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Introduction

The crucial feature of swirl burners is the formation of 

-
-

-

-
-

tures (Lieuwen 

-

-

and/or heterogeneous reactions. Lieuwen 
-
-

-
t. 

-

t

high temperatures, pressure, turbulence levels and pre-
ignition reactions in the gases due to appreciable resi-

-
-

changes in swirl number due to combustion can subse-

condition operations that impact on the swirl number 

These factors can explain the anomalous behavior of 
-

-

-
-

non.

stabilized lean premixed combustion in gas turbines. 
A phenomenon labelled combustion induced vortex 

-

-
jector. The phenomenon occurs as a sudden transition 

-
cal reactions in the vortex core lead to the propagation 

-
-

Lieuwen -
-

-
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-
gular momentum. For instance with the burner used 

-

-
era 

-
navicius 

these fuels.  
-

the premixing tube such as steps, diverging sections, 
surface discontinuities, or method of fuel injection such 

-

-

variable in the region of the injector as equivalence ratio 

isothermal state, remembering that combustion can re-

on isothermal conditions and the average throat axial ve-

-
-

-
-

-

-

-

from vulnerable surfaces, whilst pressure drop is 
-
-

location.

those operating at high turndown, are important as 

with liquid fuels, will interact and interfere with the 
above processes, although it is recognized that 

-

burner with and without a central fuel injector so as to 

Experimental setup

-

Two tangential inlets were used together with in-

-
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inclusion of two stainless steel mirrors at the exit and 
-
-

occurred inside of the swirl chamber when using high 
-

central axis from the burner baseplate and a premixed 
-

were located just before the inlets. Turbulence is gener-

the mixing previous to the entrance of the mixture into 

inlets. The following nomenclature was used to de-

either through the center of the baseplate or via the fuel 
injector and premixed through injectors upstream of 

-

sea level atmospheric pressure.

gives insight of the mechanism of propagation of the 
-

bustion process. The appearance of soot particles can 
-

of view.
-
-

coherent structures.
The burner exit was varied from an open case with 

-

The central fuel injector extended from the burner 

nozzle extending into the swirl chamber is designed to 

-
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center of the baseplate. 

-

The objective was to recognize the position and evo-

-
era 

-

combustion being also investigated.

Results and discussion

function of a wide range of variables for natural gas 

-

axial velocities in the burner exit and the tangential in-

ex

exqua

premixed combustion was used.  For each run stable 

-
ing the high speed camera. The burner was then cooled 

-

-
-

-

-
-

-

(Bagdanavicius 
-

-
es have been observed under both isothermal and com-

-

the trends are clear.
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-

-

-

resistance decrement is related to alterations of this 
structure. 

-

-
alesced a couple of diameters downstream, then being of 

-

the injector for all cases.

-
-

-

above the injector are no longer a determinant factor in 
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-
sistance. 

-

the outer burner lip

with the injector for all cases tested. This occurs because 

-

An interesting phenomenon developed from low to 
 

around the injector. There was no reaction in the annu-

-

-

phenomenon was observed with both the open and the 
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-

-

has spread to almost all the section of the nozzle, Fig-
-

-
tinction, not quite reaching the main swirl chamber and 

-

-

are formed, one as before on the outer burner lip, the 

-

radiation from the burner exit is evident with combus-

-

-
vious case and was much more violent owing to the 

swirl chamber to the tangential inlets in contrast to the 
case without the injector.

-

to the lip of the burner. This was corroborated using the 

Conclusions

This paper describes a series of experiments for the 

nozzle 

cases due to absence of nozzle



611

Vigueras-Zúñiga Marco Osvaldo, Valera-Medina Agustín, Syred Nicholas, De la Rosa-Urbalejo Daniel

Ingeniería Investigación y Tecnología, volumen XV (número 4), octubre-diciembre 2014: 603-614 ISSN 1405-7743 FI-UNAM



Flashback Avoidance in Swirling Flow Burners

Ingeniería Investigación y Tecnología, volumen XV (número 4), octubre-diciembre 2014: 603-614 ISSN 1405-7743 FI-UNAM612

-
tion, coherent structures can propagate and hence the 

-

-
-

others give details of coherent structures formed in 

-
tion that needs further research.

-

-

this process.
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