
Pulse Combustor Description 



The present invention relates to a pulse combustor for continuously
combusting mixture of air and fuel gas supplied to a combustion chamber
thereof.     An example of a conventional pulse combustor for pulsative
ignition and continuous combustion of air/fuel mixture is disclosed in
Japanese Patent Laying-Open Gazette No. Sho-64-23005. The prior art pulse
combus- tor, as shown in Fig. 3, includes: a nozzle plate NP with 



plural gas nozzles GN and air nozzles AN; and a resist- ant plate RP
disposed opposite to the nozzle plate NP via a narrow space S. Both the
nozzle plate NP and the resistant plate RP are fixed in a combustion
chamber R. Rich fuel gas is supplied through a gas conduit GP, the plural
gas nozzles GN into the combustion chamber R while air is supplied through
the plural air nozzles AN into the combustion chamber R by a fan F. The
rich fuel gas and the air are mixed in between the resistant plate RP 



and the nozzle plate NP and ignited and combusted with spark of an ignition
plug SP in the combustion chamber R. Large portion of hot combustion
byproducts are ex- hausted through a tail pipe TP. Although the high explo-
sion pressure in the combustion chamber R tends to cause a back flow of the
combustion byproducts to the supply source, the resistant plate RP in the
combustion chamber R prevents this undesirable back flow. Exhaus- tion of
the combustion byproducts makes the pressure 



in the combustion chamber R negative, so that the rich fuel gas and air are
again fed into the combustion cham- ber R and spontaneously ignited and
combusted by the residual hot exhausted gas in the combustion chamber R.
Ignition and combustion are periodically repeated in the above manner to
heat an object like oil in an oil tank.     In the system of the prior art
pulse combustor, how- ever, combustion byproducts which flow back to the
sup- ply source can not efficiently be mixed with the rich fuel 



gas and air in the combustion chamber R. Relatively high supply pressures
of the rich fuel gas and air as well as the resistant plate RP are required
to efficiently prevent       



-2- the back flow of combustion by products.  More concrete- ly, the pulse
combustor requires a high-pressure fan F or a compressor for supplying the
high-pressure air and a complicated gas supply unit for supplying the
high-pressure fuel gas. These structures unfavorably in- crease the noise
and vibration. 



Furthermore, in the prior art system, the fuel gas and airare mixed in the
narrow space S between the resistant plate RP and the nozzle plate NP, and
this causes non-uniform mixing and thereby unstable combustion.     The
object of the invention is to provide a simply con- structed, improved
pulse combustor which realizes sta- ble, continuous combustion with less
noise and vibration.     US-A-5,020,987 discloses a pulse combustor ac-
cording to the preamble of claim 1. The present invention 



is characterized by the features of the characterising por- tion of claim
1.     Here the total volume of the mixing chamber, the gas supply conduit,
and the air supply conduit is sufficiently greater than the volume of the
combustion chamber.     In the pulse combustor thus constructed, fuel gas
and air are respectively supplied to the mixing chamber through the gas
supply conduit and the air supply con- duit. The mixture of fuel gas and
air mixed in the mixing 



chamber goes through the flame trap to the combustion chamber. When the
air/fuel mixture is ignited and com- busted in the combustion chamber, for
example, with spark of an ignition plug, hot, high-pressure combustion
byproducts are largely exhausted through the tail pipe while being partly
flown back through the flame trap to the mixing chamber. The back-flown
exhausted gas (combustion byproducts) is cooled through the flame trap, and
this temperature drop further causes contrac- 



tion in volume and lowers the pressure of the exhausted gas. The reverse
pressure applied to the mixing cham- ber, the gas supply conduit, and the
air supply conduit is sufficiently reduced since the total volume of the
mixing chamber, the gas supply conduit, and the air supply con- duit is
sufficiently larger than the volume of the combus- tion chamber. The fan
used here for supplying air to the mixing chamber thus does not need high
pressure or  



-3-  large capacity. Furthermore, the flow of combustion by- 



products through the flame trap lowers the explosion  pressure in the
combustion chamber. These features of  the invention allow noise and
vibration reduction.      The back-flown combustion byproducts are diluted
with the air/fuel mixture in the mixing chamber, and fed  into the
combustion chamber again for continuous igni-  tion and combustion. The
flame trap rectifies the air/fuel  mixture to control the ignition point in
the combustion  chamber, thus allowing stable pulse combustion. 



The combustion efficiency is largely affected by the  ratio of the total
volume in the mixing chamber, the gas  supply conduit, and the air supply
conduit (hereinafter  referred to as the total volume) to the volume in the
com-  bustion chamber (hereinafter referred to as the combus-  tion
volume). As shown in Fig. 2, the concentration of  carbon monoxide (ratio
of CO/CO[err]) varies with the ratio  of the total volume V2 to the
combustion volume V1.  When the total volume V2 is less than the combustion



volume V1, the combustion efficiency is lowered. In the  structure of the
invention, the total volume V2 is greater  than the combustion volume V1,
thus allowing sufficient  reduction of the reverse pressure and stable
pulse com-  bustion.       Fig. 1 is a cross sectional view schematically
illus-      trating a pulse combustor forming an embodiment      of the
invention; 



Fig. 2 is a graph showing the combustion efficiency      plotted against
the ratio of the total volume V2 to the      combustion volume V1; and Fig.
3 is a cross sec-      tional view schematically illustrating a
conventional      pulse combustor.       Fig. 1 is a cross sectional view
schematically illus- trating a pulse combustor as an embodiment of the in- 



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



-4- chamber 1; a gas supply conduit 5 for supplying fuel gas to the mixing
chamber 4; a fan (multiblade fan in the em- bodiment) 6 for feeding air;
and an air duct 7 forsupplying the air fed by the fan 6 to the mixing
chamber 4. 



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



1.     A flame trap 9 (in the embodiment, the flame trap used has 600 cells
(pores) / square inch; diameter of 43 millimeter; and height of 13
millimeter) is fitted into the opening 8.     The air duct 7 connecting the
fan 6 to the mixing chamber 4 is attached to the bottom center of the
mixing chamber 4, and the gas supply conduit 5 for fuel gas is fixed to the
lower portion of the side wall of the mixing 



chamber 4. The arrangement (position and direction) of the air duct and the
gas supply conduit may be changed according to the shape of the mixing
chamber to ensure sufficient mixing.     The pulse combustion of the
embodiment thus con- structed is operated in the following manner.     Fuel
gas and air are respectively supplied through the gas supply conduit 5 and
the air duct 7 to the mixing chamber 4, and collide with each other to be
sufficiently 



mixed therein. The air/fuel mixture is fed into the com- bustion chamber 1
through the flame trap 9 fitted into the opening 8 and ignited and
combusted by spark of the ignition plug 10 in the combustion chamber 1.
Hot, high-pressure combustion byproducts are largely ex- hausted through
the tail pipe 2 by the explosion pressure, while being partly flown back to
the mixing chamber 4 through the flame trap 9.  



-5-                             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 4 to the com-
bustion chamber 1. The air/fuel mixture is spontaneously
ignited and combusted by the residual hot combustion by products in the
combustion chamber 1. In the above                         manner, the
air/fuel mixture is continuously supplied,      combusted, and exhausted in
the pulse combustorof the                        embodiment.
The hot, high-pressure exhausted gas (combustion
byproducts) flown back to the mixing chamber 4 is cooled 



through the flame trap 9. The temperature drop further
causes contraction in volume and lowers the pressure of
the exhausted gas. In the embodiment, the temperature
of the exhausted gas was approximately 1,400[err]C in the
combustion chamber 1 and then lowered through the
flame trap 9 to approximately 200[err]C in the mixing cham-
ber 4. According to the Charles' law (V/T = constant; V
denotes volume, and T denotes temperature), both the
volume and pressure of the exhausted gas are reduced 



to approximately one third in the mixing chamber 4.
The reverse pressure applied to the mixing chamber
4, the gas supply conduit 5, and the air duct 7 is suffi-
ciently reduced since the total volume of the mixing
chamber 4, the gas supply conduit 5, and the air duct 7
is much larger than the volume of the combustion cham-
ber 1. In the embodiment, the combustion chamber has
the volume of 540 cc, the mixing chamber 4 of 2,000 cc,
the gas supply conduit 5 of 24 cc, and the air duct 7 of 



136 cc. Namely, the total volume of the mixing chamber
4, the gas supply conduit 5, and the air duct 7 (hereinafter
referred to as the total volume V2) is sufficiently larger
than the volume of the combustion chamber 1 (herein-
after referred to as the combustion volume V1).
The pulse combustor of the embodiment does not
require any high-pressure fan nor the high supply pres-
sure of fuel gas. This structure and sufficient reduction
of the explosion pressure in the combustion chamber 1 



efficiently reduce the undesirable noise and vibration. In
the combustor of the embodiment, the turn-down ratio
can be raised by regulating the air capacity of the fan 6
and the amount of fuel gas.      



-6-      The back-flown combustion byproducts are diluted with the air/fuel
mixture in the mixing chamber 4 and fed again into the combustion chamber
1. That is, the back flow of exhausted gas does not hinder the smooth com-
bustion. The frame trap 9 rectifies the air/fuel mixture to 



control the ignition point in the combustion chamber 1, thus allowing
stable pulse combustion.      The combustion efficiency is largely affected
by the ratio of the total volume V2 to the combustion volume V1. Fig. 2
shows variation in the concentration of carbon monoxide (ratio of
CO/CO[err]) plotted against the ratio of the total volume V2 to the
combustion volume V1. In the range where the total volume V2 is less than
the com- bustion volume V1, the concentration of CO is signifi- 



cantly high, that is, the combustion efficiency is undesir- ably low. On
the contrary, in the range where the total volume V2 is greater than the
combustion volume V1, the CO concentration first abruptly decreases and
then gradually increases with increase in the ratio of the total volume V2
to the combustion volume V1. In this range, the CO concentration is
sufficiently low, that is, the com- bustion efficiency is preferably high.
The smaller total volume V2 than the combustion 



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



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



-7-      As described above, the pulse combustor of the in- vention
sufficiently mixes the fuel gas with the air and a 



small amount of back-flown combustion byproducts in the mixing chamber,
thus allowing stable pulse combus- tion. The pressure of combustion
byproducts flown back from the combustion chamber to the mixing chamber is
significantly lowered through the flame trap. The mixing chamber, the gas
supply conduit, and the air supply con- duit greatly reduce the reverse
pressure so as to elimi- nate its adverse effects on gas and air supply
sources. The structure of the invention does not require any 



high-pressure supply unit but efficiently reduces the un- desirable noise
and vibration.        



-8-   Claims  1. A pulse combustor for continuous combustion of
air/fuel mixture, comprising:  



a combustion chamber (1) for receiving a mix-         ture of air and fuel
gas for pulsative combustion;         a tail pipe (2) connecting to said
combustion         chamber (1) for exhausting combustion byprod-
ucts from said combustion chamber (1);         a mixing chamber (4) being
coupled with and         connected to said combustion chamber (1) via
an opening (8) provided with a flame trap (9),         for mixing air and
fuel gas and for supplying the 



air/fuel mixture to said combustion chamber (1);         a gas supply
conduit (5) for supplying fuel gas         to said mixing chamber (4);
an air supply conduit (7) for supplying air to said         mixing chamber
(4); and         a fan (6) for feeding air into said air supply con-
duit (7); characterized in that         the volume of the mixing chamber
(4) is larger         than the volume (V1) of the combustion cham- 



ber (1).    






