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[57] ABSTRACT

A method of burning a fuel by means of a burner
which comprises premixing the fuel with air in an
amount larger than the quantity theoretically required
for the combustion of the fuel, allowing the resulting
lean premixture to be issued from some of plural noz-
zles of the burner, while at the same time, premixing
the fuel with air in an amount less than the theoreti-
cally required quantity, allowing the resulting rich pre-
mixture to be issued from the remaining nozzles, and
burning the two gaseous premixtures together.

9 Claims, 17 Drawing Figures
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METHOD OF BURNING FUELS BY MEANS OF A
BURNER

This invention relates to a method of burning fuels by
means of a burner, which can reduce the nitrogen oxide
concentrations in the combustion gases.

More particularly, the invention concerns a method
of burning gaseous fuels and light and heavy liquid fuels
which comprises premixing, upstream of the burner, a
fuel gas or vapor with air, with or without the addition
of an inert gas or liquid in two different amounts, over
and below the amount theoretically required for the
combustion of the fuel, and burning the two premix-
tures to produce a so-called premix flame, thereby ef-
fecting combustion while remarkably reducing the con-
centrations of nitrogen oxides in the emissions and
achieving a good thermal efficiency.

In a combustion flame the oxides of nitrogen (herein-
after called NOx) arc produced by the combination of
oxygen and nitrogen molecules in the combustion air.
The velocity of NOx production depends in large mea-
surc upon the flame temperature, or the higher the
flame temperature, the faster NOx develop. It is there-
fore effective to decrease the flame temperature in
order to reduce the NOx production as a result of com-
bustion. This is well known in the art.

Conventional burners are generally of so-called dif-
fused flame type whéreby fuel gas and air for combus-
tion are injected in a furnace by way of scparate pas-

‘sages.

In order to reduce the NOx contents of the combus-
tion gases from such burners, the following methods
have been adopted:

1. Two-step combustion, so called because part of air
supply for combustion is issucd from the burner to de-
crease the excess air rate in the burner and the remain-
ing air is rcleased from a port independent of the
burner.

2. Inert-gas mixing, whereby an inert gas (e.g., com-
bustion gas) is added to the air for combustion.

3. Ununiform excess-air combustion, for which a plu-
rality of burners are used with air supply at a uniform
flow rate but with ununiform fucl supply settings.

These and other methods hitherto proposed and
practiced were examined by us for their NOx-reducing
effects. Typical results are presented in FIGS. 1 to 3.

FIG. 1 shows the relation between the excess air rate
inside a burner (on the abscissa) and the NOx concen-
tration in the combustion gas (on the ordinate) pro-
duced by the combustion of a gaseous fuel.

FIGS. 2 and 3 show the results of cxperiments, rc-
spectively, with a light liquid fuel (kcrosene) and a
heavy liquid fucl (heavy oil).

In connection with these figures, the term “‘excess air
rate inside a burner” is used to mean the ratio of the
amount of air that passes the throat of the burner (in
the two-step combustion, such an amount minus the
quantity of air blown in the latter period of combus-
tion) to the amount of air theoretically required for the
combustion.

The broken-line curves in FIG. 1 represent the results
of experiments conducted by using ordinary burners,
with the ratio (hercinafter called GM) of the amount
of an inert gas (combustion gas) introduced into air to
the amount of the air for combustion increased from
GM, to GM,. It will be. seen from the graph that the
NOx concentration of the combustion gas continues to
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increase gradually until the excess air rate inside the
burner reaches about 1.2 but remains substantially con-
stant beyond the value of the excess air rate. '

It can be seen from the experimental results given in
FIG. 1 that the two-step combustion method limits the
air supply to the burner and thereby reduces the excess
air rate in the burner and to some extent decreases the
NOx concentration in combustion gas.

Also it is obvious that the addition of an insert gas,
say combustion gas, is fairly effective in that the NOx
concentration in the exhaust gas drops with an increase
in the percentage of the inert gas (i.e., with the de-
crease of the excess air rate inside the burner).

In the uniform excess-air combustion method, a plu-
rality of burners are so set as to have irregular excess
air rates and combustion is caused in some burner with
a large excess of air (e.g., at d in FIG. 1) and in the
other with a small excess of air (e.g., at e in the same
figure). The method is not appreciably useful because
the effects of large and small excesses of air counteract
and, as a whole, the resulting NOx. concentration is
such as arising from the combustion with a.mean excess
of air, e.g., at f in the figure.

The present invention has for its, obJect the prov1sxon
of a method of burning fuels and a burner  therefor
which can eliminate the drawbacks of the. aforc-
described methods.

To achieve the end the invention re51des firstly, in a
method of burning fuels, and a burner therefor, which
comprises effecting the combustion by discharging
from some of plural nozzles of a burner a lean premix-
ture consisting of air in an amount more than that theo-
retically required for the combustion and a fuel (ie., a
gaseous, liquid, or evaporated or atomized liquid fuel)
and by issuing from the remainder of the nozzles a rich
premixture consisting of air in an amount less than the
theoretically required quantity and the same fuel.

Secondly, the invention pertains to a method of burn-
ing fuels as defined above, whercein the gaseous fuel to
be used is a gasified fuel obtained by thermally decom-
posing a heavy liquid fuel, mixing the decomposition
product with an inert gas or liquid, and then coolmg the
mixture.

The method of the present invention will ‘be better
understood from the following detailed description.

1. When a gaseous fuel is used, the method of the in-
vention is reduced to practice in the following way: The
gascous fuel and air in an amount more than that theo-
retically required for combustion are premixed up-
stream of a burner, and the premixed gas is jetted out
from some of plural nozzles of the burner, while, at the
same time, the gaseous fuel and air in an amount less
than the theoretically required quantity are premixed,
and the premixture is issued from the remainder of the
burner nozzles to effect combustion. It is also possible
to add an inert gas or inert liquid to either or both of
the gascous premixtures before they are delivered from
the burner nozzles for combustion.

2. When a light liquid fuel is employed, the method
is practiced as follows: At least a part of the light liquid
fuel is evaporated to a combustible gas or vapor, pre-
mixed with air in an amount more than the thcoreti-
cally required quantity, with or without the addition of
an inert gas or liquid, and the resulting gascous premix-
turc is issued from some of plural nozzles of a burner
for combustion. At the same time, at least a part of the
light liquid fuel is evaporated to a combustible gas or
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vapor, premixed with air in an amount less than the the-
oretically required quantity, with or without the addi-
tion of an inert gas or liquid, and the resulting gaseous
premixture is burnt as it is discharged from the remain-
der of the burner nozzles.

3. With a heavy liquid fuel, the method is further
modified as follows: The fuel is thermally decomposed
to a combustible gas or vapor, which is then diluted and
cooled by the addition of an inert gas or liquid (e.g.,
water vapor), and a part of the resulting gas is premixed
with air in an amount more than the. theoretically re-
quired quantity, and then the premixture is issued for
combustion out of some of plural nozzles of a burner.
Simultaneously, the remainder of the diluted and
cooled combustible gas or vapor is premixed with air in
an amount less than the theoretically required quantity,
and then the premixture is spouted from the remainder
of burner nozzles for combustion.

For the purposé of the invention, the amount of air
more than the quantity theoretically required for com-
bustion is, in‘terms of the excess air rate (the amount
of air actually consumed for combustion divided by the
amount thcoretically required for complete combus-
tion), preférably between 1.3 and 1.6, and the amount
of air less than the theoretically required quantity is an
excess air rate preferably between 0.5 and 0.8. Al-
though, the amount of air issued from all of the nozzles
(i.c., the sum of air introduced to support the combus-
tion) is one to 1.2 times the amount of air theoretically
required for the complete combustion of the fuel dis-
charged from all of the nozzles.

" The advantageous effects of the present invention
will be described in detail hercunder.

1. The results of combustion experiments conducted
with a gaseous fuel, using a burner adapted for practic-
ing the mcthod of the invention are represented by con-
tinuous-line curves (GM,; - GM;) in FIG. 1.

As can be seen from the graph, the use of the burner
in conformity with the invention produces curves en-
tirely different from those (represented by broken
lines) conventionally obtained with an ordinary burner.
The curves according to the invention are mountain.
shaped with very sharp gradients, the peaks corre-
sponding to excess air rates of approximately 1.0 to 1.1.

If no inert gas is admitted and the excess air rate in-
side the burner is close to 1.0, the NOx concentration
in the combustion gas will be rather high as compared
with the values attained with conventional methods.
However, as the excess air rate inside the burner in-
creases, and also as the inert gas addition to air assumes
a larger percentage, the NOx concentration will mark-
edly decrease and, from a certain boundary point on-
ward, drop below the values with the prior art methods;
eventually the NOx concentration will be reduced to a
minimum that is never attained conventionally.

This is explained by the fact that, whereas the ordi-
nary methods are directed to so-called diffused flames,
the method of the invention produces a so-called pre-
mix flame, and that the dissimilarity in flame structure
brings about different mechanisms for NOx formation.

As noted above, in the present invention, gaseous
mixtures with varied fuel concentrations are supplied
to different nozzles of a multi-nozzle burner, thus at-
taining ununiform excess air rates in the plural nozzles.
The beneficial effects thereby achieved will now be de-
scribed. :
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Referring to FIG. 1, the point a is the actuating point
of a nozzle set for an excess air rate of more than 1.0,
and the point b is that actuating point of a nozzle set for
an excess air rate of less than 1.0. .

The both actuating points a and b give lower NOx
concentrations than by the corresponding points in the
conventional methods. Combining the points ¢ and b
brings an overall excess air rate inside the burner as at
the -point ¢. Thus, compared with an ordinary arrange-
ment in which all burners are set to the point a, com-
bustion with less excess air is made possible. It follows
that a heat exchanger equipped with the burner incor-
porating the method of the invention can achieve a
very high thermal efficiency.

The nozzle actuated at the point b would produce a
flame with insufficient air supply, or in a state of incom-
plete combustion. The condition can be improved, for
example, by sandwiching a nozzle actuatable with an
excess air rate at the point » with nozzles actuatable at
the point a, or vice versa. In this manner the combus-
tion incomplete at the point b will be made complete
by the excess air at the point a.

As an alternative, the air inside the burner may be
mixed with an inert gas (e.g., the combustion gas) to
shift the actuating point from a to a’ or @'’ and, like-
wise, shift the actuating point from b to b"-or b'’'. Ac-
cordingly, the average excess air rate throughout the
burner will be shifted to the point ¢’ or ¢'’. This will
make possible combustion with a smaller excess of air
and with a higher thermal efficiency than when the
combustion is conventionally carried out with all burn-
ers set to the point a’ or a’’. Moreover, the NOx con-
centration in the combustion gas will be practically rec-
duced to naught.

2. The results of combustion experiments of a light
liquid fuel (kerosene) with a burner adapted for prac-
ticing the method of the invention are represented by
continuous lines in FIG. 2. An alternate dash and dot-
line represents the result of an experiment with kero-
sene and an alternate dash and two dots line represents
with result with heavy oil, both conducted in a conven-
tional way. In the graph the continuous line A summar-
izes the result of an experiment in which kerosene was
completely evaporated, premixed with the total
amount of air supplied for the combustion purpose, and
the premixture was burnt by a gase burner of the pre-
mix type.

It will be manifest from the graph that, when a light
oil is evaporated and premixed for combustion in some
way as will be described later, the NOx production will
be reduced to such a low level that is never attained by
the ordinary spray combustion method.

In FIG. 2 the continuous lines B and C indicate the
effects of an inert gas (combustion gas) introduced into
air upon combustion of kerosene in accordance with
the present invention. As compared with the air free of
combustion gas (A), the air containing a small quantity
(B) or a large quantity (C) of such inert gas is helpful
in reducing the NOx concentration in the combustion
gas discharged; the greater the addition of such inert
gas to air, the lower the NOx concentration will be.

In the combustion method of the invention, it is also
possible .to decrease the NOx concentration to ex-
tremely low levels as represented by straight lines B, B’
and B'’ by effecting combustion with the addition of
the same proportions of combustion gas as in A, A’,



3,907,488

5

and A'', respectively, but with very small excess air
rates, or in the state of insufficient air supply.

For this reason, if a burner having a plurality of noz-
zles is employed and some of the nozzles are actuated
at points a, a’, and a’’ and the remainder at points b, b’,
and b'’, then the mean excess air rates at ¢, ¢, and ¢’
will permit small excess-air combustion with a high
thermal efficiency while maintaining the NOx produc-
tion at a low level.

While the instance in which combustion gas is mixed
in air for combustion has been described above, sub-
stantially the same effect is achieved by adding some
other inert'gas or liquid by spraying to air.

3. The relationship between the total quantity of NOx
in combustion gas and the excess air rate in combustion
of a heavy liquid fuel (e.g., heavy oil) according to vari-
ous burning methods is graphically shown in FIG. 3.
The amount of an inert gas added was the same
throughout the experiments.

In the graph the curve of an alternate dash and two

dots line represcnts the result of a combustion experi-
ment performed by use of a customary spray gun.
. The curve of an alternate dash and dot line shows the
result of an experiment about so-called diffused-flame
combustion cffected by gasifying heavy oil and issuing
the gaseous fuel and air scparately from nozzles of a
common burner.

‘It will be clear from the graph that thc combustion
with gasification involves conversion of less nitrogen
content of the fuel into NOx and hence produces less
NOXx concentration in the exhaust gas than by the com-
bustion with spraying.

The continuous line gives the result of combustion
with a burner according to Example 1 of the invention
to be discussed later. It can be scen that NOx are
formed in a manner quite different from the two cases
referred to above. In addition, the absolute level of
NOx concentration is by far the lowest, the peak being
at the excess air rate of approximately 1.0.

Thus, if the ‘excessy air rate in some of adjoining gas
passages, for example in the gas passages 16''« in FIG.
17 to be considered later, is large, for example at the
point ¢ in FIG. 3, while the rate in the other gas pas-
sages 16''b is small, for example at the point b, then the
overall excess air rate inside the burner and the NOx
concentration in the combustion gas can be at the point
¢, for example.

In other words, the excess air rate is smaller and the
thermal efficiency is higher than when all the gas pas-
sages arc set to the point a. Although incomplete com-
bustion takes place in the gas passages 16’'b due to
shortages of air, the combustion is made completely by
the excess air in the adjacent gas passages 16"a.

The mcthod and apparatus according to this inven-
tion are applicable to burners of boilers and other in-
dustrial furnaces as well as of gas turbines.

Other objects, advantages and features of the inven-
tion will become apparent from the following descrip-
tion taken in connection with the accompanying draw-
ings, wherein:

FIGS. 1 to 3 are graphs showing the relations be-
tween excess air rates in burners and NOx concentra-
tions in the combustion gases when gaseous, light lig-
uid, and heavy liquid fuels are burnt, respectively;

FIG. 4 is a front view of a burner for burning gaseous
fuel to be used in the method of the invention;

10

20

25

30

35

40

45

55

6(

65

6

FIG. 5 is a sectional view taken on the line V—V of
FIG. 4,

FIG. 6 is a front view of a conventional burner for
burning light liquid fuel;

FIG. 7 is a sectional view taken on the line VII—VII
of FIG. 6;

FIG. 8 is a front view of a burner for burning light liq-
uid fuel to be used in the method of the invention;

FIG. 9 is a sectional view taken on the line IX—IX of
FIG. 8;

FIG. 10 is a front view of a modified burner for burn-
ing light liquid fuel to be used in the method of the in-
vention;

FIG. 11 is a sectional view taken on the line XI—XI
of FIG. 10; ‘

FIG. 12 is a sectional view taken on the line XII-XII
of FIG. 11; S B

FIG. 13 is a longitudinal sectional view of a bumer
for burning heavy liquid fuel to be used in the method
of the invention; )

FIG. 14 is a sectional view taken on the line
XIV—XIV of FIG. 13; )

FIG. 15 is a sectional view taken on the line XV—XV
of FIG. 13; o

FIG. 16 is a longitudinal sectional view of a modified
burner for burning heavy liquid fuel to be used in the
method of the invention; and

FIG. 17 is a cross sectional view of a further modified
burner for burning heavy liquid fuel to be used in the
method of the invention. '

The constructions and operating mechanisms of the
burners adapted for practicing the method of the inven-
tion will now be described with reference to these
drawings, as follows:

1. The burner suited for the combustion. of gascous
fuel in accordance with this invention is illustrated in
FIGS. 4 and 5. )

As shown, the burner is made up of a plurality of noz-
zles 1, each of which consists of a fuel gas feed pipe 2a
or 2b, an air feed pipe 3 for supplying air with or with-
out the addition of an inert gas (combustion gas), a pre-
mixing chamber 4 where air alone or air plus the inert
gas is mixed with fuel gas, and a flame-stabilizing baffle
5. :

The fuel gas feed pipes 2a, 2b permit the flow of fuel
at ununiform flow rates so that dissimilar excess air
rates may be attaincd.

2. The burner suited for the combustion of light lig-
uid fuel, and its modified form, are shown in FIGS. 8
through 12.

The burner is shown as comprising a plurality of noz-
zles 1’, each of which consists-of a fuel injection gun
2'a or 2'b, an air feed pipe 3’ through which air for
combustion or a mixture of air and an inert gas is ad-
mitted, and a flame-stabilizing baffle 4’, and is commu-
nicated with a common fuel heater 5’. In addition,
where an inert liquid, e.g., water, is to be used; a cold-
water spray nozzle 6’ is provided.

The fuel injection guns 2'a, 2'b are so built as to dis-
charge the fuel at different flow rates.

For the comparison purpose, FIGS. 6 and 7 show a
typical combustor of a conventional design for burning
light liquid fuel.

3. The burner suited for the combustion of heavy lig-
uid fuel, and its modified forms, are shown in FIGS. 13
through 17.
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Here, the burner comprises. a group of units, i.e., a
premixer 21"’ for auxiliary fuel, a screen burner 2'’,
and heavy oil burners 4"’ for spraying heavy oil through
the agency of water vapor, a group of units, ie., a
burner cylinder22’’ formed with a multiplicity of holes
13" through which the resulting hot gas is cooled by
the combustion gas (recycled gas) and is premixed with
excess. air for. combustion, a plurality of air intake
plates 3'",.and gas passages 16’’ defined thereby, and
a starting oil burner 17'’.

In the following Examples 1 to 3 will be explained the
method of the invention wherein heavy oil is sprayed
over and mixed with hot combustion gas arising from
the combustion of a gascous fuel, thus gasifying the
heavy oil through contact, and the gas is cooled by re-
cycled gas to form a combustible gas, and then is burnt
in the form of two gaseous premixtures of different ex-
cess air rates in accordance with the invention.

EXAMPLE 1

With an apparatus in FIGS. 13 to 15, as gaseous fuel
(e.g., LPG) 5 under pressure is premixed with air 6’
for combustion, by means of a premixer 21'’, and the
premixture is completely burnt by a screen burner 2'’
to form a hot gas 7'’ at about 2,000°C. A number of
hcavy oil burners 4’ for spraying heavy oil 9’ with the
aid of water vapor 8’ are disposed around the hot gas
7', and by means of the burners 4’' the hot gas 7'’ and
the fine droplets of heavy oil 10’’ (in a mist form) are
rapidly mixed up. The mist of fine droplets 10’’ thus
spraying by the oil burners 4’’ quickly evaporated and
undergoes thermal decomposition upon mixing and
contact with the hot combustion gas 7'’ and, through
an aquéous gas reaction’ with the water vapor present,
forms a combustible gas containing some fine droplets.

‘The combustible ‘gas thus produced in the gasifying
cylinder 1”’, which is still as hot as about 1,400°C, is
cooled by blowing and mixing therein the combustion
gas (récycled gas) 11" from a furnace outlet not
shown, through a multiplicity of holes 13"’ formed in a
burner cylinder 22'’. In this manner a combustible gas
14" ‘at a relatively low temperature of about 500°C is
obtained.

The recycled gas 11’ so added lowers the tempera-
turc of the resulting gaseous mixture and thereby serves
to prevent unintended ignition and fire hazard in the
burner in the next stage of the combustible’s premixing
with air, while controlling the flame temperature inside
the burner at a low level. At the outlet of the burner
cylinder 22", in conformity with the present invention,
either excess or insufficient air 12’’ is blown into gas
passages 16’ through a multiplicity of air orifices 15’'

formed in the burner cylinder 22'’, so that the gasified

fuel 14"’ and air 12'’ are thoroughly premixed. The gas-
eous premixture of the gasified fuel, recycled gas, and
air, rapidly burns and forms a short premix flame 23",
" The air intake plates 3’ deflect the stream of the gas-
eous premixture downward and impart a swirl to the
gas stream, thus effecting complete premixing of the
gasified fuel and air. and stabilizing the flame from the
starting oil burner 17’' at the time of starting. The oil
burner 17’ has an oil line 18 which is secured to a fur-
nace wall 19’’,

The experiment indicated that the effect of the flame
temperature upon the production of NOx by the pre-
mix flame is greater than when the NOx are produced
by a diffused flame.
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Combustion in accordance with the present method
of a thorough gaseous premixture of the gasified fuel,
air, and recycled gas by a burner according to the in-
vention, forms a low-temperature premix flame with

remarkably reduced NOx production.

Example 2

An apparatus as illustrated in FIG. 16 is employed.
Here, the combustible gas formed in the gasifying cylin-
der 1'” is not cooled by an inert gas such as recycled gas
but by water vapor produced by spraying water from a
feed water pipe 24'' through its spraying holes 25"’

The advantageous effect achieved in this manner
using the burner according to the invention is similar to
that attained in Example 1.

EXAMPLE 3

The apparatus employed is the same as used in Exam-
ple 1 excepting that the orifices 15" open in the gas
passages 16'’a differ in number or size of the both from
those open in the adjacent passages 16''b so that the
burner can produce gaseous premixtures with large and
small excess air rates. Accordingly, the excess air rate
in the gas passages 16’'a is high, and the rate in thc ad-
jacent passages 16''b is small.

It has been found by our investigations that the NOx
production in a premix flame is small when the excess
air rate is extremely low (less than 1.0) or extremely
high and the production is large with an excess air rate
in the medial region. Thercfore, the afore-described
construction in which certain gas passages are supplied
with a large excess of air whereas the remaining pas-
sages have a small excess of air, renders it possible to
suppress the formation of NOx in the combustion gas
and, with an overall excess air rate of greater than 1.0,
limit the NOx concentration to a low level.

This is exemplified by an experiment conducted
wherein propane gas was used as the fuel, and 53 per-
cent of the fuel was mixed with air at an excess rate of
1.5 to obtain a lean gascous premixture and the remain-
ing fuel was mixed at an excess air rate of 0.64 to obtain
a rich premixture, the overall excess air rate of'the pre-
mixtures being 1.1. An inert gas in the form of recycled
gas amounting to 1§ percent of the total air quantity
was divided into two equal portions and added to the
two premixtures, thus forming two different premix-
tures both at 270°C. These premixturcs were issued
from the respective nozzles and bumnt together. The
NOx content of the exhaust gas could be reduced to 33
ppm (as measured on the dry gas basis).

We claim:

1. A method of burning a fuel by means of a burner
which comprises premixing the fuel with air in an
amount larger than the quantity theoretically requircd
for the combustion of the fuel, allowing the resulting
lean premixture to be issued from some of plural noz-
zles of the burner, while at the same time, premixing
the fuel with air in an amount less than the theoretically
required quantity, allowing the resulting rich premix-
ture to be issued from the remaining nozzles, and burn-
ing the two gascous premixtures together whercin the
two gaseous premixtures aré scparately mixed with an
inert liquid by spraying before they are issucd from the
respective burner nozzles for combustion.

2. A method of burning a fuel by means of a burner
which comprises premixing the fuel with air in a@n
amount larger than the quantity theoretically required
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for the combustion of the fuel, allowing the resulting
lean premixture to be issued from some of plural noz-
zles of the burner, while at the same time premixing the
fuel with air in an amount less than the theoretically re-
quired quantity, allowing the resulting rich premixture
to be issued from the remaining nozzles, and burning
the two gaseous premixtures together wherein the two
gaseous premixtures are separately mixed with a recy-
cled combustion gas before they are issued from the re-
spective burner nozzles for combustion.

3. A method of burning a fuel by means of a burner
as defined in claim 2 wherein the lean premixture is
formed to have an excess air rate from 1.3 to 1.6 and
the rich premixture from 0.5 to 0.8 before they are is-
sued from the respective burner nozzles for combus-
tion.

4. A method of burning a fuel by means of a burner
which comprises premixing the fuel with air in an
amount larger than the quantity theoretically required
for the combustion of the fuel, allowing the resulting
lean premixture to be issued from some of plural noz-
zles of the burner, while at the same time, premixing
the fuel with air in an amount less than the theoretically
required quantity, allowing the resulting rich premix-
turc to be issued from the remaining nozzles, and burn-
ing the two gaseous premixtures together wherein the
fuel is a gasified fuel prepared by thermally decompos-
ing a heavy liquid fuel, adding an inert gas or liquid to
the decomposed fuel, and cooling the mixture.

5. A burner comprising gaseous or gasified fuel and
air conduits, first premixing chambers for forming a
fuel lean premixture consisting of the fucl and air in an
amount larger than the quantity theoretically required
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for the combustion of the fuel, second premixing cham-
bers for forming a fuel-rich premixture consisting of the

- fuel and air in an amount smaller than the theoretically
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required quantity, first nozzles for injecting the lean
premixture, second nozzles for injecting the rich pre-
mixture, and conduits for an inert fluid means for dis-
charging an inert fluid for mixing with the air to be used
for the combustion,

6. A burner as defined in claim 5 further comprising
heating means for gasifying a light liquid fuel.

7. A burner as defined in claim 5, further comprising
a gasifying cylinder for converting heavy liquid fuel to
a mixture of combustible gases, a premixer for auxiliary
fuel, & screen burner for burning the auxiliary fuel,
burners for spraying the heavy liquid fuel through the
aid of steam, a burner cylinder formed with holes for
supplying air to be mixed with a hot gas generated in
the gasifying cylinder, means for cooling the hot gas
formed in the gasifying cylinder by supplying and mix-
ing therewith an inert fluid, air intake plates, gas pas-
sages defined by the air intake plates, and a starting oil
burner.

8. A burner as defined in claim 7 wherein said means
for cooling the resulting hot gas consists of a plurality
of holes formed on the burner cylinder and conduit
connected thereto through which the combustion gas
is recycled.

9. A burner as defined in claim 7 wherein said means
for cooling the resulting hot gas consists of a feced water
pipe provided with water spraying nozzles inside the
gasifying cylinder.

* L * *



