
PULSE COMBUSTOR Description     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- lenoid 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 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 theair 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.   



-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 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 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 constructed, 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 also 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 effectively  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 pulse combustor, and more-  over functions as a resistance to
increase a pressure  loss, which leads to a higher-power fan and increased
fuel bas pressure.      One object of the invention is to efficiently
reduce an 



undesirable noise in a pulse combustor.                                 -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
connected 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
generator 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- sative combustion, and control circuit
means for allowing said sound generator means to output said compensat- ing
sound only when said sensor means detects actual combustion conditions. 



-4-      In the pulse combustor of the invention thus con- 



structed, the synchronous signal generator outputs 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 hot combustion 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 means for generating a  synchronous signal synchronized with a
cycle of the pul-  sative combustion, a noise characteristics detection
means for detecting characteristics of a noise due to the 



pulsative combustion, a said data memory means for  storing a plurality of
silencing-acoustic waveform data  corresponding to a plurality of noise
characteristics,        silencing acoustic signal generator means for se-
lecting suitable silencing acoustic waveform data corre-   sponding to said
noise characteristics detected by said   noise characteristics detection
means out of said plural-   ity of silencing-acoustic waveform 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-
-5-  



ing said cycle of said pulsative combustion, and sound generator means for
converting said selected silencing acoustic signal to a compensating sound
and outputting said compensating sound to 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 pulse 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 characteristics 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/or a phase 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 generator, 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.   



-6-      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 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 feedback control system further improves the sound
reduction effects.     These and other objects, features, aspects, and ad-
vantages of the present 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 schematically
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-  duction at an exhaust side is exemplified.   



-7-      A pulse combustor apparatus of the first embodi- ment includes a
pulse combustor unit 20 and a silencer unit 30. The pulse combustor unit 20
has the same struc- 



ture 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 Fig. 4, which
are not described here.     The silencer unit 30 includes a pressure sensor
31 disposed in the air 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 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 to
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 waveform data stored in the memory unit
33, synchronously with the synchro- nous signal from the synchronizing
signal generator 32, 



a speaker 35 forconverting the silencing acoustic signal output from the
silencer controller 34 to a compensating sound, and a sound wave
transmission conduit 36 for introducing the compensating sound generated by
the speaker 35 to an exhaust conduit 14.      In the pulse combustion
process, pulsative explo-      



-8-   sion and combustion in the combustion chamber 1 leads to a pressure
variation in the air chamber 6. The syn- chronizing signal generator 32
receives a pressure sig- nal from the pressure sensor 31 representing the
pres- sure variation in the air chamber 6 and outputs a syn- chronous
signal corresponding to a frequency of pulse 



combustion.     A compensating sound for compensating and reduc- ing a
noise due to pulse combustion, such as a combus- tion noise or vibration in
opening and closing the flapper valves 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 generates 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 time 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 the muffler effectively reduces adverse effects of a pressure
loss and attains desirable pulse combustion without significantly high air
or fuel gas supply pressure.    



-9-      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 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 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 generates 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.



- 10 -       The noise characteristics are generally correlated to 



the physical properties of pulse combustion, such as a pulse combustion
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-acoustic
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 to 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 detected by
a temperature sensor (not shown) since the noise characteristics are
correlat- ed with the temperature. 





Fig. 3 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 a
pressure 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 compensating 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 for ad- justing a sound pressure of a silencing acoustic signal, a
phase adjustment unit for adjusting a phase of the si- lencing acoustic
signal, and a silencer controller 234 for outputting. a silencing 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
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 



pressure of a composite sound detected by the micro-  phone 251, and
controls the sound pressure adjustment
I~~~~~~~~ae    



- 12 -  unit 253 and the phase adjustment unit 254 to adjust the sound
pressure and the phase of the compensating sound so as to make the sound
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 noise 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 a compensating 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-   



- 13 -  vention generates a compensating 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
muffler effectively re- duces adverse effects of a pressure loss and
attains sta- ble and preferable pulse combustion without higher air or fuel
gas supply pressure.      



- 14 -   Claims  1.  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 hot 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 storing 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-       - 15 - 



sating sound to either one of or both of said               exhaust conduit
(2, 14) of said hot combustion               byproducts and said air supply
system (5),               sensor means (31: 131: 231) for detecting 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. A pulse 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 (9) for pul-           sative 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,                silencing
acoustic signal generator means (134)                for selecting suitable
silencing acoustic wave-                form data corresponding to said
noise charac-                teristics detected by said noise
characteristics                detection means out of said plurality of
silenc-      



- 16 -         ing-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 (1 32),        sensor means (31: 131: 231) for detecting 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 outputting 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 pulse
combustor in accordance 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 to be in     antiphase to the phase of the noise.  4.
A pulse 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 detecting means (252) for         detecting a
sound pressure of a composite         sound of a noise due to said
pulsative combus-         tion with said compensating sound generated      



- 17 -         by said sound generator means (235), 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.     



- 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.   








