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(57) A combustion apparatus such as a boiler com-
prises a standing wave arm (15, 15’) for establishing a
standing wave connected to a flue gas outlet (14) of a
burner (10) of the device. A gas flue outlet system (17)

Combustion apparatus incorporating a noise reduction arrangement

is connected to the standing wave arm at the zero pres-
sure point or mid-point (16) of the standing wave. The
standing wave arm (15, 15’) is configured to generate a
standing wave in proportion to one half of the wavelength
of a resonant frequency to be attenuated.
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Description

[0001] Thisinvention relates to noise reduction in com-
bustion apparatus, such as the flue and associated parts
of a gas fired water heating apparatus.

[0002] Noiseis producedin combustion systems, such
as gas fired boilers, due to resonance of oscillations set
up in the gas stream and associated components that
share a natural frequency or its harmonics, and conse-
quent vibration of ducting and other parts as well as the
directly generated sound.

[0003] Efforts in the art to reduce noise have concen-
trated upon absorption of generated sound, or the provi-
sion of baffle systems to break up the resonant gas col-
umn. In JP2003166689 (Tokyo Gas) a standing wave is
established by locating a buffer tank in an exhaust pipe,
and a plurality of branch pipes are connected to the main
pipe, each branch pipe having a different resonant fre-
quency, and spaced by respective distances from the
baffle tank related to their respective resonant frequen-
cies. This has the effect of creating interference which
suppresses the wave, and thus reducing the noise level.
[0004] Such a device, using a plurality of frequencies
is relatively complex, and an object of the invention is to
provide a noise reduction arrangement which is simple
in construction but nevertheless effective.

[0005] In accordance with a first aspect of the inven-
tion, there is provided a combustion apparatus incorpo-
rating a noise reduction arrangement, the apparatus
comprising a burner and a standing wave arm for estab-
lishing a standing wave connected to a flue gas outlet of
the burner, characterised in that a flue gas outlet system
is connected to the standing wave arm at a mid-point of
the standing wave.

[0006] The standing wave arm may be configured to
generate a standing wave in proportion to one half of the
wavelength of a resonant frequency to be attenuated.
The standing wave arm may be configured to generate
a standing wave that is substantially equal to one half of
the wavelength of the resonant frequency to be attenu-
ated or it may be configured to generate a standing wave
that approximates sufficiently closely to one half of the
wavelength of the resonant frequency to be attenuated
as required to achieve an acceptable level of attenuation
in a given application. The flue gas outlet may be fluidly
connected with the standing wave arm at one end of the
arm or it may be fluidly connected with the standing wave
arm at a position between the ends of the arm.

[0007] The standing wave arm may comprise a col-
umn. The length of the column may be adjustable. The
column may be aligned generally upright and a conden-
sate drain may be provided at a lower end of the column.
[0008] The flue gas outlet system may be orthogonally
connected with the standing arm at the mid-point of the
standing wave leading to a flue outlet. The configuration
of the flue gas outlet system may be as desired and have
such other features as may be required to achieve other
objectives, such as prevention of rainwater entry, con-
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densation traps, and cleansing the outlet gas of noxious
or environmentally damaging components.

[0009] The burner may be a dual port burner.

[0010] The apparatus may comprise a gas boiler in-
cluding the burner, a heat exchanger and a sump. In
which case, the flue gas outlet may be taken from the
sump of the boiler.

[0011] The apparatus may also include a Helmholtz
resonator. Where the apparatus comprises a boiler hav-
ing the burner, a heat exchanger and a sump, the Helm-
holtz resonator may be mounted to the sump of the boiler,
integrated into the standing wave arm or elsewhere in
the flue system. The Helmholtz resonator may be con-
figured to attenuate a first resonant frequency and the
standing wave arm may be configured to generate a
standing wave in proportion to one half of the wavelength
of second resonant frequency. The standing wave arm
may be configured to generate a standing wave that is
substantially equal to one half of the wavelength of the
second resonant frequency to be attenuated or it may be
configured to generate a standing wave that approxi-
mates sufficiently closely to one half of the wavelength
of the second resonant frequency to be attenuated as
required to achieve an acceptable level of attenuation in
a given application.

[0012] In accordance with a further aspect of the in-
vention, there is provided a combustion apparatus noise
reduction device comprising a flue conduit connected to
a flue gas outlet of a burner, comprising means for es-
tablishing a standing wave in the flue conduit, including
a standing wave arm and a section of the flue conduit,
the arm and the said section of the flue conduit defining
a half-wavelength standing wave of the resonant fre-
quency concerned, and the conduit having a connection
to a gas outlet from the zero pressure point (mid point)
of the standing wave.

[0013] Preferred embodiments of the invention are il-
lustrated by way of example only with reference to the
accompanying drawings, in which;

Figure 1 is a schematic diagram showing a burner
and flue system according to a first embodiment of
the invention; and

Figure 2 is a schematic diagram showing a burner
and flue system according to a second embodiment
of the invention

[0014] As shown in Figure 1, a heating installation
comprises a boiler 9 having a gas burner 10 and a heat
exchanger 11. The heat exchanger has one or more gas
passages 12 through which combustion or flue gas is
passed from the burner into a sump 13 at the base of the
heater exchanger stack. The heat exchanger stack may
also have features to aid heat transfer from the gas pass-
ing through the one or more passages 12 such as pins
or fins as is known in the art. The flue gas exits the sump
via a burner gas outlet 14.

[0015] From the outlet 14, the flue gas enters a gen-
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erally vertical column 15 which is closed at its upper end
and which forms a standing wave arm. At a mid-point 16
of the column, a horizontal connection is made to a gas
flue outlet system 17, which in the present embodiment
includes a conduit forming a vertical flue section 18.
[0016] The apparatus as so far described is typically
provided as a boiler unit encased in an outer casing, in-
dicated schematically by dashed lines 19. The upper end
of vertical flue section 18 is provided with a connector
(not shown) for connection with an external flue conduit
system (also not shown) to lead the flue gas to an external
outlet in a known manner. The external flue conduit sys-
tem may extend vertically or horizontally, or indeed in
any other direction, from the end of the vertical flue sec-
tion 18 depending on the requirements of the installation.
The gas flue outlet system 17 and/or the external flue
conduit system may be outfitted as necessary with any
cowls, gas cleansing devices or the like required for ef-
ficiency or effectiveness or to comply with local environ-
mental regulations or laws. It should also be appreciated
that the gas flue outlet system 17 may take other forms
than that shown in the illustrated embodiment depending
on the application requirements, provided that it is con-
nected with the standing wave arm at the mid-point of
the standing wave as discussed below.

[0017] The standing wave arm 15 is configured to gen-
erate a standing wave in the column. The flue gas outlet
system 17 is connected to the standing wave arm 15 at
the mid-point 16 of the standing wave where the acoustic
pressure is substantially zero (see the graph to the right
of the Figure 1). The standing wave arm 15 is filled with
flue gas, of which that which is in the upper half above
is effectively trapped, and the main flow of gas into the
flue gas outlet system 17 is taken off at 16 at the zero
acoustic pressure point, so that the gas entering the flue
gas outlet system 17 has zero, or very little acoustic en-
ergy and so generates only a low level of noise. This
arrangement operates to reduce noise levels by acous-
tically decoupling the flue gas outlet system 17 from the
burner, which is typically the source of resonance in a
combustion system. This accordingly leads to quieter gas
heating installations, and reduced noise pollution.
[0018] Combustion systems generate noise at partic-
ular resonant frequencies and the standing wave arm 15
is configured to attenuate a particular resonant frequency
of the system. Ideally the standing wave arm 15 is con-
figured to generate a standing wave which is one half the
wavelength of the resonant frequency to be attenuated
and accordingly will have a length L which is one half the
wavelength of the resonant frequency. The wavelength
A of the resonant frequency in the flue gas is given by
the following equation:

1) A=CH

Where:
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C = speed of sound in the flue gas at a typical oper-
ating temperature, and
f = frequency of resonance.

Thus the theoretical length L of the standing wave arm
for maximum attenuation is given by the following equa-
tion:

2)  L=\2

[0019] However, there is increasing pressure to re-
duce the size of boiler units and in practice a standing
wave arm 15 having a length L which is equal to one half
the wavelength of the resonant frequency may be too
long to incorporate in a commercially viable boiler unit.
Nevertheless, significant benefits can still be obtained by
using a standing wave arm 15 having a length L which
is less than one half the wavelength A of the resonant
frequency and a certain amount of compromise is re-
quired to achieve acceptable levels of attenuation whilst
meeting packaging requirements in terms of the overall
size of the boiler unit.

[0020] In one example which has been tested by the
applicant, a boiler system had a resonant frequency f of
320 Hz and the speed of sound C in the flues gas at an
operating temperature of 80° Celsius was 380 m/s. Ap-
plying equation 1 above, the wavelength A of the reso-
nate frequency is = 1188 mm and by applying equation
2, the theoretical length L of the standing wave arm to
produce a standing wave which is one half the wave-
length of resonance is 594mm. In tests, when the above
boiler system was used with a standing wave arm having
a length L of 594mm, an excellent level of attenuation
was found to be achieved. The system was also found
to be tolerant to variations in the gas/air mixture in the
burner such that the products of combustion in the flue
gas could vary in excess of +/- 2% CO2 without any sig-
nificant resonance problems. However, due to space
constraints, a standing wave arm 15 having a length of
594 mm was not viable in a commercial embodiment of
the boiler and a standing wave arm having a length of
460mm was adopted. The shorter standing wave arm
was found to provide satisfactorily levels of attenuation
but with a reduced tolerance to variations in the gas/air
ratio such that a maximum difference of +/- 1% CO2 in
the products of combustion could be accommodated.
This was deemed to be acceptable in the particular ap-
plication.

[0021] Whilst significant benefits can be obtained us-
ing a standing wave arm 15 having a length which is
shorter than the theoretical length L required to produce
a standing wave equal to one half of the resonant fre-
quency, it will be appreciated that performance is en-
hanced if the standing wave arm has a length which ap-
proximates as closely as is possible to the theoretical
length L. Other factors may also affect the level of reso-
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nance attenuation and it will also be appreciated that a
certain amount of empirical investigation may be required
to achieve an acceptable level of attenuation for any par-
ticular application.

[0022] In the arrangement shown in Figure 1, the gas
leaving the sump 13 enters the standing wave arm 15
through its lower end. However, as illustrated in Figure
2, the standing wave arm 15’ can be offset downwardly
relative to outlet 14 from the sump so that the flue gas
enters the standing wave arm 15’ through the side of the
arm 15’ at a position between its ends. This may be ad-
vantageous in allowing the use of a standing wave arm
15" which is longer than could otherwise be accommo-
dated in a given size of casing. The amount X by which
the standing arm 15’ is offset is selected in accordance
with requirements but generally should be kept to a min-
imum. In tests, offsetting the standing wave arm in this
way has been found to have no noticeable detrimental
effect on the operation of the system in attenuating a
resonant frequency.

[0023] Inthe arrangement shown in Figure 2, conden-
sate may collect in the region of the arm 15’ below the
outlet 14 from the boiler. The build up of condensate in
the column will alter the effective length of the column of
gas and so vary the standing wave. To prevent this prob-
lem, a condensate drain 20 is provided in the base of the
standing wave arm 15’. A similar drain can also be pro-
vided in the base of the standing wave arm 15 in the
arrangement shown in Figure 1.

[0024] In an alternative arrangement (not shown) the
standing wave arm may be curved or S shaped to enable
it to be fitted within a desired casing size.

[0025] The use of a standing wave arm as described
above can be combined with other arrangements for re-
ducing resonance. For example, the burner may be a
dual port burner in which the flame area is divided into
regions of different flame size. This avoids a single com-
mon frequency and significantly reduces the intensity of
the resonance.

[0026] A Helmholtz resonator can also be used in con-
junction with a standing wave arm to attenuate resonant
frequencies in a combustion system. A Helmholtz reso-
nator comprises a closed chamber having a narrow open-
ing and can be used to attenuate a resonant frequency
by allowing the flue gas to oscillate against the closed
chamber, with the volume in the chamber acting like a
spring to absorb the energy of resonance. In Figure 2, a
Helmholtz resonator 21 is shown mounted to the boiler
9. The resonator 21 comprises a body 22 defining a
chamber 23 and having an open neck region 24 which
is in fluid connection with the flue gas in the sump 13.
The resonator 21 in this case is connected with a side
wall of the sump 13 and has the neck region 24 located
towards a lower edge of the chamber so that condensate
can drain out of the resonator into the sump.

[0027] Where a Helmholtz resonator is used in con-
junction with a standing wave arm arrangement as de-
scribed above, the resonator is typically designed to at-
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tenuate one resonant frequency whilst the standing wave
arm is configured to attenuate a second and usually a
more significant resonant frequency. In the previously
discussed example in which the boiler has a dual port
burner, a first resonant frequency of about 420hz oc-
curred for a few seconds after ignition and a second fre-
quency of about 320Hz occurred as the boiler modulated
towards a maximum rate. In this case, the Helmholtz res-
onator 21 can be configured to attenuate the 420Hz fre-
quency whilst the standing wave arm 15’ is configured
to attenuate the 320Hz frequency.

[0028] The use of a Helmholtz resonator may have an
impact on the operation of the standing wave arm and
may also require the geometry of the standing wave arm
to be varied somewhat from its theoretical requirements
in order to achieve acceptable levels of attenuation. For
example, in the arrangement described above in which
the standingwave arm 15’ is used to attenuate the 320Hz
frequency, a standing wave arm 15’ having a length L of
about 460mm and a diameter of 55 mm was used.
[0029] Although it is convenient to mount a Helmholtz
resonator 21 to the sump, this is not essential. A Helm-
holtz resonator 21 can be integrated at any point in the
flue or exhaust gas system and could be integrated into
a standing wave arm 15, 15’, for example.

[0030] The attached drawings are diagrammatic only,
and the type and nature of the burner and heat exchanger
or boiler installation may be any required, and also the
disposition of the flue gas outlet may be varied as needs
be. The standing wave arm 15, 15’ may be in any orien-
tation suitable, such as horizontal. The standing wave
arm may also be made to be variable in length, e.g. com-
prising telescopic sections or movable internal baffles,
so that the standing wave can be tuned to the resonant
frequency of the installation, which must otherwise be
calculated or measured, in advance of installation.
[0031] Itwill of course be understood that the invention
is not intended to be restricted to the details of the above
embodiments which are described by way of example
only.

Claims

1. A combustion apparatus incorporating a noise re-
duction arrangement, the apparatus comprising a
burner (10) and a standing wave arm (15, 15’) for
establishing a standing wave connected to a flue gas
outlet (14) of the burner, characterised in that a
flue gas outlet system (17) is connected to the stand-
ing wave arm at a mid-point (16) of the standing
wave.

2. A combustion apparatus as claimed in claim 1, in
which the standing wave arm (15, 15’) is configured
to generate a standing wave which is or approxi-
mates to one half of the wavelength of a resonant
frequency to be attenuated.
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A combustion apparatus as claimed in claim 1 or
claim 2, in which the flue gas outlet (14) is fluidly
connected with the standing wave arm (15) at one
end of the arm.

A combustion apparatus as claimed in claim 1 or
claim 2, in which the flue gas outlet (14) is fluidly
connected with the standing wave arm (15’) at a po-
sition between the ends of the arm.

A combustion apparatus as claimed in any one of
claims 1 to 4, in which the standing wave arm (15,
15’) comprises a column.

A combustion apparatus as claimed in claim 5, in
which the length the column is adjustable.

A combustion apparatus as claimed in claim 5 or
claim 6, in which the column is aligned generally up-
right.

A combustion apparatus as claimed in claim 7, in
which a condensate drain (22) is provided at a lower
end of the column.

A combustion apparatus as claimed in any one of
the previous claims, in which the flue gas outlet sys-
tem (17) is orthogonally connected with the standing
arm (15, 15’) at the mid-point of the standing wave
leading to a flue outlet.

A combustion apparatus as claimed in any one of
the previous claims, in which the burner (10) is a dual
port burner.

A combustion apparatus as claimed in any one of
the previous claims, in which the apparatus compris-
es a gas boiler (9) including the burner (10), a heat
exchanger (11 and a sump (13).

A combustion apparatus as claimed in claim 11, in
which the flue gas outlet (14) is taken from the sump
(13) of the boiler.

A combustion apparatus as claimed in any one of
the previous claims, in which the apparatus further
comprises a Helmholtz resonator (21).

A combustion apparatus as claimed in claim 13when
dependant on claim 11 or claim 12, in which the
Helmholtz resonator (21) is mounted to the sump
(13) of the boiler.

A combustion apparatus as claimed in claim 13 or
claim 14, in which the Helmholtz resonator (21) is
configured to attenuate a first resonant frequency
and the standing wave arm (15, 15’) is configured to
generate a standing wave which is or which approx-
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imates to one half of the wavelength of second res-
onant frequency.
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