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BURNER 
•k -k -k -k -k -k 

The present invention relates to a burner for fuels and 

its working process. 

Burners are devices for producing heat for various in­

dustrial applications, such as industrial boilers for produc­

ing steam or electric power, furnaces for the melting of met­

als, etc. 

The combustion in burners generally takes place by a 

flame and liquid, solid or gaseous fuels are fed by means of 

suitable devices so to obtain a controlled combustion. 

A flame burner of the prior art is shown in Fig. 4, in 

a schematic longitudinal section view. In the Figure 23 is 

the internal part of the burner, 21 the fuel injector or fuel 

injection nozzle, 22 the flame stabilizer, 20 the fuel feed­

ing nozzle, 24 the burner jacket. In the Figure the white ar­

rows show the flow of the comburent, generally air. The fig­

ure in particular shows that the comburent flow inside the 

burner is deflected by the flame stabilizer 22, so as to get 

mixed downstream the nozzle with the fuel (represented by the 

black arrows) injected through the injection nozzle 21. On 

the left of the vertical line 25 there is a combustion cham­

ber, not reported in the figure, wherein the combustion proc­

ess, triggered by a flame, takes place. These burners of the 

prior art have several drawbacks: the flame front does not 

ensure an homogeneous combustion and it must be used an ex­

cess of comburent to ensure the complete combustion of the 

fed fuel. Furthermore inside the combustion chamber the for­

mation of thermal peaks cannot be avoided. In any case in 

these burners of the prior art polluting emissions are pro­

duced. In addition the combustion efficiency is limited as it 

is necessary to operate, as said, with an excess of the air 

comburent, the excess being as a minimum of 8% by volume, 

corresponding to a percentage of residual oxygen in flue 

gases equal to 1.6%. However generally the comburent excess 

is higher, so to have a percentage of residual oxygen in flue 

gases of at least 3% by volume. 
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Patent application US 2012/0186,265 relates to a burner sta­

bilizing the flame of a gas turbine, in particular under low 

load conditions. In the background it is stated to be known 

that the jet flames are stabilized by mixing in hot recircu­

lating gases. However during gas turbine operation, in par­

ticular at low loads, not always a temperature of the recy­

cling gases suitable to stabilize the flame can be guaran­

teed. Therefore devices to obtain a jet flame stabilization 

under these conditions are requested. The above patent appli­

cation solves this problem, as shown in Fig. 4, by means of a 

nozzle equipped with an annular gap 8 positioned around the 

nozzle. The annular gap 8 communicates with the fluid jet 2 

through openings placed upstream the outlet section 22 of the 

nozzle. The recycling gases are sucked and conveyed into the 

annular gap 8 in the direction opposite to the fluid flow in 

the nozzle. The recycling gases pass through the openings po­

sitioned upstream of the nozzle and mix with the jet fluid 

inside the nozzle: in this way, according to this patent ap­

plication, the stabilization of the flame is guaranteed. In 

order to suck the recycling gases the difference of static 

pressure existing between the combustion chamber and the flu­

id flowing at a high speed in the nozzle is used. In another 

embodiment, see Fig. 5 of the same patent application, a sec­

ond annular channel 20 is positioned externally and coaxially 

to the first annular gap 8 to convey air and/or fuel in the 

burner. In a preferred embodiment the fluid jet is compressed 

air premixed, or partially premixed or non premixed with the 

fuel. In low load operation the fluid is preferably formed of 

a fuel/compressed air mixture. In full load operation the 

fluid is formed of compressed air containing or not contain­

ing fuel. The use of this burner allows to avoid the NOx in­

crease produced during the basic load operation, as diffusion 

stabilization "pilots" (diffusion stabilizers) are not used 

in order to avoid the flame front fluctuations (combustion 

chamber hamming) . It is in fact well known that these flame 

stabilizers lead to NOx increased emissions. In any case also 

in these burners the produced NOx amount is high. 
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The need was felt to have available a fuel burner capa­

ble to be operated with different comburents, atmospheric air 

included, by using a very reduced comburent excess with re­

spect to the prior art, such as to have a combustion reaction 

balance approaching the stoichiometric, to obtain a higher 

combustion efficiency and at the same time an uniform distri­

bution of the combustion temperature in the boiler, thus 

avoiding the formation of zones with high temperature peaks, 

and to produce fumes with lower polluting emissions, in par­

ticular NOx and CO, with respect to the above described prior 

art burners. 

The Applicant has unexpectedly and surprisingly found a 

burner solving the technical problem indicated above. 

It is an object of the present invention a burner 

wherein a MILD (Moderate and Intense Low oxygen Diluition) 

combustion takes place, also known as flameless combustion, 

comprising systems for sucking the recycling flue gases di­

rectly from a combustion chamber by means of an ejector or 

comburent injection system fed with a comburent, a heat ex­

change system suitable for heat exchange between the recy­

cling flue gases and the comburent, systems for injecting the 

fuel directly into the recycling flue gases, the latter com­

prising or not comprising the comburent, and formation of a 

mixture of fuel-recycling flue gases-comburent in the zone 

around the outlet of the comburent ejector and following in­

troduction of the mixture into said combustion chamber. 

More in particular reference is made to the exemplary 

and not limitative Figures attached hereto for a detailed de­

scription of the present invention. 

Preferably the comburent injection system is arranged 

in the burner at a different position with respect to those 

of the fuel injection systems. 

A schematic representation of the burner of the present 

invention in a longitudinal section is reported in Fig. 0, 

wherein 12 is the annular duct comprised in the sucking sys­

tem of the recycling flue gases directly from the combustion 

chamber, 2 the transit or mixing chamber, 5 and 8 the fuel 
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injection system, 1 is the ejector fed with the comburent, or 

injection system 1, formed of tubes la parallel among them in 

their outletting parts toward the outlet cone 11, 11 the 

burner outlet cone. 

The systems for sucking the recycling flue gases com­

prises, besides the annular duct 12, also the suction intakes 

for sucking the recycling flue gases from the combustion 

chamber, not represented in Fig. 0, positioned anteriorly 

with respect to the annular duct 12. 

In Fig. 0 the combustion chamber, not represented, is 

located at the left of the outlet cone 11 and is in communi­

cation with the suction intakes of the sucking system of the 

recycling flue gases. 

In the burner of the present invention the comburent is 

the entraining or driving fluid and the recycling flue gases, 

or combustion fumes, are the entrained fluid. 

The heat exchange system of the burner, not reported in 

Fig. 0, is formed of the conduit walls delimiting the combu­

rent flow that have a surface, or portion thereof, in contact 

with the recycling flue gases; the comburent flow being in 

countercurrent with respect to the inletting flue gases flow­

ing into the annular duct 12. 

The Applicant has unexpectedly and surprisingly found 

that by operating with the burner of the present invention a 

combustion with high efficiency is obtained and the flue 

gases outletting the burner show very low amounts of pollut­

ants, in particular CO and NOx, lower in the confront of the 

burners of the prior art. This is completely unexpected in 

view of the above mentioned prior art. 

More particularly the burner comprises an annular duct 

12, a heat exchange system suitable for heat exchange between 

the recycling flue gases and the comburent, systems for in­

jecting the fuel directly into the recycling flue gases both 

inside and outside the transit chamber 2, that are coaxial to 

the outletting parts of the tubes la forming the ejector, 

with formation in the zone around the front section of the 

outletting parts of the tubes la forming ejector 1, of a mix­
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ture of fuel-recycling flue gases-comburent and following in­

troduction of the mixture into the combustion chamber. 

The front section of the outletting parts of the tubes la 

forming ejector 1 are called also outletting front section of 

ejector 1 or front section of ejector 1. 

Preferably the burner of the invention has a structure 

whereby the annular duct 12, the heat exchange system between 

the recycling flue gases and the comburent and the transit 

chamber 2 are substantially coaxial with respect to the lon­

gitudinal or symmetry axis of the burner. 

The Figures in particular show the following: 

Fig. 1 is a longitudinal section view of a burner according 

to a preferred embodiment of the present invention; 

Fig. la is a longitudinal section view of a burner according 

to a more preferred embodiment of the present invention; 

Fig. 2 is a perspective view showing in detail the comburent 

circuit of the burner according to the more preferred embodi­

ment of the burner of Fig. la. 

In the following description by "anterior" or "anteriorly" it 

is meant the part of a burner component toward or situated 

toward the combustion chamber. By "posterior" or "posteri­

orly" the opposite. 

It is hereinbelow reported the detailed description of each 

of the above Figures. 

Fig. 1 is a scheme of a burner comprising suction in­

takes 7 for sucking the recycling flue gases from the combus­

tion chamber, an annular duct 12, a comburent annular distri­

bution chamber 13, radial ducts 14, the outlets of which are 

represented (the radial ducts 14 are represented in full in 

Figure 2), a transit chamber 2, fuel injection systems 5 and 

8, an ejector 1 of the comburent, an outlet cone 11, a case 

20; 

wherein the annular duct 12, that is in communication through 

the suction intakes 7 with said combustion chamber, delimits 

externally and posteriorly the annular distribution chamber 

13; 

the annular distribution chamber 13 anteriorly is in communi­
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cation with ejector 1 and posteriorly with the radial ducts 

14 and delimits externally the transit chamber 2; 

the transit chamber 2 is anteriorly delimited by the outlet­

ting front section of ejector 1 and posteriorly by the wall 

of the case 20; 

the outletting front section of ejector 1 is perpendicular 

with respect to the distribution chamber 13 that anteriorly 

is in contact with the outlet cone 11 or protruding cone 11; 

the fuel injection system 5 is positioned on the back wall of 

case 20 of the burner upstream of the ejector 1, the fuel in­

jection system 8 is positioned downstream of the outletting 

front section of ejector 1; wherein the recycling flue gases, 

directly sucked from said combustion chamber through the suc­

tion intakes 7, flow through the annular duct 12 and heat the 

comburent flowing in countercurrent into the annular distri­

bution chamber 13, and the recycling flue gases enter the 

transit chamber 2 and driven by the depression created by the 

comburent outletting the front section of ejector 1, they mix 

with the comburent downstream the outletting front section of 

ejector 1, the comburent being the entraining or driving flu­

id and the recycling flue gases the entrained fluid, the fuel 

being directly injected upstream ejector 1 into the recycling 

flue gases by the injection system 5 and/or downstream the 

outletting front section of ejector 1 by the injection system 

8 into the comburent-recycle-flue gas mixture, in the latter 

case the recycle flue gas contain already fuel when injection 

system 5 is also used. 

Preferably the fuel is fed to the burner by the injec­

tion system 5. 

In fact it has been unexpectedly and surprisingly found 

that by operating with the injection system 5 the combustion 

flue gases show an even lower content of the pollutants CO 

and NOx • 

The fuel injection system 5 is preferred also when the 

fuels fed to the burner are liquid fuels. 

Preferably the outlet cone 11, the suction intakes 7, 

the annular duct 12 and the comburent annular distribution 
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chamber 13 are circumferentially and longitudinally posi­

tioned around the burner longitudinal axis, represented in 

Fig. 1 by the segmented line dividing the burner in two sim-

metrical parts. 

Preferably the transit chamber 2 is positioned along the 

burner longitudinal axis. 

In Fig. 1 the heat exchange system between the recycling flue 

gases and the comburent is substantially formed by the walls 

of the radial ducts 14, of the annular distribution chamber 

13 and of the tubes la forming the ejector 1, said walls sep­

arating the comburent flow from the recycling flue gas flow. 

The ejector 1 placed as said with its ouletting front 

section perpendicular with respect to the annular distribu­

tion chamber 13, is preferably positioned along the longitu­

dinal axis of the burner in order to have a good fluid dynam­

ics . 

The ejector 1 comprises tubes la having inlets con­

nected to the comburent distribution chamber 13 and radially 

positioned thereto; the outletting parts of said tubes la, or 

nozzles, are parallel to the longitudinal axis of the burner 

and with their outlets directed towards the outlet cone 11. 

Said outletting parts are preferably coaxially and circularly 

positioned with respect to the burner longitudinal axis. 

The injection fuel systems 5 and 8 can include more in­

jectors, preferably multi-nozzle, positioned along and around 

the burner longitudinal axis. 

Preferably the fuel injectors of the injection system 8 

are circularly placed around the burner longitudinal axis and 

positioned at the end of tubes arranged preferably parallel 

to the burner longitudinal axis, that from the back wall of 

case 20 of the burner longitudinally cross the transit cham­

ber 2 and the outletting front section of the comburent ejec­

tor 1. 

The injector system 5, positioned on the back wall of 

the case 20 of the burner, is arranged on the burner longitu­

dinal axis and circularly thereto. 

Case 20 is typically formed of metal or steel or ce-
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ramie material, refractory or ceramic lined in its inner part 

towards the burner axis. 

The outlet cone 11 is formed of refractory or ceramic 

material. 

The refractory material used is preferably of the alu­

minous type containing chromium and/or zirconium, and it gen­

erally contains, as percent by weight, about 10% chromium and 

about 4% zirconium. 

The outletting front section or front section of ejec­

tor 1 is the plane that comprises the perimetral edges of 

tubes la toward the outlet cone 11. 

Fig la illustrates a more preferred embodiment of the 

burner according to the present invention, further comprising 

the following parts: an adduction flange 3 of the comburent, 

an annular feeding drum 4 of the comburent, adduction flanges 

6 of the fuel to the injector system 5. 

In Fig. la muffle 9 and jacket (mantle) 10 form the case 20 

of Fig. 1 (not represented in Fig. la). 

The muffle 9 and the annular feeding drum 4 are pref­

erably circularly and longitudinally positioned around the 

burner longitudinal axis (not represented in Fig. la) . 

Preferably the suction intakes 7 are delimited exter­

nally by muffle 9. Generally muffle 9 is fixed (joined to the 

boiler wall) and allows to disconnect the burner from the 

boiler. 

The jacket 10 and the muffle 9 are made of the same ma­

terials indicated for the case 20. 

The adduction flanges 6 are positioned externally with 

respect to the back wall of case 20 of the burner and are in 

communication with the fuel injection system 5. 

Flange 3 provides the comburent inlet into the annular 

feeding drum 4, the latter being connected with the fuel an­

nular distribution chamber 13 through the radial ducts 14, as 

shown in Fig. 2. 

By circular longitudinal arrangement of a burner compo­

nent it is meant that the component has a shape substantially 

similar to that of a cylindrical shell having the longitudi­
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nal axis in the direction of the burner axis. 

The outlet cone 11 is positioned downstream of the 

ejector 1 of the comburent to confine the aerodynamic flow of 

the combustion gas in the outletting front section of injec­

tor 1. The outlet cone 11 in its front end part is preferably 

equipped with aerodynamic turbolators 11a, some of which are 

shown in Fig. la. 

The outlet cone 11 and the muffle 9 delimit anteriorly 

the burner and separate it from the combustion chamber. 

By comburent a gaseous fluid containing oxygen is 

meant. 

The temperature of the recycling flue gases in the an­

nular duct 12 preferably ranges from 1000°C to 1500°C, de­

pending on the load and on the heating conditions of the com­

bustion chamber. 

The comburent is generally selected from atmospheric 

air, enriched air, oxygen and technical oxygen. Preferably 

the comburent is atmospheric air. The use of atmospheric air 

as the comburent under atmospheric pressure or to pressures 

slightly higher than the atmospheric one, preferably up to 

0.2 bar, more preferably up to 0.15 bar, is an advantage of 

the present invention with respect to the prior art. If de­

sired, a pressurized comburent can also be used. 

The atmospheric air contains on the average (% by vol­

ume on the dry), 78.09% nitrogen, 20.95% oxygen 0.93% argon, 

0.039% C02, and lower amounts of other gases. Atmospheric air 

can also contain a variable amount of water vapor, generally 

of the order of 1%. 

Enriched air is generally atmospheric air containing a 

higher percentage of oxygen, higher than 20.95% up to about 

55% by volume, the difference to 100% being formed of one or 

more inert gases, for example nitrogen. 

By technical oxygen a mixture of oxygen with an inert 

gas is meant, wherein oxygen has a percentage by volume high­

er than 80%, even 90%. Oxygen having a titre 92-94% VSA (vac­

uum swing absorption) and 88-92% VPSA (vacuum pressure swing 

absorption) can also be used, the complement to 100 being 
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formed of inert gases and/or nitrogen. 

As said the preferred comburent is atmospheric air, as 

its use allows to improve the efficiency of the ejector 1 

with a consequent increase of the recycling flue gas flow 

rates. In this way flow rate ratios recycling flue 

gas/comburent in the ranges indicated in the process of the 

present invention are obtained so that the use of recycle 

fans is not requested. This is an advantage as it allows to 

avoid investment and consumption costs related to the use of 

said recycle fans, that should be also operated at the high 

temperature conditions of the recycling flue gases. This 

would also require specifically designed fans. 

The preferred fuels are liquid and/or gaseous fuels. 

Solid fuels, for example hydrocarbons, obtainable in a liquid 

form or in gaseous state at the operating conditions of the 

combustion process of the invention, can also be used. 

Examples of gaseous fuels that can be used are hydro­

gen, natural gases, refinery gases, propane, hexane, pentane, 

butane. 

As liquid fuels diesel oils, methanol, oil No. 2, 

petrols can be mentioned. 

Fig. 2 illustrates in particular the radial ducts 14 

conveying the comburent from the inlet 3 into the annular 

distribution chamber 13 and ultimately to the tubes la form­

ing injector 1. 

It is a further object of the present invention a proc­

ess for operating the burner of the invention wherein a MILD 

(Moderate and Intense Low oxygen Diluition) combustion or 

flameless combustion takes place, comprising the following 

steps: suction of the recycling flue gases directly from the 

combustion chamber by means of an ejector fed with the combu­

rent; heating of the comburent by thermal exchange with the 

recycling flue gases; direct injection of the fuel into the 

recycling flue gases by one or more injection systems; forma­

tion of a fuel-recycling flue gas-comburent mixture; intro­

duction of the mixture into the combustion chamber. 

The Applicant has unexpectedly and surprisingly found 
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that by operating the burner of the present invention with 

the above process a high efficiency combustion is obtained 

combined with very low pollutant concentrations in the flue 

gases outletting the burner, in particular CO and NOx, lower 

than those found in the combustion flue gases of the prior 

art burners. As a matter of fact by using gaseous fuels the 

emissions of NOx are lower than 10 ppmv (parts by million by 

volume) and of CO lower than 20 ppmv. By using liquid fuels 

CO and NOx emissions are at least 3-4 times lower than those 

obtained under the same conditions with a flame burner of the 

prior art, for example when operating at the same power con­

ditions and using the same fuel and comburent. See the exam­

ples . 

This shows that by operating the burner of the present 

invention according to the above described combustion process 

quite unexpected and surprising results are obtained, as in­

dicated above, with respect to the above mentioned prior art. 

In Fig. 3a the process of operating the burner of Fig. 

0 is schematically illustrated, which comprises the following 

steps: 

a) the recycling flue gases are directly sucked from the com­

bustion chamber, see the grey arrows, into the annular duct 

12, driven by the comburent outletting ejector 1, 

b) heat exchange between the recycling flue gases and the 

comburent, 

c) injection of the fuel by means of the injection systems 5 

and/or 8 directly into the flue gases inside or outside a 

transit chamber 2, see the black arrows, 

d) formation of a mixture fuel-recycling flue gases-

comburent, the comburent being injected into the burner by 

injector 1, see the white arrows, 

e) inlet of the mixture into the combustion chamber. 

In step a) the comburent is the entraining or driving 

fluid and the recycling flue gases, or combustion fumes, are 

the entrained fluid. 

In step b) the comburent flow is in countercurrent with 

respect to the inletting flue gases flowing into the annular 
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duct 12. 
The injector 1 is arranged in the burner in a different 

position with respect to the injection systems 5 and 8. 

Fig. 3 represents the process of the present invention 

applied to the burner of the preferred embodiment of Fig. 1. 

In the Figure it is shown that the recycling flue gases 

enter the burner through the suction intakes 7, see the grey 

arrows, sucked by the depression created by the flow of the 

comburent outletting the injector 1, they flow through the 

annular duct 12 and heat by thermal exchange the comburent 

that, entering through the radial ducts 14, flows in counter-

current with respect to the recycling flue gases into the an­

nular distribution chamber 13, then they enter into the tran­

sit chamber 2 and downstream the inletting front section of 

injector 1 they mix with the comburent; the fuel being di­

rectly injected into the recycling flue gases by the injec­

tion system 5 and/or the injection system 8, see the black 

arrows. 

Fig. 3b represents the process of operating a burner of 

Fig. la when both the injection systems 5 and 8 are used. The 

Figure illustrates also the injection system 5 with the rele­

vant fuel adduction flanges 6 (see also Fig. la). In the Fig­

ure the feeding system of the comburent and the comburent 

flow inside it are shown in detail, see the white arrows. 

As said, preferably in the process of the invention the 

fuel is fed through the injection system 5. 

More in particular when to the burner gaseous fuels are 

fed, either the injection system 5 or the injection system 8 

can be used, optionally both; when feeding liquid fuels pref­

erably injection system 5, optionally injection system 8, are 

used. 

To the burner of the present invention a liquid fuel 

and a gaseous fuel can be simultaneously independently fed, 

the liquid fuel being preferably injected through the injec­

tion system 5, the gaseous fuel preferably through the injec­

tion system 8. 

The Applicant has surprisingly and unexpectedly found 
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that in this way it is possible to obtain still higher tem­

peratures near the suction intakes 7 of the recycling flue 

gases. This facilitates the substantially instantaneous 

evaporation of the liquid fuel injected through the injection 

system 5. 

Inside the transit chamber 2 an uniform flow rate field 

of the recycling flue gases is formed, leading to the forma­

tion of a gaseous mass formed of the fumes and the comburent 

in the zone of the outletting front section of injector 1 

that results substantially homogeneous in all its points. 

The same happens also when the fuel is injected through 

the injection system 5. 

It has been surprisingly and unexpectedly found by the 

Applicant that the combustion reaction that takes place at 

the level of the fuel injection system 8 does not show disho-

mogeneity both as regards the temperature and the concentra­

tion of the reactants and it is substantially uniform in all 

the points of the gas flow. Furthermore there are no thermal 

peaks or colder zones, in the gaseous mass outletting the 

burner (cone 11), as both the fuel and the comburent are pre­

heated before being injected into the gas flow by flowing re­

spectively, into the tubes (see above) of the injection sys­

tem 8 and for the comburent into the radial ducts 14 the an­

nular distribution chamber 13, the tubes la forming ejector 

1. 

Surprisingly and unexpectedly it has been found by the 

Applicant that in the burner of the present invention it is 

possible to obtain a combustion reaction balance near to the 

stoichiometric, or stoichiometric, by suitably adjusting the 

respective flow rates of the comburent and of the fuel. In 

particular the comburent is fed in amounts equal to the stoi-

chiomeric or slightly higher than the stoichiometric, so as 

to have an amount of oxygen in the combustion flue gases 

(comburent excess) , as % by volume on the dry, generally 

equal to or lower than 1.2% when using liquid fuels and lower 

than 0.4% when using gaseous fuels. This means that the 

amount of energy being lost at the stack is rather low and 
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reduced to minimum values. The flow rates of the comburent 

and of the fuel can be controlled by operating on the rele­

vant feeding pressures. This represents an advantage with re­

spect to conventional burners that show oxygen concentration 

values in flue gases of the order, as said, as a minimum of 

1.6% by volume and more generally of at least 3%. In fact 

when in the prior art burners combustion was operated by us­

ing oxygen concentrations near the stoichiometric, very high 

emissions of CO, well above the limits set by the regulations 

on fume emissions in force in Europe, were obtained. 

When the fuel is injected upstream the injector 1 

through the injection system 5, in the transit chamber 2 the 

recycling flue gases mix with the fuel at the gaseous state, 

but no combustion takes place. 

This embodiment is preferably used with liquid fuels, 

as the presence in the transit chamber 2 of recycling flue 

gases at high temperature, for example a temperature com­

prised between 850°-1050°C, facilitates an almost instantane­

ous transition of the liquid fuels to the gaseous state. It 

has been found that in this way also when feeding liquid fu­

els through the injection system 5 it is possible to form an 

uniform flow rate field of the gases inside the transit cham­

ber 2 and obtain a gaseous mixture that is homogeneous when 

it reaches the outletting front section of injector 1, so 

that thermal peaks or colder zones are not produced. 

This allows to obtain remarkable advantages with re­

spect to the conventional burners wherein, as known, the com­

bustion of liquid fuels yields noticeable amounts of pollut­

ing substances. On the contrary, as said, in the case of the 

process of the present invention also by using liquid fuels 

the amounts of CO and NOx outletting the combustor with the 

flue gases are very reduced. Besides it is not necessary to 

provide a dedicated machinery such as fans for the recycling 

of the flue gases, or for preheating the feedings, also when 

using liquid fuels. Furthermore, as said, in the burner of 

the present invention also atmospheric air can be used with 

outstanding economic benefits. 
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The flow rate ratio between recycling flue 

gas/comburent, as per cent by volume preferably ranges from 

about 30% up to about 60%, more preferably from 40 to 45%. 

With the burner of the present invention it is also possible 

to obtain a ratio between these flow rates reaching 100% when 

using a recycling fan. 

The injection pressures for the gaseous and liquid fu­

els used in the burner of the present invention are those 

known in the prior art burners. 

The comburent is injected in the injector 1 at a pres­

sure preferably comprised between 1,000 and 15,000 Pa. 

Surprisingly and unexpectedly it has been found by the 

Applicant that in the burner of the present invention even 

when lowering the load from the maximum load (100% load) to 

the minimum load as generally used in industrial applications 

(20-15% load), it is not requested to increase the excess air 

needed to maintain combustion. Therefore in the burner the 

same combustion conditions near to stoichiomet­

ric/stoichiometric (comburent excess in combustion fumes 

lower than the limits above set forth) of the maximum load 

are maintained also at low loads. 

Surprisingly and unexpectedly it has been found by the 

Applicant that by using ejector 1 formed by the set of tubes 

la the mixing between the comburent and the gaseous phase 

coming from the transit chamber 2 is very efficient. It has 

been found by the Applicant that by using ejector 1 the com­

burent excess needed for combustion is very reduced and lower 

than the limits above set forth. 

At the start of the burner operation, the fuel is pref­

erably injected through the injection system 8 and then, when 

the burner operates in steady conditions the injection system 

5 and/or injection system 8 is/are used. 

It is a further object of the present invention the use 

of the burner of the present invention to operate industrial 

steam generators to produce process steam or electric power 

by using the process described above for operating the burn­

er . 
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The following examples are given for illustrative pur­

poses only and they do not limit the scope of the present in­

vention . 

EXAMPLES 

Air excess 

The air excess as % by volume is defined by the following 

formula: 

[ (^combustion air/^stoichiometric air) —1) ] xlOO wherein WCOmbustion air Is the 

air flow rate actually used and Wst0ichiometric air is the air flow 

rate required for the stoichiometric balance of the combus­

tion reaction. 

EXAMPLE 1 

A combustion process is carried out in a burner according to 

the present invention as represented in Fig. la and connected 

to an industrial refractory boiler. The burner is used at 

100% of its thermal power (100% load). The fed fuel is natu­

ral gas (% by volume about 95% methane, 2.5% ethane, 0.2% 

propane, 0.06% butane, 0.02% of a mixture of pentane + CI0H22, 

1.6% nitrogen, 0.7% C02, H20 traces and H2S) . The comburent is 

atmospheric air at room temperature. 

The air feeding pressure is of 12,000 Pa. The gaseous fuel is 

fed through the injection system 8, downstream of the injec­

tor 1. The fuel feeding pressure is 250,000 Pa. 

The air excess is 1.5%. The oxygen contained in flue gases is 

0.3% by volume, calculated on the dry gas. The temperature of 

the flue gases outletting the boiler is 1320°C. 

The ratio by volume recycled flue gases/comburent is 45%. 

The stack emissions of CO are ̂ 20 ppmv and NOx ^15 ppmv. 

EXAMPLE 2 

Example 1 is repeated but the injection of the natural gas is 

carried out through the injection system 5, upstream of the 

injection section 1. 

The stack emissions of CO are ̂ 10 ppmv and NOx ^10 ppmv. 

EXAMPLE 3 COMPARATIVE 

A prior art conventional flame combustion burner is used (see 

Fig. 4). The burner is used at 100% of its thermal power. The 

fuel and the comburent used are the same as in example 1. 

16 



WO 2015/154969 PCT/EP2015/055946 

Air feeding pressure is 2, 000 Pa. The fuel is fed at the 

pressure of 200,000 Pa. 

Air excess is 10%. The oxygen in flue gases is 2% by volume 

on the dry gas. The temperature of the flue gases outletting 

the boiler is 1300°C. 

The stack CO emissions are comprised between 50 and 100 ppmv 

and NOx emissions from 90 to 130 ppmv. 

EXAMPLE 4 

The combustion process is carried out in a burner according 

to the present invention connected to an industrial boiler. 

The burner is used at 100% of its thermal power. Fuel oil is 

used having a nitrogen content of 0.2% weight. The comburent 

used is the same as in example 1. 

Air feeding pressure is 12, 000 Pa. The fuel is fed through 

the injection system 5, upstream of the injection section 1. 

Fuel feeding pressure is comprised between 10 and 15 bar 

(10, 000-15, 000 KPa) . The air excess is 5%. The oxygen con­

tained in the flue gases is 1% by volume on the dry gas. The 

temperature of the flue gases outletting the boiler is of 
1250 °C. 

The ratio by volume recycled flue gases/comburent is 42%. 

Stack emissions of CO are ̂ 40 ppmv and NOx ^80 ppmv. 

EXAMPLE 5 COMPARATIVE 

A conventional prior art flame combustion burner as shown in 

Fig. 4, previously described, is used. The burner works at 

100% of its thermal power. The fuel and the comburent are the 

same as in Example 4. 

Air feeding pressure is of 2, 000 Pa. The fuel is fed at a 

pressure of 10-15 bar. 

Air excess is comprised between 15 and 20%. The oxygen con­

tained in flue gases is about 3-4% by volume on the dry gas. 

The temperature of the flue gases outletting the boiler is of 
1230 °C. 

The stack emissions of CO are comprised between 70 and 170 

ppmv and NOx emissions from 190 to 250 ppmv. 
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CLAIMS 

1. A burner wherein a MILD combustion takes place, com­

prising a system for sucking the recycling flue gases 

directly from a combustion chamber by means of an ejec­

tor fed with a comburent, a heat exchange system suit­

able for heat exchange between the recycling flue gases 

and the comburent, systems for injecting the fuel di­

rectly into the recycling flue gases, the latter com­

prising or not comprising the comburent and formation of 

a mixture of fuel-recycling flue gases-comburent in the 

zone around the outlet of the comburent ejector and fol­

lowing introduction of the mixture into said combustion 

chamber. 

2. A burner according to claim 1 comprising an annular 

duct 12 that is the sucking system of the recycling flue 

gases, a transit chamber 2, fuel injection systems 5 and 

8, ejector 1 of the comburent formed of tubes la which 

are parallel in their outletting parts, and an outlet 

cone 11 of the burner. 

3. A burner according to claim 2 comprising an annular 

duct 12, a heat exchange system suitable for heat ex­

change between the recycling flue gases and the combu­

rent, coaxial to the annular duct 12, fuel injection 

systems for feeding the fuel directly into the recycling 

flue gases, positioned both inside and outside the tran­

sit chamber 2 and that are coaxial to the outletting 

parts of the tubes la forming ejector 1 with formation 

in the zone around the front section of the outletting 

parts of tubes la forming ejector 1 of a mixture of 

fuel-recycling flue gases-comburent and following intro­

duction of the mixture into the combustion chamber. 

4. A burner according to any of the claims 1-3 wherein the 

annular duct, the heat exchange system between flue gas­

es and comburent and the transit chamber are coaxial 

with respect to the longitudinal burner axis. 

5. A burner according to claim 4 comprising the suction 

intakes 7 for sucking the recycling flue gas from the 
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combustion chamber, an annular duct 12, a comburent an­

nular distribution chamber 13, radial ducts 14, a tran­

sit chamber 2, fuel injection systems 5 and 8, an ejec­

tor 1 of the comburent, an outlet cone 11, a case 20; 

wherein the annular duct 12, that is in communication 

through the suction intakes 7 with said combustion cham­

ber, delimits externally and posteriorly the comburent 

annular distribution chamber 13; 

the comburent annular distribution chamber 13 is anteri­

orly in communication with ejector 1 and posteriorly 

with the radial ducts 14 and delimits externally the 

transit chamber 2; 

the transit chamber 2 is anteriorly delimited by the 

outletting front section of ejector 1 and posteriorly by 

the wall formed by the case 20; 

the outletting front section of ejector 1 is perpendicu­

lar with respect to the comburent annular chamber 13 

that anteriorly is in contact with the outlet cone 11; 

the fuel injection system 5 is positioned on the back 

wall of case 20 of the burner upstream of the ejector 1, 

the fuel injection system 8 is positioned downstream of 

the outletting front section of ejector 1; wherein the 

recycling flue gases, directly sucked from said combus­

tion chamber through the suction intakes 7, flow through 

the annular duct 12 and heat the comburent flowing in 

countercurrent into the comburent annular distribution 

chamber 13, the recycling flue gas enter the transit 

chamber 2 and, driven by the depression created by the 

comburent outletting the front section of ejector 1 

downstream the outletting front section of ejector 1 

they mix with the comburent, being the comburent the en­

training fluid and the recycling flue gases the en­

trained fluid, the fuel being directly injected upstream 

ejector 1 into the recycling flue gases by the injection 

system 5 and/or downstream the outletting front section 

of ejector 1 by the injection system 8 into the combu-

rent-recycle-flue gas mixture, in the latter case the 
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recycle flue gas containing already fuel when injection 

system 5 is also used. 

6. A burner according to claim 5 wherein fuels are fed by 

the injection system 5. 

7. A burner according to claim 6 wherein the fed fuels are 

liquid fuels. 

8. A burner according to any of claims 5-7 wherein the 

outlet cone 11, the suction intakes 7, the annular duct 

12 and the comburent annular distribution chamber 13 are 

positioned circumferentially and longitudinally around 

the burner axis. 

9. A burner according to any of claims 5-8 wherein the 

transit chamber 2 and ejector 1 are positioned along the 

longitudinal axis of the burner. 

10. A burner according to any of claims 5-9 wherein the 

tubes la of ejector 1 comprise inlets connected to the 

fuel annular distribution chamber 13 and radially posi­

tioned thereto, and the outletting parts of said tubes 

are parallel to the longitudinal axis of the burner with 

their outlets directed towards the outlet cone 11; said 

outletting parts of tubes la being positioned axially 

and circularly with respect to the longitudinal burner 

axis. 

11. A burner according to any of claims 5-10 wherein the 

injection system 8 is circularly positioned around the 

burner longitudinal axis and is placed at the end of 

tubes, parallel to the burner axis, that from the back 

wall of the burner cross the transit chamber 2 and the 

outletting front section of ejector 1. 

12. A burner according to any of claims 5-11 wherein the 

injection system 5 is on the back wall of case 20 of the 

burner and is positioned on the burner longitudinal axis 

and circularly thereto. 

13. A burner according to any of claims 5-11 wherein case 

20 is refractory or ceramic lined in its inner part. 

14. A burner according to any of claims 5-12 comprising an 

adduction flange 3, an annular feeding drum 4 of the 
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comburent, adduction flanges 6 of the fuel to the injec­

tion system 5. 

15. A burner according to any of claims 5-12 wherein case 

20 is formed of a muffle 9 and a jacket 10; muffle 9 

and the annular feeding drum 4 being circularly and lon­

gitudinally positioned around the burner axis; the suc­

tion intakes 7 being delimited externally by muffle 9; 

the adduction flanges 6 are positioned externally with 

respect to the back wall of case 20 of the burner, 

flange 3 providing the comburent inlet into the annular 

feeding drum 4 connected to the fuel annular chamber 13 

through the radial ducts 14. 

16. A burner according to any of claims 1-15 wherein the 

comburent is selected from atmospheric air, enriched 

air, oxygen and technical oxygen. 

17. A burner according to any of claims 1-16 wherein the 

fuels used are liquid and/or gaseous, or solid fuels 

made liquid or gaseous under the operating conditions of 

the burner. 

18. A process of operating a burner according to any of 

claims 1-17 comprising the following steps: suction of 

the recycling flue gases directly from the combustion 

chamber by means of an ejector fed with the comburent; 

heating of the comburent by thermal exchange with the 

recycling flue gases; direct injection of the fuel in 

the recycling flue gases by one or more injection sys­

tems; formation of a fuel-recycling flue gas-comburent 

mixture; introduction of the mixture into the combustion 

chamber. 

19. A process according to claim 18, comprising the follow­

ing steps: 

a) the recycling flue gases are sucked from the combus­

tion chamber by an ejector 1 fed with the comburent, 

b) heat exchange between the recycling flue gases and 

the comburent, 

c) injection of the fuel by means of the injection sys­

tems 5 and/or 8 into the flue gases inside and/or out­
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side a transit chamber 2, coaxial with the comburent 

feeding system, 

d) formation of a mixture fuel-recycling flue gases-

comburent, the comburent being injected into the burner 

by injector 1, 

e) inlet of the mixture into the combustion chamber. 

20. A process according to claims 18-19 wherein the recy­

cling flue gases enter the burner through the suction 

intakes 7, sucked by the depression created by the flow 

of the comburent outletting ejector 1, they flow through 

the annular duct 12 and heat by thermal exchange the 

comburent that enters from the radial ducts 14 and flows 

in counter-current with respect to the recycling flue 

gases into the comburent annular distribution chamber 

13, then they enter into the transit chamber 2 and down­

stream ejector 1 they mix with the comburent; the fuel 

being directly injected into the recycling flue gases by 

the injection system 5 and/or the injection system 8. 

21. A process according to claims 18-20 wherein injection 

system 5 and/or injection system 8 are used when gaseous 

fuels are fed to the burner. 

22. A process according to claims 18-20 wherein injection 

system 5, optionally injection system 8, are used when 

liquid fuels are fed to the burner. 

23. A process according to claims 18-20 wherein injection 

system 5 is used for the liquid fuel and injection sys­

tem 8 for the gaseous fuel when a liquid fuel and a 

gaseous fuel are simultaneously fed to the burner. 

24. A process according to claims 18-23 wherein the oxygen 

amount in flue gases (% by volume on the dry), is equal 

to or lower than 1.2% when using liquid fuels and lower 

than 0.4% when using gaseous fuels. 

25. A process according to claims 18-24 wherein the flow 

rate ratio recycling flue gases/comburent, expressed as 

per cent by volume, ranges from 30% up to about 60%. 

26. A process according to claims 18-25 wherein at the 

start of the burner operation the fuel is injected by 
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the injection system 8, when the burner operates in 

steady conditions, the injection system 5 and/or the in­

jection system 8 is/are used. 

27. Use of the burner according to claims 1-17 to operate 

industrial steam generators to produce process steam or 

electric power by using the process according to claims 

18-26. 
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