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The present invention relates to a pulse combustor for -
repeating pulsative explosion and combustion, and more
specifically to a silencer device used in such a pulse
combustor.

Description of the Rélatéd Art

Conventional pulse combustors for continuing combustion of
an air/fuel mixture by pulsative explosion thereof genérally
include a silencer device such as a muffler foy reducing a
relatiﬁely large noise due to the pulsative explosion and
combustion. .Fig. 4 schematically illustrates such a
éonventional pulse combustor.

The pulse combustor of Fig. 4 primarily consists of a
combustion-exhaust system, an air supply system, and a fuel
gas supply system. The combustion-exhaust system includes a
combustion chamber 1 for pulse combustion, a tail pipe 2
constituting an exhaust conduit of hot combustion byproducts
discharged from the combustion chamber 1, a decoupler 3
connected to the tail pipe 2, and an exhaust ﬁuffler 4
connected to the decoupler 3. The air subply system for
supplying air to the combustion chamber 1 includes a fan 5
for feeding the air for combustion, and an air chamber 6
coupled with and connected to the combustion chamber 1 for
receiving the air fed by the fan;5. The fuel gas supply
system includes a solenoid valve 8 for opening and closing to
‘allow and stop a flow of a fuel gas supplied frbm a gas |

conduit 7, and a gas chamber 9 disposed in the air chamber 6
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~ for receiving the fuel gas passing through the gas conduit 7.
| The fuel gas_éu?plied to the gas chamber 9 and the air fed

to the air chamberés are flown into and sufficiehtly mixed
with each other in?a mixing chamber 10 arranged in the intake
-side of the combustion chamber 1. A mixture of the air and
fuel gas is thén supplied through a flame trap 11 to the
combustion chamber 1.Iand ignited and explosively combusted
in the combustion chamber 1. The negative pressure generated
immediately after thé explosion allows further admissibn of
the fuel gas and the air into the mixing chamber 10 for
subsequent combustion. Heat generated in such a cyclic
explosion and combustion is applied to an object through the
wall of the combustion chamber 1 and of the tail pipe 2.

The pulse combustor is further provided with an air
flapper valve 12 and a gas flapper valve 13 respectively
mounted'atlthe inlets of the air and the fuel gas into the

-mixing chamber 10 to prevent back flow of combustion exhaust
into the afr suppl& system or the fuel gas supply system due
-to explosi#e combﬁétion.

In the pulse cé%bustor-thus_constructed, there is an
ﬁndesirably large noise due to opening and closing of the air
flapper valve 12 and the gas flapper valve 13, along with a
combustioh noise dué to high combustion pressure. The
conventional pulse combustor thus includes a silencer of an
exhaust muffler 4 disposed in an exhaust conduit for noise
reduction. The pulse combustor may also include an intake .
muffler (not shown) to prevent a noise from being generated
at an intake of the fan_5.'

It is known that mufflers generally used are divided into
_“‘*“‘“-‘——~—~—___~_
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an expansion type'and an resonance type, and in either type,

a larger-sized muffler is required for effectively reducing a

‘noise of a lower frequency. The pulse combustor thereby

requires a relatively large muffler for effective noise
reduction of pulse combustion at a low frequency (100 Hz in
general). Such a iarge muffler pfgvents .compact design of
the pulse combustor, and moreover functions as a resistance:
to increase:a_pressure loss, which leads to a higher-power
fan and enhanced fuel gas pressure.

SUMMARY OF THE INVENTION

One object 6f the invention is to efficiently_reduCe an
undesirable noise in a pulse combustor. | |

Another object of the invention is to provide é relatively-
compact—sizgd pulse combustor having a reduced noise.

The above and other reléted objects are réélized by an
improved pulse combustor according to the invention, which
includes a mixing chamber for receiving and mixing a fuel gas
and air and?supﬁl&ing an air/fuel mixture, a combustion
chamber conﬁected to the mixing chamber for pulsative
combustion of the air/fuel mixture supplied-from.the mixihg
chamber, a tail pipe constituted as a conduit of hot
combustion byproducts, a gas suppiy system for supplying the
erl gas to the mixing chamber, an air supply system for
supplying the air to the mixing chamber, and an exhaust
conduit for discharging the hot combustion byproducts. The
improvement of the pulse combustor is characterized by
a synchronous signal generator for generating a synchronoﬁs
signal synchronized with a cycle of the pulsative combustion,
a data memory unit for storing silencing-acoustic waveform

data, a silencing acoustic signal generator for outputting a
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silencing acoustic signal corresponding to the silencing-
acoustic waveform data stored in the data memory unit,
synchronously with the synchronous signal output from.the
synchronous signal.generator, and a sound generator for
converting the silending écoustic signal to a compensating
sound and bﬁtputting the compensating sound to the exhaust
conduit of the hot cbmbustion byproducts and/or the air
supply systém.

In the pulse combustor of the invenfion thus constructed,
the synchronous signal generator 6utpﬁts a synchronous signal
synchronized with a cycle of pulsative explosion and
combustion in the combustion chamber. The silencing acoustic
signal generator then outputs to the sound generator a
silencing acoustic signal corresponding to silencing-acoustic
waveform déta stored in the data memory unit, synchronously.
with the synchronous signal output from the synchronous
signal genefatbr,l The sound generator subsequently converts
the silenciyg acoustic signal to a compensating sound and
outputs thércompensating sound to the exhaust conduit of the
hot combustion byﬁroducts and/or the air supply system. The
compensating sound to be composed with a noise due to pulse
combustion has an antiphase shifted b& a pi radian to be
opposite to a noise phase, thus_effectively compensating and
reducing the noise.

Alternatively, the improvement is characterized by a
5ynchronous signal generator for generating a synchronous
signal synchronized with a cycle of the"puisative combustion,
a noise characteristics detection unit for detecting

characteristics of a noise due to the pulsative combustion, a
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data memory unit for storing a plurality of silencing-
acoustic waveform data corresponding to a plurality of noise
characteristics,.a silencing acoustic signal generator for
selecting suitablg silencing acoustic waveform data:

_ corresponding to the noise characteristics'detected by the
noise characteristics detection unit out of the plurality of
silencing—acoustic waveform data, and outputting a silencing
acoustic signallcorrésponding to the selected silencing-
acoustic waveform data, synchronously with the synchronous
signal output from the synchronous signal generator, and a
sound generator for converting the silencing acoustic signal
to a compensating sdund_and outputting the compensating sound
to the exhaust conduit of the hot combustion byproducfs
and/or the air supply system. |

In the alternative structure of the pulse combustor, the.
data memory unit stores a plurality of silencing-acoustic
waveform data correspénding to a plurality of noise
characteristics.. The silencing'acoustié signal generator
selects suiéable silencing acoustic waveform data
corresponding to the noise characteristics detected by the
noise characteristics detectidn unit out of the plurality of
silencing—acoustic.waveform data, and outputs a silencing
acoustic Signal-corresponding to the selected silencing-
acousfic waveform data. This structure generates a
compensating signal most suitable for characteristics of each
noise, thus further improving noise.reduction effects. The
noise characteristics may be sound waveform data or
corresponding physiéal properties such as a pulse frequency
or temperature.

The pulse combustor of the invention may further include a
I

-
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regulator unit for regulating a sound pressure and/or a phase
of the compensating sound generated by the sound generator, a
sound pressure detécting unit for detecting a sound pressure
ofla composite sound of the noise and the compensating sound
generated by the sound generator, and a feedback control unit
for monitoriﬁg the sound pressure detected by the sound
pressure detécting unit and actuating the regulator unit to
.make the sound pressure minimum.

In this structure of the pulse cémbustor, the sound
pressure detectihg unit detects a sound pressure of a
composite sound of the noise and the compeﬁsating sound
generated by the sound generator. The feedback control unit
monitors the sound pressure and actuates the regulator unit
to regulate a sound pressure and/or a phase of the
compensating sound so as to make the sound pressure minimum.
This feedbagk control system further improves the sound
reduction effects.

These and;other objects; features, aspects, and advantages
of the;preséht invention will become more apparent from the
following detailed description of the preferred embodiment

with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 schematically shows a pulse combustor apparatus of
a first embodiment in accordance with the present invention;

Fig. 2 schematically shows another pulse combustor
apparatus of a second embodiment in accordance with the
invention;

Fig. 3 schematically shows still another pulse éombustor
apparatus of a third embodiment in accordance with the

\
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invention; and

Fig. 4 schematically illustrates a conventional pulse
combustor..

DESCRIPTION OF THE PREFERRED EMBODIMENT

The pulse combﬁstor of the invention is described more in
detail according to preferred embodiments thereof.

Fig. 1 schematically shows a pulse combustor apparatus of
a first embodiment in accordance with the invention. In the
description herein, a pfocess of noise reduction at an
exhaust side is éxemplified.

A pulse combustor apparatus of the first embodiment
incliudes a pulse combustor unit 20 and a silencer unit 30.
The pulse combustor unit 20 has the same structure as that of
-the conventional pulsé combustor shown in Fig. 4, except that
the pulse combustor unit 20 does not include an exhaust
mufflér 4. The séme numerals in Fig. 1 denote the like
elements to those of Fig. 4, which are not described here.

The sileﬁ%ér unit 30 includes a pressure sensor 31
disposed inf%he air chamber 6 for detecting a pressure
variation due to pulsative combustion and outputting a
pressure signal representihg the pressure variation in the
air chamber 6, a synchronizing signal generator 32 for
receivipg the préssure signal output from the pressure sensor
31 and outputting a synchronous signal synchronized with a
cycle of the pulse combustion, and'a memory unit 33 for
storing silencing-acoustic waveform data haﬁing a SOﬁnd
pressure identical with that of a noise caused by pulsative
combﬁstion but a phase opposite to that of the noise.

The silencer unit 30 also includes a silencer controller

34 for outputting a silencing acoustic signal corresponding

This Sheet Has Been Replaced 7

A Ill - "




to the silencing-acoustic waveform data stored in the memory
unit 33, synchronously with the synchronous signal from the
synchronizing Signal generator 32, a speaker 35 for
converting the silencing acoustic signal output from the
silencer controller 34 to a compensating sound, and a éound
wave transmiésion conduit 36 for introducing the compensating
sound generafed by the speaker 35 to an exhaust conduit 14.

In the puise combustion process, pulsative expldsion and
combustion in the combnstion chamber 1 leads to a pressure
variation in the air chamber_G. The synchronizing signal
generator 32 receives a pressure signal from the pressure
sensor 31 representing the pressure vafiation in the air
chamber 6 and outputs a synchronous signal corresponding to a

- frequency of pﬁlse combustion.

A compensating sound for compensating and reducing a noise
due to pulse combﬁstion, such as a combustion noise or
vibration iniopening and closing the flapper valves 12 and
13, should hgve a sound pressure identical with a noise
pressure bu£ an.antiphase of the noise. The memory unit 33
thus stores data having an antiphase of a sound waveform of
the noise in the exhaust conduit.14, which is previously
measured and detected. The silencer controller 34 outputs a
silencing acoustic signal synchronously with pulse
combustion, and the speaker 35 generates a compensating sound
corresponding to the silencing acéustic signal. Composition
of the noise transmitted through the exhaust conduit 14 with
the compensating sound sufficiently reduces a noise output
from an-éxhaust outlet 15. Although there 'is a certain fime
delay between detection of thé pressure variation by the

\
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pressure sensor 31 and ectual transmission of the noise to
the exhaust conduit 14, fine regulaﬁion of the phase data
stored in the memory unit 33 or control of the output timing
of the silencing acoustic signal from the silencer controller
34.can make the noise and the compensating sound have
completeiy opposite pheses.

The structure of . the first embodiment does not require a
space—consuming large muffler and thereby realizes compact
design of the pulse combustor. Removal of the muffler |
effectively reduces adverse effects of a pressure loss and.
attains desirable pulse combustion without significantly high
air or fuel gas suppiy pressure.

The pulse combustor of the first embodiment includes the
sound wave transmission conduit 36 between the speaker 35 and
the exhaust conduit 14 to protect the speaker 35 from
excessive heat or humidity. The sound wave transmission
conduit 36 may, however, be omitted to allow the speaker 35
to be coupled with the exhaﬁst conduit 14 direefly when
little effects of heat of humidity are expected. Although
the pressure sensor 31 is disposed in the air chamber 6 to
generate a pressure'signal synchronoﬁs with pulse combustion
in the above embodiment, the pressure sensor 31 may be
arranged in the combustion chamber 1 or the decoupler 3
wherein a pressure variation due to pulsative combustion is
also observed. The pressure sensor 31 may be replaced by a
vibretion sensor for detecting a vibration of pulse
combﬁstion; a temperature sensor for detection a variation in
the combustion femperature, or a photo-sensor for detecting a

variation in the 1umihous intensity in the combustion chamber

1.
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The pulse combustor may further be provided with a control
circuit which allows output of the compensating sound only
when a combustion sensor such as.a flame rod (not shown)
detects actual'combustion. This prevents the compensating
souﬁd from being mistakenly generated under non—combusticn
conditions.

Fig. 2 schematically shows another pulse combustor
apparatus of a second embodiment in accordance with the
invention. The same numerals in Fig. 2 denote the like
elements to those of Fig. 1, which are not described here.

Although the silencer unit 30 of the first embodiment
generates a constant compensating sound against a stable
combustion noise for noise reduction, a silencer unit 130 of
the second embodiment further responds to a variation in the
noise characteristics.

The noise characteristics are generally correlated to the
physical properties of pulse combustion, such as a pulse
combustion frequency or a combustion temperature. The
silencer unit 130 thus includes a pulse counter 141 for
determining a pulse frequency based on an output from a
pressure sensor 131, and a memory unit 133 for storing a
plurality of silencing-acoustic waveform data corresponding
to a plurality of pulse combustion frequencies. The |
plurality of_silcncing~accustic waveform data are determined
against:noise waveforms measures at the plurality of pulse
combustion frequencies. A silencer controller 134 receives a
~ synchronous signal output from a synchronizing signal
generator 132 as wcll as the pulse frequency determined by

the pulse counter 141, selects suitable silencing-acoustic
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waveform data out of the plurality of silencing-acoustic
waveform data based on the pulse frequency, and outputs a
sllencing acoustic signal éorresponding-to the selected
silencing-acoustic waveform data to a speaker 135
synchronously wifh the synchronous signal. The speaker 135
‘then converts the silencing acoustic signal to a compensating
.sound and oufputs the compensating sound through a sound
pressure traﬁsmission conduit 136. The compensating sound
responding to the noise characteristics thus compensates the
noise in an exhaust conduit 14.to effectively reduce a noise
output from an exhaust outlet 15.

As described above, the structure of the éecond embodiment
generates an appropriate compenséting sound based on a
variation in the noise characteristics, thus further
improving the_sound_reduction_effects.l

The compensating sound may respond to an exhaust
temperature detected by a temperature sensor (not shown)
since the noise charactefistics are correlated with the

temperature.

Fig. 3 schematically shows still another pulse combustor
apparatus of a third embodiment in accordance with the
invention. The same numerals in Fig. 3 denote the like
elements to those of Fig. 1, which are not descfibed here.

A silencer unit 230 of the third embodiment includes a
pressure sensor 231, a synghronizihg signal generator 232, a
memory unit 233, a speaker 235, a sound wave transmission
conduit 236 as well as a microphone 251 for detecting a

composite sound (composite sound of a noise and a

compensating sound) in the exhaust conduit 14 and outputting.
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a sound signal, a second sound wave transmission conduit 56
for protecting the microphone 251, and a sound pressure
detector 252 for outputting a sound pressure level based on
the sound signal output from the microphone 251. The |
silencer unit 230 further includes a sound pressure
adjustment ﬁhit 253 for adjusting a sound pressure of a
silencing aebustic signal, a phase adjustment unit for
adjusting ajihase_of the silencing acoustic signal, and a
silencer controller 234 for outputting a silencing acoustic
signal corresponding to silencing—ecoustic waveform data
stored in the memory unit 233 and controlling the sound
pressure adjustment unit 253 and the phase adjustment unit
254 based on the sound pressure level detected by the sound
pressure detector 252.

In the silencer.unit 230 of the third embodiment, the
silencer controller 234 reads silencing-acoustic waveform
data stored in the memory unit 233 synchronously with a cycle
of pulse combustion, and the speaker 235 outputs a
eompensating'sound based on the waveform data. The silencer
controller 234 monitors the sound pressure of a composite
sound detected by the microphone 251, and controls the sound
pressure adjustment unit'253 and the phase adjustment unit
254 fo adjust the sound pressure and the phase of the

- compensating sound so as to make the sound pressure of the
composite'sound minimum. Such feedback coﬁtrol of fhe third
embodiment makes the sound pressure of a final composite
sound minimum, thus further improving the noise reduction
effects. | |

The structure of the second embodiment, that is, selection
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of suitable silencing-acoustic waveform data corresponding to
.the noise characteristics, may be added to the silencer unit
230 of the third embodiment. In such a case, combination of
feed-forward control with feed-back control remarkably
improves the noise reduction effects.

The silencer unit 230 may further include a low-pass
filter arranged prior to the speaker 135 for cutting
excessive noise of the silencing acoustic signal and
outputting only a frequency component required for the noise
reduction. |

The silencer unit 230 may also include an abnormality
control unit, which detects abnormality in the silencer uﬁit
230 and cuts an output circuit off when an output current or
voltage to the speakef 35 becomes equal to or greater than a
predetermined level. This prevents an abnormal compensating
.sound from being generated.

In the above embodiments, noise reduction at the exhaust
side of the'pulse combustor 1s explained in detail. . Output
of a compenéating sound to a supply path, however, reduces a
noise at an intake side in the same manner as above. For
example, a speaker for outputting a compensating sound may be
disposed between the fan 5 and the air chamber 6 to
compensate a noise transmitted from the air chamber 6.

As described abo#e, the pulse combustor of the invention
generates a compensating sound to be composed with a noise,
synchronously with a cycle of pulse combustién. This -
structure does not require a épace—occupying large muffler
and realizes compact design of fhe pulse combustor. Removal
of the muffler effectively reduces adverse effects of.a-

pressure loss and attains stable and preferable pulse
- T ) :
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combustion without higher aif or fuéi gas suppiy pressure.
There may be'many other modifications, alternations, and
changes without departing from the scope or spirit:of
essential characteristics of the invéntion, and thereby it is
clearly understood that the above embodiments are only f
illustrative and not_restrictive in any sense. The scope and
spirit of the invention is only limited by the terms of the

appended claims.
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WHAT IS CLAIMED IS
1. A pulse combustor comprising a mixing ch@mber for

receiving and mixing a fuel gas and air and supplying an
air/fuel mixture, a combustion chamber connected to said
mixing chamber for pulsative combustion of Said air/fuel |
" mixture supplied from said mixing chamber, one or a pluralify
of tail pipes.constituted as a conduit of hot combustion
" byproducts, a.gas supply system for supﬁlying said fuel gas
to sald mixing chambér, an air supply system for supplying
said air to said mixing chamber, and an exhaust conduit for
discharging said hot'combﬁstion byproducts,
said pulse combustor further comprising
synchronous signal generator means for generating a
synchronous signal synchronized with é cycle of said
pulsative combustioﬁ,
data memory means fbr storing silencing-acoustic waveform
data, g
silencing?acoustic signal generator.means for outputting é
silencing acoustic signal corresponding to said silencing-
acoustic waveform data stored in said data memory means,
synchronously with said synchronous'signal outbut.ffom said
synchronous signal generator means, and
sound generator means for converting said silencing
acoustic signal to a compensating sound and outputting said
éompensating sound to said exhaust conduit of said hot
combustion byproducts and/or said air sﬁpply system.
2. A pulse combustor in accordance with claim 1, wherein
said compénsating sound has a sound pressure identical with
that of a noise due to said pulsative combustion but an

antiphase shifted by a pi'radian to be opposite to a noise
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phase.
3. A pulse coﬁbustor in accordance with claim 2, said

pulse combustor further comprising sensor means for detecting
said cycle of said nulsative combustion. . |

4. A pulse combustor in accordance with claim 3, wherein
said sensor“meane comprises a pressure sensor. '

5. A pulse combustor in accordance with claim 4, wherein
said pressure sensor is disposed in said air_supply system.
| 6. A pulse combustor in accordance with claim 4, wherein
said pressure sensor is disposed in said combustion chamber.

7. A pulse combustor in accordance with claim 2, said
pulse combustor further comprising a control circuit aliowing
said sound generator means to output said compensating sound
only when a combustion sensor'detects actual combustion.

8. A pulse comhﬂstor in'accordance with claim 1, said
.pulse combustor further comprising

regulator means for regulating a sound pressure of said
compensating sound generated by said sound generator means,

and/or regulatlng a phase of said compensating sound,

sound pressure detecting means for detecting a sound
pressure of a composite sound of a noise due to said
puleative combustion with said compensating sound generated
by said sound generator means, and

feedback control means for monitoring said sound pressure
detected by said sound pressure detecting means and actuating
. saild first regulator means and said second regulator means to
make said sound pressure minimum.

9. A pulse combustor'in.accordance with claim 9, said

pulse combustor further compriéing sound collecting means for
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detecting said composite sound of said noilse with said

compensating sound.

10. A pulse combustor in accordance with claim 1, wherein
sald sound generator means comprises a low-pass filter.

11. A pulse combustor in accordance with claim 1, saild
pulse combustor further comprising abnormality control means
for detecting an abnormality and inactivating said sound
generator means when said silencing acoustic signal output to
said sound generator means has a value equal to or greéter
than a predetermined level.

12. A pulse combustor comprising a mixing chamber for

. receiving and mixing a fuel gas and air and supplying an

air/fuel mixture, a combustion chamber connected to said
mixing chamber for pulsative combustion of said air/fuel
mixtﬁre supplied from said mixing.chamber, one or a plurality
of tail pipes constituted as a conduit of hot combustion
byproducts, a gas supply system for supplying salid fuel gas
to said mixing chamber, an air supply system for supplying
said air to éaid miking chamber, and an exhaust conduit fdr
discharging said hot combustion byproducts,

said pulse combustor further comprising

synchronous signal generator means for generating a
synchronous signal synchronized with a cycle of said
pulsative coﬁbustion,

nbise charaqteristics detection means for detecting
characteristics of a noise due to said pulsative combustion,

data memory means for storing a plurality of silencing-
acoustic waveform data corresponding to a plurality of noise
characteristics,

silencing acoustic signal generatof means for selecting
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suitable silencing acoustic waveform data corresponding to
sald noise characteristics detected by sald noise
characteristics detection means out of said plurality of
silencing;acoustic'waveform data, and outputting a silencing
acoustic signal corresponding to said selected silencing-
acoustic waveform data, synchronously with said synchronous
signal output from said synchronous signal generator means,
and

sound generator means for converting said silencing
acoustic signal to a compensating sound and outputting said
compensating sound to sald exhaust conduit of said hot
combustion byproducts and/or said air supply systemn.

13. A pulse combustor in accordance with claim i2, wherein
said compensating sound has a sound pressure identical with-
that of sald noise but an antiphase shifted by a pi radian to
be-opposite_to a noise phase.

14. A nulse combustor in accordance with claim 13, wherein
said noise characteristics detection means comprises a pulse
counter, and said noise characteristics comprise a pulse
frequency.

15. A pulse combustor in accordance with claim 12, said
pulse combustor further comprising |

regulator means for regulating a sound pressure  of sald
compensating sound generated by said sound generator means,

and/or fegulating a phase of said compensating sound,

sound pressure detecting means for detecting a sound
pressure of a composite sound of said noise and said
compensating sound generated by said sound generator means,

and
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feedback control means for monitoring said sound pressure
detected by sald sound pressure detecting means and actuating
said first regulatér means and said second regulator means to

make said sound pressure minimum.
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