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The present invention relates to a pulse combustor for 

- -
continuously combusting mixtur.e of air and fuel gas 

supplied to a combustion chamber thereof. 

Description of the Related Art 

An example of a conventional pulse combustor for 

pulsatlve ignition and continuous combustion of air/fuel 

mixture is disclosed in Japanese Patent Laying~open Gazette 

No. Sho-64-23005. The prior art pulse combust.or, as shown 

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

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

disposed opposite to the nozzle plate NP via a narrow space 

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

fixed in a combustion chamber R. Rich fuel gas is supplied 

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

the combustion chamber R while air i.s supplied through the 

plural air nozzles AN into the combustion chamber R by a 

fan F. The rich fuel gas and the air are mixed in'between 

the resistant plate 'RP and the nozzle plate NP and ignited 

and combusted with spark of an ignition plug SP in the 

combustion chamber R. Large portion of hot combustion 

byproducts are exhausted through a tail pipe TP. Although 

the high explosion pressure in the combustion chamber R 

tends to cause a back flow of the combustion byproducts to 

the supply source, the resistant plate RP in the combustion 

chamber R prevents this undesirable back flow. Exhaustion 
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of the combustion byproducts makes the pressure in the 

combustion chamber R n~gative, 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 oil in an oil tank. 

In the system of the prior .art pulse cornbustor, 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, the pulse 

combustor requires a high-pressure fan F or a compressor 

for supplying the high-pressure air and a complicated gas 

supply unit for supplying the high-pressure fuel gas. 

These structures unfavorably increase the noise and 

vibration. 

Furthermore, in 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 invention 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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for continuous ignition and combustion of air/fuel mixture. 

The pulse combustor includes: 

a combustion chamber receiving mixture of air and fuel 

gas for pulsative combustion; 

one or plural tail pipes connecting to the combustion 

chamber for exhausting combustion byproducts from the 

combustion chamber; 

a mixing chamber being coupled with and connected to the 

combustion chamber via 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 afr 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 gas 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 combusto-r 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 into 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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fuel gas and air supplied from the second opening do not 

·directly flow in the frame trap, but collide with the side 

wall of the mixir..,~ 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 combustion byproducts 

are largely exhausted through the tail pipes while being 

partly flown back to the mixing chamber via the frame trap. 

The back-fi°own exhausted gas (combustion byproducts> is 
)£~;{., ... :. . 

cooled through the frame trap, .. ~nd 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 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 capacity. Furthermore, the flow of combustion 

byproducts through the frame trap lowers the explosion 

pressure in the combustion chamber. These features of the 

invention allow noise and vibration reduction. 

The back-flown combustion byproducts are diluted with 

the air/fuel mixture spirally flowing in the mixing 

chamber, and fed into the combustion chamber again for 

continuous ignition and combustion. The frame trap 

rectif ie~ the air/fuel mixture to control the ignition 

point it:i the combustion chamber, thus allowing stable pulse 
r-·-··------·- . 
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combustion. 

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 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 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 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 aper.ture· into the conduit end, 
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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 copduit. 

The check valve is closed to prevent the back flow 

during ignition and combustion in the combustion chamber, 

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 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. 

These and other objects, features, aspects, and 

adv~ntages of the present invention will become more 

apparent from the following detailed description of the 
··-··--··---·······----
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preferred embodiment with the accompanying drawings. 

BRIEF DESCRIPTION ··op THE DRAWINGS 

Fig. 1 is a cross sectional view schematically 

illustrating a pulse combustor as an embodiment of the 

invention1 

·Fig. 2 is a cross sectional view schematically 

illustrating a pulse combustor as another embodiment of the 

invention1 

Fig. 3 is a cross sectional view schematically 

illustrating a pulse combustor as still another embodiment 

of the invention1 

Figs. 4(A) through 4<C> are cross sectional views 

showing structures of the conduit end1 

Fig. 5 is a cross sectional view·schematically 

illustrating a check valv~ unit disposed in the conduit 

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 combustor includes: a combustion 

chamber l; two tail pipes 2 formed as conduits of hot 

exhausted gas; a mixing chamber 3 coupled with the intake 

side of the combustion chamber l; 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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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 11 Cin ·the embodiment, the frame trap used has 

600 cells Cpores> I 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 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 
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through the second opening 6 to the mixing chamber 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 flow in the first chamber portion 3a 

to be sufficiently mixed as shown by the arrow of solid 

line in Fig. 1. The air/~uel mixture is fed into the 

combustion chamber 1 through the frame 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 pressure, while 

being partly flown back to the mixing chamber 3 through the 

frame trap 11. 

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 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 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 

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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the Charles' law CV/T· = constant1 V denotes volume, and T 

denotes temperature>, both the volume and pressure of the 

exhausted gas are reduced to approximately one third in the 

mixing chamber 3. The mixing 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 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 

explosion pressure in the combustion chamber 1 efficiently 

reduce the undesirable noise and vibration. In the 

comQustor 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 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 

chamb.er 1, thus allowing stable pulse combustion. 

Although both the fuel gas and air are supplied through 

one opening, that is, the second opening 6, to the mixing· 
,----·-
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chamber 3 in the pulse combustor of the embodiment, 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 identical shape are symmetrical.ly 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 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 B has T shape in Figs. 4(A) and 4(C) and L 

shape in Fig •. 4(B). In these examples, the conduit end B 

includes: an injection opening Sa for injecting the fuel 

gas1 and an aperture 8b having a smaller diameter than the 

injection opening Ba. The aperture Bb formed opposite to 

the injection opening Ba has the following effects. 

The combustion byproducts flown back through the mixing 

chamber 3, the second opening 6 into the injection opening 

Ba can efficiently be discharged to the air chamber 4 via 

the aperture Sb. Since the aperture Bb has the smaller 

diame·ter than the injection opening Ba, the aperture Bb 

efficiently prevents the fuel gas_ from flowing through the 
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aperture Sb into the air chamber 4. A small amount of the 

air in the air chamber 4 flows through the aperture Sb into 

the conduit end S, 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 fuel gas under the reverse pressure conditions, 

and becomes unstable at the lower supply pressure. The 

aperture Sb, however, efficiently eliminates the adverse 

effects of the variation in supply pressure and realizes 

stable pulse combustion at any supply pressure. 

The conduit end S 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 SJ 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 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 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 
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the slits 41, so that the fuel gas is fed through the 

injection opening Sa. Since the mixing chamber 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 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

pressure 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 spirit of essential 

characteristics· thereof, it is clearly under.stood 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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WHAT IS CLAIMED IS: 
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1. A pulse combustor for continuous combustion of 

air/fuel mixture, comprising: 

a combustion chamber receiving mixture of air and fuel 

gas for pulsative combustion; 

one 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 

air/fuel mixture to said combustion chamber; 

an air chamber being coupled with and connected to said 

mixing chamber via a second opening formed on a face 

opposite to said first opening, for supplying air to said 

mixing chamber 1 .. 

a fan for feeding air into said air chamber; and 

a gas supply conduit for supplying fuel gas to said 

mixing chamber, said gas supply conduit going through said 

air chamber and having one end projecting to connect with 

s_aid mixing chamber via said second opening; 

wherein said second opening is formed eccentrically 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. 

3·. A pulse combustor in accordance with claim 2 wherein 

the one end of said gas supply conduit comprises: ~n 

injection opening for injecting fuel gas to said mixing 
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chamber1 and an aperture having a smaller diameter than 

said injection opening, said_ aperture 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 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 opening 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, compris"ing: 

a combustion chamber receiving mixture of alr and fuel 

gas for pulsative combustion1 

two tail pipes connecting to said combustion chamber for 

exhausting combustion byproducts from said combustion 

chamber1 

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 
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air/fuel mixture to said combustion chamber; * C L M S * 

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 mixi_ng chamber, said second opening 

and said third opening being formed opposite to said first 

opening; 

a fan for feeding air into said air chamber1 and 

a gas supply conduit for supplying fuel gas to said 

mixing chamber, said gas supply conduit going through said 

air chamber and having 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 and 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 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 further comprises a check valve for 

preventin.g back flow of combustion byproducts into said gas 

supply conduit. 

·-·------.:_ ______ _ 
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