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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 Jépanese Patent Laying-Open Gazette

No.

Sho-64-23005.

The prior art pulse combustor

; as shown

in Fig. 6, includes: ‘a nozzle plate NP with plural gas

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

disposed opposite to the nozzle plate NP via a narrow space

S.

fixed in a combustion chamber R..

Rich fuel gas

Both the nozzle pléte NP and the resistant plate RP are

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

fén 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.

byproducts are exhausted through a tail pipe TP.

Large portion of hot combustion

Although

“the high explosion pressure in the combustion chamber R

tends to cause a back flow of the combustion byproducts to

the supply sourcé, the resistant plate RP in the combustion

chamber R prevents this undesirable back flow.
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n Fig. 6, includes: a nozzle plate NP with plural gas nozzles GN and air
nozzles AN, and a resistant plate RP di sposed opposite to the nozzle plate
NP vVia 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 a
gas condU|t°t¥th@héombw$h1°©abyvmedméts(makﬂﬁothﬂeptgﬁ%M§?|gﬂ thenber R

while air is supplied through the plural air nozzles AN into the conbustion
chanber R byo%bustion chamber R negative, so that the rich fuel gas

and air are again fed into the combustion chamber 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 o0il 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 as the resistant-ﬁlate
RP are required to efficiently prevent the back flow of
combustion byproducts. 'Mo;e 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 structurés unfavorably increase the noiée and
vibration.

Furthermore, 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 object of the ;nvention is to provide a simply

'constructed, improved pulse combustor which realizes

stable, continuous combustion with less noise and

vibration.

The present invention is directed to a pulse combustor
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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 conbusted w‘th spark of an
Ignition plug SP in the conbustion chanber R Large portion of hot
conbusti on byproducts are exhausted through a tailqénlaa?IP.%fdthough t he

hi gh expl osfon pomtinweus nignit tomband | cpmeysiier ¢f t2hectvel AIEEYE back

fl ow of the conbustion byproducts to the supply source, the resistant plate
RP in the conbTBeipulse combustor includes:

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

one or plural tail pipes connecting to the combustion
chamber for exhausting combustion byproducts from the
combustion chamberf

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

an air chamber being coupled with.and connected to the
mixing chamber via.a second opening formed on a face
opposite to the first opening, for supplying air to the
mixing chamber; '

a fan for feeding air into the air chamber; and

a gas supply conduit for supplying fuel gas to the
mixihg chamber, the gas'supply conduit going through the
air chamber and having one end projécting to connect with
the mixing chamber via the second opening.

In the above pulse combustdr, the second opening is
formed eccentrically with respect to the first opening.

In the pulse combustor of the invention thus
constructed, the fuel_gas and air are supplied to the
mixing chamber via the second opening formed in the air
chamber and sufficiently mixed therein. The air/fuel
mixture is then fed ihto the combustion chamber via the
frame trap fitted into the first opening. Since the second

opening is eccentric with respect to the first opening, the
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chanber R prevents this-undesirable back flow Exhaustion REPLACEMENT
SHEET 0 8 MAR 2000 -2-“of the conbustion byproducts nmakes the pressure in
t he ' o ,

fuel gas ahd air supplied from the second opening do not
-difectly.flow in the frame trap, but collide with the side
wall of the mixiﬁé'chambér to be sufficiently mixed in’ the
chamber. o s .

The air/fuel mixture supplied to the combustion chamber
is then ignited and combusted, for exémple, with spark of
an ignition plug, Hot, high-pressure combustion byproducts
are.largely exhausted through the tail pipes while being
partly flown back to the mixing chamber via the frame trap.
The back- f}own exhausted gas (combustion byproducts) is
cooled through the frame trap, . and thlS temperature drop
further causes contraction in volume and lowers the
pressure of the exhausted gas. Direct back flow of
combustion byproducts inté the seéond opening is
efficiently prevented since the second opening is formed
eccentrically with the first opening. 1In the meantime, the
reverse pressure is sufficiently reduced by the air chamber
and the mixing chamber. The fan used here for supplying
air to the mixing chamber thus does not need high pressure
or large capacityf Furthermore, the flow of combustion
byproducts throuéh the frame trap lowers the explosion
‘pressure in the cdmbustion chamber. These features of the
invention allow noise and vibration reduction.

The back-flown combustion byproducts are diluted with
the air/fuel mikture épirally flowing in the mixing
chamber, and fed into the combustion chambér again for
continuous igniﬁion and combustidn. The frame trap
_rectifie§ the air/fuél mixture to control the ignition

point in the combustion chamber, thus allowing stable pulse

-
l
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‘éonbustibn chanmber R hegative, so that the rich fuel gas and air are again
fed into the conbustion chanber R and spontaneously ignited and combusted
by the residual hot exhausted gas in the conbustion chanber R 1Ignition and
conmbustion are periodically repeated in the above manner to heat an object
like oil incombushkioank. In the systemof the prior art pul se conbustor,
however, conbustion byproducts fl.owm back to the supply source can

In the above pulse combustor, the mixing chamber may
further include a first chamber portion of a relatively
large diameter and a second chamber portion of a relatively
small diameter, which are concentrically disposed and
connected to each other via a ring wall. The air and fuel
gas supplied to the mixing chamber collide with the ring
wall and spirally flow in the mixing chamber to be
sufficiently miked.

Alternatively, the mixing chamber may include a ring

.collision platg disposed between the first opening and the
second opening. In this structure, the fuel gas and air
also collide against the ring collisioﬁ plate and spirally
flow in the mixing chamber to be sufficiently mixed.

In the mixing chamber thus constructed, the fuel gas and
air collide against the ring wall or plate and are more
sufficiently mixed with each other.

The projecting end of the gas supply conduit may
include: an injection opening for injecting fuel gas to the
mixing chamber; ana an aperture having a smaller diameter
than the injeétion opening. Here the aperture is formed
opposite to the injection opening.

Even when combustion byproducts are flown in the gas
supply conduit, fhey are discharged to the air chamber via
the aperture. Since the aperture has the smaller diameter
than the injection opening, the aperture efficiently
prevents the fuel gas from flowing through the aperture

into the air chamber. A small amount of the air in the air

chamber flows through the aperture into the conduit end,
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/{;ot efficiently be mxed with the rich fuel gas and air in the conbustion
chanmber R Rel atively high supply pressures of the rich fuel gas and air as
well as the resistant plate RP are required to efficiently prevent the back
fl ow of conbustion byproducts. Mire concretely, the pul se conmbustor
requires a RP§htPeedngpstednafroflogsconpr prswentosmeaphl supplyhef the
o P eos el apd huf Rl 50 CaTled Ventli et fect. * namaLy) the

fuel-gas is smoothly fed into the mixing chamber by the

supply pressure of the fuel gas and_the venturi effect of

the ingested air. _

The pulse combustion is generally affected by the supply
pressure of fuel gas under the reverse pressure conditions.
The aperture, however, efficiently eliminates the adverse
effects of the varia;ion in supply pressure and allows
stable pulse combustion at any supply pressure.

The projecting end of the gas supply conduit may further
include a check valve for preventing back flow of
combustion byproducts into the gas supply conduit.

The check valve is closed to preveht the back flow
during ignition and combustion innthe combustion chamber,
and is opened to supply fuel gas when.the reverse pressure
becomes lower than the.suppiy pressure of the fuel gas.

The check valve allows stable pulse combustion at any
supply pressure.

In another aspect of the invention, the air chamber is
coupled with and connected to the mixing chamBer via a
second opening and a third opening, which are formed
opposite to the fifst opening. In this case, the gas
supply conduit ﬁas a'first-end connecting with the mixing
chamber via the second opening, and a second end connecting
with the mixing chamber via the third opening.,

These and other objects, features, aspects, and

- advantages of the present invention will become more

apparent from the following detailed description of the
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These structures unfavorably increase the noise and vibration. Furthernore,
dn the prior art system the fuel gas and air are mxed in the narrow space
S between the resistant plate RP and the nozzle plate NP, and this causes
non- uniformmi xi ng and thereby unstable conmbustion. The obj ect of the

i nventi on iprefennredianbad igieny wmnghm@mmpwm@ww%onbust or
which realizes
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectional view schematically
illustrating a pulée combustor as an embodiment of the
invention;

‘Fig. 2 is a cross séctional view schematically
illustrating a pulse combustor as another embodiment.of the
invention;

Fig. 3 is a éross_secfional view schematically:
illustrating a pulse combustor as still another embodiment
of the invention;

Figs. 4(A) through 4(C) are cross sectional views
showing structures of the conduit end;

Fig. 5 is a c;oés sectional view'schematically
'illustrating a check val#e unit disposed in the conduit
end;

Fig. 6 is a cross sectional view schematically
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 pulse combustoi includes: a combustion
chamber 1; two tail pipes 2 formed as conduits of hot
exhausted gas; a mixing chamber 3 coupled with the intake
side of the combustion chamber 1l; an aif chamber 4 coupled
with the intake side of the mixing chamber 3; and a fan
(multiblade fan in the embodiment) 5 for supplying air to

the air chamber 4.

The cylindrical éir chamber 4 has a second opening 6 on
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-stabbe, conti nuous conbustion with | ess noise and vibration. The present
dnvention is directed to a pulse conmbustor -~ -3- for continuous ignition
and conmbustion of air/fuel mxture.

the upper right portion thereof, Wthh connects to the

mixing chamber 3. A gas supply conduit 7 for supplying

fuel gas goes through'the air chamber 4 and has one end 8

projecting to connect with thé.second opening 6.

The mixing chamber 3 adjacent to the air chamber 4
includes a cylindrical first chamber portion 3a of a
relatively larger diameter and a cylindrical second chamber
portion 3b of a relatively smaller diameter, which are
concentrically arranged and connected to each other via a
ring wall 9.

-The second chamber portion 3b of.the mixing chamber 3
has a first opening 10 on the center thereof, which
connects to the combustion chamber 1. The first opening 10
and the second opening 6 are thus not aligned vertically.

A frame trap 11l (in'fhe embodiment, the frame trap used has
600 cells (pores) / square inch; diameter of 43 millimeter;
and height of 13 millimeter) is fitted into the first
opening 10..

The two tail pipes 2 are attached to the opposite walls
of the cylindrical combustion chamber 1 to form a path
through the combustion chamber 1. An ignition plug 12 is
also fixed to the combustion chamber 1 for igniting mixture
of air and fuel gas to start combustion.

The pulse combustion of the embodiment thus constructed
is operated in the_follbwing manner.

Fuel gas having a fixed ptessure requlated with a gas
governor is supplied through the gas Supply conduit 7 and

| the second opening 6 to the mixing chamber 3, while air fed

into the air chamber 4 with the fan 5 is also supplied
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The pul se conbustor includes: a conbustion chanber receiving mxture of air
.and fuel gas.for pulsative conbustion; one or plural tail pipes connecting
to the conbustion chanber for exhausting conbustion byproducts fromthe
conbusti on chanber; a m xi ng. chanber being coupled with a d connected to

the combustiMHPUSh e SAGEND faRefingh énity theowidendyha 3.

The fuel gas and the air simultaneously supplied to the
mixing chamber 3 collide with the ring wall 9 of the mixing
chamber 3 and spirally fldw in the first chamber portion 3a
to be sufficiently mixed as shown by the arrow of solid
line in Figqg. l.. The air/fuel mixture is fed into the
combustion chamber 1 through the frame trap l; fitted into
the first opening 10 and ignited and combusted by spark of
the ignition plug 12 in the combustion chamber 1. Hot,
high-pressure combustion.bypfoducts are largely exhausted
through the tail pipes 2 by the explosion pressure, while
being partly flown back to the mixing chamber 3 through the
frame trap 1ll.

Since an explosive combustion makes the pressure in the
combustion chamber 1 negative, the air/fuel mixture is
again fed from the mixing chamber.3 to the combustion
chamber 1. The air/fuel mixtﬁre is spontaneously ignited
and combusted by the residual hot combustion byproducts in
the combustion chamber 1. In the above manner, the
air/fﬁel 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 the mixing chamber 3 is cooled
thfough the frame trap 1ll. The temperature drop further
causes contraction in volume and lowers thé 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 11 to

approximately 200 °C in the mixing chamber 3. According to
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frame trap, for mxing air and fuel gas and supplying the air/fuel mxture
to the conbustion chanber; an air chanber being coupled with and connected
to the mxing chanber via a second opening formed on a face opposite to the
first opening, for supplying air to the m xing chanber; a fan for feeding

air into theheiCGhaghkeserlawnVAr gasm'lﬁi;ﬂryt:cdhdiﬂnoif@ \mﬁo\p!%m apd el gas
to the

denotes temperature), both the volume and pressure of the
exhausted gas are reduced to épproximately one third in the
mixing chamber 3. The mixing chamber 3 énd the air chamber
4 function to reduce the reverse pressure due to the back
flow of the exhausted gas. Eccentricity of the first
opening 10 and the second opening 6 also eliminates the
adverse effects of the reverse pressure on a supply source.

. The back flow of the combustion byproducts through the
first opening 10 sufficiently lowers the explosion pressure
in the combustion chamber 1.

The pulse combustor of the embodiment does not require
any high-pressure fan nor the high supply pressure of fuel
gas. This structure and sufficient reduction of the
explbsion pressure in the combustion chamber 1 efficiently
reduce the undesirable noise and vibration. In the
combustor of the embodiment, the turn-down ratio_caﬁ be
raised by regulating the air capacity of the fan 5 and the
amount of fuel gas.

The back-flown combustion byproduéts are diluted with
the air/fuel mixture spirally flowing in the mixing chamber
3 and fed to the combustion chamber 1. That is, the back
flow of exhausted gas does not hinder the smooth
combustion. The frame trap 11 between the combustion
chamber 1 and the mixing chamber 3 rectifies the air/fuel
mixture to control the ignition point in the combustion
chamber 1, thus allo@ing stable pulse combustion.

Although both the fuel gas and air are supplied through

one opening, that is, the second opening 6, to the mixing

is Sheet.Has Been Replaced

il




hixing chanber, the gas supply conduit going through the air chanber and
" having one end projecting to connect with the m xing chanber via the second
opening. In the above pul se conbustor, the second opening is forned
eccentrically with respect to the first opening. In the pul se conmbustor of
t he invent i chambgs 3oAnt thet pulseheombustgasofindihei embhodimeptl,i shet @ithe
m xi ng chanber via the second opening fornmed in the air

chamber 4 may include two openings so as to enhance the

mixing process in.the mixing chamber 3 as shown in Fig. 2.

In the latter case, a second opening 6 and a third opening

20 of an idehtical‘shape are symmetrically formed in the

air chamber 4, and a second end 21 diverged from the gas

supply conduit 7 is disposed on the center axis of the

.third opening 20.

A cylindrical mixing chamber 30 with a ring collision

plate 31 shown in Fig. 3 may be used in place of the mixing

chamber 3 including the first chamber portion 3a and the

second chamber portion 3b via the ring wall 9 shown in Figqg.

1.

Other possible structures of the conduit end 8 are given
below.

Figs. 4(A) through 4(C) are cross sectional views
schematically illusfrating structures of -the conduit end 8;
the conduit end 8 has T shape in Figs. 4(A) and 4(C) and L
shape in Fig. 4(B). In these examples, ﬁhe conduit end 8
includes: an injection opening 8a for injecting the fuel
gas; and an aperture 8b havingla smaller diameter than the
injection opening 8a. The aperture 8b formed opposite to
the injection opening 8a has the following effects.

The combustion byproducts flown back through the mixing
chamber 3, the second opening 6 into the injection opening
8a can efficiently be discharged to the air chaﬁber 4 via
the aperture 8b. Since the aperture 8b has the smaller

diameter than the injection opening 8a, the aperture 8b

—_—

efficiently prevents the fuel gas from flohing through the
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chanber and sufficiently mxed therein. The air/fuel mxture is then fed
knto the conbustion chamber via the frane trap fitted into the first
openi ng. Since the second opening is eccentric with respect to the first

openi ng,

apertﬁre 8b into the air chamber 4. A small amount of the
air in the air chamber 4 flows through the aperture 8b into
the conduit end 8, but the ingested air does not prevent
smooth supply of the fuel gas but has so-dalled venturi
effect. Namely, the fuel gas is smoothly fed into the

mixing chamber 3 by the supply préssure of the fuel gas and

the venturi effect of the ingested air.

The pulse combustion is generally affected by the Supply-
pressure of fuel gas under the reverse préssure conditions,
and becomes unstable at the lower supply pressure. The
aperture 8b, however, efficiently eliminates the adverse
effects of the variation in supply pressure and realizes
stable pulse combustion at any supply pressure.

The conduit end 8 may also include a check valve unit 40
as shown in Fig. 5. |

The check valve unit 40 includes: a base plate 42
attached to the inner wall of the conduit end 8; a number
of radially extending slits 4l.disposed on the base plate
42; a back-up ring plate 44 fixed to a support shaft 43
uprightly mounted on the center of the base plate 42; and a
thin ring valve plate 45 movable along the axis between the
basé plate 42 and the back-up plate 44.

When the air/fuel mixture is ignited and combusted, the
reverse pressure presses the valve plate 45 against the
base plate 42 and closes the slits 41, thus preventing the
exhausted gas from flowing back through the second opening

6 into the gas supply conduit 7. When the supply pressure

of fuel gas becomes greater than the revetse pressure, the

valve plate 45 moves towards the back-up plate 44 to open
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) .fuel gas and air supplied fromthe second opening do not directly flowin
"the frane trap, but collide with the side wall- of- the m xi ng chanber to be
sufficiently mxed in the chanber. The air/fuel -mixture supplied to the

conbustion chanber is then ignited and conbusted, for example, with spark
of an igni t%h Shike 4ot smitgtatprté@smlcmgs Fedyhrsigh thee |argely

exhaust ed through the tail es while bein
{hjeé%ion openiné)éz Since the§%1x1ng chamber 3 is

separated from the air chamber 4, the mixing chamber 3 can
hold relétively large negative pressure. _This structure
realizes stable pulse combustion at any supply pressure.

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

. chamber, thus allowing stable pulse combustion. The
pressure of the back~-flown exhausted gas (combustion
byproducts) is lowered through the frame trap. The mixing
chamber and the air chamber-greatly'reduce thé reverse
pressure so as to eliminate the adverse effects of the
reverse pressure 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.

The collision plate disposed in the mixing chamber
further ehhances the mixing process. The aperture or check
valve unit in the gas supply conduit realizes stable pulse
combustion at any supply pressure.

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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~partly flown back to the m xi ng chanber via the frane trap The back-f| own
exhaust ed gas (conbustion byproducts) is cool le mmjcmlﬂ'mmnmm{m trap, and
this tenperature drop further causes contracti owers the
pressure OfWHAR mmmgm: Direct back flow of corbubti%n *byproducts

into the second opening is efficiently prevented since the second opening
is formed ecceht rA RU1se ganbuskor ifiant eantiniipus |gembis Wemtofe, the

air/fuel mixture, comprising: .

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

6ne or plural tail pipes 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 a first opening provided with a
frame trap, for mixing air and fuel gas and supplying the
éir/fuel mixture to said combustion chamber:;

an air chamber being coupled with and connected to said
mixing chamber via a second opéning formed on a face
opposite to said first opening, for sgpplying aii to said
mixing chamber; . o

a.fan for feeding air into said air chamber; and

a gas supply conduit for supplying fuel gas to said
mixing chamber, said gas'éupply conduit going through said
air chamber and having one end projecting to connecﬁ with
said mixing chamber via said second opening; |

wherein said second opening is formed eccentriéally with
respect to said first opening.

2. A pulse combustor in accordance with claim 1, wherein
the one end of said gas supply conduit is formed in L shape
or T shape. | o

. 3. A pulse combusfor in accordance with claim 2 Whérein
the one end of said gas supply conduit comprises: an

injection opening for injecting fuel gas to said mixing
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reverse pressure is sufficiently reduced by the ﬁmmmwmlﬂm he m xi ng
chanber. The fan used here for supplying air to | Ber. t hus
does not need high pressure or |arge capacity. Fuftherroré, the flow of
conmbust i on ¢lyambeinctand hamuaper terd rkareing ap smakler tdiarspensthan pressure

in the conbustion chanber. These features of the invention allow noise and
vibration reaidtinyectien Reeningwsabhiaper vir ke bumcterned PP LR th

to said injection opening.

4. A pulse combustor in accordance with claim 1, wherein
said mixing chamber further comprises a first chamber
portion of a relativeiy large diameter and a second chamber
portion of a relatively small diameter, which are
concentrically disposed and connected to each other via a
ring wall, air and fuel gas colliding against said ring
wall to be spirally stirred and mixed.

5. A pulse combustor in accordance with claim 1, wherein
said mixing chamber comprises a ring collision plate
disposed between said first opeﬁing and said second
opening, fuel gas and air colliding against said ring
collision plate to be spirally stirred and mixed.

6. A pulse combustor in accordance with claim 1 wherein
the one end of said gas supply conduit further comprises a
check valve for preventing back flow of combustion
byproducts into said gas supply conduit;

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

- a combustion Chamber.receivihg mixture of air and fuel
gas for pulsative combustion; '

two tail pipes connecting to said combustion chamber for
exhausting combustiqn byproducts from said combustion
chamhgr;

a mixing'chamber being coubled_with and connected to
said combustion chamber via a first;opening provided with a

frame trap, for mixing air and fuel gas and supplying the

—————
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.fhe air/fuel mxture spirally flowing in the mxing chanber. and fed |nto :
Al he conbustion chanber again for continuous |gn|t|on and c u‘uﬂﬂunnu"nﬂr""" :
frame trap rectifies the air/fuel mxture to control the |

t he: conbustaion/ fadelrimeix tureistaldanid roprsdusd ieorp dhember ;

an air chamber being coupled with and connected to said
mixing chamber via a second opening and a third opening for
supplying air to said mixing chamber, said second openiﬁg
and said third opening being formed opposite to said first
opening; |

a fan for feeding air into said air chamber; and

a gas supply conduit fbr supplying fuel gas to said
mixing chamber, said gas supply conduit going through said
air chamber and haéing a first end connecting with said
mixing chamber via said second opening, and a second end
connecting with said mixing chamber via said third opening.

8. A pulse combustor in accordance with claim 7 wherein
said second'opening énd said third opening are formed
-eccentrically with respect to said first opening.

9. A pulse combustor in accordance with claim 8 wherein
at least either the first end or the sécond end of said gas’
supply conduit comprises: an injection opening for
injecting fuel gas to said mixing chamber; and an aperture
having a smaller diametef than said injection openihg, said
aperture being formed opposite to said injection opening.

10. A pulse .combustor in accordance with claim 8_wherein
at least either the first end or the second end of said gas
supply conduit further comprises a check valve for
preventing back flow of combustion byproducts into said gas

supply conduit.

—

———
\‘
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‘conbustion. In the above pul se conmbust or, the m xi ng chanber may further
Jgnclude a first chanber portion of a relatively large dianeter and a second
chanber portion of a relatively small dianmeter, which are concentrically
di sposed arkBSERACGE tOF] THE IECIMSURE via a ring wall. The air and fuel gas
supplied to the m xing chanber collide with the ring wall and spirally flow
in the nmixi ng Bemresens pvention provides a simply constructed,
improved pulse combustor realizing stable pulse combustion
with less noise and vibration. The pulse combustor
includes: a combustion chamber; a mixing chamber coupled
with the intake side of the combustion chamber via a first
opening provided with a frame trap; and an air chamber
connecting to the mixing chamber via second opening.l The
second gpening is eccentric with respect to the first
opening. The fuel gas and air are simultaneously supplied
through the second opening to the mixing chamber,
suffiéiently mixed in the mixing chamber, and fed into the
lcombustion chamber. The exhausted gas 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 pressure is
efficiently reduced by the mixing chamber and the air

chamber.
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sufficiently mxed. Alternatively, the m xing chanber may include a ring
collision plate disposed between the first opening and the second openi ng.

- In this structure, the fuel gas and air also collide against the ring
collision plate and spirally flowin the mxing chanber to be sufficiently
m xed. In the m xing chanber thus constructed, the fuel gas and air collide

agai-nst the ring wall or plate and are nore

Fig1
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sufficiently mxed wth each other. The projecting end of the gas supply
conduit may include: an injection opening for injecting fuel gas to the
m Xi ng chanbeps« and_an aperture having a snaller dianmeter than the

i njection op \ﬂs? re the aperture is formed opposite to the injection
openi ng. Even n “Combustion byproducts are fl.own in the gas supply
conduit, they are discharged to the air chanber via

—
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the aperture. Since the aperture has the snaller dianeter than the

I njection opening, the aperture efficiently prevents the fuel gas from
flow ng through the aperture into the air chanber. A snmall anmount of the
air .in the air chanber flows through the aperture into the conduit end,

Fig.3
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“.-6- but the ingested air does not prevent snooth supply of the fuel gas but
‘has so-called venturi effect. Nanely, the fuel gas is smoothly fed into the
m xi ng chanmber by the supply pressure of the fuel gas and the venturi

effect of the ingested air. The pul se conbustion is generally affected by
“the supply pressure of fuel gas under the reverse pressure conditions.

Fig.4
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~ The aperture, however, efficiently elimnates the adverse effects of the
variation in supply pressure and all ows stable pul se conbustion at any -
supply pressure. The projecting end of the gas supply conduit nmay further
i nclrude a check valve for preventing back flow of conbustion byproducts
into the gas supply conduit. The check valve is closed to prevent the back
flow duri nganl ti.on and conbustion in the conbustion chanber,
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and i s opened to supply fuel gas when the reverse pressure becones | ower

than the supply pressure of the fuel gas. The check val ve allows stable

pul se conbustion at any supply pressure. In another aspect of the

“invention, the air chanber is coupled with and connected to the m xing
chanmber via a second opening and a third opening, which are forned opposite

to the first _opening. In this case, the gas L

Fig.6 PRIOR ART
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The present invention relates to a pulse combustor
for continucusly combusting mixture of air and fuei gas
supplied to a combustion chamber thereof.

An exémple of a conventional pulse combustor for
pulsative ignition and continuous combustion of air/fuel
mixture is disclosed in US-A-4 §91 Q03. The prior art
pulse combustor, as shown in Fig. 8, includes: a nozzle
plate NP with plural gas nozzles GN and air nozzles AN;
and a resistant plate RP disposed opposits to the nozzie
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 con-
duit GP. the plural gas nozzles GN into the combustion
chamber A while air is supplied through the plural air noz-
zles AN into the combustion chamber Rby a fan F The
rich fuel gas and the air are mixed in between the resist-
ant plate AP and the nozzie plate NP and ignited and
combusted with spark of an ignition piug SP in the com-
bustion chamber R. Large portion of hot combustion by-
products are exhausted through a tail pipe TP. Although
the high explosion pressure in the combustion chamber
R tends to cause a back flow of the combustion bypred-
ucts to the supply source, the resistant plate RP in the
combustion chamber R prevents this undesirable baCthEP
flow. Exhaustion of the combustion byproducts makes LACEMENT SHEET
the pressure in the combustion chamber R negative, s 04 ocT
that the rich fuel gas and air are again fed into the com w97
bustion chamber R and spontaneously ignited and com '
busted by the residual hot exhausted gas in the combus®
tion chamber R. Ignition and combustion are pericdically
repeated in the above manner to heat an object like ail -
in anoil tank.

In the system of the prior art pulse combustor, how-
ever, 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 as

This Sheet Has Been Repl
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-7- preferred enbodi nent with the acconpanyi ng draw ngs. -
cross sectional view schematically illustrating a pulse co .
the invention; Fig. 2.is a cross sectional view schematicalfly I ITUstTati ng

a pul se conbustor form ng anot her enbodi nent of 04 OCT 1997_

“2- | L
the resistant plate RP are required to sfficiently pravent
the back flow of combustion byproducts. More concrete- )
ly, the pulse combustor requires a high-pressure fan F
Or a compressor for supplying the high-oressure air and
a complicated gas supply unit for sugolying the
high-pressure fuel gas. These structures unfavorably in-
crease the noise and vibration.

Furthermore, in the prior art system, the iuel 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, continucus combustion with less noise and vibration.

US-A-3,267,985 discloses a pulse combuster ac-
cording to the preamble of claim 1. The present invention
is characterised by the features of the characterising por-.
tion of claim 1.

In the above pulse combustor, the second opening
is iormed eccentrically with respect to the first opening.

in the pulse combustor of the invention thus con-
structed, the fuel gas and air are supplied to the mixing
chamber via the second opening formed in the air cham-
ber and sufficiently mixed therein. The air/fuel mixture is
then fed into the combustion chamber via the flame trap
fitted into the first opening. Since the second opening is
eccentric with respect to the first opening, the fuel gas
and air supplied from the second opening do not directly
flow in the flame trap, but collide with the side wall of the
mixing chamber to be sufficiently mixed in the chamber.

- The air/fuel mixture supplied to the combustion
chamber is then ignited and combusted, for example,
with spark of an ignition plug. Hot, high-pressure com-
bustion byproducts are largely exhausted through the tail
pipes while being partly flown back to the mixing cham-
ber via the flame trap. 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

R gas. Direct back flow of combustion byproducts into the
This Sheet Has Been Replaced second opening is efficiently prevented since the second




the invention; Fig. 3 is a cross sectional view schematically illustrating

a pul'se conbustor formng still another enbodi ment of the invention; Figs.
4(A) through 4(C) are cross sectional views show ng structures of the
conduit end; Fig. 5is a cross sectional view schematically illustrating a

check valve unit disposed in the conduit

opening is formed eccentrically with the first opening. In

the meantime, the reverse pressure is sufficiently re-

duced by the air chamber and the mixing chamber. The
fan used here for supplying air to the mixing chamber

thus does not need high pressure or iarge capacity. Fur-

thermore, the flow of combustion byproducts through the
flame trap lowers the explosion pressure in the combus-

tion chamber. These features of the invention allow noise

and vibration reduction.

The back-flown combustion byproducts are diluted
with the air/fuel mixture spirally flowing in the mixing
chamber, and fed into the combustion chamber again for
continuous ignition and combustion. The flame trap rec-
tifies the air/fuel mixture to control the ignition point in the
combustion chamber, thus allowing stable pulse com-
bustion. ,

In the above pulse combustor, the mixing chamber
may further include a first chamber portion of a relatively
large diameter and a second chamber portion of a rela-
tively small diameter, which are concentrically disposed
and connected to each other via a ring wall. The air and
fuel gas supplied to the mixing chamber collide with the
ring wall and spirally flow in the mlxmg chamber to be
sufficiently mixed.

Alternatively, the mixing chamber may include a ring
collision plate disposed between the first opening and
the second opening. In this structure, the fuel gas and
air also collide against the ring collision plate and spirally
flow in the mixing chamber to be sufficiently mixed.

In the mixing chamber thus constructed, the fuel gas
and air collide against the ring wall or plate and are more
sufficiently mixed with each other.

The projecting end of the gas supply conduit may
include: an injection opening for injecting fuel gas to the
mixing chamber; and an aperture having a smaller diam-
eter than the injection opening. Here the aperture is

———
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‘end; Fig. 6 is a cross sectional view schematically illustrating a
conventional pulse conbustor. Fig. 1 is a cross sectional view
schematically illustrating a pul se conmbustor as an enbodi ment of the

i nvention. - The pul se conbustor includes: a conbustion chanber 1; two tail

pi pes 2 formed as conduits of hot exhag,fs_t ed gas; a m xi ng chanber 3 coupl ed
with the intake )

formed opposite to the injection opening.

Even when combustion byproducts are flown in ihe
gas supply conduit, they are discharged tc the air cham-
ber via the aperture. Since the aperture has the smaller
diameter than the injection opening, the aperiure aifi-
ciently prevents the fuel gas frcm flowing througn the ap-
erture into the air chamber. A small amount of the air in
the air chamber flows through the aperture into the con-
duit end, but the ingested air does not prevent smcoth
supply of the fuel gas but has so-called veniuri effect.
Namely, the fuel gas is smoothly fed into the mixing
chamber by the supply pressure of the fuel gas and the
venturi effect of the ingested air.

The pulse combustion is generally affected by the
supply pressure of fuel gas under the reverse pressure
conditions. The aperture, however, efficiently eliminates
the adverse effects of the variation in supply cressure
and allows stable pulse combustion at any supoly pres-
sure.

The projecting end of the gas supply conduit may
further include a check valve for preventing back flow of
combustion byproducts into the gas supply conduit.

The check valve is closed to prevent the back flow
during ignition and combustion in the combusticn cham-
ber, and is opened to supply fuel gas when the reverse

- pressure becomes lower than the supply pressure of the
fuel gas. The check valve allows stable pulse combus-
tion at any supply pressure.

In another embaodiment of the invention, the air
chamber is coupled with and connected to the mixing
chamber via a second opening and a third opening,
which are formed opposite to the first opening. In this
case, the gas supply conduit has a first end connecting
with the mixing chamber via the second opening, and a
second end connecting with the mixing chamber via the
third opening. '

Fig. 1 is a cross sectional view schematically illus-
trating a pulse combustor embodying the invention;

REPLACEMENT SHEET R
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side of the conbustion chamber

1; an air chanber 4 coupled with the intake

si de of the m xi ng chamber 3; and a fan (nmultiblade fan in the enbodi nent)
5 for supplying air to the air chanber 4. The cylindrical air chanber 4 has

a second opening 6 on

-5-
Fig. 2 is a cross sectional view schematically illus-

trating a pulse combustor forming another embaodi-
ment of the invention;

Fig. 3 is a cross sectional view schematically iflus-
trating a pulse combustor forming still another
embodiment of the invention;

Figs. 4(A) through 4(C) are cross sectional views
showing structures of the conduit end;

Fig. 5 is a cross sectional view schematically illus-

trating a check valve unit disposed in the conduit
end; '

Fig. 6 is a cross sectional view schematically illus-
trating 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 combustion
chamber 1; two tail pipes 2 formed as conduits of hot
exhausted gas; a mixing chamber 3 coupled with the in-
take side of the combustion chamber 1, an air chamber
4 coupled with the intake side of the mixing chamber 3;
and a fan (multiblade fan in the embodiment) 5 for sup-
plying air to the air chamber 4. _

The cylindrical air chamber 4 has a second opening
6 on the upper right portion thereof, which connects to
the mixing chamber 3. A gas supply conduit 7 for sup-
plying fuel gas goes through the air chamber 4 and has
one end 8 projecting to connect with the second opening
6. g

The mixing chamber 3 adjacent to the air chamber
4 includes a cylindrical first chamber portion 3a of a rel-
atively larger diameter and a cylindrical second chamber
portion 3b of a relatively smaller diameter, which arecon-

centrically arranged and connected to each other via a
ring wall 9.

'REPLACEMENT SHEET een\ﬁaced
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t he upper

gas supply conduit 7 for supplying . fuel gas, goes through th
4 and has one end 8 projecting to connect with the second ope
m xi ng chanber 3 adjacent to the air chanber 4 includes a cylijn

right portion thereof,

chanber portion 3a of a relatively Iar(?er di aneter and a cyli

chanber portion 3b of_a relatively

| er a ter, which ar
The second chamber portlon of the mixing cham-

ber 3 has a first opening 10 on the center thereof, which
connects to the combustion chamber 1. The first opening
10 and the second opening 6 are thus not aligned verti-
cally. A flame trap 11 (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
first opening 10.

The two tail pipes 2 are attached to the opposite
walls of the cylindrical combustion chamber 1 to form a
path through the combustion chamber 1. An ignition piug
12 is also fixed to the combustion chamber 1 for igniting
mixture of air and fuel gas to start combustion.

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

Fuel gas having a fixed pressure regulated with a
gas governor is supplied through the gas supply conduit
7 and the second opening 6 to the mixing chamber 3,
while air fed into the air chamber 4 with the fan 5 is also
supplied through the second opening 6 to the mixing
chambper 3.

The fuel gas and the air simultaneously supplied to

the mixing chamber 3 collide with the ring wall 8 of the

mixing chamber 3 and spirally flow in the first chamber
portion 3a to be sufficiently mixed as shown by the arrow

- of solid tine in Fig. 1. The air/fuel mixture is fed into the
.combustion chamber 1 through the flame trap .11 fitted

into the first opening 10 and ignited and combusted by
spark of the ignition plug 12 in the combustion chamber
1. Hot, high-pressure combustion byproducts are largely
exhausted through the tail pipes 2 by the explosion pres-
sure, while being partly flown back to the mixingchamber
3 through the flame trap 11.

Since an explosive combustion makes the pressure
in the combustion chamber 1 negative, the air/fuel mix-
ture is again fed from the mixing chamber 3 to the com-
bustion chamber 1. The air/fuel mixture is spontaneously
ignited and combusted by the residual hot combustion
byproducts in the combustion chamber 1. In the above
manner, the air/fuel mixture is continuously supplied,
combusted, and exhausted in the pulse combustor of the

whi ch connects to the m xi ng chanber 3. A

|

Ao =
ciri cal first
ri celd pEToRg7

v

embodiment.
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concentrically arranged and connected to each other via a |iRRPLAGEMENT SHEET
second chanber portion 3b of the m xing chanber 3 has a fifst

opermT g L0 O‘n
the center thereof, which connects to the combustion chanbeér| 1. %’ fl\égg’t
i .4 GF

opening 10 and the second opening 6 are thus not aligned vér !
frame trap 11 (in the enbodi nent, the_f7r_arre trap used has 600..cell.s-

/ square inch; dianeter of 43 mllinmeter; '

The hot, high-pressure exhausted gas (comoustion ="~ B
byproducts) flown back to the mixing chamber 3 is cooled
through the flame trap 11. The temperature drop further.

- causes contraction in volume and lowers the prassurs 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 11 to approximately 200 °C in the mixing
chamber 3. According to the Charles' law (V/T = con-
stant; 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 cham:
ber 3. The mixing chamber 3 and the air chamber 4 func-

tion to reduce the reverse pressure due to the back flow

~ of the exhausted gas. Eccentricity of the first opening 10
and the second opening 6 also eliminates the adverse
effects of the reverse pressure on a supply source. The
back flow of the combustion byproducts through the first
opening 10 sufficiently lowers the explosion pressure in
the combustion chamber 1.

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 §
and the amount of fuel gas.

The back-flown combustion bypreducts are diluted
with the air/fuel mixture spirally flowing in the mixing
chamber 3 and fed to the combustion chamber 1. That
is, the back flow of exhausted as does not hinder the
smooth combustion. The flame trap 11 between the com-
bustion chamber 1 and the mixing chamber 3 rectifies
the air/fuel mixture to control the ignition point in the com-
bustion chamber-1, thus allowing stable pulse combus-
tion.

Although both the fuel gas and air are supplied
through one opening, that is, the second opening 8, 1o

the mixing chamber 3 in the pulse combustor of the in-
This Sheet Has Been RTlaced . vention, the air chamber 4 may include two openings so




tail
conbusti on chanber

1 to forma path through the combustion ch

ignition plug 12 is also fixed to the conbustion chanber 1 for

m xture of air and fuel gas to start cpmbustion. The pul se co

t he enbodlnent t hus constructed

as to enhance the mixing process in the mixing chamber * -

3as shownin Fig. 2. In the latter case, a second opening
6 and a third opening 20 of an identical shape are sym-
metrically formed in the air chamber 4, and a second end
21 diverged from the gas supply conduit 7 is disposed
on the center axis of the third opening 20.

A cylindrical mixing chamber 30 with a ring collision

“plate 31 shown in Fig. 3 may be used in place of the mix-

ing chamber 3 including the first chamber portion 3a and
the second chamber portion 3b via the ring wall $ shown
in Fig. 1.

Other possible structures of the conduit end 8 are
given below.

Figs. 4(A) through 4(C) are crcss sectional views
schematically illustrating structures of the conduit end 8;
the conduit end 8 has T shape in Figs. 4(A) and 4(C) and
L shape in Fig. 4(B). In these examples, the conduit end
8 includes: an injection opening 8a for injecting the fuel
gas. and an aperture 8b having a smaller diameter than
the injection opening 3a. The aperture 8b farmed oppo-
site to the injection cpening 8a has the following effects.

The combustion byproducts flown back through the

~ mixing chamber 3, the second opening § into the injec-

tion opening 8a can efficiently be discharged to the air
chamber 4 via the aperture Sb. Since the aperture 8b has
the smaller diameter than the injection opening 8a, the
aperture 8b efficiently prevents the fuel gas from flowing
through the aperture 8b into the air chamber 4. A small
amount of the air in the air chamber 4 flows through the
aperture 8b into the conduit end 8, but the ingested air
does not prevent smcoth supply of the fuel gas but has
so-called venturi effect. Namely, the fuel gas is smoothly
fed into the mixing chamber 3 by the supply pressure of
the fuel gas and the venturi effect of the ingested air.
The pulse combustion is generally affected by the
supply pressure of fuel gas under the reverse pressure

" conditions, and becomes unstable at the lower supply

pressure. The aperture 8b, however, efficiently elimi-
nates the adverse effects of the variation in supply pres-
sure and realizes stable pulse combustion at any supply
pressure.

eet Has Been Replaced ‘;
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I.s operated in the follow ng manner. Fuel gas having a fixed pressure

regulated with a gas governor is supplied through the gas su
and the second opening 6 to the m xing chanber 3, while air f
air chanber 4 with the fan 5 is also supplied '

-9-

The conduit end § may also include & check valve
unit 40 as shown in Fig. 5.

v conduit 7

e REPHACEMENT <

04 0CT 1997

The check valve unit 40 includes: a base plate 42
attached to the inner wall of the conduit end 8: a number
of radially extending slits 41 disposed on the base plate
42, a back-up ring plate 44 fixed to a support shaft 43
uprightly mounted on the center of the base plate 42; and
athin ring valve plate 45 movable along the axis between
the base plate 42 and the back-up plate 44.

When the air/fuel mixture is ignited and combusted,
the reverse gressure presses the valve plate 45 against
the base plate 42 and clcses the slits 41, thus preventing
the exhausted gas from flowing back through the second
opening 6 into the gas supply conduit 7. When the supply
pressure of fuel gas becomes greater than the reverse
pressure, the valve plate 45 moves towards the back-up
plate 44 to open the slits 41, so that the fuel gas is fed
through the injection opening 8a. Since the mixing cham-
ber 3 is separated from the air chamber 4, the mixing
chamber 3 can hold relatively large negative pressure.
This structure realizes stable pulse combustion at any
supply pressure.

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 the back-flown exhausted gas
(combustion byprcducts) is lowered through the frame

trap. The mixing chamber and the air chamber greatly
reduce the reverse pressure so as to eliminate the ad-

verse effects of the reverse pressure on gas and air sup-
ply sources. The structure of the invention does not re-

~ quire any high-pressure supply unit but efficiently reduc-
ss the undesirable noise and vibration.

The collision plate disposed in the mixing chamber
further enhances the mixing process. The aperture or
check valve unit in the gas supply conduit realizes stable
pulse combustion at any supply pressure.

Sheet Has Been Replaced

Hll!ll! i




REPLACEMENT SHEET t hrough the second opening 6 to the m xing chamber . The
fuel *gas -and the air sinultaneously supplied to the m xing chanmber 3

collide with the ring wall

the first chanber portion 3a to be sufficiently m xed as:sho
of solid line in Fig. 1. The air/fuel 1c{n'_xture is fed HIIM”“I“
chanber 1 through the franme trap 11 fitted into il

Claims

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

- a combustion chamber (1) receiving mixture of

air and fuel gas for pulsative combustion;
one or plural tail pipes (2) connecting to said

. combustion chamber for exhausting combus-

tion byproducts from said combustion chamber
(1);

a mixing chamber (3) being coupled with and
connected to said combustion chamber (1) via
a first opening (10) provided with a flame trap

(11), for mixing air and fuel gas and supplying
the air/fuel mixture to said combustion chamber;
an air chamber (4) being coupled with and con-
nected to said mixing chamber (3) via a second
opening (6) formed on a face opposite to said
first opening, for supplying air to said mixing
chamber (3);

a fan (8) for feeding air into said air chamber

(4); and

- a gas supply conduit (7) for supplying fuel gas

to said mixing chamber (3), characterised by
said gas supply conduit (7) going through said
air chamber (4) and having one end projecting
to connect with said mixing chamber (3) via said
second opening (6); and by

said second opening (6) being formed eccentri-
cally with respect to said first opening (10).

2. A pulse combustor in accordance with claim 1,
wherein the one end of said gas supply conduit (7)
is formed in L. shape or T shape. '

3. A pulse combustor in -accordance with claim 2

wherein the one end of said gas supply conduit (7)
_____comprises: an injection opening (8a) for injectin
laced . fUel gas tosaid mixing chamber (3) ; and an apertur
\i" ~.(8b) having a smaller diameter than said injectio
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tthe first opening 10 and ignited and conbusted by spark of the ignition—
pl ug 12 in the conmbustion chanber 1. Hot, hi gh- pressure combustion

byproducts are largely exhausted through the tail pi pes mﬂn M“m‘ Eﬂlbn
pressure, while being partly flown back to the m xing c he -
frame trap 11. Since an expl osive COI’TbL{StIOI’l makes the presduré ifh :
conbustion chanber 1 negative, the air/fuel mixture is

opening (8a), said aperture (Eb) being formed oppo-
site to said injection opening (8a).

4. A pulse combustor in accordance with claim 1,
wherein said mixing chamber (3) further comprises
a first chamber portion (3a) and a second chamber
(3b) portion having a smaller diameter than the first
chamber portion, which are (3a) concentrically dis-
posed and cennected to each other via a ring wall
(9), air and fuel gas colliding against said ring wall
(9) to be spirally stirred and mixed.

5. A pulse combustor in accordance with. claim 1,
wherein said mixing chamber (30) comprises a ring
collision plate (31) dispcsed between said first open-
ing and said second opening, fuel gas and air collid-
ing against said ring collision plate (31) to be spirally
stirred and mixed.

6. A pulse combustor in accordance with claim 1
wherein the one end of said gas supply conduit (7)
further comprises a check valve (40) for preventing
back flow of combustion byproducts into said gas
supply conduit (7).

7. A pulse combustor for continuous combustion of
air/fuel mixture, according to claim 1 in which the air
. chamber (4) is also coupled with and connected to
REPLACEMENT SHEET said mixing chamber (3) via a third opening (20) for

| ! supplying air to said mixing chamber (3), said third
04 OCT 1997 © °  gpening (20) also being formed apposite to said first
— opening (10);

and said gas supply conduit (7) having a second
end {21) connecting with said mixing chamber
- (3) via said third opening (20).

8. A pulse combustor in accordance with claim 7
| — wherein said second opening (b) and said third
— openmg (20) are formed eccentrically WIth respect

-



again fed fromthe m xing chanber 3 to the conbu
air/fuel mxture is spontaneously ignited and co

combustion byproducts in the conbustion chamber

air/fuel mxture is continuously supplied, conbuét gg‘ m\mﬁmmunle:] thge

pul se conmbustor of the enbodi ment. The, hot hi gh-rp

by the residual hot

__The

sur etexhaust ed gas

(conmbustion byproducts) flown back to the m xi ng chanmber 3 is cool ed

9.

10.

A pulse combustor in accordance with claim 8
wherein at least either the first end or the second
end (21) of said gas supply conduit (7) comprises:
an injection opening (8a) for injecting fuel gas to said
mixing chamber (3); and an aperture (€b) having a
smaller diameter than said injection opening (8a),
said aperture (8b) being formed opposite to said
injection opening (8a).

A pulse combustor in accordance- with claim 8
wherein at least either the first end or the second
end (21) of said gas supply conduit (7) further com-
prises a check valve (4Q) for preventing back flow of
combustion byproducts into said gas supply conduit

(7).
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through the franme trap 11. The tenperature drop further causes contraction
I n volume and | owers the pressure of the exhausted gas. In the enbodi nent,
the tenperature of the exhausted gas was approximately 1,[err] in the
conmbustion chanber 1 and then | owered through the franme trap 11 to
approximately 200 C in the m xing chanmber 3. According to

Fig.1
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and T denotes tenperature),

‘law (V/ T - constant;
both the volune and pressure of the exhausted

V denot es vol une,

gas ate reduced to approximately one third in the mxing chanber 3. The
m xi ng chanber 3 and the air chanber 4 function to reduce the reverse

pressure due to the back

.
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f{ow of the exhausted gas. Eccentricity of the first opening 10 and the
second opening 6 also elimnates the adverse effects of the reverse
pressure on a supply source. The back flow of the conbustion byproducts
through the first opening 10 sufficiently |owers the explosion pressure in
t he conbustion chanber 1. The pul se conbustor of the enbodi nent does not
requi re any high-pressure fan nor the b%gh supply pressure of fuel

Fig.3
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gas. This structure and sufficient reduction of the explosion pressure in
t he conbustion chanber 1 efficiently reduce the undesirable noise and
vibration. In the conbustor of the enbodi ment, the turn-down ratio can be
rai sed by regulating the air capacity of the fan 5 and the anount of fuel
gas. The back-flown conbustion byproducts are diluted with the air/fuel

m xture spirally flowng in the m xing pﬁgnber

Fig.4
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3 and.fed to the conbustion chanber 1. That is, the back flow of exhausted
gas does not hinder the snooth conbustion. The frane trap 11 between the
conmbusti on chanber 1 and the m xing chanber 3 rectifies the air/fuel

m xture to control the ignition point in the conbustion chanber 1, thus
all owi ng stabl e pul se conbustion. Although both the fuel gas and air are
supplied through one opening, that is, 5he second opening 6, to the m xing

Fig.5
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11 chanber 3 in the pul se conbustor of the enbodinent, the air chanber 4
* may include two openings so as to enhance the m xing process in the m xing
chanber 3 as shown in Fig. 2. In the latter case, a second opening 6 and a

third opening

Fig.6 PRIOR ART
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20 of an identical shape are symetrically forned in the air chanber 4, and
‘& second end 21 diverged fromthe gas supply conduit®7 is disposed on the
icenter axis of the third opening 20. A cylindrical ni_in chanber 30 with a
ring collision plate 31 shown in Fig. 3 may be used i ~%he.nLX|ng
chanber 3 including the first chanber portion 3a and chaﬁbeq
portion 3b via the ring wall 9 shown-i & Fi g. —

PULSE COMBUSTOR

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 combustor, as shown
in Fig. 6, includes: a nozéle 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 ﬁhe 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. La:éé portidn of hot éombustion
byproducts are exhausted through a tail pipe TP. Although
the high explosion pfe;gpre in the combgstion chamber R
tends to cause aiback'fi;wléf the combustion byproducts to
the supply source, the resistant plate RP in the combustion

chamber R prevents this undesirable back flow. Exhaustion



1, Other possible structures of the conduit end 8 are given teRBB&AQEM&ﬂT SHEET
4(A) through 4(C) are cross sectional views schematically illjuftTating
ol .

structures of the conduit end 8; the conduit end 8 has T shay

| |
4(A) and 4(C) and L shape in Fig. 4(B). Lnzthese exanples, tHe cgbrlgu%Rezrqgn

8 i ncl udes:

an injection opening 8a for injecting the fuel

of the combustion byproducts makes the pressure im—the———--:
combustion chamber R negative, so that the rich fuel gas _

and air ?re again fed into the combustion chambex R and
spontaneously ignited and combusted by the residual hot -
exhausted gas in the combustion chamber R. 1Ignition and
combustion are periodically repeated in the above manner to
heat an object like o0il in an oil tank.

In the system of the priér art pulsé 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 as the resistant plate
RP are required to efficiently preVent the back flow of
combustion byproducts. More.concretely, thé pulse
combustor requires a high-pressure fan F or a compressor
for supplying the high-pressure air and a complicated gas
suﬁply unit for supplying the high-pressure fuel gas.

These structures unfévorably increase the noise and
vibration.

Furthermore, in the prior art system, the fuel gas and
air are mixed in the narrow space S between the resistant
plate RP and the nézzle plate NP, and this causes non-

uniform mixing and thereby unstable combustion.

The object of the invention is to pro&ide a simply
constructed, improved pulse combustor which realizes
stable, continuous combustion with less noise and

vibration.

The present invention is directed to a pulse combustor




gas; and an aperture 8b having a smaller diameter than the } -
.opening 8a. The aperture 8b formed opposite to the injectio peni ng 8a has
the following effects. The conbustion byproducts flown backit hr ggHiAREID
m xi ng chamber 3, the second openlng 6 i-n3o-the injection ogening 8a can

the aperture 8b has the smaller dianeter than the injection opening. 83, —tde

aperture 8b for continuous ignition and combustion of air/fue€ mixture.

The pulse combustor includes:

a_combustion chamber receiving mixture of gir and fuel
gas for pulsative combustion;

‘'one or plural tail pipes connecting to the cqmbustion
chamber for exhausting combustion byproducts from the
combustion chamber;

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

an air chamber being coupled with and connected to the
mixing_chamber via a second opening formed on a face
opposite to the first opening, for supplying air to the
mixing chamber;

a fan for feeding air into.the air chamber; and

a gas supply conduit for supplying fuel gas to the
mixing chamber, the gés supply conduit going through the
air chamber and having one end projecting to connect with
the mixing chamber via the second opening.

In the above pulse combustor, the second opening is
formed .eccentrically with respect to the first opening.

In the pulse combustor of the invention thus
constructed, the fuel gas and air are supplied to the
mixing chamber via the second opening formed in the air
chamber and sufficiently mixed thereih. The air/fuel
mixture is then fed into the combustion chamber via the
frame trap fitted into the first opening. Siﬁce the second

opening is eccentric with respect to the firsé opening, the



'éfficiently prevents the fuel gas fromflow ng through tH
SHEET - 12 - aperture 8b into the air chanber 4. A smal
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in the air chanber 4 flows through the aperture 8b into 08 MAR ﬂmﬂ

fuel gas and air supplied from the second opening do not
directly flow in the frame trap, but collide with the side
wall 9f the mixing chamber to be suffiéiently'mixed in the
chamber.

The air/fuel mixture supplied to the combustion chamber
is Ehen ignited and combusted, for example, with sbark of
an.ignition plug. Hot, high-pressure combustion byproducts
are largely exhausted through the tail pipes while being
partly flown back to the mixing chamber via the frame trap.
The back-flown exhausted gas (combustion byproducts) is
coocled through the frame trap, and this temperature drop

further causes contraction in volume and lowers the

pressure of the exhausted gas. Direct back flow of

combustion byproducts into the second opening is

efficiently prevented since the second opening is formed.
eccentrically with the first opening. -In the meaﬁtime, the
reverse ﬁressure is sufficiently reduced by the air chamber
and the mixing chamber. The fan used here for supplying
air to thé mixing chamber thus does not need high pressure
or large capacity. Furthermore, the flow of combustion
byproducts through the.framé 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 spirally flowing 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 cﬁntrol the ignition

point in the combustion chamber, thus allowing stable pulse



the conduit end 8, but the ingested air does not prevent sHOQLiT
the fuel gas but has so-called venturi effect. Nanely, theT?gjﬁ_

b’"ﬁg"%ﬁ’%}i pojers

smoothly fed into the mixing chanber 3 by the supply pressiré of the fuel |
gas and the venturi effect of the ingestsed air. The pul se ¢olbypg iMAR 280
generally affected by the supply pressure of fuel gas unde he reverse
pressure conditions, and becones unstable at the | ower suppl ¥y e

combustion.

In the above pulse combustor, the mixing chamber may _
further include a first chamber portion of a #elatively
large diameter and a second chamber portion of a relatively
small diameter, which are concentrically disposed and
connected to each other via a ring wall. The air and fuel
gas supplied to the mixing chamber collide with the ring
wall and spirally flow in the mixing chamber to be
sufficiently mixed.

Alternativelf, the mixing chamber may include a ring
collision plate disposed between the first opening and the
second opening. In this structure, the fuel gas and air
also collide against the ring collision plate and spirally
floﬁ in the mixing chamber'to be sufficiently mixed.

In the mixing chamber thus constructed, the fuel gas and
air collide against the ring wall or plate and are more
sufficiently mixed with each other.

The projecting end of the gas supply conduit may
include: an injection opening for injecting fuel gas to the
mixing chamber; and an aperture having a smaller diameter
than the injection opening. Here the aperture is formed
opposite to the injection opening.

Even when combustion byproducts are flown in the gas
supply conduit, they are discharged to the air chamber via
the aperture. Since the aperture has thé smaller diameter
than the injection opening, the aperture efficiently
prevents the fuel gas from flowing through the aperture
into the air chamber. a éﬁall amount of the air in the air

chamber flows through the aperture into the conduit end,



aperture 8b, however, efficiently elimnates the adverse efﬁgpkACE
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variation in supply pressure and realizes stable pul se coqbustlon at an !
supply pressure. The conduit end 8 may al so include a chedk lvaD8cMARi 0’

as shown in Fig. 5. The check valve unit @0-includes: a bdsd plate 42
attached to the inner wall of the conduit end 8; a nunber{of radially
extending slits 41 di sposed on the base plate !

9

but the ingested air does not prevent smooth supply of the
fuel gas but has so-called venturi effect. Namely, the.
fuel gas is smoothly fed into the mixing chamber by the
supply pressure of the fuel gas and the venturi effect of
the ingested air.

The pulse combustion is generally affected by the supply
pressure of fuel gas under the reverse pressure conditions.
The aperture, however, efficiently eliminates the adverse
effects of the variation in supply pressure and allows
stable pulse combustion at any supply pressure.

The projecting end of the gas supply conduit may further
include a check valve for preventing back flow of .
combustion byproducts into the gas supply conduit.

The check valve is closed to prevent the back flow
during ignition and combustion in the combustion chamber,
and is opened to supply fuel gas when the reverse pressure
becomes lower than the supply pressure of the fuel gas.

The check Qalve allows stable pulse combustion at any
supply pressure.

In another aspect of the invention, the air chamber is
coupled with and connected to the mixing chamber via a
second opening and a third opening, which are formed
oppbsite to the first opening. 1In this case, the gas
supply conduit has a first end connecting with the mixing
chamber via the second opening, and a second end connecting
with the mixing chamber via the third opening.

These and other objects, features, aspects, and
advantages of thé present invention will become more

apparent from the following non-limiting description of the



42; a back-up ring plate 44 fixed to a support shaft 43 uprigh IREP AHW@W SHEET
on the center of the base plate 42; and a thin ring valve platg B§5 novabl e

al ong the axis between the base plate 42 and the back-up plate .OEhMARTﬂmg I

air/fuel mxture is ignited and conbust ed,7 t-he reverse pressurfe [presses the

val ve plate 45 against the base plate 42 and closes the slits |41, thus e

preventing the exhausted gas fromflow ng back through the se d.openi ng
preferred embodiment with the accompanying drawings. ——

s smnd

F%g. } is a cross sectional view schematically

illustrating a pulse combustor embodying the
- invention;

Fig. 2 is a cross sectional view schematically
illustrating a pulse combustor forming another embodiment of
the invention;

Fig; 3 is a cross sectional view schematically
illustrating a pulse combustor forming still another
embodiment of the invention;

Figs. 4(A) through 4(C) are cross sectional views
showing structures of the conduit end;

Fig. 5 is a cross sectional view schematically
illustrating a check valve unit.disposed in the conduit
end;

Fig. 6 is a cross sectional view schematically

illustrating a conventional pulse combustor.

Fig. 1 is a cross sectional view schematically
illustrating a pulse combustor as an embodiment of the
invention. The pulse combustor includes: a combustion
chamber 1l; two tail pipes 2 formed as conduits of hot
exﬁausted gas; a mixing chamber 3 coupled with the intake
side of the combustion chamber 1; an air chamber 4 coupled
with the intake side of the mixing chamber 3; and a fan
(multiblade fan in the embodiment) 5 for supplying air to

the air chamber 4.

The cylindrical air chamber 4 has a second opening 6 on
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6 into the gas supply conduit 7. Wien the supply pressure of fu E_gas -
becones greater than the reverse pressure, the valve plate 45 ves towg&?&l
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the upper right portion thereof, which connects to the
mixing chamber 3. A gas supply conduit 7 for supplying, ,
.fuel gas goes through the air chamber 4 and has one end 8
projecting to connect with the second opening 6.

The mixing chamber 3 adjacent to the air chamber 4
includes a cylindrical first chamber portion 3a of a
relatively larger diameter and a cylindrical second chamber
portion 3b of a relatively smaller diameter, which are
concentrically arranged and connected to each other via a
ring wall 9.

The second chamber portion 3b of the mixing chamber 3
has a first opening 10 on the center thereof, which
connects to the combustion chamber 1. The first opening 10
and the second opening 6 are thus not aligned vertically.

A frame trap 1l (in ﬁhe embodiment, the frame trap used has
600 cells (pores) / sqguare inch; diameter of 43 millimeter;
and height of 13 millimeter) is fitted into the first
opening 10.

The two tail pipes 2 are attached to the opposite walls
of the cylindrical combustion chamber 1 to form a path
through the combustion :chamber 1. An ignition plug 12 is
also fixed to the combustion chamber 1 for igniting mixture
of air and fuel gas to start combustion.

The pulse combustion of the embodiment thus constructed
is operated in the following manner. |

Fuel gas having a fixed pressure requlated with a gas
governor is supplied through the gas supply conduit 7 and
the seqond opening 6 to the mixing chamber 3, while air fed

into the air chamber 4 with the fan 5 is also supplied



the slits 41, so that the fuel gas is fed through the injection_opening 8a

Since the m xing chanber 3 is separated fromthe air chanber HEPEAGEMENWQSHEET
thanber 3 can hold relatively | arge negative pressure. This stk uette

realizes stable pul se conmbustion at any. supply pressure. As d i bed
above, the pulse conbustor of the invention sufficiently mxes}t eBguUARgEBﬂ '
with the air and a snmall anmount of back-fl own conbusti on bypro

m xi ng through the second opening 6 to the mixing chamber §.

The fuel gas and the air simultaneoﬁsly supplied to Fpe
mixing chamber i ¢ollide with the ring wall 9 of the mixing
chamber 3 . and spirally flow in the first chamber portion 3a
to be sufficiently mixed as shown by the arrow of solid
line in Fig. 1. The air/fuel mixture is fed into the
combustion chamber 1 through the frame trap 1l fitted into
the first opening 10 and ignited and combusted by spark of
the ignition plug 12 in the combustion chamber 1. Hot,
high-pressure combustion byproducts are largely exhausted
through the tail pipes 2 by the explosion pressure, while
being partly flown back to the mixing chamber 3 through the_
frame trap 1ll.

Since an explosive combustion makes the pressure in the
combustidn chamber 1 negative, the air/fuel mixture is
again fed from the mixing chamber 3 to thé combustion
chamber 1. The air/fuel mixture is spontaneously ignited
and combusted by the residual hot combustion byproducts in
the combustion chamber 1. 1In 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 the mixing chamber 3 is cooled
through the frame trap 11.  The temperature drop further
causes contraction in volume and lowers the pressure of the
exhausted gas. In the embodiment, the temperature of the
exhaustedlgas was approximately 1,400 “C in the combustion
chamber 1 and then lowered through the frame trap 11 to

approximately 200 °C in the mixing chamber 3. According to



chanber, thus allowi ng stable pul se conbustion. The pressure df RFEEﬁCEMENT SHEET
back-fl own exhausted gas (conbustion byproducts) is |lowered tHrqugh the
franme trap. The nixing chanber and the air chamber greatly redude @BeMAR 2000
reverse pressure so as to elimnate the ggverse effects of thqg rleverse
pressure on gas and air supply sources. The structure of the ijnvEntion does
not require any high- pressure supply unit but efficiently reduces the .

the Charles' law (V/T = constant; V denotes volume, and T

denotes temperatu;e), both the volume and pressure of th?

_exhagstq@ gas a%é reduced to approximately one third in the
mixing chamber 3. The m;xing chamber 3 and the air chamber
4 function to reduce the reverse pressure due to the back
flow of the exhausted gas. Eccentricity of the first
opening 10 and the.secoﬁd opening 6 also eliminates the

- adverse effects of the reverse pressure on a supply source.
The back flow of the combustion byproducts thraugh the
first opening 10 sufficiently lowers the explosion pressure
in the combustion chamber 1.

The pulse combustor of the embodiment does not require
any high-pressure fan nor the high supply pressure of fuel
gas. This structure and sufficient reduction of the |
-eXplosion pressure in the combustion chamber 1 efficientlf
reduce the undesirable noise and vibration. 1In thé
combustor of the embodiment, the turn-down ratio can be
raised by regulating the air capacity of the fan 5 and the
amount of fuel gas.

The back-flown combustion byproducts are diluted with
the air/fuel mixture spirally flowing in-the mixing chamber
3 and fed to the combuséion chamber 1. That is, the back
flow of exhausted gas does not hinder the smooth
combustion. The frame trap 11 between the combustion
chamber 1 and the mixing chamber 3 rectifies the air/fuel
mixture to control.the ignition point in the combustion |
chamber 1, thus allowing stable pulse combustion.

Although both the fuel gas and air are supplied through

one opening, that is, the second opening &, to the mixing
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undesi rabl e noi se and vi bration. The collision plate djspos ng

chanber further enhances the m xing process. The apertgre or chec aI
unit in the gas supply conduit realizes stable pul se cenpu
supply pressure. Since the invention mayjbe enbodied i (ther forns hput
departi-ng fromthe scope or spirit of essential characgeristics thereof,:lt
Is clearly understood that the

chamber 3 in the pulse combustor of the embod1ment, the air

chamber 4 may include two openings so as to enhance the .
mixiqg process in the mixing chamber 3 as shown in Fig. 2.
In the latter case, a second opening 6 and a third opening
20'of an identical shape are symmetrically formed in the
air chamber 4, and a second end 21 diverged from the gés
supply conduit 7 is disposed on the center axis of the
third opening 20.

A cylindrical mixing chamber 30 with a ring collision
plate 31 shown in Fig. 3 may be used in place of the mixing
chamber 3 including the first chamber portion 3a and the
second chamber portion 3b via the ring wall 9 shown in Fig.
1.

Other possible structures of the conduit end 8 are given
below. |

Figs. 4(A) through 4(C) are cross sectional views
schematically illustrating structures of the conduit end 8;
the conduit end 8 has T shape in Figs. 4(A) and 4(C) and L

-shape in Fig. 4(B). 1In these examples, the conduit end 8
ihcludes: an injection opening 8a for injecting the fuel
gas; and an aperture 8b having a smaller diameter than the
injection opening 8a. The aperture 8b formed opposite to
the injection opening 8a has the following effects.

The combustion byproducts flown back through the mixing
chamber 3, the second opening 6 into the injection opening
8a can efficiently be discharged to the air chamber 4 via
the aperture 8b. Since the agerture 8b has the smaller
diameter than the injection opening 8a, the aperture 8b

efficiently prevents the fuel gas from flowing through the



above enbodinent is only illustrative and not restrictive
spirit and scope of the present invention is limted only
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aperture 8b into the air chamber 4. A small amount 6F €He ™
air in the air chamber 4 flows through the aperture 8b }nto'
the c?ndu}t end 8, but the ingested air does not prevent'.
smooth supply of the fuel gas but has so-called venturi
effect. Namely, the fuel gas is smoothly fed into the
mixing chamber 3 by the supply pressure of the fuel gas and
the venturi effect of the ingested air.

The pulse combustion is generally affected by the supply
pressure of fuelzgas under the reverse presgure conditions,
and becomes unstable at the lower supply pressure. The
aperture 8b, however, efficiently eliminates the adverse
effects of the variation in supply pressure and realizes
stable pulse combustion at any supply pressure.

The conduit end 8 may also include a check valve unit 40
as shown in Fig. 5.

The check valve unit 40 includes: a base plate 42
attached to the inher wall of the conduit end 8; a number
of radially extending slits 41 disposed on the base plate
42; a back-up ring plate 44 fixed to a support shaft 43
uprightly mounted on the center of the base plate 42; and a
thin ring valve platé 45 movable along the axis between the
base plate 42 and the back-up plate 44.

When £he air/fuel mixture is ignited and combusted, the
reverse pressure presses the valve plate 45 against the
base plate 42 and closes the slits 41, thus preventing the
exhausted gas from flowing back through the second opening
6 into the gas supply conduit 7. When the supply pressure
of fuel gas becomes greater than the reverse pressure, the

valve plate 45 moves towards the back-up plate 44 to open



CLAIMB: 1. A pul se conbustor for continuous combustion of i RERLACEMENT (SHEET
conprising: a conbustion chanber (1) receiving m xture of @i § and fuel gas
for pulsative conbustion; one or plural tail pipes (2) conpeftigg MAR 2grind
conmbusti on chanber for exhausting conbustion byproducts frpnfsaid o

conbustion chanber (1); - 13 - -

the slits 41, so that the fuel gas is fed through the
injection openiﬁg 8a. Since the mixing chamber 3 is .o
separateZ from the air chamber 4, the mixing chamber 3 can
hold relatively large negaﬁive pressure. This structure
realizes stable pulse combustion at any supply pressure.

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
chamber, thus allowing stable pulse combustion. The
pressure of the back~flown exhausted gas (combustion
byproducts) is lowered through the.frame trap. The mixing
chamber and the air chamber greatly reduce the reverse
pressure so as to eliminate the adverse effects of the
reverse pressure on gas and air supply sources. The
structure of the invention does not require any high-
préssure_supply unit but efficiently reduces the
undesirable noise and vibration.

The collision plate disposed in the mixing chamber
further enhances the mixing process. The aperture or check
valve unit in the gas supply conduit realizes stable pulse
combustion at any supply pressure.

Since the invention may be embodied in other forms
without departing from the scope or épirit of essential
characteristics thereof, it is clearly understood that the
above embodiment is only illustrative andnnot restrictive
in any sense. The spirit and scope of the present

invention is limited only by the terms of the appended

claims.




W th and connected to said conbustion
provided with a frane trap (11), for

g the air/fuel mxture to said

4) being coupled with and connected to

Qpeni ng (6) fornmed-on—-a—+tace—opposite

a m xi ng chanber (3) be

chanber (1) via a[TpgphCRRENT SHEET
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CLAIMS: _
—_—F
1. A pulse combustor for continuous combustion of

air/fuel mixture, comprising:

a combustion chamber (1) receiving mixture of air
and fuel gas for pulsative combustion;

one or plural tail pipes (2) connecting to said
combustion chamber for exhausting combustion byproducts
from said combustion chamber (1);

a mixing chamber (3) being coupled with and
connected to said combustion chamber (1).via a first
opening (10) provided with a frame trap (1l1), for mixing
air and fuel gas and supplying the air/fuel mixture to said
combustion chamber:

an air chamber (4) being coupled with and connected
to said mixing chamber (3) via a second opening (6) formed
on a face opposite to said first opening, for supplying air
to said mixing chamber;

a fan (5) for feeding air into said air chamber (4):
and

a gas supﬁly conduit (7) for supplying fuel gas.to
said mixing'chamber {3), said gas supply cpnduit (7) going
through said air chamber (4) and having one end projecting
to connect with said mixing chamber (3) via said second
opening (6):

wherein séid second opening (6) is formed

eccentrically with respect to said first opening.



Ez)saiddnixing chanber; a fan (5) for feeding air into said air chanber
; and a gas—suppkgrcﬁndurf-7) for supplying fuel gas to said mxing
chanber (3), saf‘ﬂ-"&g EﬂﬁpﬁﬂEﬁTcandwt (7) going ther (4)

and havi ng o Seiﬁ.“;;;zé’é%é& S Xl\iﬁ\\\i\ﬁﬂﬁﬁl\l\\ﬂl\ via
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2. A pulse combustor in accordance with claim 1, wherein
the one end of said gas supply conduit is formed in L shape
or T shape.

3. A pulse combustor_in accordance with claim 2 wherein
Fhe one end of said gas supply conduit comprises: an
injection opening for injecting fuel gas to said mixing
chamber; and an aperture having a smaller diaheter than
said injection opening, said apeéerture being formed opposite
to said injection opening.

4. A pulse combustor in accordance with claim 1, wherein
said mixing chamber further comprises a first chamber |
portion of a relatively large diameter and a second chamber
portion of a relatively small dlameter, which are
concentrically disposed and connected to each other via a
ring wall, air and fuel gas colliding against said ring
wall to be spirally stirred and mixed.

5. A pulse combustor in accordance with claim 1, wherein
said mixing chamber comprises a ring collision plate
disposed between said first opening and said second
opening, fuel gas and air colliding against said ring
collision plate to bé spirally stirred and mixed.

6. A pulse combustor in accordance with claim 1 wherein
“the one end of said gas supply conduit further comprises a
check valve for preventing back flow of éombustion

byproducts into said gas suppiy conduit.



Aherein sai d second opening (6) is forned eccentrically with respect to
said first opening. 2. A pulse conbustor in aCCOLdaﬂgg_EL£D~%%ggE;i
wherein the one end of said gas supply conduit is fornmed in LS

shape. T[] Mmm

N 7. A pulse combustor for continuous combustion of
air/fuel mixture, comprising:

a combustion chamber (1) receiving mixture of air
and fuel gas for pulsative combustion;

two tail pipes (2) connecting to said combustion
chamber (1) for'exhausting combustion byproducts from said
combustion chamber;

a mixing chamber (3) being coupled with and
connected to said combustion chamber (1) via a first
opening (10) proviﬁed with a frame trap (11), for mixing
air and fuel gas and supplying the air/fuel mixture to said
combustion chamber;

an air chamber (4) being coupled with and connected .-
to said mixing chamber (3) via a second 6pening (6) .and a
third opening (20) for supplying air to said mixing chamber
(3), said second opening (6) and said third opening (20)
being formed opposite to said first opening (10);

a fan (5) for feeding air into said air chamber; and

a gas supply conduit (7) for supplying fuel gas to
said mixing chamber (3), said gas supply conduit going
through said air chamber (4) and having a first end (8)
connecting with said mixing chamber (3) vig said second
opening (6), and a second end (21) connecting with said

mixing chamber (3) via said third opening (20).




3. A pulse conbustor in accordance with claim2 wherein the one end of said
gas supply conduit conprises: an injection opening for injecting fuel gas
to said m xing chanber; and an aperture having a smatter diameter than said
i nj ection opening, sai d aperture being fornmed opposi i on
opening. 4. A pul se combustor in accordgnce W|th cl aﬂill“ﬂ“ﬂmnm“‘am

m xi ng chanber further conprises a first chanbe

8..A pulse combustor in accordance with claim 7 wherein
said second opening and said third opening are formed
ecéentrically with respect to said first opening.

9. A pulse combustor in accordance with claim 8 wherein
at least either the first end or the second end of said gas
supply conduit comprises: an injection opening for
injecting fuel gas to said mixing chamber; and an aperture
having a smaller diameter than said injection opening, said
aperture being formed opposite to said injection opening.

10. A pulse combustor in accordance with claim 8 wherein
at least either the first end or the second end of said gas
"supply conduit furt§er comprises a check valve for
preventing back floﬁ of combustion byproducts into said gaé

supply conduit.
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portion of a relatively |large dianmeter and a second chanber portion of a
relatively small diameter, which are concentrically disposed and connect ed
to each other via a ring wall, air and fuel gas colliding against said ring
wall to be spirally stirred and m xed. 5. A pul se conbustor in accordance
with claim1, wherein said m xing chanherjgcqnprises a ring collision plate
di sposed between said first opening and said second

ABSTRACT
_——'_‘F—

THIS SHEET HAS BEEN
REPLACED

PULSE COMBUSTOR

A pulse combustor realizing stable pulse combustion
with reduced noise and vibfation includes: a combustion
chamber (1); a mixing chamber (3) coupled with the intake
side of the combustion chamber (1) via a first opening (10)
provided with a frame trap (1ll); and an air chamber (4)
connecting to the mixing chamber (3) via a second opening
(6). The second opening (6) is eccentric with respecf to
the first opening (10). The fuel gas and air are
simultaneously supplied through the seconhd opening (6) to
the mixing chamber (3), sufficiently mixed in the mixing
chamber, and fed into the combustion chamber (1). The
exhaust gas flowing'béck through the frame trap (llf is
diluted with the air/fuel mixture in the mixing chamber and
again fed into the combustion chamber (1) for continuous
combustion while the reverse pressure is efficiently

reduced by the mixing'chamber (3) and the air chamber (4).
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opening, fuel gas and air colliding against said ring collision plate to be
spirally stirred and m xed. 6. A pul se conbustor in accordance with claim1l
wherein the one end of said gas supply conduit further conprises a check
val ve for preventing back flow of conbustion byproducts into said gas
supply conduit.
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A pul se conbustor for continuous conbustion of air/fuel mxture,

a conbustion chanber (1) receiving mxture of air and fuel gas
for pul sative conmbustion; two tail pipes (2) connecting to said conbustion
chanber (1) for exhausting conmbustion byproducts from said
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conmbusti on chanber; a m xi ng chanber (3) being coupled with and connected
to said conbustion chanber (1) via a first opening (10) provided with a
-franme trap (11), for mxing air and fuel gas and supplying the air/fuel
m xture to said conbustion chanber; an air chanber (4) being coupled with
and connected to said m xi ng chanber (33) via a second opening (6) and a

Fig.3
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third opening (20) for supplying air to said m xing chanber (3), said
second opening (6) and said third opening (20) being fornmed opposite to
a fan (5) for feeding air into said air chanber

said first opening (10);
and a gas supply conduit (7) for supplying fuel

gas to said m xi ng chanber

(3), said gas supply conduit going through said air chanmber (4) and having
a first end (8) connecting with said nm4&ing chanber (3) via said second

Fig.4
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opening (6), and a second end (21) connecting with said m xing chanber (3)
via said third opening (20). 17 8. A pul se conbustor in accordance with
claim7 wherein said second opening and said third opening are forned

5.

Fig5
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eccentrically with respect to said first opening. 9. A pul se conbustor in
accordance with claim8 wherein at |east either the first end or the second
end of said gas supply conduit conprises: an injection opening for
injecting fuel gas to said m xing chanber; and an aperture having a snaller
di aneter than said injection opening, gaid aperture being fornmed opposite
to said injection opening. 10. A pul se” conbustor in accordance with claimS$8
wher ei n
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at least either the first end or the second end of said gas supply conduit
further conprises a check valve for preventing back flow of conbustion
‘byproducts’into said gas supply conduit. REPLACEMENT SHEET
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ABSTRACT
ABSIRAL ]

PULSE COMBUSTOR

A pulse combustor realizing stable pulse combustion
with reduced noise and vibration includes: a combustion
chamber (1); a mixing chamber (3) coupled with the intake
side of the combustion chamber (1) via a first openiﬁg (10)
pfovide@ with a frame trap (11); and an gir chamber (4)
connecting to the mixing chamber (3) via a second opening
(g). The second opening (6) is eccentric with respect to
the first opening (10). The fuel gas and air are
simultaneously supplied through the secohd opening (6) to
the mixing chamber (3), sufficiently mixed in the mixing
chamber, and fed into the combustion chamber (l1). The

% exhaust gas flowiﬁg back through the frame trap (1ll) is
diluted with the air/fuel mixture in the mixing chamber and
again fed into the combustion chamber (1) for continuous
combustion while the reverse pressure is efficiently

reduced by the mixing chamber (3) and the air_chamber (4).
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