= | Lo~
This Sheet Has Been Replaced ' j? AN
A . i

REPLACED SHEETS SG

TTTLE OF THE INVENTION B Oescription : paged [ to paged . /«g
lai : .

PULSE COMBUSTOR Cam?(s) paged . to paged ..°...

‘ E/Drawmg(s) : paged ....... to paged .......

BACKGROUND OF THE INVENTION Abstract  ; paged ..J.4. 1o paged 22..

Field of the:Invention

The present invention relates to a pulse combustor, which
separately supplies a rich mixture of primary air and gaseous
fuel and a secondary air to a combustion chamber.thereof for
continuous combustion. o
Description of thelRelated Art

A typical example of conventional pulse combustops for
pulsative ignition and continuous combustion of an air/fuel
mixture is disclosed 1n US Patent No. 4,891,003 (Japanese
Patent Laying-Open Gazette No. Sho-64-23005). The prior art .
pulse combustor, as shown in Fig. 7, iﬁéludes a cylindrical
combustion chamber 1, a nozzle plate 4 with a plurality of
' gas nozzles 2 and a plurality of air nozzles 3 arranged in
?he combustion chamber 1, and a circular resistant plate 5
disposed opposite to the nozzle plate 4 via a predetefmined
narrow spéce S. A jet of rich air/fuel mixture running
through a gas conduit 6 is supplied from each of the gas
nozZles 2 to the combustion chamber 1 while a Jet of
secondary'air fed to an air'chamber 8 by means of a fan 7 is
supplied from each of the air nozzles 3 to the combustion
chamber 1. The rich air/fuel mixture and the secondary air
are sufficiently mixed between the resistant.plate 5 and the
nozzle plate 4, and ignited by a spark of an ignition plug 9
in the combustion chamber 1 for pulse combustion. A iarge
. portion of hot combustion byproducts is exhausted through a

tail pipe 10. Although the high explosion pressure in the
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combustion chamber 1 tends to cause a back flow of the
combustion byproducts to the supply source, the résistant
plate'5-in the combustion chamber 1 prevents such undesirable
back flow. Exhaustion of the combustion byproducts makes the
pressure in the combustion chamber i negative, so that
another jet of the rich air/fuel mixture and that of the
secondary air are successive}y fed into the combustion
chamber 1 and'spontaneously ignited and combusted by the
reslidual hof exhausted gas in the combustion chamber 1.
Ignition and combustion are periodically repeated in the
above manner to heat an object like cooking oil in an oil
- tank. | |

Ih the'systém of the prior art pulse combustor, however,
combustion byproducts once flown back to the supply source
are not effectively mixed with the riéh air/fuel mixture and
the secondary air nor retﬁrned to the combustion chamber 1.
Relatively high supply pressures of the rich air/fuel mixture
and thg secondary air:as well as the resistant plate 5 are
-required for efficientlylpreventing the back flow of
combustion byproducts. More concretely, the pulse combustor
of the prior art system requires a high-pressure fan or a
compressor for supplying the high-pressure air and a
complicated, rather bulky gas supply ﬁnit for supplying the.
high-pressure fuel gas. These structures unfavorably
increase the noisé and vibration.

Furthermore, in_fhe prior art system, the rich air/fuel
mixturé and the secondary air are mixed only in the
predetermined narrow space S between the resistant plate 5

and the nozzle plate 4, which causes non-uniform mixing and
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The object of the invention is to provide a simply

thereby unstable combustion. '"n"

SUMMARY'OF THE INVENTION.

constructed, improved pulse combustor which realizes stable,
continuous combustion with reduced noise and vibration.

The above and other related objects are realized by a
pulse combustor of the invention, wherein a rich mixture of.
primary air and gaseous fuel and a secondary air are
separately supplied to a c&lindrical combustion chambér for
pulsative ignition and continuous combustion of an
appropriate air/fuel mixture.

The pulse combustor of the inventioh includes the
cylindrical combustion chamber having a predetermined first
volume for receiving the rich mixture of primary air and
gaseous fuel aﬁd the secondary aif separately, a tail pipé
connecting to the combustion chamber for exhausting hot
combustion byproducts sent from the combustion chamber, and a
nozzle plate having a plurality of gas nozzles for supplying
the rich mixture 6f'pr1mary air gnd gaseous fuel to the
combustion chamber and a plurality of-air nozzles for
supplying the secondary air fo the combustion chamber.

In the structure of the invention, the combustion chamber
is defined by a first surface.which the tail pipe is
connected to, a cylindrical side wall, and the nozzle plate
having the plurality of gas nozzles and air nozzles.

| The.pulse combustor of the invention further includes, as
improvement, a.flame baffle unit disposed opposite to the
nozzle plate via a predetermined space for absorbing heat and
reverse pressure generated by the hot combustion byproducts

back flown from the combustion chamber, an air supply unit

.
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having a predetefmined second volume which is greater than

the predetermined first volume, for supplying the secondary
air to the combustion chamber through the plurality of air
nozzles and receiving the hot combustion byproducts back
‘flown from the combustion chamber, an ever-on fan for
continuously feeding the secondary air to fhe air supply
unit, and é specific system for mixing the secondary air
continuously fed to air supply unit by means of the fan with
the hot combustion byproduéts back flown from the combustion
chamber and received by the air supply unit, and feeding
mixtufe of the secondary air and the hot combustion
byproducts back to the combustion chamber via the pluralit&
of air nozzles.

In the pulse combustor of the invention thus constructed.
the rich mixture of primary air and gaseous fuel (hereinafter
referred fo as the rich air/fuel mixture) is suppliéd from
the plurality of gas nozzles Whereas the secondary air is fed
from the plurality of air nozzles. The rich air/fuel mixture
and the secondary air are sufficlently mixed in the
predetermined space between the nozzle plate and the flame
baffle unit and then ignited in the combustion chamber for
pulsative combustion. The large combustion pressure in the
combustion chamber exhausts a large portion of hot combustion
byproducts from the tail piﬁe while a small portion of the
combustion byproducts is back flown to the air supply unit.
Although the flame baffle unit effectively prevents the large
reverse pressure from being applied directly into the air
supply unit, the small portion of the hot combustion

byproducts flows around the flame baffle unit to go back to
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the alr supply unit. In this pathway going around the flame

baffle unit, the hot combustion byproducts are effectively
cooled down, and this temperature drop further causes
contraction in volume and lowers thé pressure of the
exhausted gas. The predetermined second volume of the air
supply unit is greater than the predetermined first volume of
the combustion chamber as described previously. Such a
volume ratio significantly reduces the reverse pressure from
the combustion chamber. The small portion of the combustion
byproducts back flown to the air supply unit is sufficiently
mixed with the secondary air and thereby does not cause any
adverse effect on smooth combustion.

The secondary air continuously fed into the air supply
unit by means of the ever-on fan is mixed with the back-flown
combustion byproducts and fed to the combustion chamber via
the plurality of air nozzles. In this sfructure. the reverse
pfessure from the combustion chamber is sufficiently reduced,
and the fan used here for supplying the secondary air to the
air supbly unit does'nqt require the high pressure or the
large capacity, accofdingly. The faﬁ having the moderate
capacity has favorably small noise and vibration.
Furthermore, the back-flow of the.combustion byproducts from
the combustion chamber lowers the combustion pressure in the
combustion chamber. These features of the invention allow
the effective noise and vibration reduction.

The combustion efficiency is largely affected by the ratio
of a second volumerVZ in the air supply unit (hereinafter
referred to as the supply volume) fo a first voiuﬁe V1l in the
combustion chamber (hereinafter referred to.as the combustion

volume). As shown in Fig. 2, the concentration of carbon
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monoxide expressed by the ratio of CO to CO,5 varies with the
ratio of the supply volume V2 to the combustion volume V1.
When the supply volume V2 is less than the combustion volume
V1, the combustion efficiency is undesirably lowered. In the
structure of the invention, the supply volume V2 is greater
than the combustion volume V1, thus allowing sufficient
reduction of the reverse pressure and realizing stable pulse
combustion.

In one préferred application, the flame baffle unit
includes a baffle plate disposed opposite to the nozzle plate
~via the predetermined space. The bafflé plate extends tb_a
predetermined length covering all of the plurality of air
nozzles and gas nozzles on the nozzle plate

In one alternative structure, the flame baffle unit =
includes a first baffle plate and a second baffle plate both
extending to a predetermined lengfh covering all of the
plurality of air nozzles and gas nozzles on the nozzle plate.
The first baffle plate has a first surface énd a second
surface, where the first surface is disposed opposite to the
nozzle plate via the predetermined space and the second
surface faces the second baffle plate via a predetermined
distance.

In this strﬁcture, it is preferable that the flame baffle
unit further includes a baffle ring disposed radially along
the cylindrical side wall of the combustion chamber and
between the first baffle plate and the second baffle plate.
The first baffle plate, the baffle ring, and the second

baffle plate are preferably spaced at substantially equal

intervals.
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In another preferred application, the flame baffle unit

includes a ring-shaped flame trap and a baffle plate dispdsed
"opposite to the nozzle plate via the predetermined space. |
The baffle plate extends to a predetermined length covering
all of the air nozzles and gas nozzles on the nozzle plate
whereas the ring-shaped flame trap is disposed radially
between the baffle plate and the cylindrical side wall of the
combustion chamber.

- In still another structure of the inﬁention, the flame
baffle unit includes a baffle plate disposed opposite to the
nozzle plate via the predetermined space. The baffle plate
has a plurality of through holes and spans the side wall of
the combustion chamber. |

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

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectional view schematically
illustrating a pulse combustor as a first embodiment of the
invention; _ |

Fig. 2 is a graph showing the combustion efficiency
plotted against the ratio of a supply volume V2 to a
combustion volume V1;

Fig. 3 is a cross sectional view schematically
illustrating a pulse combustor as a second embodiment of the
invention; |

Fig. 4 is an enlarged view showing an essential part of
the pulse combustor of Fig. 3;

Fig. 5 shows an essential part of a pulse combustor

T

7



This Sheet Has Been Replaced

[T

according to'a third embodimeﬁt of the invention;
Fig. 6 is a cross sectional view illustrating a pulse

combustor as a fourth embodiment of the invention; and

Fig. 7 is a cross sectional view schematically
illustrating a conventional pulse coﬁbustor.
DESCRIPTION OF THE PREFERRED EMBODIMENT

The structure and function of the ppesent invention will
become more apparent through description of preferred
embodiments of the invention.

Fig. 1 is a cross sectiohal view schematically
illustrating a pulse combusfor according tb a first
embodiment of the invention. In the pulse combustor of the
first embodiment, an air chamber 11 has a greater inner
volume than the air chamber 8 of the conventional system
shown in Fig. 7, and an-ever—on.fan 12 has a moderate
capacity compared with the high-pressure fan 7 of the
conventional systém. The system of the first embodiment also
includes a baffle plate 15 in place of the resistant plate 5.
In this first embodiment and the sﬁbsequent embodiments, the
same elements as those of the conventional System,have the
same numerals.l | |

The structure of the first embodiment is described more in
detail. The pulse combustof of the embodiment includes a
cylindrical combustion chamber 1 having a predetermined first
volume, the air chamber 11 having a predetermined second
volume greater than the first VOluﬁe, and a nozzle plate 4
disposed between the combustion chamber 1 and the air chamber.
11 to function as a partition and separate the combustion

chamber 1 from the air chamber 11. The nozzle plate 4 is
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provided with a plurality of gas nozzles 2 for supplying a

non-flammable rich mixture of primary air and gaseous fuel
and a plurality of air nozzles 3 for supplying a secondary
.air. The air chamber 11 is in communication with the
combustion chémbér 1 through the pluralit& of air nozzles 3.
‘The plurality of gas nozzles 2 are connectéd to a gas supply
conduit 6. |

The pulse combustor of the embodiment further includes the
fan 12, for example, a multiblade fan, for feeding the
secondary air, and an air supply conduit 14 coupled with and

connected to the fan 12 to supply the secondary air to the
air chamber 11. Since the air'chambér 11 has a sufficiently
large inner Volﬁme, the required capacity of‘the fan 12 is
significantly reduced.

The combustion chamber 1 is further connected to a tail
pipe 10 for exhausting hot combustion byproducts and a
decoupler or expansion chamber 13 disposed in thé middle of
the tail pipe 10. The pﬁlse combustor may include a
plurality of tail pipes, which may be disposed on a side wall
of the combustion chamber 1.°

The baffle plate 15 is arranged in the combustion chamber
1 to be located opposite to the nozzle plate 4 via a
predetermined narrow space S. The baffle plate 15
effectively absorbs the heat of the hot combustion byproducts
back flown from the combustion chamber 1 to the air chamber
11. |

- A Jet of a rich mixture of primary air and gaseous fuel
(hereinafter referred to as the rich air/fuel mixture)
running through the gas supply conduit 6 is supplied to the

combustion chamber 1 via each of the gas nozzles 2 on the

”.
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nozzle plate 4 as clearly seen in Fig..l; A jet of secondary

air fed to thé air chamber 11 by means of the fan 12 is, on
the other hand, supplied to the combustion chamber 1 via each
of the air nozzlés 3. The rich air/fuel mixture and the
secondary air are sufficiently mixed in the predetermined
space S between the baffle plate 15 and the nozzle plate 4
combusted in the cdmbustion chamber 1. In this embodiment,
the nozzle plate 4 has three gas nozzles 2 (diameter: 3
millimeter) and ten air nozzles 3 (diameter: 4 millimeter).
The thickness of the baffle plate 15 is 4 millimeter, and the
.predetermined narrow space S between the baffle plate 15 and
the nozzle plate 4 is equal to 3 millimeter.

The sufficiently mixed rich air/fuel mixture and
secondary air (hereinafter referred to as the air/fuel
mixture) is ignited with a spark of an ignition plug 9 in the
combustion chamber 1 for pulse combustion.

The high explosion'and combustion pressure in the
combustion chamber 1 exhausts a large portion of hot
combustion byproducts through the tail pipe 10 whereas a
small_portion of the hot combustion byproducts is back fléwn
to the air chamber 11. Although the baffle plate 15 prevents
the large reverse pressure from being applied into the air
chamber 11 directly, the small portion of the combustion
bypfoducts flows around the baffle plate 15 to go back to the
ailr chamber 11. in this pathway going round the baffle plate
15, the hot combustion byproducts are effectively cooled
down, and this temperature drop further causes contraction in
#olume and lowers the pressure of the exhausted gas. Since

the second volume of the air chamber.ll is greater than the
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first volume of the combustion chamber 1 as described

previously, the reverse presSure from the combustion chamber
1 is significantly reduced, and the combustion b&products
back floﬁn to the air chamber 1 1s sufficiently mixed with
the secondary air.

The secondary air continuous;y fed into the air chamber 11
by means of the ever-on fan 12;1s mixed with the back-flown
combustion_byproducts and fed to the combustion chamber 1 via
the plurality of.aif nozzles 3. Under such circumstances,
the reverse pressure from the combustion chamber 1 is
sufficiently low, and the fan 12 used here for supplying the
secondary air ﬁo the air chamber 11 does not require the high
pressure or the large capacity,.accordiﬁgly. The fan 12
having the moderate capacity has favorably small noise and
vibration. Furthermore, the back-flow of the combustion
byproducts from the combustion chamber 1 lowers the
combustién pressure in the combustion chamber~1, thus
reducing the combustiqn'nOise.' The turn-down ratio can be
raised preferably by controlling the air supply volume fed by
the fan 12 and the volume of the rich air/fuel mixture.

In the pulse combustor thus constructed, the combustion
efficiency is largely affected by the ratio of a total volume
V2 of an air.supply system (the volume of the air chamber 11
plus that of the air supply conduit 14f hereinafter referred
to as the supply volume V2) to a volume V1 of the combustion
chamber 1 (hereinafter referred to as the combustion volume
V1l). Fig. 2 shows variation in the concentration of carbon
monoxide (expreséed as the ratio of CO/ CO,) plotted against
the ratio of the supply volume V2 to the coﬁbustion volume

Vi. 1In the range where the supply volume V2 is less than the

¥
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combustion volume V1, the concentration of CO is
significantly high; that is, the combustion efficiency is

undesirably low. On the contrary, in the range where the
supply 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 supply
volume V2 to the combustion volume V1. In this range, the CO
concentration is sufficiently low; that is, the combustion
efficiency is preferably high. |

| The smaller supbly volume V2 than the combustion volume V1
causes insufficient mixing of the back-flown combustion
byproducts with the secondary air, thus lowering the
combustion efficiency. Furthermore, the smalllsupply volume
V2 does not sufficlently reduce the reverse pressure and
requires a relativelyilerge capacity of the fan 12. |

When the supply volume V2 is greater than the combustion
volume V1, the smaller pressure 1oss.and leaner air/fuel
ratio increase the CO concentration only in the ailowable
range. .In the embodiment, the supply volume V2 is determined
to be sufficiently larger than the combustion volume V1 so as -
to lower the CO concentration to the minimum, thus
significahtly improving the combustion efficiency.

A second embodiment according to the invention is
described with the accomﬁanying drawings of Figs. 3 and 4. A
bulse combustor of fhe second embodiment includes a plurality
of baffle plates for,improﬁement in heat absorption effects.
‘More concretely, the pulse combustor as shown in Fig. 3
includes a first.baffle plate 16 and a second baffle plate 17

both extending.to a predetermined length covering all of the
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plurality of air nozzles 3 and gas nozzles 2 on the nozzle

plate 4. The first baffle plate 16 has a first surface and a
second surface, whefe the first surface is disposed opposite
to the nozile plate 4 via a.predetermined first distandé and
the second surface faces the second baffle plate 17 via a
predetermined second distance. The first baffle plate 16 and
the second baffle plate 17 have identical dimensions in this
.embodiment. The_pulse combustor is further provided with é
baffle ring 18 disposed radially along a cylindrical side
wall of the combustion chamber 1 and between the first bafflé
plate 16 and the second baffle plate 17. In the preferred
structure, the first baffle plate 16, the baffle ring 18, and
the second baffle plate 17 are spaced at substantially equal
1ﬁterva1s as cleafly seen in Fig. 4. The heat of hot
combustion byproduéts back flown to the air chamber 11 is
efficiently absorbed’through a zigzag pathway through the
second baffle plate 17, the baffle ring 18, and the first
baffie plate 186.

Fig. 5 shows an essential part of another.pulse éombustor
as a third embodiment of the invention. The pulse combustor
of the third embodiment has a similar structure to that 6f
the first embodiment, éxcept a flame trap ring 19 arranged
between a cylindrical side wall of the combustion chamber 1
and the baffle plate 15. The flame trap ring 19 has a
ceramic honeycomb structure of 600 cells, where each cell
denotes the number of pores in one square inch. The flame
trap 19 and the baffle plate 15 of this structure also
efficliently absorb the heat of hot combﬁstion byproducts back
flown to the air cﬁambef 11 (see Fig. 1).

Fig. 6 shows still another pulse combustor as a fourth

"
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embodiment according to the invention. In this structure, a
punching metal 20 having a plurality of apertures 21 is

disposed opposite to the nozzle plate 4 to span the whole

llength of the cylindrical combustion chamber 1.. The

plurality of apertures 21 formed in the punching metal 20 are
arranged eccentrically with any of the plural gaé nozzles 2
and the.air nozzles 3. This eccentric étructure effectively
ﬁrevents the reverse pressure from the combustion chamber 1
from being applied into an air supply system directly. The

structure of the fourth embodiment also ensures sufficient

mixing of the back-flown combustion byproducts with the

secondary air ahd efficiently absorbs the heat of the hot
combustion byproducts.

As described above, in the pulse combustor of the_
invention, the supply volume is set greater than the
combustion volume to allow the combustion byproducts to be

partly back flown to the air supply system. The back-flown

'combustiqn byproducts are sufficiently mixed with the

secondary air continuoﬁsly fed by means of the ever-on fan

and fed back to the combustion chamber. Such a system

~attains favorable combustion without the large capacity of

the fan, and accordingly reduces undesirable noise and
vibration to the minimum.

Since there may be many other modifications, changeé, and
alterations without departing from the scope or spirit of
essential characteristics of the invention, it is clearly
understood that the above embodiments are only illustrative
and not restrictive in ahy sense. The spirit and scope of

the present invention is limited only by the terms of the
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appended claims.
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WHAT IS CLAIMED IS:

1. A pulse combustor for separately supplying a ribh
mixture of primary air and gaseous fuel'aﬂd a'secondary air
to a combustion chamber for pulsative ignition and continuous
combustion of an appropriate air/fuel mixture,

said pulse combustor comprising

said combustion chamber for receiving said rich mixture of
primary air and gaseous fuel and said secondary air
.separately, said combustion chamber having a predetermined
first volume,

discharge means connecting to said combustion chamber for
exhausting hot combustion byproducts sent from said
combustion chamber, and |

a nozzle plate having a plurality of gas nozzles for
supplying said rich mixture of primary air and gaseous fuel
to said combustion chamber and a plurality of air nozzles for
supplying sald secondary air to said combustion chamber,

~wherein said combustion chambér is defined by a first
surface which said-discharge means is connected to, a
cylindrical side wall, and said nozzle plate having said
plurality of gas nozzles and air nozzles, |

said pulse combustor further comprising

flame baffle means disposed opposite to said nozzle plate
via a predetermined space, said flame baffle means absorbing
heat and reverse pressure generated by said hot combustion
byproducts back flown from said combustion chamber,

air supply means for supplying said secondary air to said
combustion chamber through said plurality of air.nozzles,
sald air supply means having a predetermined second volume

which is greater than said predetermined first volume, said

L
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air supply means receiving said hot combustion byproducts

back flown from said combustion chamber,

a fan for continuously feeding said secondary air to said
air supply means, and

-means for mixing said secondary air continuously supplied
‘to said air supply means by means of said fan with sald hot
combustion byproducts back flown from said combustion chamber
and received by said air supply means, and feeding mixture of
sald secondary air and .said hot combustion byproducts back to
said combustion chamber via said plurality of air nozzles.

‘2. A pulse cdmbustor in accordance with claim 1, wherein
said flame baffle means coniprises a baffle plate disposed
opposite to said nozzle plate via said predetermined space,
said baffle plate extending to a predetermined length
covering all of said plurality of air.n0zzles and gas nozzles
on said nozzle pléte.

3. A pulse combustor in accordance with claim 1, wherein
said flame baffle means comprises a first baffle plate and a _-
second baffle plate'both extending to a predetermined length
covering all of said plurality of air nozzles and gas nozzles
,on'said nozzle plate, said first baffle plate having a'fifst
-surface and a'second surface where said first surface being
diqused opposite to said nozzle plate via said predetermined
space and said second_surface facing said second baffle plate
via a predetermined distance.
| 4. A pulse combustor in accordance_with claim 3, wherein
said flame baffle means further comprises a baffle ring
disposed radially along said cylindrical side wall of said

combustion chamber and between said firSt baffle plate and

17
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séid second baffle plate.

‘6. A pulse combustor in accordance with claim 4, wherein
sald first baffle plate, sald baffle ring, and said second
baffle plate are spaced at substantially equal intervals.

6. A pulse combustor in accordance with claim 1, wherein
said flame baffle means comprises a ring-shaped flame trap
and a baffle plate disposed opposite to said nozzle plate via
said predetermined space, said baffle plate extending to a
predetermined length covering all of said plurality of air
nozzles and gas nozzles on said nozzle plate, said ring-
shaped flame trap being disposed radially between said baffle
plate and said cylindrical side wall of said combustion
chamber.

7. A pulse combustor in'accordance with claim 1, wherein
said flame baffle means cdmprises a baffle plate disposed
opposite to sald nozzle plate via said predetermined space,
said baffle_plate having a plurality of through holes and

spanning said side wall of said combustion chamber.
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The present invention provides a simply and compactly

- ABSTRACT OF THE DISCLOSURE

éonstructed, improved'pulse combustor realizing stable pulse
combustion with reduced noise and vibration. The pulse’
combustor of the invention includes a cylindrical combustion
chamber (1) having a predetermined first volume for receiving
a riéh mixture of primary air and gaséous fuel and a
secondary aiy separately, a tail pipe (10) connecting to the
combustion chamber (1) for ekhausting.hot combustion
byproducts sent frbm the combustion chamber (1), and a nozzle
plate (4) having a plurality of gas nozzles (2) for supplying
the rich mixture of primary air and gaseous fuel to the |
combustion chamber (1) and a plurality of air nozzles (3) for
subplying the secondary air to the combustion chamber (1).
The pulse combustor further includes a baffle plate (15)
disposed opposite to the nozzle plate (4) &ia a predetermined
space (S) for absorbing heat and reverse préssure generated
by the hot combustion byproducts back flown from the
combustion chamber (1). an air chamber (11) having a
predetermined second volume which is greater than the
predetermined first volume, for supplying the secondary air
to the combustion chamber (1) through the plurality of air
nozzles (3) and receiving the hot combustion byproducts back
flown from the combustion chamber (1), an ever-on fan (12)
for cdntinuously feeding the secondary air to the air chamber
(11). A small portion of hot combustion byproducts back
flown from the combustion chamber (1) to the air chamber (11)
is sufficiently mixed with fhe secondary air continuously :
supplied to the air chambef (11) by means of the fan (12) and

fed back to the combustion chamber (1) via the plurality of

L.
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Field of the Invention

The present invention relates to a pulse combustor, which

separately supplies a rich mixture of primary air and gaseous

fuel and a secondary air to a combustion chamber thereof for

continuous combustion.
Description of the Related Art

A typical example of conventional pulse combustors for
pulsative ignition ahd continuous combustion of an air/fuel
mixture is disclosed in US Patent No. 4,891,003 (Japanese
Patent Laying-Open Gazette No. Sho-64-23005). The prior art
pulse combustor, as shown in'Fig. 7, includes a cylindrical

combustion chamber 1, a nozzle plate 4 with a plurality of

gas nozzles 2 and a plurality of air nozzles 3 arranged in

_the combystion chamber 1, and a circular resistant plate 5

disposed opposite to the nozzle plate 4 via a predetermined
narrow space S A jet of rich air/fuel mixture running
through a gas'’ conduit 6 is supplied from each of the gas
nozzles 2 to the combustion chamber 1 while a jet of
secondary air fed to an air chamber 8 by means of a fan 7 is
chamber 1. The rich air/fuel mixture and the secondary air

are sufficiently mixed between the resistant plate 5 and the

nozzle plate 4, and ignited by a spark of an ignition plug 9

in the combustion chamber 1 for pulse combustion. A'large
portion of hot combustion byproducts is exhausted through a

tail pipe 10. Although the high explosion pressure in the

Sheet Has Been Replaced

mm

[T




REPLACEMENT SHEET |

07 APR 1997

2

combustion chamber 1 tends to cause a back flow of the
combustion byproducts to the supply source, the resistant
platé 5 in the combustion chamber 1 prevents such undesirable
_ baék flow. Exhaustioh of the combustion byproducts makes the
pressure in the combustion chamber 1 negative, so that
another jet of the rich air/fuel mixture and that of the

- secondary air are successively fed into the combustion
chamber 1 and spontaneously ignited and combusted by the
residual hot exhausted gas in the combustion chamber 1.
Ignition and combustion are periodically repeated in the
above manner to heat an object like cooking o0il in an oil
‘tank.

In the system of the prior art pulse combustor, however,
combustion byproducts once flown back to the supply source
are not effectivelj mixed with the rich air/fuel mixture and
the secondary air nor returned to the combustion chamber 1.
Relatively high supply pressures of the rich air/fuel mixture
and the éegondary air as well as the resistant plate 5 are
required for efficiently preventing the back flow of
combustion byproducts. More concretely, the pulse combustor
of the prior art system requires a high-pressure fan or a
compressor for supplying the high-pressﬁre air and a
complicated, rather bulky gas supply unit for supplying the
high-pressure fuel gas. These structures unfavorably
increase the noise and vibration.

Furthefmore, in~the prior art system, the rich air/fuel
mixture and the secondary air are mixed only in the
predetermined narrow space S between the resistant plate 5

and the nozzle plate 4, which causes non-uniform mixing and
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thereby unstab;e 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 reduced noise and vibration.

The above and other related objects are realized by a
pulse combustor of the invention, wherein a rich mixture of
primary air and gaseous fuel and a secondary air are
separately supplied to a cylindrical combustion chamber for
pulsative ignition and continuous combustion of an

appropriate air/fuel mixture.

| The pulse combustor of the invention includes the
cylindrical combustion chamber having a predetermined first
volume for receiving the rich mixture of primary air and
gaseous fuel and the secondary air separately, a_tail pipe
connecting to the combustion chamber for exhausting hot
combustion byproducts sent from the combustion chamber, and a
nozzle plate having a plurality of gas nozzles for supplying
the rich mixture of primary air and gaseous fuel to the
combustion chamber and a plurality of air nozzles for
supplying the secondary air to the combustion chamber.

In the structure of the invention, the combustion chamber
is défined by a first surface which the tail piﬁé is
connected to, a cylindrical side wall, and the nozzle plate
having the plurality of gas nozzles and air nbzzles.

The pulge combustor of the invention further includes, as
improvemené, a flame baffle unit disposed opposite to the
nozzle plate via a predetermined space for absorbing heat and
reverse pressure generated by the hot combustion byproducts

back flown from the combustion chamber, an air supply unit
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having a predetermined second volume which is greater than
the predetermined first volume, for supplying the secondary
air to the combustion chamber through the plurality of air
nozzles and receiving the hot combustion byproducts back
flown from the combustion chamber, an ever-on fan for
continuously feeding the secondary air to tﬁe air supply
unit, and a specific system for mixing the segondary air
continuously fed to air supply unit by means of the fan with
the hot combustion byproducts back flown from the combustion
chamber and received by the air supply unit, and feeding
mixture of the secondary air and the hot combustion
byproducts back to the combustion chamber via the plurality
of air nozzles.

In the pulse combustor of the invention thus constructed,
the rich mixture of primary air and gaseous fuel (hereinafter
referred to as the rich air/fuel mixture) is supplied from
the plurality of gas nozzlés whereas the secondary air is fed
from the‘plurality of alr nozzles. The rich air/fuel mixture
,and the secondary air are sufficiently mixed in the
predetermined space between:the nozzle plate and the flame
bafflé unit and then ignited in the combustion chamber for
pulsative combustion. The 1afge combustion pressure in the
combustion chamber exhausts a large portion of hot combustion
byprodqus from the tail pipe while a small portion of 'the
combustion byproducts is back flown to the air supply unit.
Although the flame baffle unit effectively prevents the large
reverse pressure from being applied directly into the air |
supply unit, the small portion of the hot combustion

byproducts flows around the flame baffle unit to go back to
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the air supply ﬁnit. In this pathway going around the flame

baffle unit,'the hot combustion byproducts are effectively
cooled down, and this temperature drop further causes
contraction in volume and lowers the pressure of the
exhausted gas. The predetermined second volume of the air
supply unit is greater than the predetermined first volume of
the combustion chambér as described previously. Such a
volume ratio significantly reduces the reverse pressure from
the combustion chamber. The'smﬁll portion of the combustion
byproducts back flown to the air supply unit is sufficiently
mixed with the secondary air and thereby does not cause any
advefse effect on smooth combustion.

- The secondary air continuously fed into the air supply
unit by means of the ever-on fan is mixed with the back-flown
combustion byproducts and fed to the combustion chamber via
the plurality of air nozzles. In this structure, the reverse
pressure from the combustion chamber is sufficiently reduced,
and the.fan used here for supplying the secondary air to the
air supply unit does not require the high pressure or the
large capacity, accordingly. The fan having the moderate
capacity has favorably sﬁall noise and vibration.
Furthermore, the back-flow of the cqmbusfion byproducts from
the combustion chamber lowers the combustion pressure in the
"combustion chamber. These features of the invention allow
the effective noise and vibration reduction.

The combustion efficiency is largely affected by the ratio
of a second volume V2 in the air supply unit (hereinafter
referred to as the supply volume) to a first volume V1 in the
combustion chamber (hereinafter referred to.as the combustion

volume). As shown in Fig. 2, the concentration of carbon



monoxide expressed by the ratio of CO to CO, varies with the
ratio of the supply volume V2 to the combustion volume V1.
When the supply volume V2 is 1ess-thaﬁ_the'combustion_volume
V1, the combustion efficiency is undesirably lowered. In the
structure of the invention, the supply volume V2 is greater
than the combustién volume V1, thus allowing sufficient
reduction of the reverse pressure and realizing stable pulse
combustion.

In one preferred application, the flame baffle unit
includes a baffle plate disposed opposite to the nozzle plate
via the predetermined space. The baffle plate extends to a
predetermined length covering all of the plurality of air
nozzles and gas nozzles on the nozzle plate.

In one alternative structure, the flame baffle unit
includes a first baffle plate and a second baffle plate both
extending to a predetermined length covering all of the
plurality of ailr nozzles and gas nozzles on the nozzle plate.
The firsé baffle plate has a first surface and a second
fsurface, where the first surface is disposed opposite to the
nozzle plate via the predetermined space and the second
surface faces the second baffle plate vig a predetermined
distance.

In this structure, it is preferable that the flame baffle
unit further includes a baffle ring disposed radially along
the cylindrical side wall of the combustion chamber and
between the first baffle plate and the second baffle plate.
The first baffle plate, the baffle ring, and the second

baffle plate are preferably spaced at substantially equal

~ intervals. REPLACEMENT SHEET
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In another preferred application, the flame baffle unit
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includes a ring-shaped flame trap and a baffle plate disposed
opposite to the nozzle plate via the predetermined space.

The baffle plate extends to a predetermined length covering
all of the air nozzles and gas nozzles on the nozzle plate
whereas the ring-shaped flame trap is disposed radially
between the baffle plate and the cylindrical.side wall of the
combustion chambér.

In still another structure of the invention, the flame
baffle unit includes a baffle plate disposed opposite to the
nozzle plate via the predetermined space. The baffle plate
has a plurality of through holes and spans the side wall of
the combustion chamber.

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

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross sectional view schematically

illustrating a pulse combustor as a first embodiment of the

invention;

Fig. 2 is a graph showing the combustion efficiency
plotted against the ratio of a supply volume Vzhfo a
combustion volume V1;

Fig. 3 is a cross sectional view schematically
illustratipg a pulse combustor as a second embodiment of the
invention;

_Fig._4 is an enlarged view showing an essential part of
the pulse combustor of Fig. 3;

Fig. 5 shows an essential part of a pulse combustor
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according to a third embodiment of the invention;

Fig. 6 is a cross sectional view illustrating a pulse
combusfor as a fourth embodiment.of the invention; and

Fig. 7 is a cross sectional view schematically
illustrating a conventional pulse combustor.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The structure and function of the present invention will
become more apparent through description of preferred
embodiments of the invention. |

Fig. 1 1s a cross sectional view schematiéally
illustrating a pulse combustor according to a first
embodiment of the invention. In the pulse combustor of the
first embodiment, an air chamber 11 hés a greater inner
volume than the air chamber 8 of the conventional system
shown in Fig. 7, and an evér—on fan 12 has a moderate
capacity compared with the high-pressure fan 7 of the
conventional system. The system of the first embodiment also
1nc1udesla baffle plate 15 in place of the resistant plate 5.
In this first embodiment and the subsequent embodiments, the
same elements as those of the conventional system have the
same numerals.

The structure of the first embodimenf is described more in
detail. The pulse combustor of the embodiment includes a
cylindrical combustion chamber 1 having a predetermined first
volume, the air chamber 11 haying a predetermined second
volume greater than the first volume, and a nozzle plate 4
disposed between the combustion chamber i and the air chamber
11 to function as a partition and separate the combustion

chamber 1 from the air chamber 11. The nozzle plate 4 is
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provided with a pluraiity of gas nozzles 2 for supplying a
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non-flammable rich mixture of primary air and gaseous fuel
and a.plurality of air nozzles 3 for supplying a secondary
air. The air chamber 11 is in communication With the
combustion chamber i through the plurality of air nozzles 3.
The plurality of gas nozzles 2 are connected to a gas supply
éonduit_G.

The pulse combustor of the embodiment further includes the
fan 12, fpr example, a multiblade fan, for feeding the
secondary air, and an air supply conduit 14 coupled with and
connected to the fan 12 to supply the secondary air to the
air chamber 11. Since the air chamber 11 has a sufficiently
large inner volume, the required capacity of the fan 12 is
significantly reduced.

The combustion chamber 1 is further connected to a tail
pipe 10 for exhausting hot combustion byproducts and a
decoupler or expansion chamber 13 disposed in the middle of
the tail.'pipe 10. The pulse combustor may include a
plurality of tail pipes, which may be disposed on a side wall
of the combustion chamber 1.

The baffle plate 15 is arranged in the combustion chamber
1 to be located opposite to the nozzle plate 4 via a
predetermined narrow space S. The baffle plate:15
effectively absorbs the heat of the hot combustion byproducts
back flown from the combustion chamber 1 to the air chamber
11.

A jet of a rich mixture of primary air and gaseous fuel
(hereinafter_feferred to as the rich air/fuel mixture)
running through the gas supply conduit 6 is suppliéd to the

combustion chamber 1 via each of the gas nozzles 2 on the



REPLALIMEN]T ofieEl

07 APR 1997

10

nozzle plate 4 as clearly seen in Fig. 1. A jet of secondary
air fed to the air chamber 11 by means of the fan 12 is, on
the other hand, supplied to the combustion chamber 1 via each
of the air nozzles 3. Tﬁe rich air/fuel mixture and the
secondary air are sufficiently mixed in the predetermined
space S between the baffle plate 15 and the nozzle plate 4
combusted in the combustion chamber 1. In this embodiment,
the nozzle plate 4 has three gas nozzles 2 (diameter: 3
millimeter) and ten air nozzles 3 (diameter: 4 millimeter).
The thickness of the baffle plate 15 is 4 millimeter, and the
predetermined narrow space S.between the baffle plate 15 and
the nozzle plate 4 is equal to 3 milliméter.

The sufficiently mixed rich air/fuel mixture and
secondary air (hereinafter referred to as the air/fuel
mixture) is ignited with a spark of an ignition plug 9 in the
combustion chamber 1 for pulse combustion.

The high explosion and combustion pressure in the
combustién chamber 1 exhausts a large portion of hot
combustion byproducts through the tail pipe 10 whereas a
small portion of the hot combustion byproducts is back flown
to the air chamber 11. Although the baffle plate 15 prevents
the large reverse pressure from being aﬁplied into the air
chamber 11 directly, the small portion of the combustion
byproducfs flows around the baffle plate 15 to go back to the
air chamber 11. In this pathway going round the baffle plate
15, the hbf combustion byproducts are effectively cooled
down, and this temperature drop further causes contraction in

volume and lowers the pressure of the exhausted gas. Since

the second volume of the air chamber 11 is greater than the
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first volume of the combustion chamber 1 as described

previously, the reverse pressure from the combustion chamber
1 is significantly reduced, and the combustion byproducts
back flown to the air chamber 1 is sufficiently mixed with
the secondary air.

The secondary air continuously fed into the air chamber 11
by means of the evef-on fan 12 is mixed with the back-flown
combustion byproducts and fed to the combustioh chamber 1 via
the plurality of air nozzles 3. Under such circumstances,
the reverse pressﬁre from the combustion chamber 1 is
sufficiently low, and the fan 12 used here for supplying the
secondary air to the air chamber 11 does not require the high
pressure or the large capacity, .accordingly. The fan 12
having the moderate capacity has favorably small noise and
vibration. Furthermore, the back-flow of the combustion
byproduéts from the combustion chamber 1 lowers the
combustion pressure in the combustion chamber 1, thus
reducing..the combustion noise. The turn-down ratio can be
raised preferably by controlling the air supply volume fed by
the fan 12 and the volume of the rich air/fuel mixture.

In the pulse combustor thus constructed, the combustion
efficiency is largely affected by the ratio of a total volume
V2.of an air supply system (the volume of the aif chamber 11
plus that of the air supply conduit 14: hereinafter referred
to as the supply volume V2) to a volume V1 of the combustion
chamber 1 Shereinafter referred to as the combustion volume
Vl1). Fig. 2 shows variation in the concentration of carbon
monoxide (expressed as the ratio of CO/ CO5) plotted against
the ratio of the supply volume V2 to the combustion volume

Vl. 1In the range where the supply volume V2 is less than the
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combustion volume V1, the concentration of CO is

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

The smaller supply volume V2 than the combustion volume V1
causes insufficient mixing of the back-flown combustion
byproducts with the secondafy air, thus lowering the
combustion efficiency. Furthermore, the small supply volume
V2 does not sufficlently reduce the reverse pressure and
requires a relatively large capacity of the fan 12.

When the supply volume V2 is greater than the combustion
volume V1, the smaller pressure loss and leaner air/fuel
ratio inérease the CO concentration only in the allowable
range. In the embodiment, the supply volume V2 is determined
to be sufficiently larger than the combustion volume V1 so as
to iower the CO cdncentration'to the minimum, thus
significantly improving the combustion efficiency.

A second embodiment according to the invention is
described with the accompanying drawings of Figs. 3 and 4. A
pulse combustor of the second embodiment includes a plurality
of baffle plates for improvement in heat absorption effects.
More concretely, the pulse combusfor as shown in Fig. 3
includes a first baffle plate 16 and a second baffle plate 17

both extending to a predetermined length covering all of the
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plurality of air nozzles 3 and gas nozzles 2 on the nozzle

plate 4. The first baffle plate 16 has a firsf surface and a
second surfaée. wheré the first surface is disposed opposite
to the nozzle plate 4 via a predetermined first distance and
the second surface faces the second baffle plate 17 via a
predetermined second distance. The first baffle plate 16 and
the second baffle plate 17 have identical dimensions in this
.embodiment. The pﬁlse coﬁbustor is further provided with a
baffle ring 18 disposed radially along a cylindrical side
wall of the combustion chamber 1 and between the first baffle
plate 16 and the second baffle plate 17. In the preferred
structﬁre, the first baffle plate 16, the baffle ring 18, and
the secbnd baffle plate 17 are spaced at substantially equal
intervals as clearly seen in Fig. 4. The heat of hot
combuétion byproduéts back flown to the air chamber 11 is
efficiently absorbed through a zigzag pathway through the
second baffle plate 17, the baffle ring 18, and the first
baffle plate 186.

Fig. 5 shows an essential part of another pulse combustor
as a third embodiment of the invention. The pulse combustor
of the third embodiment has a similar structure to that of
the first embodiment, except a flame trap ring 19 arranged
between a cylindrical side wall of the_combustiéh chamber 1
.and the baffle plate 15. The flame trap ring 19 has a
- ceramic honeycomb structure of 600 cells, where each cell
denotes tyg number of pores in one square inch. The flame
trap 19 and the baffle plate 15 of this structure also
efficlently absorb the heat of hot cembustion byproducts back

flown to the air chamber 11 (see Fig. 1).

Fig. 8 shows still another pulse combustor as a fourth
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embodiment according to the invention. 1In this structure, a

punching metal 20 having a plurality of apertures 21 is
disposed opposite to the nozzle plate 4 to span the whole
length of the cylindrical combustion chamber 1. The
plurality'of apertures 21 formed in the punching metal 20 are
arranged eccentrically with any of the plural gaé nozzles 2
and the air nozzles 3. This eccentric structure effectively
prevents the reverse pressure from the combustion chamber 1
from being applied into an air supply system directly. The
structure of the fourth embodiment also ensures sufficient
mixing of the back-flown combustion byproducts with the
secondary air and efficiently absorbs the heat of the hot
combustion byproducts.

| As described above, in the pulse éombustor of the
invention, the supply volume is set greater than the
combustion volume to allow the combustion byproducts to be
partly back flown to the air supply system. The back-flown
combustién byproducts are sufficiently mixed with the
secondary alir continuously fed by means of the ever-on fan
énd fed back to the combustion chamber. Such a system
attains favorable combustion without the'large capacity of
the fan, and accordingly reduces undesifable noise and
vibration to the minimum.

Since there may be many other modifications, changes, and
alterations without departing from the scope or spirit of
essential characteristics of the invention, it is clearly
understood that the above embodiments are only illustrative
and not restrictive in any sense. The spirit and scope of-

the present invention is limited only by the terms of the
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1. A pulse combustor for separately supplYIﬁE”EArich
mixture of primary air and gaseous fuel and a secondary air
to a combustion chamber for pulsative ignition and continuous
combustion of an appropriate air/fuel mixture,

said pulse combustor comprising

said combustion chamber for receiving said rich mixture of
primary air and gaseous fuel and said secondary air
separately, said combustion chamber having a predetermined
first volume,

discharge meahs connecting to said combustion chamber for
exhausting hot combustion byproducts sent from said
combustion chamber, and

a nozzle plafe having a plurality of gas nozzles for
supplying said rich mixture of primary air and gaseous fuel
to said combustion chamber and a plurality of air nozzles for
supplying said secondary air to said combustion chamber,

whereLn said combustion chamber is defined by a first
surface which said discharge means is connected to, a
cylindrical side wall, and said nozzle plate having said
plurality of gas nozzles and air hozzles,

said pulse combustor further compfising

flame baffle means disposed opposite to said“ﬁozzle plate
fia a predetermined space, said flame'baffle means absorbing
heat and reverse pressure generated by said hot combustion
byprodu¢t§{back'flown from said combustion chamber,

alr supply means for supplying said secondary air.to said
combustion chamber through said plurality of air nozzles,
said air supbly means having a predetermined secoﬁd volume

which is greater than said predetermined first volume, said

’_____’_‘_______4_.—
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air supply means receiving said hot combustion byproducts

back flown from séid combustion chamber,

a fan for continuously feeding said secondary air to said
air supply means, and

means for mixing said secondary air continuously supplied
to said air supply means by means of said fan with said hot
combustion byproducts back flown from said combustion chamber
and received by said air supply means, and feeding mixture of
said secondary air and said hot combustion byproducts back to
said combustion chamber via said plurality of air nozzles.

2. A pulse combustor in accordance with claim 1, wherein
said flame baffle means comprises a baffle plate disposed
'opposite to said nozzie prlate via said predetermined space,
said baffle plate extending to a predetermined length
covering all of said plurality of air nozzies and gas nozzles
on said nozzle plate.

3..A pulse combustor in accordance with claim 1, wherein
said flamé baffle means comprises a first baffle plate and a
second baffle plate both extending to a predetermined length
covering all of said plurality of air nozzles and gas nozzles
on said nozzle plate; said first baffle plate having a first
surface and a second surface where said'first surface being
disposed opposite to said nozzle plate via said predetermined
space and said second surface facing said second baffle plate
via a predetermined distance.

4. A pulse combustor in accordance with claim 3, wherein
salid flame baffle means further comprises a baffle ring
disposed radially along sald cylindrical side wall of said

combustion chamber and between said first baffle plate and
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5. A pulse combustor in accordance with claim 4, wherein

sald second baffle plate.

said first baffle plate, said baffle ring, and said second
- baffle plate are spaced at substantially equal intervals.

8. A pulse combustor in accordance with claim 1, wherein
seid flame baffle means comprises a ring-shaped flame trap
and a baffle plate disposed opposite to said nozzle plate via
said predetermined space, said baffle plate extending to a
predetermined length covering all of said plurality of air
nozzles and gas nozz;es on said nozzlelplate, said ring-
shaped flame trap being disposed radially between said baffle
plate and said cylindrical side wall of said combustion
chember.

T. A pulse combustor in accordance with claim 1, wherein
said flame baffle means comprises a baffle plate disposed
opposite to said nozzle plate via said predetermined space,
said baffle plate having a plurality of through holes and.

spanning..said side wall of said combustion chamber.
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PULSE COMBUSTOR

The present invention provides a simﬁly and compactly
constructed, improved pulse combuster realizing stable pulse
combﬁstion with.reduced noise and vibration. The pulse combustor
of the invention includes a cylindrical combustion chamber (1)
habing a predetermined first volume for receiving a rich mixture
of primary air and gaseous fuel and a secondery air separately, a
tail pipe (10) connecting to the combustion chamber (1) for
exhausting hot combustion byproducts sent from the combustion
chamber (1), and a nozzle plate (4) having a plurality of gas
nozzles (2) for supplying the rich mixture of primary air and ‘
gaseous fuel to'the combustion chamber (1) and a plurality of air
nozzles (3) for supplying the secondary air to the combustion
chamber (I). The pulse combustor further includes a baffle plate
(15) disposed opposite to the nozzle plate (4) via a
predetermined space (S) for absorbing heat and reverse pressure
generated by the hot combustion byproducts back flown from the
combustion chamber (1), an air chamber (11) having a
predetermined second volume which 15 greater than the
predetermined first volume, for supplying the secondary air to
the combustion chamber (1) through the plurality of air nozzles
(3) and receiving the hot combustion byproducts back flown from
the combustion chamber (1), an ever-on fan (12) for continuously
feeding the secondary air to the'air chamber (11). A small
portion of hot combustion byproducts back flown from the
combustion chember (1) to the air chamber (11) is sufficiently
mixed with the secondary air continuously supplied to the air
chamber (11) by means of the fan (12) and fed back to the

combustion chamber (1) via the plurality of air nozzles (3).
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The present invention relales to a pulse combustor,
which separately supplies a rich mixture of primary air
and gaseous fuel and secondary air to a combustion
chamber thereof for continuous combustion.

Description of the Related Art

A typical example of a conventional pulse combus-
“tor for pulsative ignition and continuous combustion of
an air/fuel mixture is disclosed in US Patent No.
4,891,003 (Japanese Patent Laying-Open Gazette No.
Sho-64-23005). The prior art combustor, as shown in
accompanying Fig. 5, has a cylindrical combustion
chamber 1, a nozzle plate 4 with a plurality of gas noz-
zles 2 and a plurality of air nozzles 3 arranged in the

combustion chamber 1, and a circular resistant plate 5 | g\n O
~ disposed opposite to the nozzle plate 4 via a predeter- é’- N &
mined narrow space S. A jet of rich air/ffuel mixturerun- | § § 3 g
ning through a gas conduit 6 is supplied from each of 2 % < g‘
the gas nozzles 2 to the combustion chamber 1 while a e Ny
jet of secondary air fed to an airchamber8bymeans | & & & &
of a fan 7 is supplied from each of the air nozzles 3to | & & & &
the combustion chamber 1. The rich air/fuel mixtureand | § i~ }
the secondary air are sufficiently mixed betweenthere- | » ~ - &
sistant plate 5 and the nozzle plate 4, and ignited by a TTEE
spark of an ignition plug 9 in the combustion chamber 1 ‘§ ‘§ ? ‘§
- for pulse combustion. A large portion of hot combustion | : 4 : :
byproducts is exhausted through a tail pipe 10. Although ‘U'\

S133HS 43DViday
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the high explosion pressure in the combustion chamber
1 tends to cause a back flow of the combustion byprod-
ucts to the supply source, the resistant plate 5 in the
combustion chamber 1 prevents such undesirable back
flow. Exhaustion of the combustion byproducts makes
the pressure in the combustion chamber 1 negative, so -
that another jet of the rich air/fuel mixture and that of the
secondary air are successively fed into the combustion
chamber 1 and spontaneously ignited and combusted
by the residual hot exhausted gas in the combustion
chamber 1. Ignition and combustion are periodically re-
pealediri the above manner to heal an object like cook-
ing oil in an oil tank.




2.

In the system of the prior art pulse combustor, how-
ever, combustion byproducts once flown back lo the
supply source are not effectively mixed with the rich air/
fuel mixture and the secondary air nor returned to the
combustion chamber 1. Relalively high supply pres-
sures of the rich air/fuel mixture and the secondary air
as well as the resistant plate 5 are required for efficiently
preventing the back flow of combustion byproducts.
More concretely, the pulse combustor of the prior art
system requires a high-pressure fan or a compressor
for supplying the high-pressure air and a complicated,
rather bulky gas supply unit for supplying the high-pres-
sure fuel gas. These structures unfavorably increase the
noise and vibration.

Furthermore, in the prior art system, the rich airffuel
mixture and the secondary air are mixed only in the pre-

determined narrow space S between the resistant plate
5 and the nozzle plate 4, which causes non-uniform mix-
ing and thereby unstable combustion.

The object of the invention is to provide a simply
constructed, improved pulse combustor which realizes
stable, continuous combustion with reduced noise and
vibration. :

The above and other related objects are realized by
a pulse combustor of the invention, wherein a rich mix-
ture of primary air and gaseous fuel and a secondary air
are separately supplied to a cylindrical combustion
chamber for pulsative ignition and continuous combus-
tion of an appropriate air/fuel mixture.

The present invention commences from US-A-4
891 003 which discloses a pulse combustor in which a
combustion chamber is separately supplied with a rich
mixture of primary air and gaseous fuel and secondary
air for pulsative ignition and continuous combustion of
an appropriate air/fuel mixture,

said pulse combustor comprising the said combus-
tion chamber which is defined by a cylindrical side
wall, a first surface to which discharge means is
connected for exhausting hot combustion byprod-
ucts from said combustion chamber, and a nozzle
plate having a plurality of gas nozzles for supplying
said rich mixture of primary air and gaseous fuel to
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said combuslion chamber and a plurality of air noz-
zles for supplying said secondary air to said com-
bustion chamber,
said pulse combustor further comprising flame baf-
fle means disposed opposile to said nozzle plate
via a predetermined space, to absorb heat and re-
verse pressure generated by said hot combustion
byproducts which in use flow back from said com-
bustion chamber,
air supply means for supplying said secondary air
to said combustion chamber through said plurality
of air nozzles, said air supply means in use receiv-
ing said hot combustion byproducts which flow back
from said combustion chamber, and
a fan for continuously feeding said secondary air to
said air supply means.

In US-A-4 891 003, the combustion chamber is of
greater volume than the air supply means. In contrast,
EP-A-O 527 656 discloses a pulse combustor wherein
the air supply means has a greater volume than the
combustion chamber.

Starting from US-A-4 891 003, the presentinvention
provides a pulse combustor which is characterised in
that the combustion chamber has a volume which is
smalier than the volume of said air supply means, and
in that said flame baffle means comprises first and sec-
ond baffle plates, both extending to a predetermined
length covering all of said plurality of air nozzles and gas
nozzjes on said nozzle plate, the first baffle plate having
first and second surfaces of which the said first surface
is disposed opposite to said nozzie plate via said pre-
determined space and the second surface faces said
second balfle plate via a predetermined distance, and
said flame balfle means further comprises a balfle ring
disposed radially along said cylindrical side wall of said
combustion chamber and located between the first and
said second baffle plates, said plates and said ring pro-
viding a zigzag gas flow path between the combustion
chamber and the air supply means.

A preferred pulse combustor embodying this inven-
tion is disclosed in detail hereinafter. The combustor has
a cylindrical combustion chamber having a predeter-
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mined first volume for receiving the rich mixture of pri-
mary air and gaseous fuel and the secondary air sepa-
rately, a tail pipe connecting to the combustion chamber
for exhausting hot combustion byproducts sent from the
combustion chamber, and a nozzle plate having a plu-
rality of gas nozzles for supplying the rich mixture of pri-
mary air and gaseous fuel to the combustion chamber
and a plurality of air nozzles for supplying the secondary
air to the combustion chamber.

The combustion chamber is defined by a first sur-
face which the tail pipe is connected to, a cylindrical side
wall, and the nozzle plate having the plurality of gas noz-
zles and air nozzles.

The pulse combustor of the invention further in-
cludes a flame baffle unit disposed opposite to the noz-
Zle plate via a predetermined space for absorbing heat
and reverse pressure generated by the hot combustion
byproducts back flow from the combustion chamber, an
air supply unit having a predetermined second volume
which is greater than the predetermined first volume, for
supplying the secondary air to the combustion chamber
through the plurality of air nozzles and receiving the hot
combustion byproducts back flown from the combustion
chamber, an ever-on fan for continuously feeding the
secondary air to the air supply unit, and a specific sys-
tem for mixing the secondary air continuously fed to air
supply unit by means of the fan with the hot combustion
byproducts back flown from the combustion chamber
and received by the air supply unit, and feeding mixture
of the secondary air and the hot combustion byproducts
back to the combustion chamber via the plurality of air
nozzles.

In the pulse combustor of the invention-thus con-
structed, the rich mixture of primary air and gaseous fuel
(hereinafter referred to as the rich air/fuel mixture) is
supplied from the plurality of gas nozzles whereas the
secondary air is fed from the plurality of air nozzles. The
rich air/fuel mixture and the secondary air are sufficiently
mixed in the predetermined space between the nozzle
plate and the flame baffle unit and then ignited in the
combustion chamber for pulsative combustion. The
large combustion pressure in the combustion chamber
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exhausts a large portion of hot combustion byproducts
from the tail pipe while a small portion of the combustion
byproducts is back flown to the air supply unit. Although
the flame balfle unit effectively prevents the large re-
verse pressure from being applied directly into the air
supply unit, a small portion of the hot combustion by-
products flows around the flame baffle unit, following a
zig-zag path, back to the air supply unit. In this path
around the flame baffle unit, the hot combustion byprod-
ucts are effectively cooled down, and this temperature
drop further causes contraction in volume and lowers
lhe pressure of the exhausted gas. The predetermined
second volume of the air supply unit is greater than the
predetermined first volume of the combustion chamber
as described previously. Such a volume ratio significant-
ly reduces the reverse pressure from the combustion
chamber. The small portion of the combustion byprod-
ucts back flown to the air supply unit is sufficiently mixed
with the secondary air and thereby does not cause any
adverse effect on smooth combustion.

The secondary air continuously fed into the air sup-
ply unit by means of the ever-on fan is mixed with the
back-flown combustion byproducts and fed to the com-
bustion chamber via the plurality of air nozzles. In this
structure, the reverse pressure from the combustion
chamber is sufficiently reduced, and the fan used here
for supplying the secondary air to the air supply unit
does not require high pressure or large capacity, accord-
ingly. The fan having moderate capacity has favorably
small noise and vibration. Furthermore, the back-flow of
the combustion byproducts from the combustion cham-
ber lowers the combustion pressure in the combustion
chamber. These features of the invention allow effective
‘noise and vibration reduction.

The combustion efficiency is largely affected by the
ratio of a second volume V2 in the air supply unit (here-
inafter referred to as the supply volume) to a first volume
V1 in the combustion chamber (hereinafter referred to
as the combustion volume). As shown in Fig. 2, the con-
centration of carbon monoxide expressed by the ratio of
CO to CO, varies with the ratio of the supply volume V2
to the combustion volume V1. When the supply volume

REPLACEMENT SHEET

09 OCT 1997




-6 -
V2 is less than the combustion volume V1, the combus-
tion efficiency is undesirably lowered. In the structure of
the invention, the supply volume V2 is greater than the
combustion volume V1, thus allowing sufficient reduc-
tion of the reverse pressure and realizing stable pulse
combustion.

In accordance with this invention, the flame balfle
unit includes a first baffle plate and a second balffle plate
both extending to a predetermined length covering all of
the plurality of air nozzles and gas nozzles on the nozzle
plate. The first baffle plate has a first surface and a sec-
ond surface, where the first surface is disposed opposite
to the nozzle plate via the predetermined space and the
second surface faces the second baffle plate via a pre-
determined distance. The flame baffle unit further in-
cludes a baffle ring disposed radially along the cylindri-
cal side wall of the combustion chamber and between
the first baffle plate and the second baffle plate. The first
baffle plate, the baffle ring, and the second baffle plate
are preferably spaced at substantially equal intervals.

In another preferred application, the flame baffle
unit includes a ring-shaped flame trap and a baffle plate
disposed opposite to the nozzle plate via the predeter-
mined space. The balffle plate extends lo a predeter-
mined length covering all of the air nozzles and gas noz-
zZles on the nozzle plate whereas the ring-shaped flame
trap is disposed radially between the baffle plate and the
cylindrical side wall of the combustion chamber.

In still another structure of the invention, the flame
baffle unit includes a baffle plate disposed opposite to
the nozzle plate via the predetermined space. The balffle
plate has a plurality of through holes and spans the side
wall of the combustion chamber.

The present invention will now be described by way
of example only with reference to the accompanying
drawings, in which:

Fig. 1is a cross sectional view schematically illus-
trating a pulse combustor which does not embody
the invention; _

Fig. 2 is a graph showing the combustion efficiency
plotted against the ratio of a supply volume V2 lo a
combustion volume V1;
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Fig. 3 is a cross sectional view schematically illus-
trating a pulse combustor as embodying the inven-
lion,

Fig. 4 is an enlarged view showing an essential part
of the pulse combustor of Fig. 3; and

Fig. 5 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 which does not embody the
invention. In this pulse combustor, an air chamber 11
has a greater inner volume than the air chamber 8 of the
conventional system shown in Fig. 5, and an ever-on
fan 12 has a moderate capacity compared with the high-
pressure fan 7 of the conventional system. The pulse
combustor also includes a baffle plate 15 in place of the
resistant plate 5.

The pulse combustor of Fig. 1 includes a cylindrical
combustion chamber 1 having a predetermined first vol-
ume, the airchamber 11 having a predetermined second
volume greater than the first volume, and a nozzle plate
4 disposed between the combustion chamber 1 and the
air chamber 11 to function as a partition and separate
the combustion chamber 1 from the air chamber 11. The
nozzle plate 4 is provided with a plurality of gas nozzles
2 for supplying a non-flammable rich mixture of primary
air and gaseous fuel and a plurality of air nozzles 3 for
supplying secondary air. The air chamber 11 is in com-
munication with the combustion chamber 1 through the
plurality of air nozzles 3. The plurality of gas nozzles 2
are connected to a gas supply conduit 6.

The pulse combustor of Fig. 1 further includes the
fan 12, for example, a multiblade fan, for feeding the
secondary air, and an air supply conduit 14 coupled with
and connected lo the fan 12 to supply the secondary air
to the air chamber 11. Since the air chamber 11 has a
sufficiently large inner volume, the required capacity of
the fan 12 is significantly reduced.

The combustion chamber 1 is further connected to
a tail pipe 10 for exhausting hot combustion byproducts
and a decoupler or expansion chamber 13 disposed in
the middle of the tail pipe 10. The pulse combustor may
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include a plurality of tail pipes, which may be disposed
on a side wall of the combustion chamber 1.

The balfle plate 15 is arranged in the combustion
chamber 1 to be located opposite to the nozzle plate 4
via a predetermined narrow space S. The baffle plate
15 effectively absorbs the heat of the hot combustion
byproducts back flowing from the combustion chamber
1 to the air chamber 11.

A jet of a rich mixture of primary air and gaseous
fuel (hereinafter referred to as the rich air/fuel mixture)
running through the gas supply conduit 6 is supplied to
the combustion chamber 1 via each of the gas nozzles
2 on the nozzle plate 4 as clearly seen in Fig. 1. A jet of
secondary air fed to the air chamber 11 by means of the
fan 12 is, on the other hand, supplied to the combustion

- chamber 1 via each of the air nozzles 3. The rich air/fuel
mixture and the secondary air are sufficiently mixed in
the predetermined space S between the baffle plate 15
and the nozzle plate 4 combusted in the combustion
chamber 1. In this arrangement, the nozzle plate 4 has
three gas nozzles 2 (diameter: 3 millimeter) and ten air
nozzles 3 (diameter: 4 millimeter). The thickness of the
baffle plate 15 is 4 millimeter, and the predetermined
narrow space S between the baffle plate 15 and the noz-
zle plate 4 is equal to 3 millimeter.

The sulfficiently mixed rich air/fuel mixture and sec-
ondary air (hereinatfter referred to as the air/fuel mixture)
is ignited with a spark of an ignition plug 9 in the com-
bustion chamber 1 for pulse combustion.

The high explosion and combustion pressure in the
combustion chamber 1 exhausts a large portion of hot
combustion byproducts through the tail pipe 10 whereas
a small portion of the hot combustion byproducts flows
back to the air chamber 11. Although the baffle plate 15
prevents the large reverse pressure from being applied
into the air chamber 11 directly, the small portion of the
combustion byproducts flows around the baffle plate 15
to go back to the air chamber 11. In this pathway around
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the baffle plate 15, the hot combustion byproducts are
effectively cooled down, and this temperature drop {ur-
ther causes contraction in volume and lowers the pres-
sure of the exhausted gas. Since the second volume of
the air chamber 11 is greater than the first volume of the
combustion chamber 1 as described previously, the re-
verse pressure from the combustion chamber 1 is sig-
nificantly reduced, and the combustion byproducts back
flown to the air chamber 1 is sufficiently mixed with the
secondary air.

The secondary air continuously fed into the air
chamber 11 by means of the ever-on fan 12 is mixed
with the back-flown combustion byproducts and fed to
the combustion chamber 1 via the plurality of airnozzles
3. Under such circumstances, the reverse pressure from
the combustion chamber 1 is sufficiently low, and the
fan 12 used here for supplying the secondary air to the
air chamber 11 does not require high pressure or large
capacity, accordingly. The fan 12 having moderate ca-
pacity has favorably small noise and vibration. Further-
more, the back-flow of the combustion byproducts from
the combustion chamber 1 lowers the combustion pres-
sure in the combustion chamber 1, thus reducing the
combustion noise. The turn-down ratio can be raised
preferably by controlling the air supply volume fed by
the fan 12 and the volume of the rich air/fuel mixture.

In the pulse combustor thus constructed, the com-
bustion efficiency is largely affected by the ratio of a total
volume V2 of an air supply system (the volume of the
air chamber 11 plus that of the air supply conduit 14:
hereinafter referred to as the supply volume V2)toa vol-
ume V1 of the combustion chamber 1 (hereinafter re-
ferred to as the combustion volume V1). Fig. 2 shows
variation in the concentration of carbon monoxide (ex-
pressed as the ratio of CO/ CO,) plolted against the ratio
of the supply volume V2 to the combustion volume V1.
In the range where the supply volume V2 is less than
the combustion volume V1, the concentration of CO is
significantly high; that is, the combustion efficiency is
undesirably low. On the contrary, in the range where the
supply volume V2 is greater than the combustion vol-
ume V1, the CO concentration first abruptly decreases
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and then gradually increases with increase in the ratio
of the supply volume V2 (o the combustion volume V1,
in this range, the CO concentration is sufficiently low;
that is, the combustion efficiency is preferably high.

The smaller supply volume V2 than the combustion
volume V1 causes insufficient mixing of the back-flown
combustion byproducts with the secondary air, thus low-
ering the combustion efficiency. Furthermore, the small
supply volume V2 does not sufficiently reduce the re-
verse pressure and requires a relatively large capacity
of the fan 12.

When the supply 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 supply volume
V2 is determined to be sufficiently larger than the com-
bustion volume V1 so as to iower the CO concentration
to the minimum, thus significantly improving the com-
bustion efficiency. :

A pulse combustor according to the invention is now
described with the accompanying drawings of Figs. 3
and 4. A pulse combustor of this embodiment includes
a plurality of baffle plates for improvement in heat ab-
sorption effects. More concretely, the pulse combustor
as shown in Fig. 3 includes a first baffle plate 16 and a
second balffle plate 17 both extending to a predeter-
mined length covering all of the plurality of air nozzles
3and gas nozzles 2 on the nozzle plate 4. The firstbaffle
plate 16 has a first surface and a second surface, where
the first surface is disposed opposite to the nozzle plate
4 via a predetermined first distance and the second sur-
face faces the second baffle plate 17 via a predeter-
mined second distance. The first balfle plate 16 and the
second baffle plate 17 have identical dimensions in this
embodiment. The pulse combustor is further provided
with a balfle ring 18 disposed radially along a cylindrical
side wall of the combustion chamber 1 and belween the
first baffle plate 16 and the second baffle plate 17. In the
preferred structure, the first baffle plate 16, the baffle
ring 18, and the second baffle plate 17 are spaced at
substantially equal intervals as clearly seen in Fig. 4.
The heat of hot combustion byproducts back flown to
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the air chamber 11 is efficiently absorbed through a zig-
zag pathway through the second baffle plate 17, the bal-
fle ring 18, and the first baffie plate 16.

As described above, in the pulse combustor of the
invention, the supply volume is set greater than the com-
bustion volume to allow the combustion byproducts to
be partly back flown to the air supply system. The back-
flown combustion byproducts are sufficiently mixed with
the secondary air continuously fed by means of the ever-
on fan and fed back to the combustion chamber. Such
a system attains favorable combustion without a large
capacity fan, and accordingly reduces undesirable
noise and vibration to the minimum.
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1. Apulse combustor in which a combustion chamber
(1) is separately supplied with a rich mixture of pri-
mary air and gaseous fuel and secondary air for pul-
sative ignition and continuous combustion of an ap-
propriate air/tuel mixture,

said puise combustor comprising the said com-
bustion chamber (1) which is defined by a cy-
lindrical side wall, a first surface to which dis-
charge means (10, 13) is connected for ex-
hausting hot combustion byproducts from said
combustion chamber, and a nozzle plate (4)

having a plurality of gas nozzles (2) for supply-

ing said rich mixture of primary air and gaseous
fuel to said combustion chamber (1) and a plu-
rality of air nozzles (3) for supplying said sec-
ondary air to said combustion chamber, '
said pulse combustor further comprising flame
baffle means (15; 16-19; 20) disposed opposite
to said nozzle plate (4) via a predetermined
space, to absorb heat and reverse pressure
generated by said hot combustion byproducts
which in use flow back from said combustion
chamber,

air supply means (11) for supplying said sec-
ondary air to said combustion chamber (1)
through said plurality of air nozzles (3), said air
supply means (11) in use receiving said hot
combustion byproducts which flow back from
said combustion chamber (1),

afan (12) for continuously feeding said second-
ary air to said air supply means (11),

said pulse combustor being characterised in
that said combustion chamber (1) has a volume
V1 which is smaller than the volume V2 of said
air supply means (11), and in that said flame
baffle means comprises first and second baffle
plates (16, 17), both extending to a predeter-
mined length covering all of said plurality of air
nozzles (3) and gas nozzles (2) on said nozzle
plate (4), the first balfle plale (16) having first
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and second surfaces of which the said first sur-
face is disposed opposite to said nozzle plate
(4) via said predetermined space and the sec-
ond surface faces said second baffle plate (17)
via a predelermined distance, and said flame
baffle means further comprises a baffle ring
(18) disposed radially along said cylindrical
side wall of said combustion chamber (1) and
located between the first and said second baffle
plates (16,17), said plates (16,17) and said ring
(18) providing a zigzag gas flow path between
the combustion chamber (1) and the air supply
means (11).

2. A pulse combustor in accordance with claim 1,
wherein said first baffle plate (16), said baffle ring
(18), and said second baffle plate (17) are spaced
at substantially equal intervals.
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_DATB OF RECEIPT 251309

PULSE COMBUSTOR

A simple and compact pulse combustor realizes stable pulse
combgstion with reduced noise and vibration. The.pulse
combustor has a cylindrical combustion chamber (1) with a
predetermined volume (V1) for receiving, separafely, a rich
mixture of primary air and gaseous fuel and secondary air, a
tail pipe (10) connecfing to the combustion &hamber (1) for
exhausting hét combustion byproducts from the combustion
chamber (1), and a nozzle ﬁlate (4) with a plurality of gas
nozzles (2) for supplying the rich air/fuel mixture to the
combustion chamber (1) and a plurality.of air nozzles (3) for
supplying the sécondary air to the combustion chamber (1).
The pulse combustor further has a baffle plate (15)
coﬁfronting the nozzle plate (4) with a predetermined gap (S)
thefebetween, for absorbing heat.and reverse pressure
generated by the hot combustion byproducts flowing back from
the combustion chamber (l). An air chamber (11) of the
combustor has a predetermined volume (V2) which is greater
than the volume (V1), for supplying the'secqndary air to the
combustion chamber (1) through the plurality of air nozzles
(3) and for receiving hot combustion bypfoducts which flow
back from the combustion chamber (1). A fan (12)
continuously feeds the secondary air to the air chamber (11).

A small portion of hot combustion byproducts flowing back
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from the combustion chamber (1) to the air chamber (ll)_;i
sufficiengly mixed with the secondary air continuously
supplied to the air chamber (ll) by means of the fan (12) and
is fed back to the combustion chamber (1) via the plurality

of air nozzles (3).

Figure 1
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