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BACKGROUND OF THE INVENTION

" Field of the Invention

The present invention relates to a pulse combusto
continuously combusting mixture of air and fuél gas
supplied to a combustion chamber thereof.
.Description of the Related Art

An example of a conventional pulse combustor for
pulsative ignition and continuous combustion of air/fuel
mixture is disclosed in Japanese Patent Layiﬁg—Open Gazette.
No. Sho—64—23005. The prior art pulse combustor, as shown
in Fig. 3, includes: a nozzle plate NP with plurql gas
nozzles GN and air nozzles AN; and a resistant plateuRP
disposed.oppoéite to the nozzle plate NP via a narrow space
S. Bpfh the nozzle plate NP and the resistant plate RP are
fixed in a combustion chamber R. Rich fuel gas is supplied
thrdugh a gas conduit GP, the plural gas nozzles GN into
the combustion chamber R while air is supplied through the
plural air nozzles_AN into the combustion chamber R by a
fan F. The rich fuel gas and the air are mixed in between
the resistant plate RP and the nozzle.plate NP and ignited
and combusted with spark of an ignition plug SP in the
combustion chamber R. Large portion of hot combustion
byproducts are exhausted through a tail pipe TP. Although
the high'explosion-pressure in the combuﬁtion chamber R
tends to cause a back flow of the combustion byproducts to
the supply source, the'resistanf plate RP in the combustion

chamber R prevents this undesirable back flow. Exhaustion
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‘The present invention relates to a pul se combustor for continuously
conbusting m xture of air and fuel gas supplied to a conbustion chanber

t her eof . An exanpl e of a conventi onal pulse'COHbustor for pulsative
i'gnition and continuous conbustion: of air/.fuel. xture |s di sc ed in
Japanese P&ferkth isﬁﬂ"?ﬂlw ‘B‘ maltess At % l?o{rﬁ)art pul se

combus- torcom ussthloolr\{] éhamb& I? né dee,S SO ﬂ'?azgli?hé)ll?{&lhpué‘iteas
. and air are again fed into the combustion chahber R and
spontaneously ignited and combusted by the residual hot
exhausted gas in the combustion chamber R. Ignition and
combustioo are periodically repeated in the above manner to
heat an object like oil in an oil tank.

In the system of the prior art pulse combustor, however,
combustion byproducts flown back to the supply source can
not efficiently be mixed with the rich fuel gas and.air_in
the combustion chamber R. Relatively high supply pressures
of the rich fuel gas and air as well és the resistant plate
RP are required to efficiently prevent the back flow of
combustlon byproducts. More concretely, the pulse
combustor requires a high-pressure fan F or a compressor
for supplying the high-pressure air and a complicated gas
supply'unit for supplying the high-pressure fuel gas.

These structures unfavorably increase the noise and
vibration.

Furthermore, in thé prior art system, the fuel gas and
air are mixed in the narrow space S between the resistant
pléte RP and the nozzle plate NP, and this causes non-'
uniform mixiﬁg and thereby unstable combustion.

SUMMARY OF THE INVENTION
The object of the invention is to provide a simply
'constfucted, improved pulse combustor which realizes
stable, contihuous combustion with less noise and
vibration.

The present invention is directed to a pulse combustor
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plural gas nozzles. GN and air nozzles AN, and a resist- ant plate RP
di sposed opposite to the nozzle plate NP via a narrow space S. Both the
nozzle plate NP and the resistant plate RP are fixed in a conbustion

chanber R 'Rich-fuel gas is supplied through afgas_condui% Gg, thg ?Iural
gas nozzl est@N ¢onbinweus ohwuttlen andn@RrbYS wheR ofi a1FAIUEHPIBEYERr ough

the plural air nozzles AN into the conbustion chanber R by a fan F. The
rich fuel gas Hre PRbsesombuskekelnFuU@@Etheen the resistant plate RP

a combustion chamber receiving mixture of air and fuel
gas for pulsative combustion;

a tail pipe.connecting to the dombustion chamber for
exhaustinglcombustion byproducts from the combustion
chamber; .

a mixing chamber being coupled with and connected to ﬁhe
combustion chamber via an opening provided with a frame
trap, for mixing air and fuel gas and supplying the
air/fuel ﬁixture to the combustion chamber;

a gas supply conduit for supplying fuel gas to the
mixing chamber;

an air supply conduit for supply air to the mixing
chamber; and

a fan for feeding air into the air supply conduit.

Heré the total volume of the mixing'chamber, the gas
supply conduit, and the air supply conduit is sufficiently
greater than the volume of the combustion chamber.

In the pulse combustor thus constructed, fuel gas and
éir are respectively supplied to the mixing chamber.through
the gas supply conduit and the'air supply conduit. The
mixture of fuel gas and air mixed in the mixing chamber
goes through the frame ﬁrap to the combustion chamber.
When the air/fuel mixture is ignited and combusted in the
combustion chamber, for example, with spark of an ignition
plug, hot; high-pressure combustion byproducts are largely
exhausted through the taii pipe while being partly flown

back through the frame trap to the mixing chamber. The
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‘and the nozzle plate NP and ignited and conbusted with spark of an ignition
plug SP in the conbustion chanber R Large portion of hot conbustion
byproducts are ex- hausted through a tail pipe TP. A though the high expl o-
sion pressure in the conbustion chanber R tends to cause a_back flow_ of the
conbust i on kagkofilewn exhawstedppay seembestior P%B¥%@%ﬁFsblh§e°?@£?ﬂ t he

conbustion chanber R prevents this undesirabl e back flomé Exhg thékon of
the combust tR¥PRgr Haeict 5amRKEEAR healpH cER1F ctemperature drop

causes contraction in volume and lowers the pressure of the
exhausted gas. The reverse pressure applied to the mixing
chamber, the gas supply conduit, and the air supply copduit
is sufficiently reduced since the total volume of the
mixing chamber, the gas supply conduit, and ;he'air supply
conduit is sufficiently larger than the volume of the
_dombustion chamber. The fan used here for supplying air to

~ the mixing chamber thus does not need high pressure or
large capacity. Furthermore, the flow of combustion
byproducts thfough the frame trap lowers the explosion
pressure in the cémbustion chamber. These features of the
invention allow noise and vibration reduction.

The back-flown combustion byproducts are diluted with
the air/fuel mixture in the mixing chamber, and fed into
the combustion chamber again for continuous ignition and
combustion. The frame trap rectifies the air/fuel mixture
to control the ignition point in the combustion chamber,
thus allowing stable pulse combustion.

The combustion efficiency is largely affected by the
ratio of the total volume in the mixing chamber, the.gas

. supply conduit, and the air supply conduit (hereinafter

referred to as the total volume) to the volume in the
combustion chamber (hereinafter referred to as the
combustion volume). As shown in Fig. 2, the concentration
of carbon monoxide (ratio of CO/CO,) varies with the ratio
.of the total volume V2 to the COﬁbustion volume V1. When

the total volume V2 is less than the combustion volume V1,
| —___y_#——___________
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i the conbustion chanber R negative, so that the rich fuel gas and air are
again fed into the conbustion cham ber R and spontaneously ignited and
conmbusted by the residual hot exhausted gas in the combustion chanber R
I gnirtion and, conbustion are periodically_repeated in the aggye nanner

heat an obj &Bf FPERugtion,effigiency,is 1°WeFﬁdthe 1o, &hgms |5f art
Dip: iy o thBe 1pHRRE sBher R Ertey BRIRRE- A iEn sttetrc P e ot
" combustion volume V1, thus allowing sufficient reduction of
the reverse pressure and stable pulse combustion.

These énd other objects, features, aspects, and
advantages 6£ the present invention will become more
apparent from the following detailed description of the
preferred embodimeﬁt.with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectional viéw:schematically
illustrating a pulse gombustor as an embodiment of the
invention;

Fig. 2 is a graph showing.the combustion efficiency
plotted against the ratio of the total volume V2 to the
combustion volume V1; and Fig. 3 is a cross sectional
view schematically illustrating a convéntional pulse
combuétor.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 is a cross sectional view schematically
illustrating a pﬁlse combustor as an embodiment of the
invention.. The pulse combustor includes: a cylindrical
combustion chamber 1; a tail pipe 2 formed és a conduit of
hot exhausted gas; an expansion chamber 3 formed in the
middle of the tail pipe 2; a cylindrical mixing chamber 4
coupléd with the intake side of the combustion chamber 1l; a
gas supply conduit 5 fo;_supplying fuel gas to the mixing
chamber 4; a fan (multiblade fan in the embodiment) 6 for
feeding air; and an air duct 7 for supplying the air fed by

the fan 6 to the mixing chamber 4.
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'gas-and air in the conbustion chanmber R Relatively high supply pressures-
of the rich fuel gas and air as well as the resistant plate RP are required
to efficiently prevent :
| The cylindrical combustion chamber 1 and the mixing

chamber 4 are concentrically coupled with and connected to

each other via an opening 8 formed on the center axis

thereof. An ignition plug 10 is fixed to the side wall of

the combustion chamber 1 for igniting mixture of air and

fuel gas to start eombustion. The tail pipe.2 extends from

the wall of the combustion chamber 1 opposite to the

opening 8. Alternatively, pluralntail pipes can be

:attached to the side wall of the combustion chamber 1.

A frame trap 9 (in the embodiment, the frame trap used
has 600 cells (pores) / square'ihch; diameter qf.43
millimeter; and height of 13 millimeter) is fitted into the
opening 8.

The air duet 7 connecting the fan 6 to the mixing
chamber 4 is attached to the bottom center of the.mixing

~ chamber 4, and the gae supply conduit 5 for fuel gas is
fixed to the lower portion of the side wall of the mixing
chamber 4. The arrangement (position and direction) of the
air duct and the ges'supply conduit may be changed
according to the shape of the mixing-chamber to ensure
sufficient mixing.

The pulse combustion of the embodiment thus constructed

~is operated in the following manner.

Fuel gas and air are respectively supplied'thkodgh the
gas supply condult 5 and the air duct 7 to the mixing
chamber 4, and colllde with each other to be sufflciently
mixed therein. The air/fuel mixture is fed 1nto the
combustion chamber 1 through the frame trap 9 fitted into

the opening 8 and ignited and combusted by spark of the
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-,2- "the back flow of conbustion by products. More concrete- |y, the pul se
conbustor- requires a high-pressure fan F or a conpressor for supplying the
hi gh-pressure air and a conplicated gas supply unit for supplying the

hi gh-pressure fuel gas. These structures unfavorably in- crease ihe noi se
and vi bratiignition plug 10 in the combustion chambér 1. Hot, high-

pressure combustion byproducts are largely exhausted
through the tail pipe 2 by the explosion prgssure, while
being partly flown back to.the mixing chamber 4 through the
frame trap 8.

Since an explosive combustion makes the pressure in the
combustion chamber 1 negative, the air/fuel mixture ié
again fed from the mixing chamber 4 to the combustion
chamber 1. The air/fuel mixture is spontaneously ignited
and combusted by the residual hot combustion byproducts in
the combustion chambef 1. in the above manner, the
air/fuel mixture is continuously supplied, combusted, and
exhausted in the pulse combustor of the'embodiment.

The hot, high—pressure exhausted gas (combustion
byproducts) flown back to fhg mixing'chamber 4 is cooled
through the frame trap 9. The temperéture drop further
causes contraction in volume and lowers the pressure of the
exhausted gas. In the embodiment, the temperature of the
exhausted gas was approximately 1,400 °C in fhe_combustion.
chamber 1 and then lowered through the frame trap 9 to
approximately 200 °C in the mixing chamber 4. According to
the Charles' law (V/T = constant; V denotes volume, and T
denotes.temperature), both the volume and pressure of the
exhausted gas are reduced to approximately one third in the
mixing chamber 4.

The reverse pressure applied to the mixing chamber 4,
the gas supply conduit 5, and the air duct 7 is
sufficiently reducéd since the tqtal volume of the mixing

chamber 4, the gas supply conduit 5, and the air duct 7 is
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‘FEurthernore, in the prior art system the fuel gas and aifare m xed in the
narrow space S between the resistant plate RP and the nozzle plate NP, and
t hi s causes non-uni form m xi ng and thereby unstabl e conbustion. . The
object of the invention is to provide a sinply con- structed, inproved
pul se conbusaeh lawger rehan die syalume of p’é‘?ﬁi?ﬁF&‘E&SEb‘ﬁ‘BuglP?‘Bheﬁ/i i‘h | ess
T A Cmpainte b scomgde ) 35 RSp e HhCeRE DATLRE B
540 cc, the mixing chamber 4 of 2,000 cc, the gas supply
conduit 5 of 24 cc, and the air duct 7 of 136 cc. Namely,
the total volume of the mixing chamber 4, the gas supply
conduit 5, and the air duct 7 (hereinafter referred to as
the total volume V2) is sufficiently larger than the volume
of the combustion chamber 1 (hereinafter referred to as the
combuétion volume V1).

The pulée combustor of the embodiment does not require
any high-pressure fén nor the high supply pressure of fuel
gas. This structure and sufficient reduction of the
explosion pressure in the combustion chamber 1 efficiently
'reduce the undesirable noise and vibration. In the
combustor of the embodiment, the turn-down ratio canlbe
raised by regulating the air capacity of the fan 6 and the
amount of fuel gas.

The back;flown combustion byproducts are diluted with
the air/fuel mixture in the mixing chamber 4 and fed again.
into the combustion chamber 1. That is, the back flow of
exhausted gas doés not hinder the smooth combustion. The
frame trap 9 rectifies the air/fuel mixture to control the
ignition point in the combustion chamber 1, thus allowing.
stable pulse combustion.

The combustion efficiency is largely affected by the
ratio of the total volume V2 to the combustion volume V1.
Fig. 2 shows variation in the concentratidh of carbon
monoxide (ratio of C0/C0,) plotted against the ratio of the

total volume V2 to the combustion volume V1. In the range
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i.s characterized by the features of the chéracterising por- tion of claim

1. Here the total volunme of the m xing chanber, the gas supply conduit,
and the air supply conduit is sufficiently greater than the volune of the
.conbustion chanber. In the pul se conbustor thus construc d fuel gas

and air ar evherpecthe kotak pplume V2 isclessi HaaRhEheFonRpS b N he gas

P S ket e cShEBA: €06 8k co LE DLGAFEEcBhelyhidhs *

that is, the combustion efficiency is undesirably low. On
the contrary, in the range where the total volume V2 is
greater than the combustion volume V1, the CO concentration
first ébruptly decreases and then gradually increases with
increase in the ratio of the total volume V2 to the
combustion volume V1. 1In this range, the CO concentration
is sufficiently low, that is, the combustibn efficiency is
preferably high.

The smallér total volume V2 than the combustion volume
V1 causes insufficient mixing of the fuel gas ané air and
undesirably high concentration of the back-flown combustion
byproducts diluted with the air/fuel-mixture, thus lowering
the combustion efficiency. Furthermore,.the small total
volume V2 does not sufficiently reduce the reverse pressure
and'reéuires the larger capacity of the fan 6.

When the total volume V2 is greater than the combustion
volume V1, the smaller pressure loss and leaner air/fuel
ratio increase the CO concentration only in the allowable
range. In the émbodiment, the total vélume V2 is .
determined to be sufficiently larger than the combustion
volume V1 and to lower the CO concent;ation to the minimum,
thus significantly improving the combustion efficiency.

As described ébove, the pulse combustor of the invention _
sufficiently mixes the fuel gas with the air and g'small
amount of back-flown combustion byproducts in the mixing
chamber, thus allowing stable pulse combustion. The

pressure of combustion byproducts flown back from the
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'Qhanber goes through the flame trap to the conbustion chanber. Wen the
air/fuel mxture is ignited and com busted in the conbustion chanber, for
exanpl e, with spark of ‘an ignition plug, hot, high-pressure conbustion

Dy e fon e £ LUl e Loube B bk ebebR por Y
Thi et emper HeUPEar yrpuph nbhe CRYARE. EEAPY acthe mikEhY chfibbkfMEnkr o, anC
gas supply conduit, and the_air supply conduit greatly
reduce_thé reverse pressure so as to eiiminate its adverse
effects on gas and air supply sources. The.structure of
the invention does not require any high-pressure supply
unit but efficiently reduces the undesirable noise and
vibration.
Since the invention may be embodied in other forms
without departing from'thé scope or spirit of essential
characteristics thereof, it is clearly understood that the
above embodiment is only illustrative and not restrictive
in any sense. The spirit and scope of the present
invention is limited only by the terms of the appended

claims.
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tion-in volune and |l owers the pressure of the exhausted gas. The reverse
pmmmﬂs)ndui t, and the

pressure applied to the m xi ng cham ber,Jtl Emll
air supply conduit is sufficiently reduced!® ot vol une of the -
m xi'ng chan¥8AT gfe GAIMEDIS) conduit, and the air supply con- duit is

sufficiently | grger than the vol une of the conbus- tion chanber. The fan
used here for 3up§|§PﬁﬁeaFPNRSSFﬁE FOF SOHIANCMS &9 qﬁ%&?quﬂf need hi gh

pressure or 5iy/fuel mixture, comprising:

a combustion chamber feceiving mixture of air and fuel
gas for pulsative combﬁstion;

a tail pipe connecting to said combustion chamber for
exhausting combustion byproducts from said combustion
chamber;

a mixing chamber being coupled with and connected to
said combustion chamber via an opening provided with a
frame trap, for mixing air and fuel gas and Supplying the
air/fuel mixture to said combustion chamber;

a gas supply conduit for supplying fuel gas to said
mixing chamber; |

an air supply conduit for supply air to said mixing
chamber; and

a fan for feeding air into said air supply conduit;

wheiein the total volume of the mixing chambér, the gas
Isupply conduit, and the air supply conduit is larger than

the volume of the combustion chamber.

——
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~..large capacity. Furthernore, the flow of conbustion by-

ABSTRACT OF THE DISCLOSURE

The present invention provides a simply cohstructed,
improved pulse combustof realizing stable pulse combustion
with less noise and vibration.s The puise combustor
inCludés: a combustion chamber; a mixing chamber coupled
with the intake side of the combustion chamber via an
opening provided with a frame trap; a gas sﬁpply conduit
connecting to the mixing chamber for supplying fuel gas;
and an air duct connecting to the mixing chamber for
supplying air. The total volume of the mixing chamber, the
gas supply conduit,.and the air duct (the total volume V2)
is sufficiently greater than the volume of the combustion
chamber (the combustion volume V1). Combustion byproducts
flown back through the frame trap is diluted with the
air/fuel mixture'in the mixing chamber and again fed into
the combustion chamber for continuous combustion while the

reverse pressuré is efficiently reduced by the total volume

v2.

/
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products through the flanme trap | owers the explosion pressure in the
conbust.i on chanber.. These features of the invention allow noise and

vi bration reduction. The back-fl own conbustion byproducts are dil uted
- wWth the air/fuel mxture in the mxing chanber, and fed into the
conbusti on chanmber again for continuous igni- tion and conbustion. The

~flame trap rectifies the air/fuel mxture to control the ignition point in
the conbust}f;gyiranber, t hus all owi ng stabl e pul se conbusti on.

=
(Y7 7.
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The gonbustion efficiency is largely affected by the ratio of the total
volunme in the m xing chanber, the gas supply conduit, and the air supply
conduit (hereinafter referred to as the total volune) to the volunme in the
com bustion chanber (hereinafter referred to as the conbus- tion
volume). As shown in Fig. 2, the concentration of carbon nonoxide (ratio
of COCJerr]) varies with the ratio of the total volune V2 to the :
conbusti on vag \2 Wien the total volunme V2 is |less than the conbustion

HIGH

610)
CONC.

LOW

LARGE

V2

SMALL
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vol une V1, the conbustion efficiency is lowered. In the structure of the
I nvention, the total volume V2 is greater than the conbustion volunme V1,
thus allowi ng sufficient reduction of the reverse pressure and stable

pul se com busti on. Fig. 1 is a cross sectional view schematically
i1l us- trating a pul se combustor form ng an enbodi nent of the

I nventi on;

Fig.3 PRIOR ART
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Fig. 2 is a graph showi ng the conmbustion efficiency
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 The present invention relates to a pulse combustor for

continuously combusting mixture of air and fuel gas

supplied to a combustion chamber thereof.

Description of the Related Art

An example of a conventional pulse combustor for

pulsative ignition and continuous combustion of air/fuel

mixture is disclosed in Japanese Patent Laying—-Open Gazette

No.

Sho-64-23005.

The prior art pulse combustor, as shown

in Fig. 3, includes: a nozzle plate NP with plural gas

nozzles GN and air nozzles AN; and a resistant plate RP

disposed opposite to the nozzle plate NP via a narrow space

S. Both the nozzle plate NP and the resistant plate RP are

fixed in a combustion chamber R,

Rich fuel gas is supplied

through a gas conduit GP, the plural gas nozzles GN into

the combustion chamber R while air is supplied through the

piural'air nozzles AN into the combustion chamber R by a

fan F.

The rich fuel gas and the air are mixed in between

the resistant plate RP and the nozzle plate NP and ignited

and combusted with spark of an ignitioh plug SP in the

combustion chamber R.

byproducts are exhausted through a tail pipe TP.

Large portion of hot combustion

Although

the higﬁ explosion pressure in the combustion chamber R

tends to cause a back flow of the combustion byproducts to

the supply source, the resistant plate RP in the combustion

chamber R prevents this undesirable
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vention. The pul se conbustor includes: a cylindrical conbustion chanber 1;
a tatl pipe 2 formed as a conduit of hot exhausted gas; an expansion
chanmber 3 fornmed in the mddle of the tail pipe 2; a cylindrical mXxing

cham ber 4 coupled(mﬁth the intake Side of the conbustion
of the combustion byproducts makes the pressure in the

combustion chamber R negative, so that the rich fuel gas
and air are again fed into the comﬁustion chahber R aqd
spoﬁtaneously ignited and_cqmbusted by.the residual hot
exhausted gas in the combustion chamber R. Ignition and
combustion are periodically repeated in the above manner to
heat an object like oil in an oil tank.

'In the system of the prior art pulse combustor, however,
combustion byproducts flown back fo the supply source can
not efficiently be mixed with the rich fuel gas and air in
the combustion chamber R. Relatively high'supply pressures
of the rich fuel gas and air as well as the resistant plate
RP are required to efficiently prevent the back flow of
combustion byproducts. More concpetely, the pulse
combustor requires a high-pressure fan F or a compressor
for supplying the high-pressure air and a complicated gas
Supply unit for supplxing the high-pressure fuel gas.

These structures unfavorably increase the noise and
vibration.

Furthermoré, in the prior art system, the fuel gas and
air are mixed in the narrow space S between the resistant
plate RP and the nozzle plate NP, and this causes non-
uniform mixing and thereby unstable combustion.

SUMMARY OF THE INVENTION
The ijeqt of the invention is to provide a simply
'_constructed, improved pulse combustor which realizes
stable, éontinuous combustion with less noise and
vibration.

The present invention is directed to a'pulse combustor
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-4- chanber 1, a gas supply conduit 5 for supplying fuel gas to the mixing
chanmber 4; a fan (nultiblade fan in the em bodinent) 6 for feeding air;

and an air duct 7 forsupplying the gir fed by the fan 6 to the m xing
chanber 4. {

for continuous ‘ignition and combustion of air/fuel mixture.

The pulse combustor includes:

a combustion chamber receiving mixture of air and fuel
gas for pulsative combustion;

a tail pipe cohnecting to the combustion chamber for
exhausting combustion byproducts from the combustion
chamber ;

a mixing chamber being coupled with and connected to the
combustion chamber via an opening provided with a frame |
trap, for mixing air and fuel gas and supplying the
air/fuel mixture to the combustion chamber;

a gas supply conduit for supplying fuel gaé to the
mixing chamber; ' |

-an air supply conduit for supply air to the mixing
chamber; and

a fan for feeding air into the air supply conduit.

Here the total volume of the mixing chamber, the gas
supply cqnduit, and the air supply conduit is sufficiently
greatér than the volume of the combustion chamber.

In the pulse combustor thus cénstructed, fuel gas.and
air afe respectively supplied to the mixing chamber through
the gas supply conduit and the air supply conduit. The
mixture of fuel gas and air mixed in the mixing éhamber
goes through the frame trap to the combustion chamber.
When the air/fuel mixture is ignited and.combusted in the
combustion chamber, for example, with spark of an ignition
plug,.hot, highfpressure combustion prroducts are 1argely
exhausted through the tail pipe while being partly flown

back through the frame trap to the mixing chémber. The
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The cylindrical combustion chanber 1 and the m x- ing chanber 4 are
concentrically coupled with and con- nected to each other via an opening 8
formed on the center.axis thereof. An ignition plug 10 is fixed to the side
wal | of the combustilon chanber 1 for ﬁgniting m xture of air and _fuel gas
to start dmdkrdfiliown ephaustidd [gase (ombusitdons bypaadustsdalls srodied
combusti on chamber 1 oppo- site to the opening 8. Alterpativel ura

. pl
tai | pi pesthigndie the tig athe afiddhis 1tegPanadt uesniron J—r\’%ﬁ‘ﬁ%oer

causes contraction in volume and lowers the pressure of the
exhausted gas.' The reverse pressure applied to the mixing
chamber, the gas supply conduit, and the air supply conduit
is sufficiently reduced_since the total volume of the
mixing chamber, the gas supply condﬁit, and the air supply
conduit is sufficiently larger than the volume of the
combustion chamber. The fan used here for supplying air ﬁo
the mixing chamber thus does not need high pressure or
large capacity. Furthermore, the flow of combustion
byproducts through the frame trap lowers the explosion
pressure in the combustion chamber. These features of the
invention allow noise and vibration reduction.

The back-flown combustion byproducts are diluted with
the air/fuel mixturé in the mixing chamber, and fed into
the combustion chamber again for continuous ignition and
combustion. The frame trap rectifies the air/fuel mixture
to control the ignition point in the combusfion'chamber,
thus allowing stable pulsé combustion.

The_combustion efficiency is largely affected by the
ratio of the total volume in the mixing chamber, the gas
supply conduit, and the air supply conduit (hereinafter
referred to as the total vdlume) to the volume in the
combustion chamber (hereinafter referred to as the
combustion volume). As shown in Fig. 2, the concentration
of carbon monoxide (ratio of CO/COZ) varies with the ratio
of the total volume V2 to the combustion volume V1. When

the total volume VZ is less than the combustion volume V1,
-' RE?LACEMENT SHEEﬂ This Sheet Has Been Replaced
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1. Aflame trap 9 (in the enbodinent, the flame trap used has 600 cells
(pores) / square inch; dianmeter of 43 mllineter; and height of 13
mllimeter) is fitted into the opening 8. The air duct 7 connecting the
fan 6 to the nixinglchanber 4 is attathed to the bottom center of the

M Xi ng chaheeicobuatd dneffde ivmey! Y sCcdoteiredS f an fthel sgasicitare xéd to the

| ower portion of the side wall of the m xing
the invention, the total volume V2 is greater than the
combustion volume V1, thus allowing sufficient reduction of
the reverse pressure and stable pulse combustion.

These and éfher objects, features, aspects, and
advantages of the present 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 is a cross sectiénal view schematically
illustrating a pulse combustor as an embodiment of the
invention;

Fig. 2 is a graph showing the combustion efficiency
plotted against the rétio of the total volume V2 to the
combustion volume V1; and Fig. 3 is a cross sectional
view schématically illustrating a conventional pulse
combustor.

DESCRiPTION OF THE PREFERRED EMBODIMENT

- Fig. 1 is a cross sectional view schematically
illustrating a pulse combustor as an embodiment of the
invention. The bulse combustor inciudes: a cylindrical
combgstion chamber 1; a tail pipe 2 formed as a conduit of
hot exhausted gas; an expansion'chamber 3 formed in the
middle of the tail pipe 2} a cylindrical mixing chamber 4
coupled with the intake side of the combustion chamber 1; a
gas supply conduit 5 for supplying fuel gas to the mixing
chamber 4; a fan (multiblade fan ip the embodiment) 6 for
feeding air; and an air duct 7 for-supplying the air fed by

the fan 6 to the mixing chamber 4.
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chanber 4. The arrangenent (position and direction) of the air duct and the
gas supply conduit nmay be changed according to the shape of the m xing
chanber to ensure sufficient mxing.,. . The pul se conbustion of the

enbodi nent thus con-{ structed is operated in the follow ng manner. " Fuel

gas and air She cydjadricaly combyistden: khamprrt ke 3gds thgpPi¥iBgnduit 5 and

the air duct to the m xi ng chanber,. 4, an ol l.ide wi.th each,other to be
sufficienf&?ﬁéer 4 are conc ntf%cgily couﬁqga w;ﬁg and connected o

' each other via an opening 8 formed on the center axis
thereof. An ignition plug 10 is fixed to the side wéll of
the combustion chamber 1 for igniting mixture of air and
fuel gas to start combustion. The tail pipe 2 extends from
the wall of the combustion chamber 1 opposite to the
opening 8. Alternatively, plural tail pipes can be
attached to the side wall of the combustion chamber 1.

A frame trap 9'(in the embodiment, the frame trap used
has 600 cellg (pores) / square inch; diameter of 43

‘millimeter; and height of 13 millimeter) is fitted into the
opening 8.

_The air duct 7 connecting the fan 6 to the mixing
chamber 4 is attached to the bottom center of the miking
chamber 4, and the gas supply conduit 5 for fuel gas is
fixed to the lower portion of the side wall of the mixing
chamber 4. The arrangement (position and direction) of the
air duct and the gas supply conduit may be changed
accordiné to the shape of the mixing chamber to ensure
sufficient mixing. '

The pulse combustion of the embodiment thus constructed
is operéted in- the following manner.

Fuel gas and air are respectively supplied through the
gés supply qonduit 5 and the air duct 7 to the mixing
chamber 4, and collide with each other to be sufficiently
mixed therein. The air/fuel mixture is fed into the.

combustion chamber 1 through the frame trap 9 fitted into

the opening 8 and ignited and combusted by spark of the

E
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m xed therein. The air/fuel mxture is fed into the com bustion chanber 1
through the flane trap 9 fitted into the opening 8 and ignited and
conbusted by spark of the ignition plug 10 in the conbusti on chanber 1

Hot, hi gh-pressure donbustion byprodu%ts are largely ex- hausted through
the tai | pigpdtdopypilng dRpliositbe pembugtdonywghpabesi kg pHPEFyhEBBEN back to

the m xi ng chanber 4 through the flame trap 9.
bressure combustion byproducts are largely exhausted

through the tail bipe 2 by the explosion pressure, while
.being partly flown back to the mixing chamber 4 through the
frame trap 8.

Since an explosive combustion makes the pressure in the
combustion chamber 1 negative, the air/fuel mixture is
again fed from the mixing chamber 4 to the éombustion
chamber 1. The air/fuel mixture is_spontaneouély ignited
and combusted by the residual hot combustion byproducts in
the combustion chamber 1. In the above manner,:thé
air/fuel mixture is continhously supplied, combusted, and
ethusted'in the pulse combustor of the embodiment.

The hot, high-pressure exhausted gas (;ombustion
_byproducts) flown back to the mixing chamber 4 is coqled
through the frame trap 9. The temperature drop further
causes contraction in volume and lowers the pressure of the
exhausted gas. In the embodiment, the temperature of the
exhausted gas was approximately 1,400 °C in the combustion
chamber 1 and then lowered through the frame trap 9 to
approximately 200 *C in the mixing chamber 4. According to
the Charles' law (V/T = constant; V denotes volume, and T
denotes temperature), both the volume and pressure of the
gxhausted gas are reduced to approximately one third in the
mixing chamber 4.

The reverse pressure applied to the mixing chamber 4,
the gas supply conduit 5, and the air duct 7 is

sufficiently reduced since the total volume of the mixing

chamber 4, the gas supply conduit 5, and the air duct 7 is

o ACTME ‘ - This Sheet Has Been Replaced |
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-5- e Si nce an expl osive conbustion nmakes the
pressure in the conbustion chanber 1 negati ve,

air/fuel mx- _
" ‘o 8
much larger than thg.volume of the combustion chamber 1.
In the embodiment, the combustion chamber has the volume of
540 cc, the mixing chamber 4 of 2,000 cc, the gas supply
conduit 5 of 24 cc, and the air duct 7 of 136 cc. Namely,
the total volume of the mixing chamber 4, the gas supply
conduit 5, and the air duct 7 (hereinafter referred to as
the total volume V2) is sufficiently larger than the volume
of the combustion chamber 1 (hereinafter referred to as the
cémbustion volume V1).

The pulse combustor of the embodiment does not require
any high—pressure fan nor the high subély pressure'of.fuel
gas. This structure and sufficient reduction of the
_explosion pressure in the combustion chamber 1 efficiently
reduce the undesirable noise and vibration. 1In the
combdstor of the embodiment, the turn- down ratio can be
raised by regulatlng the air capacity of the fan 6 and the
amount of fuel gas.

The back-flown combustion byproducts are.diluted with
the air/fuel mixture in the mixing chamber 4 and fed again
" into the combustion chamber 1. That is, the back flow of
exhausted gas does not hinder the smooth combustion. The
frame trap 9 rectifies the air/fuel mixture to control the
ignition point.in the combustion chamber l,.thus allowing
stable pulse combustion.

The combustion efficiency is largely éffected by the
ratio of the total volume V2 to the combustion volume V1.
Fig. 2 shows variation in the concentration of carbon
monoxide (ratio of CO/COZ) plotted against the ratio of the

total volume V2 to the combustion volume V1. In the range
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ture'is again fed fromthe m xi ng chanber 4 to the com
bustiron chanber 1. The air/fuel mxture is spontaneously

ignited and conbustgd by the residwal hot conbustion by products in the
conmbusti on chamber ' manner, the

air/fuel Hheng & %lt&#ﬁrl %’Eﬁd’g‘%ﬁ\(’?udﬁl il&§s than -5&%&&“@&“&33 exhausted in
(D Pt = R AL Soncantrapien af 69, 4o Ry nish,
bypr oduct sgpdd o\, hafk ddddit f8rKid¥E INARY 1% ivhdeQlribly low. on
the contrary, in the'range where the total volume V2 is
greater than the combustion Volume vl, thé CO concentration
first abruptiy decreases and then grédually increases with
increase in the ratio of the total-volume V2 to the
combustion volume V1. 1In this range, the CO concentration
is sufficiently low, that is, the combhstion efficiéncy is
preferably high.

The smaller total volume V2 than the combustion volume
V1 causes insufficient mixing of the fuel gas and air and
undesirably high concentration of the back-flown éombustion
byproducts diluted with the air/fuel mixture, thus lowering
the combustion efficiency. Furthermore, the small total
volumé V2 does not sufficiently reduce the reverse pressure
and requires the larger capacity of the fan 6.

When the total volume V2 is greater than the combustion
volume V1, the smaller pressure loss and leaner air/fuel
ratio increase the CO concentration only in the allowable
range. In the embodiment, the total volume V2 is’
determined to be sufficiently larger than the combustion
Volﬁme vl and_to lower the.CO concentration to the minimum,
thus significantly improving the combustion efficiency.

As described above, the pulse combustor of the invention
sufficiently mixes the fuel gas with the air and a small
amount of back—-flown combustion byproducts in the mixing
chambei, thus allowing stable pulse combustion. The

pressure of combustion byproducts flown back from the
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through the flame trap 9. The tenpefature drop further
causes contraction in volunme and |owers the pressure of
t he exhausted gas. 4n the embodinent, the tenperature

of the exhausted gas was approximataPy 1, 400[err]Cin the
conbust i orombusidonlchaubenletiol &h@rmdxnngogghmbﬁé is significantly

flame tras 9 to _approximately 200[err]C in _the m xi ng cham
ber 4. Acd6M&rR§ tt rPHQhCﬁHPI Egampafragr T Theomdkang; chamber, the

denot o5 VoTSgRld LoaSnghes ahalRER B hoebtkfchluse areatty
reduce the reverse pressure so as to eliminate its adverse
effects-on Qas and air supply sources. The structure of
the invention does not fequire any high-pressure supply
unit but efficiently reduces the undesirable noise and .
vibratién. |
Since the invention may be embodied in other forms

without departing from the scope or spirit of essential
characteristics thereof, it is clearly understood that the

.above embodiment is only illustrative and not restrictive
in any sense. The spirit and scope of the present

invention is limited only by the terms of the appended

claims.
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to approxi mately one third in the mxing chanber 4.
The reverse pressure applied to the m xi ng chanber

4, the gas supply: conduit 5, and th air m m H”
ey g i i, oL I i
ber 1 n L ) %1@:}9 c\&hﬁ{aconbustlon clllﬁltdm%nC‘Eﬁ@@Stlon of

ber 1. In the e ment hanmber .has

the vol ungigf/RAD Ghixtdie Modmp idiaigker 4 of 2,000 cc,
the gas supply conduit 5 of 24 cc, and the air duct 7 of

a combustion chamber receiving mixture of air and fuel
gas for pulsative combustion;

a tail pibe connecting to said combustion chamber for
exhausting combustion byproducts from said combustion
chamber; | |

-a mixing chamber being coupled with and connected to
said combustion chamber via an opening provided with a
frame trap, for mixing air and fuel gas and supplying the
air/fuel mixture to said combustion chamber;

a gas supply conduit for supplying fuel gas to said
mixing chamber; |

an air supply conduit for supply air to said mixing
chambér{ and

a fan for feeding air into said air supply conduit;

wherein the total volume of the mixing chamber, the gas
supply coéduit, and'the_air supply conduit is larger than

the volume of the combustion chamber.
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136 cc. Nanely, the total volune of the m xing chanber

4, the gas supply conduit 5, and the;gir duct 7 (hereinafter
referred to as the total volume V2) iS§ suff|C|entIy | ar ger
than the volune of the conbustion cABRBBACT (herein-

after referred to as the conbustion volunme V1).

The pulBESFoHGITR the enbodi ment does not

require any high-pressure fan nor the high supply pres-

sure of fuel gas. This structure and sufficient reduction

of the EXplQﬁﬂé”b§g§§ﬁ%wfhééhﬁfﬁhcﬁ?@%&ﬁéé”hcﬁ?ﬁﬁ%? donstructed,

1mproved_pu1se combustof realizing stable pulse combustion with
less noise and vibration. The pulse combustor includes: a
combustion chamber; a mixing chamber coupled with the infake side
of the combustion chamber via an opening provided with a frame
trap; a gas supply conduit connecting to the mixing chember for
suppying fuel gas; and an air duct connection to the mixing
chamber for supplying air. The total volume of the mixing
chamber, the gas supply.conduit, and the air duct (the total
volume V2) is sufficiently greater than the volume of the
combustion chamber (the combﬁstion volume V1). Combustion
byproducts flown back through the frame trap is diluted with the
air/fuel mixture if the mixing chamber'and again fed into the
combustion chamber for continuous combustion while the reverse

. pressure is efficiently reduced by the total volume V2.

[ Fig 1 ]
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efficiently reduce the undesirable noise and vibration.

t he eonbustor of the ‘enbodi ment,

~the turn-down ratio

In

can be raised by regulating the air capacity of the fan 6

and the amount of fuel gas.

Figl

1
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- 6- The back-fl own conbustion byproducts are diluted with the air/fuel
m xtere in the m xing chanber 4 and fed again into the conbustion chanber
1. That is, the back flow of exhausted.,gas does not hinder the smooth com
bustion. The frame trap 9 rectifies thé air/fuel m'xture to

Fig.2
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control the ignition point in the conbustion chanber 1, thus all ow ng

st abke pul se conbusti on. The conbustion efficiency is largely affected
by the ratio of the total -volune V2 to the conbustion volune V1. Fig. 2
shiows variation in the concentration gf carbon nonoxide (ratio of
cOCOerr]) plotted against the ratio of the total volune V2 to the
conbustion volune V1. In the range where the total volune V2 is |l ess than
the com bf_s;idn-?ol une V1, the concentration of e is signifi-
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Description

The present invention relates to a pulse combustor
for continuously combusting mixture of air and fuel gas
supplied to a combustion chamber thereof.

An example of a conventional pulse combustor for
pulsative ignition and continuous combustion of air/fuel
mixture is disclosed in Japanese Patent Laying-Open
Gazette No. Sho-64-23005. The prior art pulse combus-
tor, as shown in Fig. 3, includes: a nozzle plate NP with
plural gas nozzles GN and air nozzles AN; and a resist-
ant plate RP disposed opposite to the nozzle plate NP
via a narrow space S. Both the nozzle plate NP and the
resistant plate RP are fixed in a combustion chamber R.
Rich fuel gas is supplied through a gas conduit GP, the
plural gas nozzles GN into the combustion chamber R

- while air is supplied through the plural air nozzles AN into

the combustion chamber R by a fan F. The rich fuel gas
and the air are mixed in between the resistant plate RP
and the nozzle plate NP and ignited and combusted with
spark of an ignition plug SP in the combustion chamber
R. Large portion of hot combustion byproducts are ex-
hausted through a tail pipe TP. Although the high explo-
sion pressure in the combustion chamber R tends to
cause a back flow of the combustion byproducts to the
supply source, the resistant plate RP in the combustion

chamber R prevents this undesirable back flow. Exhaus- -

tion of the combustion byproducts makes the pressure
in the combustion chamber R negative, so that the rich
fuel gas and air are again fed into the combustion cham-
ber R and spontaneously ignited and combusted by the
residual hot exhausted gas in the combustion chamber

R. Ignition and combustion are periodically repeated in |

the above manner to heat an object like cil in an oil tank.

In the system of the prior art pulse combustor, how-
ever, combustion byproducts which flow back to the sup-
ply source can not efficiently be mixed with the rich fuel
gas and air in the combustion chamber R. Relatively high
supply pressures of the rich fuel gas and air as well as
the resistant plate RP are required to efficiently prevent




vol ume: V1 causes insufficient nixi ng of the f ﬂm@maﬂwaﬂﬁw
- ORRESH—8 roducts

undesi rably high concentration of the back-f| pwi—eoRebst-or
diluted with the air/fuel mxture, thus |lower|npg the conbustijont efficiency.
Furthermore, the small total volume V2 does npt] s 4iQGTeW0Fy Ir dduce the
reverse pressure and requires the |arger capagii y of the fan |6 When

u

- the total volune V2 is greater than t he 2om stion volunme V1,; the smaller
pressure loss and | eafelhack flow of combustion bypfommrwe-eeﬁerefjé-'

ly, the pulse combustor requires a high-pressure fan F

or a compressor for supplying the high-pressure air and

a complicated gas supply unit for supplying the

high-pressure fuel gas. These structures unfavorably in-

crease the noise and vibration.

Furthermore, in the prior art system, the fuel gas and
airare mixed in the narrow space S between the resistant
plate RP and the nozzle plate NP, and this causes
non-uniform mixing and thereby unstable combustion.

The object of the invention is to provide a simply con-
structed, improved pulse combustor which realizes sta-
ble, continuous combustion with less noise and vibration.

US-A-5,020,987 discloses a pulse combustor ac-
cording to the preamble of claim 1. The present invention
is characterized by the features of the characterising por-
tion of claim 1.

Here the total volume of the mixing chamber, the gas
supply conduit, and the air supply conduit is sufficiently
greater than the volume of the combustion chamber.

In the pulse combustor thus constructed, fuel gas
and air are respectively supplied to the mixing chamber
through the gas supply conduit and the air supply con-
duit. The mixture of fuel gas and air mixed in the mixing
chamber goes through the flame trap to the combustion
chamber. When the air/fuel mixture is ignited and com-
busted in the combustion chamber, for example, with
spark of an ignition plug, hot, high-pressure combustion
byproducts are largely exhausted through the tail pipe

while being partly flown back through the flame trap to
the mixing chamber. The back-flown exhausted gas
(combustion byproducts) is cooled through the flame
trap, and this temperature drop further causes contrac-
tion in volume and lowers the pressure of the exhausted
gas. The reverse pressure applied to the mixing cham-
ber, the gas supply conduit, and the air supply conduit is
sufficiently reduced since the total volume of the mixing
chamber, the gas supply conduit, and the air supply con-
duit is sufficiently larger than the volume of the combus-
tion chamber. The fan used here for supplying air to the
mixing chamber thus does not need high pressure or




alr/fuel ratio increase the CO concentration only in the all oyphbr EGRT SHEET
In the enbodi nent, the total volune V2 is determ ned to be su1“$]?‘t%g":y

| arger than the conbus- tion volune V1 and to lower the CO concgntration 6907
the mininmum thus significantly inproving the conmbustion ef- f cleB(A/OCT1

-3 -
large capacity. Furthermore, the flow of combustion by-
products through the flame trap lowers the explosion
pressure in the combustion chamber. These features of
the invention allow noise and vibration reduction.

The back-flown combustion byproducts are diluted
with the air/fuel mixture in the mixing chamber, and fed
into the combustion chamber again for continuous igni-
tion and combustion. The flame trap rectifies the air/fuel
mixture to control the ignition point in the combustion
chamber, thus allowing stable pulse combustion.

The combustion efficiency is largely affected by the
ratio of the total volume in the mixing chamber, the gas
supply conduit, and the air supply conduit (hereinafter
referred to as the total volume) to the volume in the com-
bustion chamber (hereinafter referred to as the combus-
tion volume). As shown in Fig. 2, the concentration of
carbon monoxide (ratio of CO/CO,) varies with the ratio
of the total volume V2 to the combustion volume V1.
When the total volume V2 is less than the combustion
volume V1, the combustion efficiency is lowered. In the
structure of the invention, the total volume V2 is greater
than the combustion volume V1, thus allowing sufficient
reduction of the reverse pressure and stable pulse com-
bustion.

Fig. 1 is a cross sectional view schematically illus-
trating a pulse combustor forming an embodiment
of the invention;

Fig. 2 is a graph showing the combustion efficiency
plotted against the ratio of the total volume V2 to the
combustion volume V1; and Fig. 3 is a cross sec-
tional view schematically illustrating a conventional
pulse combustor.

Fig. 1 is a cross sectional view schematically illus-
trating a pulse combustor as an embodiment of the in-
vention. The pulse combustor includes: a cylindrical
combustion chamber 1; a tail pipe 2 formed as a conduit
of hot exhausted gas; an expansion chamber 3 formed
in the middle of the tail pipe 2; a cylindrical mixing cham-
ber 4 coupled with the intake side of the combustion



-“T- As descri bed above, the pul se conbustor of the in- vention
sufficiently mxes the fuel gas with the air and a

-4 -

chamber 1; a gas supply conduit 5 for supplying fuel gas

to the mixing chamber 4; a fan (multiblade fan in the em-

bodiment) 6 for feeding air; and an air duct 7 for supplying
~ the air fed by the fan 6 to the mixing chamber 4.

The cylindrical combustion chamber 1 and the mix-
ing chamber 4 are concentrically coupled with and con-
nected to each other via an opening 8 formed on the
center axis thereof. An ignition plug 10 is fixed to the side
wall of the combustion chamber 1 for igniting mixture of
air and fuel gas to start combustion. The tail pipe 2 ex-
tends from the wall of the combustion chamber 1 oppo-
site to the opening 8. Alternatively, plural tail pipes can
be attached to the side wall of the combustion chamber
1.

A flame trap 8 (in the embodiment, the flame trap
used has 600 cells (pores) / square inch; diameter of 43
millimeter; and height of 13 millimeter) is fitted into the
opening 8.

The air duct 7 connecting the fan 6 to the mixing
chamber 4 is attached to the bottom center of the mixing
chamber 4, and the gas supply conduit 5 for fuel gas is
fixed to the lower portion of the side wall of the mixing
chamber 4. The arrangement (position and direction) of
the air duct and the gas supply conduit may be changed
according to the shape of the mixing chamber to ensure
sufficient mixing.

The pulse combustion of the embodiment thus con-
structed is operated in the following manner.

Fuel gas and air are respectively supplied through
the gas supply conduit 5 and the air duct 7 to the mixing -
chamber 4, and collide with each other to be sufficiently
mixed therein. The air/fuel mixture is fed into the com-
bustion chamber 1 through the flame trap 9 fitted into the
opening 8 and ignited and combusted by spark of the
ignition plug 10 in the combustion chamber 1. Hot,
high-pressure combustion byproducts are largely ex-
hausted through the tail pipe 2 by the explosion pressure,
while being partly flown back to the mixing chamber 4
through the flame trap 9.
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smal |, amobunt of back-fl own conmbusti on byproducts in the m xi ng chanber,
thus all owi ng stable pul se conbus- tion. The pressure of conbustion .
byproducts flown back fromthe conbustion chanber to the m xing chanber is
significantly lowered through the fIarreStrap The m xi ng chanber, the gas

supply conduit, and the air supply con- duit greatly reduce the reverse .
pressure so as to elim - Sifean explasing ce ipngnakeg the arassaire suppl y

sources. The struct urie thé ddmusnmt:hamumemaganmqherar/w mix-

ture is again fed from the mixing chamber 4 to the com-

_ bustion chamber 1. The air/fuel mixture is spontaneously

=1 ignited and combusted by the residual hot combustion

REPLACEMENT SHEET byproducts in the combustion chamber 1. In the above

manner, the air/fuel mixture is continuously supplied,

U 4 0CT 997 combusted, and exhausted in the pulse combustor of the
embodiment.

The hat, high-pressure exhausted gas (combustion

byproducts) flown back to the mixing chamber 4 is cooled

through the flame trap 9. The temperature drop further
causes contraction in volume and lowers the pressure of

the exhausted gas. In the embodiment, the temperature -
of the exhausted gas was approximately 1,400 °C in the
combustion chamber 1 and then lowered through the
flame trap 9 to approximately 200 °C in the mixing cham-
ber 4. According to the Charles’ law (V/T = constant; V
denotes volume, and T denotes temperature), both the
volume and pressure of the exhausted gas are reduced
to approximately one third in the mixing chamber 4.

The reverse pressure applied to the mixing chamber
4, the gas supply conduit 5, and the air duct 7 is suffi-
ciently reduced since the total volume of the mixing
chamber 4, the gas supply conduit 5, and the air duct 7
is much larger than the volume of the combustion cham-
ber 1. In the embodiment, the combustion chamber has
the volume of 540 cc, the mixing chamber 4 of 2,000 cc,
the gas supply conduit 5 of 24 cc, and the air duct 7 of
136 cc. Namely, the total volume of the mixing chamber
4, the gas supply conduit 5, and the air duct 7 (hereinafter
referred to as the total volume V2) is sufficiently larger
than the volume of the combustion chamber 1 (herein-
after referred to as the combustion volume V1).

The pulse combustor of the embodiment does not
require any high-pressure fan nor the high supply pres-
sure of fuel gas. This structure and sufficient reduction
of the explosion pressure in the combustion chamber 1
efficiently reduce the undesirable noise and vibration. In
the combustor of the embodiment, the turn-down ratio
can be raised by regulating the air capacity of the fan 6
and the amount of fuel gas.




high-preésure supply unit but efficiently reduces the un- desirable noise
and vi bration.

-6-

The back-flown combustion byproducts are diluted
with the air/fuel mixture in the mixing chamber 4 and fed
again into the combustion chamber 1. That is, the back
flow of exhausted gas does not hinder the smooth com-
bustion. The frame trap 9 rectifies the air/fuel mixture to
control the ignition point in the combustion chamber 1,
thus allowing stable pulse combustion.

The combustion efficiency is largely affected by the
ratio of the total volume V2 to the combustion volume
V1. Fig. 2 shows variation in the concentration of carbon
monoxide (ratio of CO/CO,) plotted against the ratio of
the total volume V2 to the combustion volume V1. In the
range where the total volume V2 is less than the com-
bustion volume V1, the concentration of CO is signifi-
cantly high, that is, the combustion efficiency is undesir-
ably low. On the contrary, in the range where the total
volume V2 is greater than the combustion volume V1,
the CO concentration first abruptly decreases and then
gradually increases with increase in the ratio of the total
volume V2 to the combustion volume V1. In this range,
the CO concentration is sufficiently low, that is, the com-
bustion efficiency is preferably high.

The smaller total volume V2 than the combustion
volume V1 causes insufficient mixing of the fuel gas and
air and undesirably high concentration of the back-flown
combustion byproducts diluted with the air/fuel mixture,
thus lowering the combustion efficiency. Furthermore,
the small total volume V2 does not sufficiently reduce the
reverse pressure and requires the larger capacity of the
fan 6.

When the total volume V2 is greater than the com-
bustion volume V1, the smaller pressure loss and leaner
air/fuel ratio increase the CO concentration only in the
allowable range. In the embodiment, the total volume V2
is determined to be sufficiently larger than the combus-
tion volume V1 and to lower the CO concentration to the
minimum, thus significantly improving the combustion ef-

ficiency.
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8- . dains

air/fuel

m Xt ur e,

1. A pul se conbustor for continuous conbustion of
conpri si ng:

-7-

As described above, the pulse combustor of the in-
vention sufficiently mixes the fuel gas with the air and a
small amount of back-flown combustion byproducts in
the mixing chamber, thus allowing stable pulse combus-
tion. The pressure of combustion byproducts flown back
from the combustion chamber to the mixing chamber is
significantly lowered through the flame trap. The mixing
chamber, the gas supply conduit, and the air supply con-
duit greatly reduce the reverse pressure so as to elimi-
nate its adverse effects on gas and air supply sources.
The structure of the invention does not require any
high-pressure supply unit but efficiently reduces the un-
desirable noise and vibration.
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a conbustion chanber (1) for receiving a m x-

gas for pul sative conbusti on;

a tail pi

ture of air and fuel
pe (2) connecting to said

conbusti on chanber (1) for exhausting conbustion byprod-

a mxing—chanrber_(4) being

coupled with and connected to sal d conb
an opening (8) provided with a flane trdp-(9),

ucts fromsaid conbustion chanber (1);

fuel gas and for supplying the

Claims

T = =

1. A pulse combustor for continuous combustion of
air/fuel mixture, comprising:

a combustion chamber (1) for receiving a mix-
ture of air and fuel gas for pulsative combustion;
a tail pipe (2) connecting to said combustion
chamber (1) for exhausting combustion byprod-
ucts from said combustion chamber (1); -

a mixing chamber (4) being coupled with and
connected to said combustion chamber (1) via
an opening (8) provided with a flame trap (9),
for mixing air and fuel gas and for supplying the
air/fuel mixture to said combustion chamber (1);
a gas supply conduit (5) for supplying fuel gas
to said mixing chamber (4);

an air supply conduit (7) for supplying air to said
mixing chamber (4); and

a fan (6) for feeding air into said air supply con-
duit (7); characterized in that

the volume of the mixing chamber (4) is larger
than the volume (V1) of the combustion cham-
ber (1).
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air/fiuel mxture to said conbustion chanmber (1);

a gas supply

conduit (5) for supplying fuel gas ' to said m xing chanber (4);

an air supply conduit (7) for supplying air to said

m Xxi ng chanber

(4); and . a fan (6) for feeding air into said air supply con-
duit (7); characterized in that t he vol une of the m xi ng chanber
(4) is larger than the vol une (%}) of the conbustion cham

Fig.1
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ABSTRACT

PULSE COMBUSTOR

An improved pulse combustor realizes stable pulsé
combustion with reducéd noise and vibration, and includes:
a combustion chamber (l);-a mixing chamber (4) coupled with
thé intake side of the combustiqn chamber (i) via an
opening {8) provided with a frame trap (9): a gas supply
condult (5) connecting to the mlxlng chamber (4) for
supplylng fuel gas; and an air duct (7) connectlng to the
mixing chamber (4) for supplying air. The total volume
(V2) of the mixing chamber (4), the gas supply conduit (5),
and the air duct (75 is greafer than the wvolume (V1) of the
combustibn chamber (l).. Combustion byproducts flowing back
through the frame trap (9) are diluted with the air/fuel
mixture in the mixing chamber (4) and again fed into the
combustion chamber (1) #or coﬁtinuous cdmbustion while fhe
reverse pressure is efficiently reduced by the total volume

(v2).
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