine by
use of different types of damping techniques. One way
of reducing the noise is to arrange obstacles or steps of
acoustic impedance to the progressing acoustic wave in
the exhaust system channel. In this way, one prevents
noise from propagating in the channel of the exhaust sys-
tem. Such a type of sound attenuator is commonly known
as a reactive attenuator. Such a reactive attenuator con-
sumes no energy. There are two main principles to which
such reactive attenuators works. A first type of reactive
attenuator is a reflection attenuator, which comprises an
increase of the cross-section area. This area increase
gives rise to a reflection wave, which propagates in a
direction opposite to the propagation of the sound. Such
an obstacle may be regarded as awall, inwhich the sound
rebounds. A second type of reactive attenuator is a res-
onance attenuator, which influences the propagation of
the sound in a channel. Such an obstacle functions as a
pitfall, into which the progressing sound falls on its way
towards the orifice. The sound-attenuation properties for
a reactive attenuator are also dependent on where in the
system the sound attenuator is placed.

[0005] Another type of attenuator is a resistive atten-
uator. One typical embodiment of a resistive attenuator
is a round or square tube, the sides of which are coated
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with an absorbent or a porous medium of small coupled
cavities. Such a sound attenuator intended for a ventila-
tion system is described in the patent document GB
2,122,256. Another resistive attenuator intended for ex-
haust system is described in US 2,826,261. As absorb-
ent, there is usually used mineral wool or glass wool in-
cluded some adhesive, which causes the absorbent to
have a bonded structure. A gas-permeable surface layer,
such as a perforated plate, may also protect the absorb-
ent. Such a resistive attenuator will have a sound-atten-
uating property, which covers a wide frequency range
and is dependant, besides on the thickness and rate of
flow of the absorbent, also on the length and the inner
area of the attenuator. The ratio of the absorbent thick-
ness to the length of the acoustic waves, which are part
of the sound is determining for the attenuation of lower
frequencies. A satisfactory attenuation is achieved for
sound frequencies at which the thickness of the absorb-
entis larger than a quarter of a wavelength of the sound.
The sound attenuation properties then decrease drasti-
cally for sound of lower frequencies, which has a greater
wavelength. Even when the ratio of the wavelength to
absorbent thickness is about 1/8, the absorption is only
half as great, and the ratio 1/16 it is only 20% of the
absorption, which is obtained at the ratio 1/4. Since a
certain absorption capacity remains, in many cases a
sufficient absorption may be obtained by increasing the
length of the total absorbent in the exhaust system. In
addition, the cross-section area or diameter of the ex-
haust system is of importance for the sound attenuation
obtained since the reduction in the upper frequency
range of the sound decreases with increased cross-sec-
tion area. Hence, a problem with such a resistive atten-
uator is that the absorbing layer must be thick to be able
to absorb low frequencies. This means large volume.
However, a larger total length of the attenuator may com-
pensate a smaller absorbent thickness. This leads to an
increased cost of the sound attenuation obtained. Anoth-
er problem for an exhaust system is that the pressure
drop mustbe limited. This leadsto arelatively large cross-
section area of the system. The sound attenuation at the
upper frequency range of the sound is thus reduced. It
often appears that for traditional methods providing
sound attenuation system properties, which are obtained
in a laboratory, especially at low frequencies, are seldom
obtained in practice. This leads to a great oversizing in
order to insure sufficient sound attenuation.

[0006] The above-mentioned attenuators as well as
other type of attenuators may be combined into an ele-
ment. An example of such an element is described in US
4,371,054.

[0007] WO 98/27321 shows an example of a system
with a reflective and a reactive attenuator. However, a
remaining problem is to efficiently supply attenuators for
elongated exhaust channels.

[0008] Methods for modeling noise in exhaust system
may be based on four-pole theory, handling low frequen-
cies, or based on power flow models, handling high fre-
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quencies. There is no known efficient method for mode-
ling exhaust systems for large combustion engines with
multiple attenuators and other components over the en-
tire frequency range.

[0009] Yetanother problemis during design of the sys-
tem to efficiently model and try different combinations of
elements with varying characteristics, and get an imme-
diate result on the effect on sound attenuation, such as
on-board a ship, depending on the combination of ele-
ments.

[0010] Another remaining problem is to arrange a
sound attenuation systemin a reliable manner, which not
only meets noise requirements, but also insures that the
sound attenuation system is not oversized nor overesti-
mated from a design standpoint. Another problem is to
during the design phase of a sound attenuation system
also being able to minimize the pressure drop, since a
large pressure drop reduces the efficiency of the com-
bustion engine with or without a turbo charger.

[0011] A particular problem is design and assembly of
a noise reduction system intended for a cruise ship,
where demands on noise levels are rigorous, due to high
demand on passenger comfort.

SUMMARY OF THE INVENTION

[0012] Anobjectoftheinventionisto provide a method
for supplying a system for sound attenuation of noise
relating to an exhaust system of exhaust gases from a
high power combustion engine, where elements intend-
ed for sound attenuation are, more efficiently and accu-
rately than with known methods, modeled in a computing
device, and the method does not have the above men-
tioned disadvantages. The method shall enable that an
estimated noise level is calculated with high accuracy,
not only in a band of low frequencies and in a band of
high frequencies, but also in a band of intermediate fre-
guencies. Hence, the method enables estimation of noise
and attenuating effect in the whole frequency area. A
system for sound attenuation according the invention
shall enable the exhaust system to be supplied with at-
tenuators which diameters are smaller compared with a
traditional system for sound attenuation. A method ac-
cording to the invention shall provide a system for sound
attenuation where attenuator elements are placed along
the exhaust system of exhaust gases, wherein such a
system consumes less space and has less weight com-
pared with exhaust system fitted with sound attenuators
according to previously described traditional methods.
Such a traditional method comprises the use of a bulky
container of a system of attenuators. Further, the method
according to the invention shall enable a user to quickly
perform analysis of different design alternatives. The
method enable that requirements on noise levels in close
vicinity of the outlet of the exhaust system is met. The
method shall enable to meet such requirements in a fre-
guency range 25 Hz to 10 kHz. Further, the method shall
provide less pressure drop than traditional methods.
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[0013] The above mentioned objectis met by a method
according to claim 1.

[0014] The inventors have found that a particular suit-
able element to be used in the method, hence in the pro-
vided system for sound attenuation is an element where
each element comprises a first reactive part, a resistive
part and a second reactive part. An alternative name to
such an element is a triple or a triple attenuator.

[0015] Another object of the invention is to provide a
computer program capable of executing any of the steps
according to the above-mentioned method.

[0016] Yetanother object of the invention is to provide
an exhaust system with a sound reduction system sup-
plied according to the above-mentioned method.

[0017] Itshould be understood that the figures and de-
scription of embodiments are merely examples of possi-
ble embodiments and should not limit the underlying in-
ventive idea.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The presentinvention will be described in more
detail in connection with the enclosed schematic draw-
ings.

[0019] Figure 1 shows an overview of a ship with an

exhaust system and a position to which a desired noise
level is associated.

[0020] Figure 2 shows a simplified flow diagram of a
method according to the invention, a computing device
and a user, such as an engineer, of the device.

[0021] Figure 3 shows an overview of an attenuator
element, the characteristics of which are used in the mod-
eling step of the method. That type of element is modeled
at a plurality of positions in the exhaust system.

[0022] Figure 4 shows an example of an exhaust sys-
tem with sound attenuation according to the invention.
[0023] Figure 5 is a schematic drawing of a display
comprising entries to a number of functions, which relates
to the invention.

[0024] Figure 6 is an overview, which shows that a
contribution to an attenuating effect of an attenuation el-
ement is achieved in a low frequency area, an interme-
diate frequency area and an upper frequency area.
[0025] Figure 7 shows a simplified graph of a calculat-
ed attenuating effect of an attenuation element 20 in the
low frequency area.

[0026] Figure 8 shows a simplified graph of an atten-
uation effect in the low frequency area of a sound reduc-
tion system comprising attenuation elements supplied
according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Figure 1 shows an example of an exhaust sys-
tem 1 for exhaust gases from a high power combustion
engine, such as a diesel engine 4 for a ship 2. A position
3 is associated to a desired noise level. Such a position
3 is typically in close vicinity to the outlet of the exhaust
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system. A desired noise level is typically defined as an
A-weighted value. Desired values are typically in the
range of 60 dBA - 70 dBA.

[0028] As Figure 1 shows, the exhaust system com-
prises a number of different units. Examples of such units
are a turbo charger, a boiler 5 or a heat exchanger 5. A
heat exchanger is a common unit, in which part of the
surplus heating of the hot gas is taken out for heating
water or oil. In an embodiment an exhaust system where
attenuator elements have been designed according to
the invention, the attenuators 20 are positioned after the
boiler 5. In an alternative embodiment, attenuators may
also be positioned before the heat exchanger or the boil-
er.

[0029] Figure 2 shows a simplified flow diagram of a
method according to the invention. Further, figure 2 in-
dicates that the steps of adding elements 7, inserting
individual attenuating devices 8 and the calculating step
9 is performed by means of a computing device 13. It
should be understood that an embodiment the invention
may also comprise the modeling of the non-attenuated
exhaust system, including the orifice, straight pipes,
curved pipes etc. As an alternative, modeling of the non-
attenuated exhaust system may be performed in another
computing environment, different from the computing de-
vice. Constraints and details of the non-attenuated sys-
tem may be defined in blueprints or as CAD-drawings or
similar. The adding step 7 of figure 2 involves the mod-
eling of a plurality of attenuator elements 20 shown in
figure 3. Such elements comprise a first reactive part 21,
a resistive part 22 and a second reactive part 23. The
inventors have found that the use of such elements in a
real world exhaust system 1, based on the invention, re-
sults in increased accuracy between an estimated noise
level and a measured noise level. It is beneficial to use
two to four such elements. In a method according to the
invention, these elements are typically the first sound at-
tenuators to be added to a model of a real world exhaust
system. The position of such element in the channel is
often dependent on available space between curved
pipes. The adding step 7 typically involves an interaction
between a user 14 and the computing device 13. The
user 14, such as a design engineer, enters parameters
relating to the elements through a user interface. Exam-
ples on such parameters relating to the element 20 are
shown in figure 3 and may be D1, D2, xi smooth and xi
perforation. Such sound damping characteristics is de-
scribed in further detail in the description below of figure
3.

[0030] Further, the inventors have found that the use
of the elements 20 enables an efficient combination of
the sound damping characteristics of such elements 20
with individual reactive and resistive devices, which to-
gether gives the desired noise level. The inserting step
of figure 2, involves the insert of at least one individual
attenuating device. A typical real world attenuated sys-
tem, such as for a cruise ship, based on the invention
comprise at least four such individual devices. Such an
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individual device has its main damping effect in the low
frequency area or in the upper frequency area. Such an
individual device with damping in the low frequency area
is of similar construction as part 21 or 23 of the attenuation
element 20. Such an individual device with damping in
the high frequency area is of similar construction as part
22 of the attenuation element 20. Hence, typically such
an individual device is either a reactive or a resistive de-
vice. Further, during a repeat of the inserting step 8 ad-
ditional individual attenuating devices may be added. Al-
ternatively, to only adding a device in a repeat of the
inserting step 8, acoustic characteristics of already added
individual attenuating devices may be altered. In alter-
native embodiment the inserting step 8 may comprise
that the position of already inserted elements or individual
devices is altered. The change of position of reactive in-
dividual devices and elements has an impact on the total
attenuation effect in the low frequency area. The atten-
uation effect in the high frequency area is dependent on
the total length of resistive individual devices and the
resistive parts 22 of the attenuation element. Further, the
attenuation effectin the high frequency areais dependent
on type of material ry, total amount of material, type of
perforation x; and other parameters of the resistive parts
shown in figure 3.

[0031] The calculating step 9 comprises a calculation
of an attenuating effect of the elements 20 and an atten-
uating effect of the single attenuating devices. It is ben-
eficial to present the result of the calculation to the user
of the computing device 13 as a total attenuating effect
in a plurality of frequency bands. An aim is to make the
attenuating effect at least equal to a needed attenuation
in the real world exhaust system 1. The needed attenu-
ation relates to the sound pressure level of the high power
combustion engine. The needed attenuation may be cal-
culated as the sound pressure level subtracted with the
desired noise level. The calculating step 8 of figure 2 may
comprise a calculation of an estimated noise level cor-
responding to a position in close vicinity of the outlet of
the exhaust system.

[0032] In a preferred embodiment the calculation step
9 comprise that a contribution to an estimated attenuated
effect comprise a band of frequencies corresponding to
damping of intermediate frequencies related to an ele-
ment 20. The damping is calculated by use of four-pole
theory and by use of power flow models.

[0033] One system parameter, which one keeps con-
stant in a preferred embodiment, is the sound pressure
level of the high power combustion engine 4. The high
power combustion engine 4 functions as a sound source
to the exhaust system. The sound pressure level of the
combustion engine is typically an anticipated sound pres-
sure level and is supplied as input to the computing de-
vice as a sound spectrum of band of frequencies. The
manufacturer of the engine typically supplies or defines
the sound spectrum. Itis of particular importance that the
sound spectrum is reliable and corresponds to the sound
spectrum of the real world engine to be supplied as sound
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source of the real world exhaust system. In a preferred
embodiment that sound spectrum is based on sound
power, which is independent of distance from the sound
source. However, a traditional method for supplying the
sound spectrum of the engine involves the measurement
of noise outside the engine tail pipe by means of a mi-
crophone. Such a method further involves that the meas-
ured sound spectrum is transformed by calculation to a
sound power spectrum corresponding to the sound pow-
er of the combustion engine. Instead, it is according to
the invention beneficial to measure the sound power as
close to the inlet of the exhaust system 1 as possible. As
an alternative, one may measure the sound power at the
tail pipe of the combustion engine or a unit of the same
type of engine before it is supplied as a sound source of
the real world exhaust system. Since the desired noise
level at the outlet 3 of the exhaust system typically is a
maximum level, the sound power spectrum of the com-
bustion engine 4 should correspond to full effect of the
engine.

[0034] Another system parameter, which normally is
kept constant, during the modeling and calculating step
is the total length of exhaust channel. The total length,
as well as other boundary conditions, is commonly indi-
cated on blueprints or drawings.

[0035] Itis beneficial that each element, individual at-
tenuated device and other parts of the modeled exhaust
system are modeled as software objects or similar. In
principle, the steps handled by means of a computing
device may be implemented in software executable in
any type of computing environment.

[0036] Figure 3 shows an overview of an attenuator
element 20, the characteristics of which are used as pa-
rameters in the adding step 7 of the method. Figure 3
shows a cross section of such an attenuator element.
That type of element is modeled at a plurality of positions
in an exhaust system 47 according to Figure 4. Such an
element comprises afirst reactive part 21, aresistive part
22 and a second reactive part 23. Such an element may
also be seen as an acoustic element, which suggests
that the first reactive part 21, the resistive part 22 and
the second reactive part 23 are not necessarily physically
fitted together. The element is particular suitable due to
the following. In an exhaust system 1, a sound field arises
in the same way as in a room, which sound field is de-
termined by the boundary conditions in the channel.
There is a clearly expressed direction of movement of
sound energy from the sound source 40 to the orifice 6,
46. The acoustic boundary conditions are thus deter-
mined by the properties of the limiting surfaces of the
channel. Not least at the orifice are the acoustic boundary
conditions complicated, since the very shape of the ori-
fice, as well as the phenomenon that hot gas at a high
pressure is thrown out into the air at normal temperature
and normal atmospheric pressure, influence the sound
generation. At the orifice, the progressing sound is sub-
jected to strong reflection, whereby part of the sound en-
ergy passes in the opposite direction. The reflected
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sound gives rise to a sound field with standing waves in
the channel. In an unattenuated channel system, the
sound field is determined almost exclusively by these
reflection waves. Standing waves with pronounced
nodes and great amplitudes are added to the generated
sound field. By introducing attenuation in the channel
system, the sound field becomes less accentuated. The
inventors have found that by use of the element 20 it is
possible to locally control the sound field generated in
the channel. For low frequencies up to a cut on frequency
an area increase causes a reflection wave where part of
the progressing sound bounces back. In an attenuated
elongated channel system 47, this means that, at such
an area increase, a node in the sound field is located.
The pipes of reactive parts 21 and 23 should be placed
at a pressure maximum corresponding to the tuned fre-
quency. The length L2 and L4 should correspond to ap-
proximately, but not exactly, a 1/4 of a wavelength for
the tuned frequency. This in order for the pipes of the
reactive parts 21 and 23 to take advantage of a reflective
wave due to the area increase between part 21 and 22
respectively between part 22 and 23. This according to:

A=clf

where A is the wavelength, cis the speed of sound and
fis the frequency. One may note that the speed of sound
depends on air temperature. Hence, in an exhaust sys-
tem according to the invention it is important to consider
changes in temperature along the channel 47.

[0037] Figure 4 shows an example of an exhaust sys-
tem with sound attenuation according to the invention.
20a and 20b are two attenuating elements each having
two reactive parts. The reactive parts typically have tuned
frequencies between 65 Hz to 200 Hz. The elements 20a
and 20b make efficient use of available space and are
cost effective to supply to the exhaust system. The ex-
haust system comprises an inlet 40, which is connected
to a sound source such as a high power combustion en-
gine 4. From an acoustic standpoint, the inlet 40 is con-
sidered an endless pipe. The exhaust system also com-
prises an outlet 46 or orifice, the shape and size of which
have considerable influence on the sound in the channel.
As the sound leaves the channel, it results in reflection
waves. An exhaust system, such as shown in figure 4,
often comprises a boiler 42 or heat exchanger. Such a
boiler 42 has three main effects on the acoustic environ-
ment. The first effect is that the boiler 42 reduces the
temperature of the exhaust gas and hence the speed of
sound is different before and after the boiler 42. The sec-
ond effectis that the boiler 42 may be seen as a boundary
condition, similar to the orifice. A boiler 42, or rather an
area increase/decrease in the boiler introduces distinct
impedance. This makes it suitable to place single reactive
devices as well as reactive parts of the attenuating ele-
ment in relation to the boiler 42. It is an advantage to use
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such a relation to place the opening of a single attenuat-
ing device, such as 43 and 45 in figure 4, at an odd
number of a quarter of a wavelength from a distinct im-
pedance. The third main effect of the boiler 42 is that it
has an attenuating effect, which in an embodiment of the
invention is taken in account. It should be understood
thatfigure 4 is schematic and a real world exhaust system
comprise other parts than indicated in the figure such as
bend pipes, flanges, connections to multiple engines etc.
[0038] Figure 5 is a schematic drawing of a display
comprising entries to a number of functions 51-55 dis-
played by means of the computing device 13, which re-
lates to the invention. The inventors have found that is
an advantage to implement functions such as pre anal-
ysis 51, elements 52, system 53, source/termination 54
and post analysis 55. Such an elements function may
comprise the definition of physical and acoustic charac-
teristics of elements 20 as well as individual devices. Oth-
er examples of elements are a boiler, a heat exchanger,
a pipe inlet, a pipe outlet or a flange. A system function
may comprise that different elements are added or in-
serted to a model of an exhaust system 1. Many alterna-
tive definitions of functions are possible in an embodi-
ment of the invention.

[0039] Figure 6 is an overview, which shows that a
contribution to an attenuating effect in the intermediate
frequencies 60 is achieved by use of the attenuator ele-
ment 20. In an embodiment of the invention, an attenu-
ating effect is calculated by use of band of frequencies.
It is beneficial to use bands where each band corre-
sponds to a tierce. Other distances between the bands
are possible.

Figure 6 shows that the attenuating effect of the element
20 in the low frequencies 61 is mainly achieved by the
reactive parts 21 and 23. One should note that also re-
sistive part 22 contributes to the attenuating effect in the
low frequency area as a reflective attenuator. The resis-
tive part 22 works as a reflective attenuator in both the
direction of mass flow of exhaust gases, as well as a
reflective attenuator in the other direction of reflective
waves from other elements or, for instance, reflective
waves from the orifice. The inventors have found that it
is beneficial to start with the resistive part 22 at the acous-
ticand physical design of amodule. The length L3 should
correspond to A/4 based on a critical frequency to atten-
uate in the low frequency area. As an example: If a critical
frequency is 125 Hz and the temperature of the exhaust
gas at the position of the element is 350°C the speed of
sound is calculated as:

1+350

c=3314*

273
[0040] The speed of sound is 500 m/s which gives that
for A/4 L3 should be approximately 1 m. Part 21 and 23
should be tuned such that 125 Hz is the center frequency
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or close to the center frequency of the complete element
in the low frequency area. It is in this case beneficial to
tune part 21 to a frequency close to 110 Hz and part 23
close to 140 Hz. The above-mentioned calculation A/4 in
order to place the inlet of the pipes at pressure maximum
gives that L2 of part 21 is 1.14 meters and L4 of part 23
is 0.89 meters.

[0041] Figure 7 shows a simplified graph of a calculat-
ed attenuating effect of an attenuation element 20 in the
low frequency area. In the previous example, the center
frequency 125 Hz corresponds to the centre 71 of the
attenuation frequency band. The firstreactive part 21 cor-
responds to the left 70 curve of an attenuation effect with
a centre frequency close to 110 Hz. The second reactive
part 22 correspondsto the right 72 curve of an attenuation
effect with a centre frequency close to 125 Hz. It is ben-
eficial to trim the acoustic performance of each attenua-
tion element such that the total attenuation effect of the
element, in the low frequency area, has flat top 73 cor-
responding to a certain damping measured in dB.
[0042] Figure 8 shows a simplified graph of the atten-
uation effect in the low frequency area of a sound reduc-
tion system comprising attenuation elements supplied
according to the invention. Each of the curves 80, 81 and
82 corresponds to an attenuation element 20. The atten-
uation effect of each element 20 may result in damping
effects with different amplitudes measured in dB, this in
contrast to the figure, which shows a system with atten-
uation elements 20 with similar amplitude 80, 81 and 82
for its band of frequencies. One important advantage of
a method according to the invention is that it enables a
user to adapt the total attenuation effect of each of the
attenuation elements 80, 81 and 82 to the corresponding
sound effect of the high power combustion engine 4.
[0043] It should be understood that the elements and
individual devices has a total attenuating effect greater
than, if each attenuating effect would be added one by
one to a total effect. The reason for that is that the ele-
ments and devices work together as a sound attenuation
system. One acoustic effect that the invention makes use
of is that one may introduce reflective waves by adding
elements with resistive parts 21, that has a reflective
characterinthe low frequency area, or individual resistive
devices at suitable positions. Such suitable positions are
odd numbers of 1/4 of desired wavelengths for attenua-
tion.

[0044] The attenuation elements 20a and 20b, as well
as individual devices 43, 45, are positioned in a model
during the adding 7 and inserting step 8 such that the
total attenuation effect of the attenuation elements 80,
81 and 82 and the attenuation effect of individual devices
match certain bands the frequency spectra of the corre-
sponding sound effect of the high power combustion en-
gine 4. A user 14 may try different combinations of indi-
vidual devices and attenuation elements 20 during the
repeating step 10 in order to achieve not only sufficient
sound attenuation, but also to model the attenuation sys-
tem such that it may be supplied to the exhaust system
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in a cost effective manner.

[0045] The attenuating effect in the high frequency 62
area of each element is mainly achieved by the resistive
part 22. The calculation of the attenuating effect is made
such that an estimated attenuated effect comprises a
band of frequencies corresponding to intermediate fre-
guencies 60 of an element 20. Such a contribution to
frequencies of an element 20 is calculated by use of four-
pole theory and by use of power flow models. Each ele-
ment 20 contributes to attenuation in the low frequencies,
intermediate frequencies and high frequencies. The in-
ventors have found that it is beneficial to use a cut-on
frequency to determine at what frequency the calculation
should be based on four-pole theory or power flow mod-
els. The cut-on frequency depends on the cross-section
area of transport system and the speed of sound 7,(A,c).
The cut-on frequency is typically calculated as:

_184*c
w*d

fo

where c is the speed of sound and d the diameter of the
transport system at the element. According to Figure 6,
below the cut-on frequency, the plane wave area, the
attenuating effect of the element is mainly coming from
the reactive parts 21 and 23.

[0046] Inone embodiment the cut-on frequency deter-
mines that it is only the contribution from four-pole theory
that is used in the calculating step 9 to add to the calcu-
lated attenuated effect below the cut-on frequency for
each of the attenuation elements 20. And similar, in the
same possible embodiment, the cut-on frequency deter-
mines that only the contribution from power flow models
is used in the calculating step 9 to add to the calculated
attenuated effect above the cut-on frequency.

[0047] Above the cut-onfrequency, whichisin the mid-
dle of the intermediate frequencies 60 of Figure 6, the
attenuating effect of a real world attenuating element is
mainly coming from the resistive part 22. It should be
noted that the attenuated effect in the high frequency
area of the resistive part 22 is not depending on the po-
sition of the element. Nor is the acoustic effect of the
single attenuating devices with resistive character de-
pending on position. However, it is beneficial to place at
least some resistive attenuating devices before a possi-
ble boiler 42 or heat exchanger.

[0048] It is beneficial to position the attenuation ele-
ments 20 after a possible boiler 42 or heat exchanger.
One reason is that commonly there are more straight
pipes available after such a boiler 42. Another reason is
that the temperature of the exhaust gases drops after a
boiler 42 and heat exchanger. This means that the speed
of sound is reduced after the boiler. This in turns means
that to tune an element 20 for attenuation at a certain
center frequency, such as 125 Hz, results in that the re-
quired total length of the element 20 is less after the boiler
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42 than before the boiler.

Claims

1. A method for supplying a system for sound attenu-
ation of noise relating to an exhaust system (1) of
exhaustgases from a high power combustion engine
(4), such as the exhaust system (1) at a ship (2) or
power plant, characterized in that the method com-
prises the steps of:

- adding (7) to a model of the exhaust system,
by means of a computing device (13), a plurality
of elements (20a, 20b) where each element
comprises a first reactive part (21), a resistive
part (22) and a second reactive part (23);

- inserting (8) into the model, by means of the
computing device (13), at least one single atten-
uating device (44, 45);

- calculating (9), by means of the computing de-
vice (13), an attenuating effect of the elements
(20a, 20b) and an attenuating effect of the at
least one single attenuating device (44, 45) re-
lating to a sound pressure level of the high power
combustion engine (4);

- repeating (10) the inserting and calculating
step, until sufficient attenuation is achieved,;

- assembling (11) the system for sound attenu-
ation, such that it comprises a plurality of real-
world elements and at least one real-world sin-
gle attenuating device mounted as channel
parts along the exhaust system, wherein a
measured noise level at the close vicinity of the
outlet is below a desired noise level.

2. Amethodaccordingtoclaim1characterizedin that
acontribution to an estimated attenuated effect com-
prises a band of frequencies corresponding to inter-
mediate frequencies (60) of an element (20).

3. Amethod accordingto claim 2 characterized in that
the contribution to the estimated attenuated effect
from intermediate frequencies of an element (20) are
calculated by use of four-pole theory and by use of
power flow models.

4. A method according to claim 1 or 3 characterized
in that the at least one single reactive attenuating
device (45) is positioned at an odd number of a quar-
ter of a wavelength from a distinct impedance, such
as an area increase (46), where the wavelength is
the single attenuating device’s tuned frequency.

5. A method according to claim 4 with the additional
step of calculating a pressure drop along the exhaust
system (1).
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A method according to any previous claim charac-
terized in that the minimum length of the exhaust
system is 8 meters, the effect of the combustion en-
gine (4) is greater than 500 kW.

A method according to claim 6 where the exhaust
system (1) comprises a heat exchanger or boiler (5,
42), which reduces the temperature of the exhaust
gas in the exhaust system (1) and therefore the
wavelength of the sound decreases after the heat
exchanger or boiler (5, 42), and the at least one sin-
gle attenuating device is positionedin an odd number
of a quarter of a wavelength from the outlet of the
heat exchanger or boiler (5, 42), where the wave-
length is the single attenuating device’s tuned fre-
quency.

The use of the method according to claim 1.

A computer program stored on a media loadable into
the memory of a computing device (13) character-
ized in that the computer program is capable of ex-
ecuting any of the steps according to claim 1.

An elongated exhaust system of exhaust gases from
a high power combustion engine (4) characterized
that a system for sound attenuation (47) of noise is
supplied to the exhaust system according the meth-
od of claim 1.

Patentanspriiche

1.

Verfahren zum Schaffen eines Systems fiir die Ge-
rausch-Schallddmpfung in einem Abgassystem (1)
fur die Abgase einer Hochleistungs-Brennkraftma-
schine (4) wie etwa dem Abgassystem (1) in einem
Schiff (2) oder in einem Kraftwerk,

dadurch gekennzeichnet, dass das Verfahren die
folgenden Schritte umfasst:

- Hinzufiigen (7) mehrerer Elemente (20a, 20b)
zu einem Modell des Abgassystems mittels ei-
ner Rechenvorrichtung (13), wobei jedes Ele-
ment einen ersten reaktiven Teil (21), einen re-
sistiven Teil (22) und einen zweiten reaktiven
Teil (23) umfasst;

- Einfiigen (8) wenigstens einer einzigen Damp-
fungsvorrichtung (44, 45) in das Modell mittels
der Rechenvorrichtung (13);

- Berechnen (9) einer Dampfungswirkung der
Elemente (20a, 20b) und einer Dampfungswir-
kung der wenigstens einzigen Dampfungsvor-
richtung (44, 45)in Bezug aufeinen Schalldruck-
pegel der Hochleistungs-Brennkraftmaschine
(4) mittels der Rechenvorrichtung (13);

- Wiederholen (10) des Einfligungs- und Be-
rechnungsschrittes, bis eine ausreichende
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Dampfung erreicht ist; und

- Aufbauen (11) des Schalldampfungssystems
in der Weise, dass es mehrere wirkliche Ele-
mente und wenigstens eine einzige wirkliche
Dampfungsvorrichtung, die als Kanalteile langs
des Abgassystems montiert sind, umfasst, wo-
bei ein gemessener Gerdauschpegel in nachster
Nahe des Auslasses unter einem Sollgerausch-
pegel liegt.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass ein Beitrag zu einer geschéatzten ge-
dampften Wirkung ein Band von Frequenzen um-
fasst, die Zwischenfrequenzen (60) eines Elements
(20) entsprechen.

Verfahren nach Anspruch 2, dadurch gekenn-
zeichnet, dass der Beitrag zu der geschéatzten
Dampfungswirkung von Zwischenfrequenzen eines
Elements (20) unter Verwendung einer Vierpoltheo-
rie und unter Verwendung von Leistungsflussmodel-
len berechnet wird.

Verfahren nach Anspruch 1 oder 3, dadurch ge-
kennzeichnet, dass die wenigstens einzige reakti-
ve Dampfungsvorrichtung (45) um eine ungerade
Anzahl von Viertelwellenl&ngen von einer bestimm-
ten Impedanz wie etwa einer Flachenzunahme (46),
bei der die Wellenldnge die Abstimmfrequenz der
einzigen Dampfungsvorrichtung ist, beabstandetiist.

Verfahren nach Anspruch 4, das den zusétzlichen
Schrittdes Berechnens eines Druckabfalls |angs des
Abgassystems (1) umfasst.

Verfahren nach einem vorhergehenden Anspruch,
dadurch gekennzeichnet, dass die minimale Wel-
lenldange des Abgassystems 8 Meter betragt und die
Leistung der Brennkraftmaschine (4) gréRer als 500
kW ist.

Verfahren nach Anspruch 6, bei dem das Abgassy-
stem (1) einen Warmetauscher oder Boiler (5, 42)
umfasst, der die Temperatur des Abgases in dem
Abgassystem (1) reduziert, weshalb die Wellenl&n-
ge des Schalls nach dem Warmetauscher oder Boi-
ler (5, 42) abnimmt, und die wenigstens einzige
Dampfungsvorrichtung um eine ungerade Anzahl
von Viertelwellenldngen von dem Auslass des Wér-
metauschers oder Boilers (5, 42) beabstandet ist,
wo die Wellenlange die Abstimmfrequenz der einzi-
gen Dampfungsvorrichtung ist.

Verwendung des Verfahrens nach Anspruch 1.
Computerprogramm, das in einem Medium gespei-

chert ist, das in den Speicher einer Computervor-
richtung (13) geladen werden kann, dadurch ge-
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kennzeichnet, dass das Computerprogramm ir-
gendwelche der Schritte nach Anspruch 1 ausfuhren
kann.

Lang gestrecktes Abgassystem fiir Abgase von ei-
ner Hochleistungs-Brennkraftmaschine (4), da-
durch gekennzeichnet, dass fiir das Abgassystem
ein System (47) zur Gerdusch-Schalldampfung ge-
maf dem Verfahren nach Anspruch 1 vorgesehen
ist.

Revendications

Méthode pour fournir un systéme d’atténuation
acoustique d’un bruit lié a un systeme d’'échappe-
ment (1) des gaz d’échappement en provenance
d’un moteur a combustion de grande puissance (4),
tel le systeme d'échappement (1) d’'un navire (2) ou
d’'une centrale, caractérisée en ce que la méthode
comprend les étapes consistant & :

- gjouter (7) & un modeéle du systeme d’échap-
pement, au moyen d’un dispositif de calcul (13),
une pluralité d’éléments (20a, 20b), chaque élé-
ment comprenant une premiére partie réactive
(21), une partie résistive (22) et une deuxieme
partie réactive (23);

- insérer (8) dans le modeéle, au moyen du dis-
positif de calcul (13), au moins un dispositif in-
dividuel d’'atténuation (44 ; 45) ;

- calculer (9), au moyen du dispositif de calcul
(13), un effet atténuant des éléments (20a, 20b)
et un effet atténuant dudit au moins un dispositif
individuel d’'atténuation (44 ; 45) en relation
avec un niveau de pression acoustique du mo-
teur a combustion de grande puissance (4) ;

- répéter (10) I'étape d'insertion et de calcul jus-
gu'a ce qu'une atténuation suffisante soit
obtenue ;

- assembler (11) le systeme d'atténuation
acoustique de telle sorte qu’il comprenne une
pluralité d’éléments réels et au moins un dispo-
sitif individuel réel d’atténuation montés sous
forme de sections de conduit le long du systéme
d’échappement, un niveau sonore mesuré a
proximité étroite de la sortie étant inférieur a un
niveau sonore désiré.

Méthode selon la revendication 1, caractérisée en
ce qu’une contribution a un effet atténué estimé
comprend une bande de fréquences correspondant
a des fréquences intermédiaires (60) d'un élément
(20).

Méthode selon la revendication 2, caractérisée en
ce que la contribution a I'effet atténué estimé des
fréquences intermédiaires d’un élément (20) est cal-
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culée en utilisant la théorie du quadripole et en uti-
lisant des modeéles de circulation de I'énergie.

Méthode selon larevendication 1 ou 3, caractérisée
en ce que ledit au moins un dispositif individuel (45)
d’atténuation du bruit est placé sur un nombre impair
d’un quart d’onde provenant d’'une impédance dis-
tincte, telle qu’'une augmentation d'aire (46), ou la
longueur d'onde est la fréquence d’accord du dispo-
sitif individuel d’atténuation.

Méthode selon la revendication 4, avec 'étape sup-
plémentaire de calcul d’'une chute de pression le long
du systéme d’échappement (1).

Méthode selon I'une quelconque des revendications
précédentes, caractérisée en ce que la longueur
minimale du systéme d’échappement est de 8 me-
tres, la puissance du moteur & combustion (4) est
supérieure a 500 kW.

Méthode selon la revendication 6, dans laquelle le
systeme d’échappement (1) comprend un échan-
geur de chaleur ou un évaporateur (5, 42), qui réduit
la température du gaz d'échappement dans le sys-
téme d'échappement (1), et par conséquent la lon-
gueur d'onde du son diminue aprés I'échangeur de
chaleur ou I'évaporateur (5, 42), et ledit au moins un
dispositif individuel d’atténuation est placé sur un
nombre impair d’'un quart d’'onde venant de la sortie
de I'échangeur de chaleur ou de I'évaporateur (5,
42), ot la longueur d’onde est la fréquence d’'accord
du dispositif individuel d’atténuation.

Utilisation de la méthode selon la revendication 1.

Programme informatique stocké sur un média char-
geable dans lamémoire d'un dispositif de calcul (13),
caractérisé en ce que le programme informatique
est capable d’exécuter n'importe laquelle des étapes
selon la revendication 1.

Systéeme d'échappement en longueur des gaz
d’'échappement provenant d'un moteur (4) a com-
bustion de grande puissance, caractérisé en ce
qu’un systeme d’atténuation acoustique (47) du
bruit est fourni au systéme d’échappement selon le
procédé de la revendication 1.
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