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Field of the Invention
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 clos1ng to
‘allow and stop a flow of a fuel gas supplied from a gas

conduit 7, and a gas chamber 9 disposed in the air chamber 6
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f.or . repeating pul sative expl osion and combusti on. Conventional pul se
conbustonrs for:zcontinuing com bustion of an air/fuel m xture by pul sative
expl osi on thereof generally include a silencer device such as a nuffler for

duci | atively | due to th ti xpl osi
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pul se conbus-
with each other 1n a m1x1ng 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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tion/ a tail pipe 2 constituting an exhaust conduit of hot conbustion
bypr oduct's di scharged fromthe conbusti on chanber 1, a decoupler
connected to the tail, pip
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so- lenoid Va4l &% S openln osing to allow and stop a flow of a

fuel gas sugpldfid-dd U 19851 U drge mMi¥fer 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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gas chanber 9 disposed in the air chanber 6 for receiv- ing the fuel gas

passing t-hrough the gas conduit 7. The fuel gas supplied to the gas
ch?Pber 9 ?nd the air fed to the air chanber 6 are fed into and
sufficiently mxed with each other i.n a_mxin }n the
i nt ake S|deﬁﬁlqﬂﬁ§9§nﬁﬁﬂﬂqgif cpr Ef%ﬁ 4§E§ ; alr J%I gas

| ani ted and ASARE a1 e rsﬁ%lﬂ%ﬂion}oﬁﬁﬁfﬁ?ﬁéﬁ"ﬁ%’ﬁmr b
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 outputting 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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s2- *The negative pressure generated i mredi ately after the

1 L

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
/

-
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explosion allows further adm ssion of the fuel gas and the air into the
m xi.ng chanber <10 for subsequent com bustion. Heat generated in such a
cyclic explosion and conbustion is applied to an object through the wall of
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of a 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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I'n the -pul se combustor thus constructed, there is an undesirably |arge
noi.se due to epening and closing of the air flapper valve 12 and the gas
fl apper valve 13, along wth a combustion neise due to high conbustion

prﬁssure :leﬁﬂﬁkﬂﬂ pul se combust or thus in- cludes a silencer or an

exhaust . nu er [ po ed an .ex Hd The

pul-se combus- tF&rgrm@ ﬂtq ggﬂﬁﬁ ke rm C%rn%(r?]i(ﬁsl%s O\Anlﬂ)ﬁltsf)mpre-

“vent a noise fronhp%1ng generated at an intake of the fan 5. It is
known t hat q%§s general ly used are divided

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
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l.ntp an-expansi on type and a resonance type, and in ei- ther type, a

| arger-siized muffler is required for effectively reducing a noise of a

| ower frequency. The pulse com bustor thereby requires a relatively |large

muf fier for ef- _fective noise reduction of pulse conbustion at.a low fre-

quency (100 E@ Fheg§ﬁéP§P?PgSGGH“§tﬁ§rg@vﬁﬁpgﬁeﬁaﬁPe§ °€8ﬂt3ncinﬁayﬁm8§§ign
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lIggtcgaznpre%;ﬂ%ﬁroniz1n§n%i%3%ﬁc%e8%rﬁQ8ri%&?nﬁigBeBﬁeE03%f¥5?iently
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 exhaust outlet 15. Although there 'is a certain time

delay between detection of thé pressure variation by the

\
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undesi rabl e noise in a pul se conmbustor.

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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Anot her- obj ect of the invention is to provide a rela- tively conpact-sized
pul.se combuster having a reduced noi se. The above and other rel ated
objects are realized by an inproved pul se conbustor according to the

I nvention, whi I nclyudes. a m .xi i wvi : :
fuel gas and ai Peaﬁdllssuepﬁo%bnrﬂgg%é)rr%g al /;ﬁé{tﬂrﬁq{(t%e??o\gi%ﬁgtﬂ@o? cdhdgﬁzbleebrl

T el i e B R Tl Shrmy oy
p- plre romsaid m xi ng chanber, a gas supply system
for 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—combustibn
conditions.

Fig. 2 schematically shows another pulse combustor
apparatus of é 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 firsf 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“charécteristiés are generally correlated to the
physical proberties of pulse combustion, such as a pulse
combustion frequency or a combustion temperature. The
silencer uni% 130 thus includes a bulse 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 |
pluralify of_siléncing~acbustic 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 wéll as the pulse frequency determined by

the pulse counter 141, selects suitable silencing-acoustic
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suppl ying said fuel gas to said m xing chanber, an air supply system for
supplying said air to said m xing cham ber, and an exhaust conduit for

di schargi ng hot conbus- tion byproducts, characterised by further
conpri si ng sYA¥REekRBudaspgrUt §énéhst BLuxBdAsYs 8f §éﬁ§PﬁgpﬁgaS°§§ﬁéﬁronous
si gnal synchroni zed wiith a cycle of ul sative conbusti.on, data nenory

means for stBPVﬁSOEW-dﬁéﬁcpﬁ§9QCBHsF§g{aH éfofﬁﬁﬂﬁﬁﬂ?ysiﬁgﬂcpﬁgpg Subtic
T oo e E AR B bR R TUhA" R B ORSIAARR, BE7URE. BeTpRRe,,
data nennry g?i@ﬁciﬁﬁagg58§tic 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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nousty with said synchronous signal output from said synchronous signal
generat or neans, sound generator neans for converting said silencing
acouztlc slgﬂal to a conpensating sound and out putting said conpensating
sound to either one of or, both of said e aust ol

combust i on @yﬁ%ﬂ\i’ct%i%’saﬁ Fefn rﬁ}i] mqngsl,&ensor rre(g)n

detecting s I f t
means for adidu %&éﬁwﬁ%‘%ﬁwﬁ%ﬂo@&%%o bt sa.‘i’é}‘%%n%%nééﬂt
sound onl'y vhen, Self AS0SRSr BRtFuEhAE'S QG p NN | RSy eP s éonsn

the sound signal output from the microphone 251. The

i ng

silencer unit 230 further includes a sound pressure
adjustment ﬁhit 253 for adjusting a sound pressure of a
silencing aébustic signal, a phase adjustment unit for
adjusting ajihasé_of the silencing acoustic signal, and a
silencer controller 234 for outputting a silencing acoustic
signal corresponding to silencing—écoustic 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
gompensating'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 adjustmént 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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* In the pul se conbustor of the invention thus con-

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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structed, the_synchronous si gnal generator outputs a synchronous signal
synchroni'zed with a cycle of pulsa- tive explosion and conbustion in the
combusti on chan} ber The silencing acoustic signal generator then outputs

to the sound or a.,sjlencjng, acoustic sign corre- onding to
si | enci ng- acS g&ﬁQeWB%h?HﬁthigPSFeﬁ Fn°Fh£gﬁit§aﬁeﬁBP9i nPFesgu
synchronousl y ypchro- n I ro on
<l gnal gener a- ““Pﬁgr%Tﬁgiﬁ%n@Bngn% B AB%1 e 84hENbnS! O LEFRBYREREC AN
| enci ng acouéﬁbﬁggbgﬂﬁk bta %BHP%@ﬁ@tTPSmSQHBdséBHeOH}PHbir&Eeof
conpensating sound to t e ex aust condul t
' essential characteristics of the invention, 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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-of the *hot conbustion byproducts and/or the ai Thi edThe
conpensatlng sound to be conposed with the n0|s conbusti on
may have |t51§€€se shlfted b pi radians so as - hase to the

phase of thd tlvely conpensati ng and redUC|ng t he noi se.
Alternatively, the i ovene

gener at or meangt f &} $ 819 sfoé?(ﬁr ?%jﬁ%iuxggeé %151 n%jyc rolﬂelﬁgg%ol\s/\ﬁl ?Eala
Cy e o S By NS L P PR S ity s ook on
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, |
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

15
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.pul sative conbustion, a ThaiSHeetlBisBeEEtBLYsMeans for storing a plurality of

si l.enci ng- acoustic wavef oD'HﬁE!BMIEM sponding to a plurality of noise
characteristics, S ic signal generator neans for se-
| ecting suitable silencin ef orm data corre- sponding to said:
noi se chara?péﬁfstics detected by said noise characteristics detection
output ting a5 PERIRS SORREErs ARt ey el S, 2
:: Igﬁglci 28; g%:ﬁ 3 Lcﬁo@:ﬁ%@%‘;ﬂﬁl@e?y&%ﬂ%ﬂ %endtrt rfhe?ﬁfsd M%ﬂﬂ%ﬁlg
said cycle of said pulsative combustion.
4. A pulse combustbr in accordance with claim 3, wherein
said sensor“meahs comprises a pressure sensdr. '
5. A pulse combustor in accordance with claim 4, wherein
said pressuré sensor is disposed in said air_supply system.
| 6. A pulse combustor in accordance with claim 4, wherein
said pressuré sensor is disposed in said cbmbustion chamber.
7. A pulse combustor in accordance with claim 2, said
pulse combustor further comprising a control circuit alibwing
said sound generator means to output said compensating sound
only when a combﬁstion sensor'detécts 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 b& said sound generator means,
and/or réénlating a phase of said compensating sound,
sound pressure detecting means for deﬁecting a sound
pressure of a composite sound of a noise due to said
puléative 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 méans and actuating
. saild first regulafor means and said second regulator means to
make said souﬁd pressure minimum.

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

pulse combustor further compriéing sound collecting means for
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nous mHﬂﬂ‘ mmnmﬂm means, sensor means for detect-
-5.,

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 compriéing a mixing chamber for

. receiving and mixiﬁg a fuel gas and aip 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 said fuel gas
to said mixing chamber, an air supply system for supplying
said air to éaid miking chamber, and an exhaust conduit for
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

17
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ing s pul sative conbustion, and sound generator neans for

conve !{Mﬁ Bmunml Emied sil encing acoustic signal to a conpensating sound

ang o] : congﬂ?:52$ Sg?gpﬁnfatlgg s?und Lo ei ther one of or both of said

Systom "o e SR ARA IR ARTRTLR PaYertd: sl Ssa s
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acoustic si %r%f&ﬂcé%@&é&ﬁdﬂtﬁ&lﬁs SUENSE Neh BT QPIRir 41 Ve eSDr m
silencing;acoustic'waveform data, and outputting a silencing
acoustic signal corresponding to said selected silencing-
acoustic waveform data, synchronously with said synchroﬁous
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 iZ, wherein
said compensating sound has a sound pressuré identical with-
that of sald noise but an antiphase shifted by a pi radian to
be-opposite_to a noise phase.

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

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

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

and/or fegulating a phase of said compensating sound,

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

and

18 " This \heet Has Be=n Replaced
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~data ‘corresponding to the noise characteristics detected by the noise
characteristics detection unit out of the plu- rality of silencing-acoustic

wavef orm data, god i o1 ﬁ.fobgrrnfya g@;@ﬂ;ﬁ#ﬁﬁw'sm SRR Yrh k& he

sel ected sil encing-acoustic wave S structure gener- ‘ates a

conpensat i ng get¥ed ¥ silid Ahd Yr AN @ tedtiinet medinLuHE MU it ifHS

further inproving noise reduc-.tion effects. The noi se characteristics nmay

be sound waveardnfdaist Qe QARSI AHANRY aHly Wadd SUCORRY et it afeshPUse
frequency or tenperature. The pul se conbustor of the invention may

further in- make said sound pressure minimum. :
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clude a reqgulator unit for regulating a sound pressure and/or a phase of
t he. conpensatt ng sound generated by the sound generator, a sound pressure

detecting unit Eor ﬂ ressure of a conposite sound of the
noi se and t H¥ §gfqﬁﬂggﬁﬂﬂgﬁg§ﬂgfated by the sound generator, and a
feedback contrgl unllte{eq{t 'BW dd ;&[3‘;&9&@@@ SN LSy dednfisd €6l Pyzdde

sound pres- suré“aé% uating the regulator unit to make
the sound pﬁﬁfﬁéﬁf&éﬁﬂﬁé@ﬁ?.which efficiently reduces an undesirable

explosion and combustion noise without any bulky muffler. In

the pulse combustor of the invention, a compensating sound is
generated in an exhaust conduit synchronously with pulsative
explosion and combustion. The compensating sound -has a sound
pressure identical with that of a noise in the exhaust
conduit but a phase opposite to that of the noise, thus
effectively compensating the noise in the exhaust conduit and

efficiently reducing the noise from an exhaust outlet.
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-6- - In this structure of the pulse conbustor, the sound pressure
detectiPng unit detects a sound pressure of a conp05|te sound of the noise
and t he conpensating :

FI1G.1

SYNCHRONIZING : 1
SIGNAL GENERATOR :

l—————————»{SILENCER CONTROLLER

MEMORY UNIT
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sound generated by the sound generator. The feedback control unit nonitors
t he*sountl pressure and actuates the regulator unit to regulate a sound
pressure and/ or a phase of the conpensating sound so as to nmake the sound
pressure mnimum’ This feedback control systemfurther inproves the sound
reduction effects. These -and ot her objects, features, aspects, and ad-
vant ages of the present invention wll becone nore ap- parent fromthe
fol | owm ng detailed description of the pre- ferred, exenplary enbodinments of
the present invention with reference to the acconpanyi ng draw ngs of which:

FI1G.2
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Fig. "1 schematically shows a pul se combustor appa- ratus of a first
enmbedi ment* i'n accordanice with the = present invention; Fig. 2
schematical ly shows anot her pul se conbust or

/ apparatus of a second
enbodi ment i n accordance with the invention; Fig. 3 schematically
shows still another pulse com bustor apparatus of a third enbodi nent
in accord- ance with the invention; and

. Fig. 4 schematically
illustrates a conventional pul se : :

FIG.3
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conbust or. . The pul se conbustor of the invention js described nore in
det &i'l atcording to preferred enbodi nents thereof. Fig. 1
schematical ly shows a pul se conbustor ap- paratus of a first enbodi nment in
accordance with the in- vention. In the description herein, a process of
noi se re- duction at an exhaust side is exenplified.

FIG.4 PRIOR ART
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nment includes a

o 7- A pul se conbust or apparatus of the first enbodi- :
pul se conmbustor unit 20 and a silencer unit 30. The pulse combustor unit 20
has t sane struc- S REPLACEMENT SHEETS SG
REPLACED SHEETS  SG- & Description : paged .1 to paged /#
L { ] @ TClaim(s) : paged 24 paged .11
Q'Oescnphon ‘paged ..I.... to paged ’.‘7" -1 - B’Drawmg(s) paged . l to paged 1.
| &¥Claim(s) : paged .J2... to paged .'..... Abstract  : paged 22 1o paged ..
§2Drawing(s) : paged Ao paged .\..... | 9 5,3 , 4y
W Abstract  : paged .2V o DATE OF RECEPT.%- o011

PULSE COMBUSTOR

The present invention relates to a pulse combustor fer

‘repeating pulsative explosion and combustion.

Conventional ﬁulse combustors for continuing combustion of
an air/fuel mixture by pulsative explosion thereof generally
include a silencer device such as a muffler for reducing a
relatively 1ﬁrge noise due to the pulsative explosion and
combustion. Fig. 4 schematiéally illustrates such a
conventional 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 chémber 1 for pulse éombustion, a tail pipe.z
constituting an exhaust conduit of hot combustion byproducts

discharged from the combustion chamber 1, a decoupler 3

connected to the tall pipe 2, and an exhaust muffler 4

cppnected,to the decoupler 3. The air supply system for
supplying air to the combustion chamber 1 includes a fan 5
for feeding the air for combustion, and an air chamber 6
céupled with and coﬁnected to the combustion chamber 1 for
receiving the air fed by the fan 5. The fuel gas supply
system inclu@es a solenoid valve 8 for openiﬁg and closing to
allow and stop a flow of a fuel gas sﬁpplied from a gas

conduit 7, and a gas chamber 9 disposed in the air chamber &

'1 his Sheet Has Been Repl
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t ur e -as—that—of—tte—Tonventi onal pul se conbustor shown in Fig. 4, except

‘that the pul se conbyustar unit 20 does not include an exhaust nuffler 4. The
same n 1 denote the like elenments to those of Fig. 4, which
are notl R“H'% g‘% The silencer unit 30 includes a pressure sensor
31 disp ' chanber 6 for detecting a pressure variation due to

pul sative combustion and outputting a pressure signal representing the

pressure variation in the air chanber 6, a synchronizing signal generator
32 for recdovi ngceheingethertuel gras rARTINE fuhdpuehe theegas condulit 7.

The fuel gas supplied to the gas chamber 9 and the air fed
to the air chamber 6 are.fed into and sufficiently 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 then supplied through a flame trap 11 to the
combustion chamber 1, and ignited and explosively combusted
in the combustion chamber 1. The negative pressure generated
immediately after the explosion allows further admission 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 abplied to an objJect through the
wall of the combustion chamber 1 and of the tall pipe 2.

The pulse combustor is further provided with an air
flapper valve 12 and a gas flapper valve 13 respectively
mounted at the inlets of the air and the fuel gas into the
mixing chamber 10 to prevent back flow of combustion exhaust
into the air supply system or the fuel gas supply system due
to explosive combustion.

In the pulse coﬁbustor thus constructed, there is an
undesirably large noise due to opening and closing of the air
flapper valve 12 and the gaé flapper valve 13, along with a

- combustion noise due to high combustion pressure. The
conventional pulse combustor thus incluqes a silencer or an
eihaust 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

This is the replacement sheet
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cycle o ustion, and a nenory unit 33 for storing

si |l enci E“ eforn1data havi ng a sound pressure identical with
t hat of caused by pul sative conbustion but a phase op- posite to
t hat of the noi se. The sil encer .ugid4 30 al so includes a silencer
control- ler 34 for outputting a silencing acoustic signal corre-

spondi ngt ot g Sixpaneibg- 2gpYShha WaVELEobHANE®d atyi &) athd Nl kd thRIORYpEni t
33, synchronously with the synchro- nous signal fromthe synchronizing
si gnal genematlargd2-sized muffler 1s required for effectively reducing a

sure Sﬂ{méetﬁa’lsﬂiadRﬁquuttl ng a synchronous signal syn- chronized with a

noise of a lower frequency. The pulse combustor thereﬁ?
requires a relatively large muffler for effective noise
reduction of pulse combustion at a low frequency (100 Hz in
general). Such a large muffler prevents 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 increased fuel gas pressure.

One object of the invention is to efficiently reduce an
undesirable noise in a pulse combustor.

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

.The above and other related objects are realized by an

improved pulse combustor according to the invention, which

includes a mixing chamber for receiving and mixing a fuel
gas and air ahd supplying an air/fuel mixture, a combustion
chamber connected to said mixing chamber for pulsative
combustion of said air/fuel mix;uré supplied from said
mixing chamber, a gas supply system for supplying said fuel
gas to said mixing chamber, an air supply system for
supplying .said air to said mixing chamber, and an exhaust
conduit for discharging hot combustion byproducts,
characterised by further comprising synchronous signal
generator means for generating a synchronous signal
synchronized with a cycle of said pulsative combustion,
data memory means for storing silencing-acoustic waveform
data, silencing acoustic signal generator means for
outputting a silenciné acoustic signal corresponding to

said silencing-acoustic waveform data stored in said data
This is the replacement sheet
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a speaker 35 forconverting the silencing acoustic signal output fromthe
sil encé‘hlssmmgalsb@me go a conpensating sound, and a sound wave

transm s 6 for introducing the conpensating sound generated by
t he spee xhaust conduit 14. In the pul se conbustion
process, pul's | o-

-4 =

.memdry means, synchronously with said synchronous signal
output from said synchronous signal generator means, and.
sound generator means for éonverting said silencing
acoustic signal to a compensating sound and outputting said
compensating sound.to said exhaust conduit of said hot
combustion byproducté and/or said air supply system.

In the pulse combustor of the invention thus constructed,
the synchronous signal generator outputs 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 signhal corresponding to silencing-acoustic
waveform data stored in the data memory unit, synchronously
with the synchfonous signal output from the synchronous
signal generator. The sound generator subsequently converts
the silencing acoustic signal to a coméenSating sound and
outputs the compensating sound to the exhaust conduit of the
hot gombustion byproducts and/or the air supply system. The
compensating sound to be composed with the noise due to
pulse combustion may have its phase shifted by pi radians
so as to be in antiphase to the phase of the noise, thus
effectively compensating and reducing the noise.

Alternatively, the improvement is characterized by a
synchronous signal generator for generating a synchronous
signal synchronized with a cycle of the pulsative combustion,
a noise characteristics detection unit for detecfing

characteristics of a noise due to the pulsative combustion, a

This is the replacement sheet
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- 8- siton and combustion in the conbustion chanber 1 |leads to a pressure
varlaqmpgw&nhgg@nghmmahanber 6. The syn- chronizing signal generator 32

recelv ME“MD%IEW - nal fromthe pressure sensor 31 representing the
pres- inthe air chanber 6 and outputs a syn- chronous
si gnal to a frequency of pul se
- 8§ =
said data memory means being abie to store a
plurality of silencing-acoustic waveform data corresponding
to a'p;urality of noise characteristics,_and
said silencing acoustic signal generator means
including means for selecting suitable silencing acoustic
waveform data corresponding to said noise characteristics
detected by said 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. |
In the alternative structure of the pulse combustor, the
data memory unit stores a plurality of silencing-acoustic
waveform data cqrresponding to a pluralify of noise
characteristics. The silencing acoustic signal generator
_selects suitable silencing acoustic waveform data
corresponding to the nolse characteristics detected by the
noise characteristics detection unit out of the plurality of
‘silencing-acoustic waveform data, and outputs a silencing
acoustic signal corresponding to the selected silencing-
acoustic waveform data. This structure generates a
compensating signal most suitable for characteristics of each
noise, thus further improving noise reduction effécts. The
noise characteristics may be sound wavefbrm data or
corresponding physical properties such as a pulse frequency
or temperature.
The pulse combustor of the invention may further include a

This is the replacement sheet
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conmbustThjheet Has BaenReplaceths at i ng sound for conpensating and reduc- ing a
noi se du ; 3l | ustion, such as a conbus- tion noise or vibration in
openi ng e flapper valves 12 and 13, shoul d have a sound
pressure identi- cal with a noise pressure but an anti phase of the noi se.

. \ﬁ _ .
ewel o m bpEER cas; LBLE, TR, FRaieb iR T fUhd brd i S/ dr 8 fase

Teosur oo §PSSHE' oRpingkity LGRS oy i LR e OIFD o
sound pressure detecting unit for detecting a sound pressure
of a composite sound of the nolse and the compensating sound
generated by the sound generator, and a feedback control unit
for monitoring the sound pressure detected by the sound
pressure detecting unit and actuating the regulator unit to
make the sound pressure minimum.

In this structure of the pulse combustor, the sound
pressure detecting unit detects a sound pressure of a
composite sound of the noise and the compensating sound
generated by fhe 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
compensafing sounﬁ so as to make the sound pressure minimum.
fhis feedback control system-further 1ﬁproves-the sound
reduction effects.

These and other objects, features, aspects, and advantages

of the present ilnvention will become more apparent from the

following detailed description of the preférred, exemplary
embodiments of the present'invention with reference to the accampany-
ing drawings of which:

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 combustor

apparatus of a third embodiment in accordance with the
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o 2 5 AUG 1997

Dat



speaker 35nﬂﬁﬁegﬁtes a conpensating sound corre- sponding to the silencing

acoustic si plategn Of the noise transmtted through the exhaust
conduit 14 / nsating sound sufficiently reduces a noi se output
froman ex . Although there is a certain tinme delay between
detection of the pressure variation by {he pressure sensor 31 and actual
transm s- sion of the noise to the exhaust conduit 14, fine regula- tion of
t he phasei ittt HFtiora in the menory unit 33 or control of the output tining

of the silencing acousticisifE nal fromthe silencer controller 34 can nake
the noi se Fig. 4 schematically illustrates a conventional pulse

combustor.

The pulse combustor of the invention is described more in
detall according to preferred embodiments thereof.

Fig. 1 schematically shows a pulse combustor apparatus of
a Tirst embodiment in accordance with the invention. 1In the
description herein, & process of noise reduction at an
exhaust side is exemplified.

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

The silencer unit 30 includes a pressure sensor 31 |
disposed in the alr chamber 6 for detecting a pressure
variation due to pulsative combustion and outputting a
pressure signal representing the pressure variation in the
air chamber 6, a synchronizing signal generator 32 for
recelving the pressuré 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 having a sound
pressure identical with that of a noise caused by pulsative
combustion but a phase opposite to that of the noise.

The silencer unit 30 also includes a silencer controller

34 for outputting a silencing acousti : 36t
p | g g c sigpal c%!\',‘lée‘ggﬁg%aﬁcemem shee
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and the conpg §ﬁ£ﬁ@g3@g agddve conpletely opposite phases. The
structure of di nent does not re- quire a space-consum ng

| arge muffler ll“ ‘ e- alizes conpact design of the pul se conmbustor.
Renoval of th ctlvely reduges adverse effects of a pressure

| oss and attains desirable pul se combustion without significantly high air

or fuel gasostiwel yiDeéRSSNEeacoustic 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 thé
silencer controller 34 to a compensating sound, and a sound
wave transmission conduit 38 for introducing the compensating
sound generated by the speaker 35 to an exhaust conduit 14.

In the pulse combustion process, pulsative explosion and
combustion in the combustion chamber 1 leads to a pressure
variation in the air chamber 6. The synchronizing signal
generator 32 receives a pressure signal from the pressure
sensor 31 representing the pressure variation in the air
chamber 6 and outputs a synchronous signal correéponding to a
frequency of pulse combustion.

A compensating sound for compensating and reducing a noise
due to pulse cohbustion. such as a combustion noise or
vibration in opening and closing the flapper valves 12 and
13, should have a sound pressure ldentical with a noise
pregsure but 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
sllencing acoustic signal synchronously with pulse
combustion, and the speaker 35 generate§ a compenéating sound
corresponding to the silencing acoustic signal. Composition
of the noise transmitted through the exhaust conduit 14 with
the compensating sound sufficiently reduces a noise output
from an exhaust outlet 15. Although there is a certain time
delay between detection of the pressure variation by the

This is the replacement sheet
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-9- ThidBBedp HhsTRerCReplacedt or of the first enbodi nent in- cludes the sound
wave tranImmmmuummLt 36 between the speaker 35 and the exhaust conduit
14 to pro r 35 fromexcessive heat or humdity. The sound
.- 9 -

pressure sensor 31 and actual transmission of the noise to

the exhaust conduit 14, fine regulation of the phase data

stored in the memory unit 33 or control of the output'tlbinz

of tLe ;1lenc1ng acoustic signal from the silencer controller

34 can make the nolse and the compensating sound have

completely opposlite phases.

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 desirablé pulse combustion without significantly high
air or fuel gas supply pressure.. .

The pulse combustor of the first embodiment includes the
sound wave transmission conduit 36 between the speaker 35 and
the exhaust condult 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 exhaust conduit 14 directly when
little effécts of heat of humidity are expected. Although
the pressure sensor 31 is disposed in the air chamber & to
generate a pressure signal synchronous with pﬁlse 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
vibration sensor for detecting a vibrgtion of pulse
combustion, a temperature sensor for detection a variation in
the combustion temperature, or a photo-sensor for detecting a

variation in the luminous intensity in the combustion chamber

1.
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wave transm ssion conduit 36 may, however, be omtted to allow the speaker
35 to be t Hlas Beep ReplaGed o oSt conduit 14 directly when little effects
of heat of expected. Although the pressure sensor 31 is dis-
posed in t 6 to generate a pressure signal synchronous with
pul se conbustion in the above enbod- imé&® - the pressure sensor 31 may be

arr anged in-tfﬁeCQngétheabﬁB%8¥eha} Purhe rd8eoprbel d3dMrerai & @oRteBIUr €

variation due to pulsative conbustion is al so observed. The pressure sensor

31 may be gepbatedwRYch Xi1Dbaki 9utpaARSer fthe dmpenisagingyisbuad onlef pul se
com

when- a combustion senéor such as a flame rod (not shown)
detects actual combustion. This prevents the compensating
sound from being mistakenly generated under non-combustion
conditions.

Fig. 2 schematicaily 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
combustidn noise for noise reduction, a silencer unit 130 of
the second embodiment further responds to a variation in the
noise characteristiecs.

The noise characteristics are genefally correlated to ‘the
physical properties of puise_combustion; such as a pulse
combustion frequency or a combustion temperature. fhe
silencer unit 130 thué 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 correspon&ing
to a plurality of pulse combustion frequencies. The .
plurality of silencing-acoustic waveform data are determiﬁed:’
against noise waveforms measures at the plurality of pulse
combustion frequencies. A silencer controller 134 receives a
synchronqus signal output from a synchronizing signal
generator 132 as well as the pulse frequency determined by

the pulse counter 141, selects suitable. silencing-acoustic
This is the replacement sheet
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. / . . . . .
bustion, a tenperature sensor for detection a variation in the conbustion

t enper atryi SheetHas BespReplesedensor for de- tecting a variation in the |uninous
intensity ustion chanber 1. The pul se conbust or may
further b h a control circuit which allows output of the
conpensating sound only when a conbustion sensor such as a flane rod (not
shown) detects actual conbustion. Thislpre- vents the conpensating sound

from bel RaFRebelicBhta GERCOR! e WHEe YUYy SABUSnOREbUEES.  FiO.
y shows anot her T & Cornbust or
waveform data based on the pulse frequency, and outqus a
silencing acoustic signal corresponding to the selected
silencing-acoustic waveform data to a speaker 135
synchronously with the synchronous signal. The speaker 135
then converts the silencing acoustic signal to a compensating
sound and outputs the compensating sound fhrough a sound
pressure transmission conduit 136. The compensating sound'
responding to the noise charactefistics 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 second embodiment
generates an appropriate compensating sound based on a
variation in the noise characteristics, thus further
improving the sound reduction effects.
The compensating sound may respond-to an exhaust
temperature detected by a temperature sensor (not-shown)

since the noise characteristics are correlated with the

temperatﬁre.

Fig. 3 schematically sﬂéﬁs still another pulse combustor
apparatus of a third embodiment in accordance with the
invention. The same numerals in Fig. 3 denote the 1like
elements to those of Fig. 1, which are n§t described here.

A silencer unit 230 of the third embodiment includes a
pressure sensor 231, a synchronizing signal éenerator 232, é
memory unit 233, a speaker 235, a sound wave transmission
conduit 236 as well as a microphone 251 for detecting a
composite sound (compésite sound of a noise and a

compensating sound) in the exhaust conduit 14 and outouttine
' This is tha replacement sheet
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not descr Al t hough the silencer unit 30 of the first
enbodi nmen onst ant conpensating sound against a sta- ble
conbustion noise for noise reduction, “a*& Fencer unit 130 of the second

embodi ment of YphHA" s137B2NI2 §RcBnEA5ouhd! WaVe' Rrafi8mls18nCRdnAULRY 58I CS.

apparat us. e RSG50 ngodinent I n accordance with the invention. The sane
nuner al s js Wag&ﬁe ﬁf the |ike elenents to those of Fig. 1, which are
AU

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 unit 253 for adjusting a sound pressure of a
silencing acoustic signal, a phase adjustment unit for
adjusting a phase of the silencing acoustic signal, and a
silencer controller 234 for outputting a silencink acoustic
signal corresponding to silencing-acoustic 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 silenciné-acoustic waveform
data storéd in the memory unit 233 synchronously with a cycle
of pulse combustion, and the speaker 235 outputs a
compensating 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 adjustmenf unit

254 to adjpst the sound pressure and the phase of the '
compensating sound so as to make the sound pressure of the
composite sound minimum. Such feedback control of the 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
" This is the replacement sheet -
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- 10 - q&§ﬁuﬁharacter|st|cs are generally correlated to

Tl i

of sultable silencing-acoustic waveform data corresponding to
the nolse 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 of all the embodiments may further include a low-

pass filter arranged prior to the speaker for cutting

excessive nolse of the silencing acousti¢ signal and
outputting only a frequency component required for the noise

reduction.
The silencer unit of all the embodiments may also include an abnor-

mality control unit, which detects abnormality in the silencer unit
and cuts an output circuit off when an output current or

voltage to the speaker 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 gulse combustor is explained in detail. Output
of a compensating sound to a supply path, however, reduces a
noise at an intake side in fhe same manner as above. For
example; a speaker for outputting a compensating sound may be
disposed between the fan 5 and the air chamber 8§ to
compensate a nolse transmitted from the air chamber 6.

As described above, the pulse combustor of the invention
generates a compensating sound to be composed with a noise,
synchronously with a cycle of pulse combustion. This
structure does not require a space-occuﬁying large muffler.
and realizes compact desién of the pglse combustor. Removal
of the muffler effectively reduces adverse effects of a
Pressure loss and attains stable and preferable pulse

This is the replacement sheet
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the physical properties of pulse conbustion, such as a pul se conbustion

f r equemgiysSHaé Has Bro #}don tenpera- ture. The silencer unit 130 thus

i ncl ude er 141 for determning a pul se frequency based on an
out - put re sensor 131, and a nenory unit 133 for storing a
plurality of Silencing-acoustic waveform data corresponding to a plurality

of pul se conbustion frequen- cies. T pfurality of silencing-acoustic
wavef orm data are determ ned agai nst noi se waveforns neasures at the

plurality of pulse conbustion frequencies. A iilencer cgntroller 134
recei ves eoshwshiemottthoyhahigheputirr gm fuel gas supply pressure.

There may be many other modifications, alternations. <and
changes without departing from the scope or spirit of
essential characteristics of the invention, and thereby it is
clearly understood that the above embodiments are only
illustrative and not restrictive in any sense.

In particular, variations described in relation to a
feature of one of the above déscribed embodiments common
to one or more of the other described embodiments should
be understood as being applicable, where appropriate, to

those other embodiments.

/
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a syncﬁ:g;rzrﬁa-gTﬁﬁéT‘génerator 132 as well as the pul se frequency _
deterniRH I ounter 141, selects suitable silencing-acoustic
wav ef or mm”m,’nﬂmm u- rality of silencing-acoustic waveform data
based on the pul s& fsequency, and outputs a silencing acoustic signal
corresponding to the selected silencing-acoustic wave- formdata to a
speaker 135 synchronously with the syn< &Ar onous signal. The speaker 135

t hen conver ,Si- lencing acoustic signal to a conpensating sound and
out puts the ating sound through a sound pres- sure transm ssion

condui t 136. The prpensgtgggsgogggbustor (20) comprising a mixing

chamber (9) for receiving and mixing a fuel gas and air and
supplying an air/fuel mixture, a combustion chamber (10)
connected to said mixing chamber (9) for pulsative
combustion of said air/fuel mixture supplied from said
mixing chamber (9), a gas supply system (7,8) for supplying
said fuel gas to said mixing chamber (9), an air supply
system (5) for supplying said air to said mixing chamber
(9), and an exhaust conduit (2,14) for discharging hot
combustion byproducts, characterised by further comprising

synchronous signal generator means (32) for
generating a synchronous signal synchronized with a cycle
of said pulsative combustion,

data memory means (33) for stoéing silencing-acoustic
waveform data;

silencing'acoustic signal generator means (34) for
outputting a silencing acoustic signal corresponding to
said silencing-acoustic waveform data stored in said data
memory means (33), synchronously with said_synchronous
signal output from said synchronous signal generator means
(32), and

sound generator means (35:135:135) for converting
said silencing acoustic signal to a compensating sound and
outputting said compensating sound to said exhaust conduit

(2,14) of said hot combustion byproducts and/or said air

-_—
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responding—to-thenoi-se-characteristics thus conpen- sates the noise in an

exhaust conduit 14 to effectively reduce a noise output froman exhaust
out | et tllﬂluullu Il jﬁml bed above, the structure of the second em bodi ment
gener e conpensati ng sound based on a variation in the
noi se dharacterlstlcs thus further inproving the sound reduction effects.
The conpensati ng sound may respond tqQ 3 ex- haust tenperature detected by
a tenperature sensor (not shown) since the noise characteristics are
correlat- ed with the tenperature

supply svstem.

2. A pulse combustor in accordance with claim 1,
said pulse combustor further comprising
regulator means (253,254) for regulating a sound
pressure of said compensatin§ sougd generated by said sound
generator means (235), and/or regulating a phase of said
compensating sound,
sound pressure detecting means (252) for detecting a
sound pressure of a composite sound of a noise due to said
pulsative combustion with said compensating sound generated
by said sound generator meansJ(235), and
feedback control means for monitoring said sound
pressure detected by said sound pressure detecting means
(252) and actuating said regulator means to make said sound
pressure minimum.
3. A pulse combustor as claimed in either one of
claims 1 and 2 further comprising
noise characteristics detection means for detecting
characteristics of a noise due to said pulsative
combustion,
said data memory means (233) able to store a
- plurality of silencing-acoustic waveform data corresponding
to a ﬁlurality of noise characteristics, and
said silencing acoustic signal generator means (134)
including means for selecting suitable silencing acoustic

waveform data corresponding to said noise characteristics

\.
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detected by said 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 (1321.

4. A pulse combustor in accordénce with any
preceding claim wherein said compensating sound has a sound
pressure substantially identical with that of the noise due
to said pulsative combustion but having its éhase shifted
by pi radians éo be in antiéhase to the phase of the noise.

5. A pulse combustor in accordance with claim 2,
said pulse combustor (20) further comprising sensor means
(31:131:231) for detecting said cycle of said pulsative
combustion.

6. A pulse combustor in accordance with claim 5,
wherein said sensor means (31:131:231) is disposed in said
air supply system (5).

7. A pulse combustor in accordance with claim 5,
wherein said sensor means (31:131:231) is disposed in said
combustion chamber (9).

8. A pulse combustor in accordance with any one of
claims 5 to 7, wherein said sensor means (31:131:231)
comprises a pressure sensor.

9. A pulse combustor in accordance with any

~preceding claim, said pulse combustor (20) further

-

1eet Has Been: Replaced

T [ R

Deta: ZE}AMB ﬁBﬂ'



Fig. 3 schematically shows still another pulse com bustor apparatus of a

t hi rd "enbodi ment i n accordance with the invention. The sane nunerals in

Fig. -3 | enents to those of Fig. 1, which are not de-

scrl bed ﬂlmml iﬂ!ﬂﬂltﬂmncer unit 230 of the third enbodi ment includes a
ressur e=Ssensot ax*synchroni zi ng Sh? al generator 232, a nenory unit

233 a speaker 235, a sound wave trans sion conduit 236 as well as a
m crophone 251 for detecting a conposite sound (conposite sound of a

comprising a control circuit allowing said sound generator

means (35:135:235) to output said compensating sound only
when a sensor means (31:131:231) detects actual combustion.

10. A pulse combustor in accordance with any
preceding claim, said pulse combustor further comprising
sound collecting means for detecting said composite sound
of said noise with said compensating sound.

11. A pulse combustor in accordance with any
preceding claim, wherein said sound generator means
(35:135:235) comprises a low-pass filter.

12. A pulse combustor in accordance with any
preceding claim, said pulse combustor further comprising
abnormality control means for detecting an abnormality and
inactivating said sound generator means (35:135:235) when
said silencing acoustic signal output to said sound
generator means has a value equal to or greater than a
predetermined level.

13. A pulse combustor in accordance with any
preceding claim, wherein said noise characteristics
'detection means comprises a pulse counter (141), and said
noise characteristics comprise a pulse frequency.

14. A pulse combustor in accordance with any
preceding claim, said pulse combustor further comprising

regulator means (253,254) for regulating a sound
pressure of said compensating sound generated by said sound

generator means (235), and/or regulating a phase of said

ThlS Sheet Has Been Replaced

BN

This is the replacement sheet

Date: 2 9 AUG 1997




noi se and a conpensati ng sound) in the exhaust conduit 14 and outputting a
sound—signal, a second sound wave transm ssion conduit 56 for protecting
the ni , d a sound pressure detector 252 for outputting a
soundugﬂﬂﬁmmllﬂﬂmnmased on the sound signal output fromthe m crophone
251. e sl en®er suntt 230 further includes a sound pressure adjustnent

unit 253 for ad- justing a sound pressure of a silencing acoustic signal, a

phase adjustnment unit for adjusting a’ph%sé of the si- lencing acoustic
signal, and a silencer controller 234 for outputting. a silencing acoustic

signal corres gggépgngosound.

sound pressure detecting means (252) for detecting a

sound pressure of a composite sound of said noise and said
compensating sound generated by said sound generator means
(235), and

feedback control means for monitoring said sound
pressure detected by said sound pressure detecting means
(252) and actuating said regulator means to make said sound

pressure minimum.

T
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si | enci ng-acoustic waveformdata stored in the nenory unit 233 and
controlling the sound pressure adjustnent unit 253 and the phase adj ustnment
unit 254 based on the sound pressure | evel detected by the sound pressure
de- tector 252. In the silencer unit 230 of the third enbodi nent, the
silencer controller 234 reads sil encing-acoustic wave- formdata stored in
the nmenory unit 233 synchronously wt30 & cycle of pul se conbustion, and

t he speaker 235 outputs a conpensating sound based on the waveform data.
The sil erRBSTRA®Y ol | er 234 nonitors the sound

PULSE COMBUSTOR

The present invention provides a relatively compact-
sized pulse combustor (20) which efficiently reduces an
undesirable explosion and combustion noise without any
bulky muffler. In the pulse combustor of the invention, a
compensating sound is generated in an exhaust conduit (14)
synchronously with pulsative explosion and combustion. The
compensating sound has a sound pressure identical with
that of a noise in the exhaust conduit but a phase opposite
to that ofthe noise, thus effectively compensating the
noise in the exhaust conduit (14) and efficiently reducing

the noise from an exhaust outlet (15).
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pressure of a conposite sound detected by the mcro- phone 251, and
controls the sound pressure adjustnent -

FIG.1
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- 12 - unit 253 and the phase adjustnent unit 254 to adjust the sound
pressure and the phase of the conpensating sound so as to make the sound
pressure of the conpos- ite sound m ni nmm Such feedback control of the
third

FI1G.2

FUEL GAS

SYNCHRONIZING

136
PULSE COUNTER _
SIGNAL GENERATOR

7 R
132 /34

SILENCER CONTROLLER

MEMORY UNIT
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enbodi nent makes the sound pressure of a final com posite sound m ni num
thus further inproving the noise reduction effects. The structure of

t he second enbodi nent, that is, se- lection of suitable silencing-acoustic
wavef orm data cor- responding to the noise characteristics, nmay be added to
the silencer unit 230 of the third enbodinent. In such a case, conbination
of feed-forward control with feed-back control renmarkably inproves the

noi se reduc- tion effects. The sid encer unit of all the enbodi nents may

further

FIG.3
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include a lowpass filter arranged prior to the speaker for cutting
excessi ve noise of the silencing acoustic signal and outputting only a
frequency conponent required for the noise reduction. The silencer unit
of all the enbodinments may al so include an abnormality control unit, which
detects abnor- mality in the silencer unit and cuts-an output circuit off
when an output current or voltage to the speaker be- cones equal to or
greater than a predeternmined | evel. Thig prevents an abnornal conpensati ng

sound from bei ng gener at ed.
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Jn the above enbodi ments, noise reduction at the exhaust side of the pulse
‘conbustor is explained in de- tail. Qutput of a conpensating sound to a
supply path, however, reduces a noise at an intake[s]

as above.. For exanple, a speaker for qutputting a
\ disposed between the fan 5 and the i Thanber 6 t

& .-transmt- ted fromthe air scr
conmbust Mﬂg&_ i n-- THIS SHEET HAS BEEN .
 REPLACED

PULSE COMBUSTOR

The present invention provides a relatively compact-
sized pulse combustor (20) which'efficiently reduces an
undesirable explosion and combustion noise without any
bulky muffler. 1In the pulse combustor of the invention, a
compensating sound is generated in an exhaust conduit (14)

synchronously with pulsative explosion and combustion. The

‘compensating sound has a sound pressure identical with

that of a noise in the exhaust conduit but a phase opposite
to that ofthe noise, thus effectively compensating the
noise in the exhaust conduit (l14) and efficiently reducing

the noise from an exhaust outlet (15).

FIGURE 1
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noi se*

venti on generates a conpensating sound to be com posed with a
synchronously with a cycle of pulse

Desc'riptio'n

-1 -
PULSE COMBUSTOR

LACEMENT SHEETS ]3
escription : paged . ‘!Tt. pagei

| D/élaim(s)

B Drawing(s) : paged ..... to paged ?ff
O Abstract  : paged ... to paged ...

The present invention relates to a pulse combustor
for repeating pulsative explosion and combustion.

Conventional pulse combustors for continuing com-
bustion of an air/fuel mixture by pulsative explosion
thereof generally include a silencer device such as a
muffler for reducing a relatively large noise due to the
pulsative explosion and combustion. Fig. 4 schematical-
ly illustrates such a conventional 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 sys-
tem includes a combustion chamber 1 for pulse combus-
tion, 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 muffler 4 connected to the decoupler 3.
The air supply system for supplying air to the combustion

‘chamber 1 includes a fan 5 for feeding the air for.com-
bustion, and an air chamber 6 coupled with and connect-
ed to the combustion chamber 1 for receiving the air fed
by the fan 5. The fuel gas supply system includes a so-
lencid valve 8 for opening and closing to allow and stop
a flow of a fuel gas supplied from a gas conduit 7, and a
gas chamber 9 disposed in the air chamber 6 for receiv-
ing the fuel gas passing through the gas conduit 7.

The fuel gas supplied to the gas chamber 9 and the
air fed lo the air chamber 6 are fed into and sufficiently
mixed with each other in a mixing chamber 10 arranged
inthe intake side of the combustion chamber 1. Amixture
of the air and fuel gas is then supplied through a flame
trap 11 to the combustion chamber 1, and ignited and
explosively combusted in the combustion chamber 1.

This is the replacement sheet

Date: 08 OCT 1997




conbustion. This structure does not require a space-oc- cupying |large

muf fl er and realizes conpact design of the pul se conbustor.
nmuf fl er effectively re- duces adverse effects of a pressure |oss and
bl e and preferable pul se conbustion wi thout higher air or fuel

attai ns sta-

gas supply pressure.

-2 -

The negative pressure generated immediately after the
explosion allows further admission of the fuel gas and
the air into the mixing chamber 10 for subsequent com-
bustion. Heat generated in such a cyclic explosion and
combustion is applied to an object through the wall of the
combustion chamber 1 and ol the tail pipe 2.

The pulse combustor is further provided with an air
flapper valve 12 and a gas flapper valve 13 respectively
mounted at the inlets of the air and the fuel gas into the
mixing chamber 10 to prevent back flow of combustion
exhaust into the air supply system or the fuel gas supply
system due to explosive combustion.

In the pulse combustor thus conslructed, there is an
undesirably large noise due to opening and closing of
the air flapper valve 12 and the gas flapper valve 13,

along with a combustion noise due to high combustion
pressure. The conventional pulse combustor thus in-

cludes a silencer or an exhaust muffler 4 disposed in an
exhaust conduit for noise reduction. The pulse combus-
tor may aiso include an intake muffler (not shown) to pre-
vent a noise from being generated at an intake of the fan
5.

It is known that mufflers generally used are divided
into an expansion type and a resonance type, and in ei-
ther type, a larger-sized muffler is required for effeclively
reducing a noise of a lower frequency. The pulse com-
bustor thereby requires a relatively large muffler for ef-
fective noise reduction of pulse combustion at a low fre-
quency (100 Hz in general). Such a large muffler pre-
vents compact design of the puise combustor, and more-
over funclions as a resistance to increase a pressure
loss, which leads to a higher-power fan and increased
fuel gas pressure.

One object of the invention is 1o efficiently reduce an
undesirable noise in a pulse combustor.

Renoval

of the.
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-4 -, dainms 1. A pulse -conbustor (20) conprising a m xing cham
ber (9) for receiving and mxing a fuel gas and air

-3 -

Another object of the invention is to provide a rela-
tively compact-sized pulse combustor having a reduced
noise.

The above and other related objects are realized by
an improved pulse combustor according to the invention,
which includes a mixing chamber for receiving and mix-
ing a fuel gas and air and supplying an air/fuel mixture,
a combustion chamber connecled to said mixing cham-
ber for pulsative combustion of said air/fuel mixture sup-
plied from said mixing chamber, a gas supply system for
supplying said fuel gas to said mixing chamber, an air
supply system for supplying said air to said mixing cham-
ber, and an exhaust conduit for discharging hot combus-
tion byproducts, characterised by further comprising
synchronous signal generator means for generating a
synchronous signal synchronized with a cycle of said
pulsative combustion, data memory means for storing si-
lencing-acoustic waveform data, silencing acoustic sig-
nal generator means for outputting a silencing acoustic
signal corresponding to said silencing-acoustic wave-
form data stored in said data memory means, synchro-
nously with said synchronous signal output from said
synchronous signal gensgator means, sound generator
means for converting said silencing acoustic signal to a
compensating sound and outputting said compensating
sound to either one of or both of said exhaust conduit of
said hot combustion byproducts and said air supply sys-
tem, sensor means for detecting said cycle of said pul-
salive combustion, and control circuit means for allowing
said sound generator means to output said compensal-
ing sound only when said sensor means detects actual
combustion conditions.
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and supplying an air/fuel mxture, a conbustion chanmber (10) connected
to said m xing chanber (9) for pul sative conbustion of said air/fuel

m xture sup- plied fromsaid m xing chanber (9), a gas supply

system (7, 8) for supplying sai'd fuel gas to said m x- i ng chanber (9),
an air supply system (5) for supply- ing said air to said m xing
chanber (9), and an exhaust conduit (2, 14) for dischargi ng hot conbus-
tion byproducts, characterised by futgher conpris- i ng,

in the pulse combustor of the invention thus con-
structed, the synchronous signal generator oulputs a
synchronous signal synchronized with a cycle of pulsa-
tive explosion and combustion in the combustion cham-
ber. The silencing acoustic signal generator then outputs
to the sound generator a silencing acoustic signal corre-
sponding to silencing-acoustic waveform data stored in
the data memory unit, synchronously with the synchro-
nous signal output from the synchronous signal genera-
tor. The sound generator subsequently converts the si-
lencing acoustic signal to a compensating sound and
outputs the compensating sound to the exhaust conduit
of the hol combustion byproducts and/or the air supply
system. The compensating sound to be composed with
the noise dus o pulse combustion may have ils phase
shifted by pi radians so as to be in antiphase to the phase
of the noise, thus effectively compensating and reducing
the noise. _
Altemnatively, the improvement is characterized by a
synchronous signal generator means for generating a
synchronous signal synchronized with a cycle of the pul-
sative combustion, a noise characteristics detection
means {or detecting characteristics of a noise due to the
pulsative combustion, a said data memory means for
storing a plurality of silencing-acoustic wavelorm dala
corresponding to a plurality of noise characteristics,
silencing acoustic signal generator means for se-
lecting suitable silencing acoustic waveform data corre-
sponding lo said noise characteristics delected by said
noise characteristics deteclion means out of said piural-
ity of silencing-acoustic wavelorm data, and outputting
a silencing acoustic signal corresponding to said select-
ed silencing-acoustic waveform data, synchronously
with said synchronous signal output from said synchro-
nous signal generator means, sensor means for detect-
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synchronous signal generator nmeans (32) for generating a

synchronous signal synchroni zed "wWith a cycle of said pul sative
conbusti on, data nenory neans (33) for storing silenc-

I ng-acousti ¢ wavef orm dat a, silencing acoustic signal generator
means (34) for outputting a silencing acoustic signal corre-
spondi ng to said silencing-acoustic ef orm data stored in said
data nenory neans (33), synchrbnously with said synchronous signa

out put from said synchronous -signal generator

ing said cycle of said pulsative combustion, and sound
generator means for converting said selected silencing
acoustic signal to a compensatirig sound and outputting
-said compensating sound 1o either one of or both of said
exhaust conduit of said not combustion by products and
said air supply system.

In the alternative structure of the puise combustor,
the data memory unit stores a plurality of silenc-
ing-acoustic waveform data corresponding to a plurality
of noise characteristics. The silencing acoustic signal
generator selects suitable silencing acoustic waveform
data corresponding to the noise characleristics detected
by the noise characteristics detection unit out of the plu-
rality of silencing-acoustic waveform data, and outputs
a silencing acoustic signal corresponding to the selected
silencing-acoustic waveform data. This structure gener-
ates a compensating signal most suitable for character-
istics of each noise, thus further improving noise reduc-
tion effects. The noise characteristics may be sound
waveform data or corresponding physical properties
such as a pulse frequency or temperature.

The pulse combustor of the invention may further in-
clude a regulator unit for regulating a sound pressure
and/ora phasé of the compensating sound generated by
the sound generator, a sound pressure detecting unit for
detecting a sound pressure of a composite sound of the
noise and the compensating sound generated by the

- sound generalor, and a feedback control unit for moni-
toring the sound pressure detected by the sound pres-
sure detecting unit and actuating the regulator unit to
make the sound pressure minimum.
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means  32), sound generator neans (35: 135: 235) for con-
verting said silencing acoustic signal to a com pensati ng sound
and outputting said conmpen- - 15 - '

-6 -

In this structure of the pulse combustor, the sound
pressure detecting unil delects a sound pressure of a
composite sound of the noise and the compensating
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 compensaung sound so as to make the
sound pressure minimum. This feedback control system
further improves the sound reduction effects.

These and other objects, features, aspects, and ad-
vantages of the presenl invention will become more ap-
parent from the following detailed description of the pre-
ferred, exemplary embodiments of the present invention
with reference to the accompanying drawings of which:

Fig. 1 schematically shows a pulse combustor appa-
ratus 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 com-
bustor apparatus of a third embodiment in accord-
ance with the invention; and

Fig. 4 schemalically illustrates a conventional pulse
combustor.

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

Fig. 1 schematically shows a pulse combustor ap-
paratus of a first embodiment in accordance with the in-
vention. In the description herein, a process of noise re-
ductlon at an exhaust side is exemplified.
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sating sound to either one of or both of said exhaust conduit
(2, 14) of said hot conbustion byproducts and said air supply

system (5), sensor neans (31 131: 231) for detecting said
cycle of said pul sative conbustion, and control circuit means

for allow ng said sound generator neans (35: 135: 235) to

out put said conpensating sound only when said sensor
means (31: 131: 231) detects actual tonbus-

A pulse combustor apparatus of the first embodi-
ment includes a pulse combustor unit 20 and a silencer
unit 30. The puise combustor unit 20 has the same struc-
ture as that of the conventional pulse combuslor shown
in Fig. 4, except thal the pulse combustor unit 20 does
not include an exhaust muffler 4. The same numerals in
Fig. 1 denote the like elements to those of Fig. 4, which
are not described here. .

The silencer unit 30 includes a pressure sensor 31
disposed in the air chamber 6 for detecling a pressure
variation due to pulsative combustion and outpulting a
pressure signal representing the pressure variation in
the air chamber 6, a synchronizing signal generator 32
for receiving the pressure signal output from the pres-
sure sensor 31 and outputting a synchronous signal syn-
chronized with a cycle of the pulse combustion, and a
memory unit 33 for storing silencing-acoustic waveform
data having a sound pressure identical with that of a
noise caused by pulsative combustion but a phase op-
posite 1o that of the noise.

The silencer unit 30 also includes a silencer control-
ler 34 for outputting a silencing acoustic signal corre-
spondingtothe silencing-acoustic wavelorm dala stored
in the memory unit 33, synchronously with the synchro-
nous signal from the synchronizing signal generator 32,
a speaker 35 for converting the silencing acoustic signal
output from the silencer conrolfer 34 {o a compensaling
sound, and a sound wave {ransmission conduit 36 for
introducing the compensating sound generaled by the
speaker 35 1o an exhaust conduit 14.

In the pulse combustion process, pulsalive explo-
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ti‘on conditions. 2. A pul se conbustor conprising a nixing chanber (9)

for receiving and mxing a fuel gas and air and sup- plying an
air/fuel mxture, a combustion chanber (10) connected to said

m xi ng chanmber (9) for pul- sative conbustion of said air/fuel

m xture supplied fromsaid m xi ng chanber (9), a gas supply
system (7,8) for supplying sard fuel gas to said mxing cham
ber (9), an air supply system (5) for supplying said air to said

m xi ng chamber (9) and an exhaust con-

sion and combustion in the combustion chamber 1 leads
lo a pressure variation in the air chamber 6. The syn-
chronizing signal generalor 32 receives a pressure sig-
nal from the pressure sensor 31 representing the pres-
sure variation in the air chamber 6 and oulputs a syn-
chronous signal corresponding to a frequency of pulse
combustion.

A compensating sound for compensating and reduc-
ing @ noise due to pulse combustion, such as a combus-
tion noise or vibration in opening and closing the flapper
vaives 12 and 13, should have a sound pressure identi-
cal with a noise pressure but an antiphase of the noise.
The memory unit 33 thus stores data having an an-
tiphase 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 generales a compensating sound corre-
sponding to the silencing acoustic signal. Composition
of the noise transmitted through the exhaust conduit 14
with the compensating sound sufficiently reduces a
noise output from an exhaust outlet 15. Although there
is a certain lime delay between detection of the pressure
variation by the pressure sensor 31 and actual transmis-
sion of the noise to the exhaust conduit 14, fine regula-
tion of the phase data stored in the memory unit 33 or .
control of the output timing of the silencing acoustic sig-
nal from the silencer controller 34 can make the noise
and the compensating sound have completely opposite
phases.

The structure of the first embodiment does not re-
quire a space-consuming large muffler and thereby re-
alizes compact design of the pulse combustor. Removal
of thle muffler effectively reduces adverse effects of a
pressure loss and attains desirable pulse combustion
without significantly high air or fuel gas supply pressure.
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duit (2, 14) for discharging hot conbustion byprod- | ucts,
characterized by further conpr|5|ng synchronous signa

generator neans (132) for generating a synchronous signa

synchroni zed with a cycle of said pul sative conbustion,

noi se characteristics -detection neans for : det ecting
characteristics of a noise due to said pul sative conbusti on,
data nmenory means (133) for storing a Blurallty of

si | enci ng-acoustic waveform data corre-

The pulse combustor of the first embodiment in-
cludes the sound wave transmission conduit 36 between
the speaker 35 and the exhaust conduit 14 to protect the
speaker 35 from excessive heatl or humidity. The sound
wave transmission conduit 36 may, however, be omitted
to allow the speaker 35 1o be coupled with the exhaust
conduit 14 directly when little effects of heat of humidity
are expected. Although the pressure sensor 31 is dis-
posed in the air chamber 6 to generate a pressure signal
synchronous with pulse combustion in the above embod-
iment, 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 vibration sensor for detecting a vibration of pulse com-
bustion, a temperature sensor for detection a variation
in the combustion temperature, or a photo-sensor for de-
tecting a variation in the luminous intensity in the com-
bustion chamber 1. |

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 pre-
vents the compensating sound from being mistakenly
generated under non-combustion 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
generatles a constant compensating sound against a sta-
ble combustion noise for noise reduction, a silencer unit
130 of the second embodiment further responds to a var-
iation in the noise characteristics.
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sponding to a plurality of noise characteristics, sil enci ng

acoustic signal generator neans (134) for selecting suitable
silencing acoustic wave- formdata corresponding to said

noi se charac- teristics detected by said noise
characteristics detection nmeans out of said plurality of

si |l enc- - 10 -

The noise characteristics are generally correlated to

the physical properties of pulse combustion, such as a

pulse combuslion frequency or a combustion tempera-

ture. The silencer unit 130 thus includes a pulse counter

141 for determining a pulse frequency based on an out-

put 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 frequen-
cies. The plurality of silencing-acouslic 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 well as the pulse

frequency determined by the pulse counter 141, selects

suitable silencing-acoustic waveform data out of the plu-

rality of silencing-acoustic waveform data based on the

pulse frequency, and outputs a silencing acoustic signal

corresponding to the selected silencing-acoustic wave-
form data to a speaker 135 synchronously with the syn-
.chronous signal. The speaker 135 then converts the si-
lencing acoustic signal 1® a compensating sound and

outputs the compensating sound through a sound pres-
sure transmission conduit 136. The compensating sound
responding to the noise characteristics thus compen-
sates 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 second em-
bodiment generates an appropriate compensating
sound based on a variation in the noise characteristics,
thus further improving the sound reduction effects.

The compensating sound may respond to an ex-
haust temperature delected by a temperalure sensor

(not shiown) since the noise characteristics are correlat-
ed with the temperature.
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- 16 - - I ng-acousti c waveform data, and outputting a

sil encing acoustic signal corresponding to said sel ected

si |l enci ng-acousti c wavef orm dat a, synchronously with said
synchronous si gnal out put from sai d synchronous signal generator
means (1 32), sensor means (31: 131: 231) for detecting said

_11..

Fig. 8 schematically shows still another pulse com-
bustor 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 de-
scribed here.

A silencer unit 230 of the third embodiment includes
apressure sensor 231, a synchronizing 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 compensaling sound) in the exhaust conduit

14 and outputting 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 unit 253 lor ad-
justing a sound pressure of a silencing acoustlic signal,
a phase adjustment unit for adjusling a phase of the si-
lencing acoustic signal, and a silencer controller 234 for
oulputting. a silencing acoustic signal corresponding to
silencing-acoustic waveform data stored in the memory
unit 233 and controlling the sound pressure adjusiment
unit 253 and the phase adjustment unit 254 based on the
‘'sound pressure level detected by the sound pressure de-
tector 252.

In the silencer unit 230 of the third embodiment, the
silencer controller 234 reads silencing-acoustic wave-
form data stored in the memory unit 233 synchronously
with a cycle of pulse combustion, and the speaker 235
outputs a compensating sound based on the waveform
data. The silencer controller 234 monitors the sound
préssure of a composite sound detected by the micro-
phone 251, and controls the sound pressure adjustment
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cycle of said pul sative conbustion, and sound generator neans (35:
135: 235) for con- verting said selected silencing acoustic signal
to a conpensating sound and out putting said conpensati ng sound to
ei ther one of or both of sai d exhaust conduit (2, 14) of said hot
conbus- tion byproducts and said air supply system(5). 3. A pulse
conbustor in accordance with either ng of clains 1 and 2, wherein said
conpensati ng sound has a sound pre gure substantially identical with

unit 253 and the phase adjusiment unit 254 to adjust the
sound pressure and the phase of the compensating
sound so as to make the soynd pressure of the compos-
ite sound minimum. Such feedback control of the third
embodiment makes the sound pressure of a final com-
posite sound minimum, thus further improving the noise
reduction effects.

The structure of the Second embodiment, that is, se-
lection of suitable silencing-acoustic waveform data cor-
responding 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 reduc-
tion effects.

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

The silencer unit of all the embodiments may also
include an abnormality control unit, which detects abnor-
mality in the silencer unit and cuts an output circuit off
when an output current or voltage to the speaker be-
comes 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 is explained in de-
tail. Output of a compensating 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
acompensating sound may be disposed between the fan
5 and the air chamber 6 to compensate a noise transmit-
ted from the air chamber 6.

As described above, the pulse combustor of the in-
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that of the noise due to said pul sative conbustion but having its phase
shifted by pi radians to be in anti phase to the phase of the noise. 4.
A pul se conbustor. in accordance with either one of claims 1 and 2, said
pul se conbustor further com pri sing, first regul ator nmeans

for regulating a sound pressure of said conpensating sound gener-
ated by said sound generator neans (235),

-13 -

vention generates a compensaling sound to be com-
posed with a noise, synchronously with a cycle of pulse
combustion. This structure does not require a space-oc-
cupying large muffler and realizes compact design of the
pulse combustor. Removal of the mulfler effectively re-
duces adverse effects of a pressure loss and atlains sla-
ble and prelferable pulse combustion without higher air
or fuel gas supply pressure.
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second regul ator neans for regul ating a phase

sound,

uuuuuu pﬁessuLe detectlng nmeans (252) for

pr essure of

of said conpensating

detecting a

und of a noise due to said

pulugat i ve IMMHWIIIIIIIIII l”IHI on with sai d conpensati ng sound generat od

- 14 -

Claims

A pulse combustor (20) comprising a mixing cham-

ber (9) for receiving and mixing a fuel gas and air
and supplying an air/fuel mixture, a combustion
chamber (10) connected to said mixing chamber (9)
for pulsative combustion of said air/fuel mixture sup-
plied from said mixing chamber (9), a gas supply
system (7, 8) for supplying said fuel gas to said mix-
ing chamber (9), an air supply system (5) for supply-
ing said air to said mixing chamber (9), and an
exhaust conduit (2, 14) for discharging hol combus-
tion byproducts, characterised by further compris-
ing,

synchronous signal generator means (32) for
generating a synchronous signal synchronized
with a cycle of said pulsative combustion,

data memory means (33) for sloring silenc-
ing-acoustic waveform data,

silencing acoustic signal generator means (34)
for outputting a silencing acoustic signal corre-
sponding to said silencing-acoustic waveform
data stored in said data memory means (33),

synchronously with said synchronous signal

output from said synchronous signal generator
means (32),

sound generator means (35: 135: 235) for con-
verting said silencing acoustic signal to a com-
pensating sound and outputting said compen-
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- '17'mund generator neans (235), and f eedback

contr ol ”ﬂ’ﬂ Itoring said sound pressure detected by said
sound MI’ m{@gf detecting neans (252) and actuating said Y
first. regul‘atbr o d sai d second_ r%gul at or '

sating sound to either one of or both of said
exhaust conduit (2, 14) of said hot combustion
byproducts and said air supply system (3),
sensor means (31: 131; 231) for delecling said
cycle of said pulsative combustion, and

control circuit means for allowing said sound
generator means (35: 135; 235) to output said
compensating sound only when said sensor

means (31: 131: 231) detects actual combus-
tion conditions.

2. Apulse combustor comprising a mixing chamber (9)
for receiving and mixing a fuel gas and air and sup-
plying an air/fuel mixture, a combustion chamber
(10) connected to said mixing chamber (8) for pul-
salive combustion of said air/fuel mixture supplied
from said mixing chamber (9), a gas supply system
(7, 8)for supplying said fuel gas to said mixing cham-
ber (9), an air supply system (5) for supplying said
air to said mixing chamber (9), and an exhaust con-
duit (2, 14) for discharging hot combustion byprod-

ucts, characterized by further comprising,

synchronous signal generator means (132) for
generating a synchronous signal synchronized
. with a cycle of said pulsative combustion,

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

data memory means (133) for storing a plurality
of silencing-acoustic waveform data corre-
sponding to a plurality of noise characteristics,
silencingacoustic signal generator means (134)
for selecting suitable silencing acoustic wave-
form data corresponding to said noise charac-
teristics detected by said noise characleristics
detection means out of said pluralily of silenc-
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means to mnimze said sound pressure. 5. A pulse conbustor in accordance
W th either ims 1 and 2, wherein said sensor neans (31: 131:
231) is in said air supply system(5). 6. A pulse conmbustor in
accordarﬁﬂfﬂﬂﬁ@jﬂ’”ﬂ r"Me of clainms 1 and 2, wherein said sensor means
(31: 131:+ ¢ cessed in sai g conbustion chanber (10). 7. A

pul se conbustor in accordance with any‘ preced-

ing-acoustic waveform data, and outputling a
silencing acoustic signal corresponding to said
selecled silencing-acoustic wavelorm data,
synchronously with said synchronous signal
output from said synchronous signal generator
means (132),

sensor means (31: 131: 231) for delecting said
cycle of said pulsative combustion, and

sound generator means (35: 135: 235) for con-
verting said selected silencing acoustic signal
to a compensating sound and oulputling said
compensating sound to either one of or both of
said exhaust conduit (2, 14) of said hot combus-
tion byproducts and said air supply system (5).

3. A puise combustor in accotdance with either one of
claims 1 and 2, wherein said compensating sound
has a sound pressure substantially identical with
that of the noise due to said pulsative combustion
but having its phase shifted by pi radians 1o be in
antiphase to the phase of the noise.

4. Anpulse combustor in accordance with either one of

claims 1 and 2, said pulse combustor further com-
prising,

first regulator means for regulating a sound
pressure of said compensating sound gener-
ated by said sound generator means (235),
second regulator means for regulating a phase
of said compensating sound,

sound pressure detecling means (252) for
detecting a sound pressure of a composite
sound of a noise due o said pulsative combus-
lion with said compensating sound generated

aplacement sheet
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ng claim wherein said sensor neans (31: 131: 231) conprises. a
pressure sensor. 8. A pulse conbustor in accordance with claim?2, said-

put-se—eonbustor (20) further conprising control cir- cuit nmeans

al l owi ng sai d sound generator neans (35: 135: 235) to output said
con‘tﬂm mmﬂm only when said sensor nmeans (31: 131: 231) detects
act IDRRSY Ik l!unditions. 9. A pul se conbustor in accordance wi th any

preced- - 17 -

by said sound generator means (233), and
feedback control means for monitoring said
sound pressure detected by said sound pres-
sure detecting means (252) and actuating said
first regulator means and said second regulator
means to minimize said sound pressure.

5. A pulse combustor in accordance with either one of
claims 1 and 2, wherein said sensor means (31: 131:
231) is processed in said air supply system (5).

6. A pulse combustor in accordance with either one of
claims 1 and 2, wherein said sensor means (31: 131:
231) is processed in said combustion chamber (10).

7. A pulse combustor in accordance with any preced-
ing claim, wherein said sensor means (31: 131; 231)
comprises a pressure sensor.

8. A pulse combustor in accordance with claim 2, said
pulse combustor (20) further comprising control cir-
cuit means allowing said sound generator means
(35: 135: 235) to output said compensating sound
only when said sensor means (31: 131: 231) detects
actual combustion conditions.

9. A pulse combustor in accordance with any preced-
ing claim, said pulse combustor further comprising
sound collecting means for detecting said composite
sound of said noise with said compensating sound.

10. A pulse combustor in accordance with any preced-
ing claim, wherein said sound generator means (35:
135: 235) comprises a low-pass filter.

1
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ing claim said pul se conbustor further conprising sound col |l ecting
nmeans fer—de{—eet—l—ﬁg—sal—d—corrpom te sound of said noise with said

conpensating. sou pul se conmbustor in accordance with any preced-
ing clai E'H ] " I und generator neans (35: 135: 235) conprises
a |l ow pa

- 18 -

11. A pulse combustor in accordance with any preced-
ing claim, said pulse combustor further comprising
abnormality control means for detecting an abnor-
mality and inactivating said sound generator means -
(35: 135: 235) when said silencing acoustic signal
output to said sound generator means has a value
equal to or greater than a predetermined level.

12. A pulse combustor in accordance with any preced-
ing claim, wherein said noise characteristics detec-
tion means comprises a pulse counter (141), and
said noise characteristics comprise a pulse fre-
quency.
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--:18 -, 11. A pul se conbustor in accordance with any preced- I ng
claim said pul se conbustor further conprising abnormality control
nmeans for detecting an abnor- mal ity and inactivating said sound
gener at or neans ' . '
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(.35: 135: 235) when said silencing acoustic signal out put to said sound
gener ator neans has a val ue equal to or greater than a predeterm ned

| evel . 12. A pul se conbustor in accordance with any preced- ing claim
wherein said noise characteristics detec- tion means conprises a pul se
counter (141), and sai d noi se characteristics conprise a pulse fre-
guency.
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ABSTRACT: ’ REPLACEMENT SHEET

07 MAY 1999

PULSE COMBUSTOR

The preéent-invention provides a relatively compact—"
sized pulse combustor (20) which efficiently reduces an
undesirable explosioq and combustion noise without any
bulky muffler. 1In the pulse combustor of the invention, a
gompeﬁsating sound is generated in an exhaust coﬁduit (14)
synchrogously with pulsative explosion and combustion. The
compensating sound has a sound pressure identical with
that of a noise in the exhaust conduit but a phase opposite
to that ofthe noise, thus effectively compensating the
poise in the exhaust conduit (14) and efficiently reducing

the noise from an exhaust outlet (15).
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