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Description

The invention relates to a burner for gaseous fuel
with adjustable fuel flow, comprising a mixing chamber
for mixing the fuel with an oxidation gas, a combustion
chamber for burning the gas mixture formed in the mix-
ing chamber and a dividing wall between mixing cham-
ber and combustion chamber, the said dividing wall be-
ing provided with a burner deck and with throughgoing
channels for conveyance of the gas mixture from the
mixing chamber to the burner deck.

The burning of the gas mixture causes acoustic vi-
brations, which, in the case of the customary burner de-
signs, are amplified and can lead to resonance in the
burner system. From DE-A-4014217 a burner of the
type described in the opening paragraph is known in
which means are used to avoid resonance of the burner.
The occurrence of resonance is avoided by ensuring
that the frequencies at which individual flames of the
burner can resonate are different. In particular this is
achieved by placing the flow openings in an irregular
pattern or by providing the openings with a collar having
different dimensions.

The flames on the various openings thus have not
only their own resonance frequency but also their own
combustion behaviour.

Consequently, when the burner is modulated, some
parts of the burner will already be able to enter the op-
timum range whilst other parts have not yet done so.
This can restrict the modulation depth of the burner to
an undesirable degree.

The object of the invention is to provide a burner of
the type specified in the opening paragraph in which
these disadvantages are avoided.

This object is achieved according to the invention
in that the channels all begin in one and the same plane
on the side of the dividing wall which faces the mixing
chamber and end in one and the same plane on the side
of the dividing wall which faces the combustion cham-
ber, each channel having a travel time for sound waves
andthere being at least one channel with a shortest trav-
el time and at least one channel with a longest travel
time different from the shortest travel time, the travel
times being spread between the longest and the short-
est travel time.

The differences in travel time result in phase differ-
ences in the resonances in the individual channels.
These mutual phase differences prevent positive inter-
ference between the resonances of the individual chan-
nels and destructive interference even occurs with the
result that the resonances damp each other. This pro-
vides a considerable reduction in the noise level gener-
ated in the burner. This favourable effect occurs regard-
less of the gas flowrate through the channels, so that
the cross-section of the channels can be freely chosen,
which is advantageous because the distribution of the
flow across the burner can thus be optimized.

Uniformly spread differences should be understood
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to mean that the travel times in the range between the
longest and the shortest travel time are distributed in
such a way that the interval between one travel time and
the next longer travel time is the same or virtually the
same, within, for instance, 10%, over the entire range.
This is particularly important when only a small number
of channels, for instance up to 15, are present in the
burner. In the case of larger numbers, for instance up-
wards of 20, the spread of the travel times in the range
mentioned may be chosen randomly. Statistically, with
such numbers the dampening effect may be expected
to correspond with that of a uniform distribution. With
these numbers it is also acceptable that several chan-
nels in the burner have the same travel time.

The above is meant to adequately ensure that for
each generated sound wave exiting with a particular
phase from one of the flow openings a corresponding
wave in the opposite phase is generated. For this to be
achieved it is sufficient when the difference between the
longest and the shortest travel time is at least approxi-
mately equal to one period of the wave in question. It
should be noted here that differences in travel time of
an integer number of periods do not influence the phase
of the wave at the flow opening. Consequently the re-
quired uniformity of the spread in travel times should al-
s0 be assessed in terms of the travel times after these
have been reduced to the range between 0 and 1 period
by subtracting the largest possible number of whole pe-
riods from the actual travel time.

It is advantageous from an engineering and con-
struction point of view for the channels all to begin in
one plane and also to end in one plane so that the dif-
ferences in travel time are only introduced in the chan-
nels themselves.

It is known from WO-A-92/17737 to apply channels of
different lengths by varying the thickness of the dividing
wall. However, these differences in length do not intro-
duce any differences in travel time for sound waves.
This is because, as far as the travel time of sound waves
is concerned, it makes no difference whether the waves
travel through a channel or travel a certain distance
through an open space if that distance is equal to the
length of the section cut off from that channel by arecess
in the dividing wall, as is the case in the design in WO-
A-92/17737.

The principle of the invention can also be applied in a
burner of this type, in which the thickness of the dividing
wall varies. Care should then be taken to ensure that
the differences in travel time between the channels do
not coincide with the differences in travel time directly
resulting from the differences in length resulting fromthe
variations in wall thickness. This cannot be accom-
plished with straight, throughgoing open channels.
From US-A-4.737.102 it is known to apply channels of
different diameters. This does not introduce any differ-
ences in travel time for sound waves but merely differ-
ences in resistance to the combustion mixture flowing
through them. This causes flames of different sizes to
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form on the burner deck. Since flames of different sizes
induce different frequencies, resonance of the burner
can be prevented in this way, too. A disadvantage of
such a design, however, is that optimum differences in
frequency can be attained only in a narrow modulation
range. When the burner is turned up or down, the differ-
ences in flame size, and so the differences in the fre-
quencies generated, become smaller, resulting in a risk
of resonance. This same principle is applied as an al-
ternative in WO-A-92/17737, again in combination with
avarying thickness of the dividing wall. In that case, too,
no differences in travel time for sound waves are intro-
duced.

Other characteristics and advantages of the inven-
tion will become clear from the following description, ref-
erence being made to the appended sheet of drawings.
On this, Fig.1 schematically shows a cross-sect ion of
a dividing wall between a mixing chamber and a com-
bustion chamber according to the invention.

Figure 1 shows a dividing wall 1 that can be used
between a mixing chamber, schematically indicated by
2, and a combustion chamber, schematically indicated
by 3. Viewed from the combustion chamber in the direc-
tion of the mixing chamber, the dividing wall comprises
in succession a burner deck 4 in which a large number
of small holes are provided, on which the actual com-
bustion takes place, a number of compartments 5 locat-
ed next to each other, which each supply some of the
holes in the burner deck with the gas mixture to be
burned and between which there is no pressure differ-
ential, and a layer of filling material 6. The burner deck
4 covers the compartments 5 at the side of the combus-
tion chamber.

In the burner deck, any known burner deck material can
in principle be used, so long as a seal is provided be-
tween the burner deck and the compartments so that
the gas mixture can only enter the combustion chamber
through the holes in the burner deck.

Each of the compartments 5 is connected to the mixing
chamber 2 via at least one channel 7 which runs through
the filling material 6 and comes out in the compartment
in a flow opening 8. All the channels should end in the
same plane at the side of the mixing chamber 2. The
channels can be designed as preferably tubular voids
in the filling material if the latter is a dimensionally stable
material, for example a ceramic material or gypsum. The
channels may also be designed as, for example, small
metal tubes with which air can then also be used as the
filling material in addition to the materials noted above.
The differences in travel time for sound waves are main-
ly introduced through differences in path length for the
gas mixture in the individual channels from the mixing
chamber to the combustion chamber. These path length
differences can be introduced by suitably choosing the
geometry of the channels. In the simplest embodiment
the individual channels have a different length, with both
straight and curved channels being possible. Differenc-
es in path length can also be introduced by providing
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baffles in the channels in staggered fashion on opposite
walls, so that the gas mixture is forced to flow in a zig-
zag pattern. By varying the number and the size of the
baffles for the individual channels, the desired differenc-
es in travel time can be achieved even if the channels
are of equal length. In a further embodiment the chan-
nels are provided with baffles in a labyrinthine pattern.
In a further suitable embodiment all of the filling material
and channels consist of a porous material, in which the
channels are formed by the pores in that material. By
providing local differences in the number, size and
shape of pores, the travel time of the gas mixture across
the burner surface can be varied.

In the embodiment shown in figure 1 the channels
differ in length and are curved in different ways. In this
case all flow openings may be of the same size, so that
differences in combustion behaviour are prevented. The
minimum difference in path length between the longest
and the shortest channel is determined by the frequency
to be suppressed, with which the desired phase shift
must be able to occur. The abovementioned frequency
is dependent on the dimensions of the burner and the
composition of the gas mixture and can easily be deter-
mined experimentally by conducting noise measure-
ments on an operational burner in which no differences
in the travel time for sound waves have been introduced,
for example simply by placing a burner deck between a
mixing chamber and a combustion chamber. It is noted
that the size of the combustion chamber has little or no
influence on the value of the resonance frequency. With
most commonly used burners the resonance frequency
for the relevant exciting mechanism, namely the com-
bustion of the gas mixture, lies between 300 and 1600
Hz.

Preferably all phases occur between 0 and 2rx.In
that case, for a wave with any random phase, a wave in
the opposite phase is also present, so that the two
waves cancel each other outto a greater or lesser extent
depending on their amplitude. The abovementioned
minimum difference in path length should for that pur-
pose be at least 1 wavelength. Preferably the differenc-
es in path length of the other channels with respect to
the shortest channel are evenly spread between 0 and
the difference in length between the longest and the
shortest channel. The phase differences are then also
evenly spread and maximum destructive interference
occurs, thereby causing maximum damping of the pos-
sible resonance.

Surprisingly it has been found that in a burner in
which the greatest difference in length between the
shortest and longest channel is approximately 1/2 of a
wavelength or even less, almost complete damping of
the resonance takes place, despite the fact that in that
case at least half of all possible phases between 0 and
2n is missing. For frequencies of approximately 1000
Hz, for instance, a maximum difference in length of ap-
proximately 12-16 cm has been found to be satisfactory
for a reduction of the noise level of the resonance by at
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least 30 dB. If this maximum difference in length is too
small, particularly smaller than 1/4 of a wavelength, the
desired damping phenomena will only occur to an un-
satisfactory degree. For this reason, the difference in
length between the channel with the longest travel time
and the channel with the shortest travel time is between
1/4 and 1/2 of a wavelength of a sound wave of the fre-
quency to be suppressed.

It is of particular importance that the resistance to
flow offered by the different channels to the gas mixture
to be burned is substantially the same. This can be ac-
complished by compensating for the resistance differ-
ences brought about by the differences in path length
for the gas mixture in the different channels, by making
the channel dimensions other than those which influ-
ence the abovementioned path length different for the
different channels. Preferably the cross-section of the
channels is made different for this purpose. If required
this cross-section can vary for each channel over the
length of that channel.

The invention will be explained on the basis of the
following example.

Example |

A burner of the type shown in Figure 1, in which the
burner deck is 1 cm thick and which has approximately
100 flow openings, which together make up 20 % of the
surface of the burner deck but in which the channels and
the filling material are missing, is installed between a
combustion chamber and a mixing chamber having a
depth of 5 cm. The obtained burner system is used for
the combustion of a natural gas-air mixture. The sound
spectrum on the outside wall is measured. This spec-
trum exhibits a peak at approximately 1050 Hz. The cor-
responding wavelength for sound waves is 32.3cm. The
noise level, measured on the outside wall of the com-
bustion chamber, is 100 dB.

The described burner is modified to provide a burner ac-
cording to the invention by installing between the burner
deck and the mixing chamber a separating layer con-
sisting of a layer of 4 cm, in which 10 aluminium tubes
run, each coming out into a flow opening. The layer of
air is separated from the mixing chamber in a gas-tight
arrangement by means of an aluminium plate into which
the channels run, so that the natural gas - air mixture
can only reach the burner deck via the channels.

The difference between the shortest and the longest
channel is 13 cm, which corresponds with 0.4 times the
wavelength. The lengths of the other channels are be-
tween that of the shortest and the longest channel, with
the difference in length between each channel and the
next-higher in length being on average 1.3 cm. When
the abovementioned natural gas - air mixture is burned
in the same conditions as with the non-modified burner,
the noise level is 40 dB. This corresponds with a reduc-
tion in noise level of 60 dB, as a result of the presence
of the channels with different travel times for sound
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waves in the burner.

Claims

1. Burner for gaseous fuel with adjustable fuel flow,
comprising a mixing chamber for mixing the fuel
with an oxidation gas, a combustion chamber for
burning the gas mixture formed in the mixing cham-
ber and a dividing wall between mixing chamber
and combustion chamber, the said dividing wall be-
ing provided with a burner deck and with through-
going channels for conveyance of the gas mixture
from the mixing chamber to the burner deck, char-
acterized in that the channels all begin in one and
the same plane on the side of the dividing wall which
faces the mixing chamber and end in one and the
same plane on the side of the dividing wall which
faces the combustion chamber, each channel hav-
ing a travel time for sound waves and there being
at least one channel with a shortest travel time and
at least one channel with a longest travel time dif-
ferent from the shortest travel time, the travel times
being spread between the longest and the shortest
travel time.

2. Burneraccordingto claim 1 in which the travel times
are spread uniformly or randomly between the long-
est and the shortest travel time.

3. Burner according to claim 2 in which the difference
between the longest and the shortest travel time at
least approximately corresponds with one period of
a resonating sound wave generated in the burner.

4. Burneraccordingtoclaim 1, in which channels have
different lengths to cause their difference in travel
times.

5. Burner according to claim 2, with the difference in
length between the channel with the longest travel
time and the channel with the shortest travel time
being between 1/4 and 1/2 of the wavelength of a
sound wave generated in the burner.

6. Burner according to any one of claims 1-3, charac-
terized in that channels that differ in length also dif-
fer in cross-section.

7. Burner according to any one of claims 1-4, charac-
terized in that the channels have a crosssection
which varies over their length.

Patentanspriiche

1. Brenner fir gasférmigen Brennstoff mit einstellba-
rem Brennstoffstrom, mit einer Mischkammer zum
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Mischen des Brennstoffs mit einem Oxidationsgas,
einer Brennkammer zum Verbrennen des in der
Mischkammer gebildeten Gasgemisches, und einer
Trennwand zwischen der Mischkammer und der
Brennkammer, wobei die Trennwand mit einem
Brennersatz und mit durchgehenden Kanélen zur
Leitung der Gasmischung aus der Mischkammer
zum Brennersatz versehen ist, dadurch gekenn-
zeichnet, daB alle Kanale in ein und derselben Ebe-
ne an der der Mischkammer zugewandten Seite der
Trennwand beginnen, und in ein und derselben
Ebene an der der Brennkammer zugewandten Sei-
te der Trennwand enden, wobei jeder Kanal eine
Wegzeit fir Schallwellen hat und mindestens ein
Kanal mit einer klirzesten Wegzeit und mindestens
ein Kanal mit einer von der kiirzesten Wegzeit ver-
schiedenen l&ngsten Wegzeit vorhanden ist, wobei
die Wegzeiten zwischen der langsten und der kiir-
zesten Wegzeit gestreut sind.

2. Brenner nach Anspruch 1, wobei die Wegzeiten
gleichmaBig oder willklrlich zwischen der Iangsten
und der kiirzesten Wegzeit gestreut sind.

3. Brenner nach Anspruch 2, wobei der Unterschied
zwischen der l&angsten und der kiirzesten Wegzeit
zumindest annahernd einer Periode einer im Bren-
ner erzeugten in Resonanz tretenden Schallwelle
entspricht.

4. Brenner nach Anspruch 1, wobei Kanale verschie-
dene Langen aufweisen, um ihren Unterschied in
den Wegzeiten zu bewirken.

5. Brenner nach Anspruch 2, wobei der Langenunter-
schied zwischen dem Kanal mit der langsten Weg-
zeit und dem Kanal mit der kiirzesten Wegzeit zwi-
schen 1/4 und 1/2 der Wellenlange einer im Brenner
erzeugten Schallwelle betragt.

6. Brennernach einemder Anspriiche 1 bis 3, dadurch
gekennzeichnet, dal3 Kanale, die sich in ihrer Lange
unterscheiden, sich auch in ihrem Querschnitt un-
terscheiden.

7. Brennernach einemder Anspriiche 1 bis 4, dadurch
gekennzeichnet, daf die Kanéle einen Querschnitt
haben, der lUber ihre Lange variiert.

Revendications

1. Brlleur & combustible gazeux avec un débit de
combustible réglable, comprenant une chambre de
mélange pour mélanger le combustible avec un gaz
d'oxydation, une chambre de combustion pour bra-
ler le mélange gazeux formé dans la chambre de
mélange et une paroi de séparation entre la cham-
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bre de mélange et la chambre de combustion, ladite
paroi de séparation étant munie d'un nez de brileur
et de canaux traversant celui-ci, pour l'achemine-
ment du mélange gazeux de la chambre de mélan-
ge au nez de brlleur, caractérisé en ce que les ca-
naux débutent tous dans un seul et méme plan sur
le c6té de la paroi de séparation qui se trouve face
a la chambre de mélange et se terminent dans un
seul et méme plan sur le cété de la paroi de sépa-
ration quifait face a la chambre de combustion, cha-
que canal ayant un temps de propagation d'ondes
sonores, et en ce qu'il y a au moins un canal ayant
un temps de propagation le plus court et au moins
un canal ayant un temps de propagation le plus
long, différent du temps de propagation le plus
court, les temps de propagation étant répartis entre
le temps de propagation le plus long et le plus court.

Braleur selon la revendication 1, dans lequel les
temps de propagation sont répartis de maniére uni-
forme ou de maniére aléatoire entre le temps de
propagation le plus long et le plus court.

Braleur selon la revendication 2, dans lequel la dif-
férence entre le temps de propagation le plus long
et le plus court correspond au moins approximati-
vement & une période d'une onde sonore résonante
générée dans le brileur.

Braleur selon la revendication 1, dans lequel les ca-
naux ont des longueurs différentes pour obtenir que
leurs temps de propagation soient différents.

Braleur selon la revendication 2, dans lequel la dif-
férence de longueur entre le canal ayant le temps
de propagation le plus long et le canal ayant le
temps de propagation le plus court se situe entre
1/4 et 1/2 de la longueur d'onde d'une onde sonore
générée dans le brileur.

Braleur selon I'une quelconque des revendications
1 & 3, caractérisé en ce que les canaux qui différent
du point de vue longueur différent également du
point de vue section transversale.

Braleur selon I'une quelconque des revendications
1 a4, caractérisé en ce que les canaux ont une sec-
tion transversale qui varie sur leur longueur.
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