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Introduction 

Industrial combustion is still related to the majority of energy consumption in the 

world today and it is expected to continue to play a major role in the future due to 

the increasing global demand for electrical energy production. The cost-effective 

production and use of energy with reduced emissions is a key aim in Europe. This 

may be achieved by increasing the efficiency of fossil fuel based energy conversion 

processes and by increasing the utilization of renewable energy sources like wind 

turbines that, due to their unpredictable power fluctuation, need to be backed up by 

fast-reacting gas turbine power plants to avoid outages in the case of sudden wind 

velocity drops. Furthermore, gas turbines play a central role in power generation, 

due to their relatively low installed capital cost, their high flexibility, and their low 

emissions with respect to other energy conversion systems. Hence, as important 

parts of economic growth and increased quality of life, it is of upmost importance 

that they perform at maximum capacity and with minimum disruptions at all times. 

Lean Pre-Mixed (LPM) combustion is the state-of-the-art technology in stationary 

gas turbines for highly efficient low NOx emission power generation using natural 

gas. The counterpart for liquid fuels is the Lean Pre-mixed Pre-vaporized (LPP) 

strategy. By means of such technologies it is possible to operate gas turbines with 

pollutant emissions below the limits imposed by the European Industrial Emission 

Directives. However, especially when operated close to the lean blow out limit, 

these combustion strategies tend to experience large amplitude pressure oscillations 

due to the coupling of pressure waves, associated to the acoustics of the 

combustion system, and heat release fluctuations. These pressure oscillations can 

have amplitudes greater than 10% of the mean chamber pressure, however 

acceptable levels are much lower. Depending on the mechanical design of the 

combustion chamber and the frequency of the oscillations typical limits set by 

manufacturers can be more than an order of magnitude lower than this. These 

undesired oscillations reduce the stable operating range of gas turbines: they often 

tend to increase when working with leaner mixtures, but there are also combustion 

systems exhibiting some characteristic frequencies that increase with richer 
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mixtures. These phenomena are commonly known as thermo-acoustic or 

“operational” combustion instabilities since they may result in practical problems 

during gas turbine operation with detrimental impact on reliability and availability. 

These instabilities may, in fact, cause flashback and Lean Blow Out, may drive 

vibrations in mechanical components, and, more dangerously, may lead to the 

failure of the system due to cyclic mechanical and thermal loads to the walls and 

turbine blades, or due to cracked pieces liberated into the hot gas path.  

Although the detrimental effects of combustion instabilities have been known for 

many years and significant research efforts have been dedicated to this topic, the 

problems have not really been solved, apart from specific cases and well defined 

operating windows. This is partly due to the complexity of the involved 

mechanisms, for example the complicated interaction between flame chemistry, 

turbulent flow field and acoustic modes of a combustor. Today’s strategies for 

reducing combustion instabilities in practical GTs are mostly based on empirical 

methods. For example, the operating ranges where combustion instabilities occur 

are avoided, or GTs are operated relatively fuel-rich in critical ranges. To aid this 

tuning process, most modern gas turbine combustion systems have multiple fuel 

streams to allow the control of fuel to different parts of the flame, affecting its 

acoustic behaviour. However, modern numerical and experimental tools have the 

potential to explore the basic mechanisms of the complex interaction governing the 

instabilities and to point out concepts to circumvent them. Further, sensor 

technology has made significant progress in recent years and is becoming available 

to monitor the combustion behaviour with innovative acoustical and optical 

systems [1], [2]. 

The thermoacoustic instability behaviour of a Siemens-Ansaldo V64.3A-type 

burner has been characterized by inserting it into the test combustion chamber of 

ENEA COMET-HP plant. The results obtained suggested modifying the burner to 

suppress or at least reduce the instability that anticipates the Lean Blow Out 

(LBO). The adopted changes extended the stability field in full premix operation 

towards the lowest partial loads, with the advantage of reducing pollutants’ 

emission. In addition, some operating points (outside the normal operating range of 

the burner, for excessive flow rate and too low equivalence ratio with respect to 

thermal load) affected by an unstable state under a likely "Colorless Distributed 

Combustion" (CDC) regime [3], did not show increased combustion noise any 

longer. This confirmed that the gas turbine burners of conventional architecture can 

operate under the "Well Stirred Reactor" conditions,  in which the present authors 

will attempt to include also the Design Working Point in the next future. 

 

Combustion Dynamics Characterization  

For condition monitoring of combustion, the COMET combustor was equipped 

with two pressure transducers and two ODC (Optical Diagnostic of Combustion) 

systems developed by ENEA, already validated in previous studies [1], [2], as 

shown in Figure 1. The burner was fed in two different ways as shown in Figure 2, 
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the “added fuel injectors” in the axial duct being the novelty (never tested before). 

 

 
Figure 1. Configuration and instrumentation of ENEA COMET-HP combustor. 

 

 

 
Figure 2. Details of the new feeding scheme for the V64.3A-type burner. 

 

 

 
Figure 3. Characterization of the V64.3A-type burner thermoacoustic instabilities. 

Feeding with "premix pilot" and without added stabilizing fuel injector. Invisibile 

flame, equivalence ratio Φ=0.24. The left panel shows the cross-correlation 

between the signals of the two pressure sensors; the central panel shows the 

autocorrelations for the plots of the two pairs of probes (optical and acoustic); the 

third panel shows spectrograms of the microphone signals. 
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The lean combustion did not show a well defined flame front, but a distributed or 

volumetric combustion [4]. The instability was induced by increasing the air 

(global) and gas premix flow rate in different proportions, so as to approach the 

LBO, induce humming and then return to stability with the reverse maneuver. 
Surprisingly, while the microphones have correctly identified the instability via the 

typical deformation of the correlograms and spectrograms, the same did not happen 

for the ODC (Figure 3). 

The ODC system was unable to identify the instability, likely due to two main 

reasons. The first one was found to be the optical fiber adopted that cut UV 

emission. The second one consists in the decoupling between acoustic and heat 

release fluctuations; in fact, it is observed that in volumetric combustion 

conditions, the strongest sources of pressure fluctuations in the acoustic energy 

balance equation (1) could become those associated to thermo-diffusive effects and 

to vorticity [5], [6]. This means that the type of instability is not thermo-acoustic 

but fluid-dynamic, hence detectable only by means of acoustic sensors. 
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Situations showing decoupling between acoustic and heat releases fluctuations 

occurred, at Colorless Distributed Combustion regime, in the operation of the 

burner experienced in [8] and [9]. This would have occurred due to an unstable 

shear layer between the internal air jet exiting from the axial swirler and the outer 

swirling jet of burnt gases, that surrounds the first; just as in Figure 2 before 

applying the "added fuel injectors". This and other very narrow similarities in the 

feeding scheme, operating conditions (far of design point for too high flow rates 

and very low equivalence ratios) as well as the disappearance of the flame, led to 

believe that even the V64.3A burner has experienced instabilities of the genre 

discussed above. 

 

Major Results 

To suppress pressure fluctuations, it was attempted to maintain and enhance the 

distributed combustion regime, hindered by pilot diffusive flames. To this aim, a 

suitable crown of threaded holes for accommodating same number of nozzles has 

been realized in the burner body (Figure 2). So the premixing has been extended to 

the axial vortex generator, replacing the preexisting swirling air jet, likely 

responsible for instability, with a vortex mixture, ready to burn and avoiding the 

discontinuity with burnt gases. This simple change has enabled: 1) to stabilize the 

CDC unstable regimes, without visual reappearance of the flame; 2) to anticipate 

the switch from diffusive to premix feeding, executing it already at 20% of the 
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thermal load, rather than at 40% of full power, as provided by the burner 

manufacturer; 3) to reach, but without encountering any instabilities, the overload 

operating conditions (up to 100% of full load) suggested by Ansaldo to induce 

humming in ENEA plant [11]. As load increases the flame has returned to normal 

appearance of the lean premixed methane-air flames.  

 
Future Works 

The prospect of developing conventional burners that can operate in Colorless 

Distributed Combustion until the design point is of great interest, thus making this 

morphology of the reaction zone compatible with the typical specific powers 

encountered in the gas turbines at full load operation. Very few (or no) burners able 

to operate at these conditions have been designed and tested, even at laboratory 

level [8-10]. In fact the place that these experimental burners should have in Figure 

4, is still empty.  

 

 
Figure 4. Combustion regimes of the different "academic" flames experienced in 

the context of TNF (International Workshop of Measurement and Computation of 

Turbulen Nonpremixed Flames). Adapted from [12] and [13]. 

 

Attempt to realize such a flame, without diluting reactants with burnt gases (like in 

the laboratory flame "q"-Sydney piloted premixed jet flame in vitiated coflow), 

should imply some changes in the burner's fluid dynamic architecture to extend the 

“non-propagating” region (see Fig. 4, lower left panel) of flames as that 

experienced in [13]. Once this is achieved, the resulting fully premixed flame (with 

enhanced distributed region) may be employed as a pilot central stage, which 

generates the burnt gases required for the stabilization and progressive dilution of 

the surrounding main mixture flow. 



 

XXXVI Meeting of the Italian Section of the Combustion Institute 

 

References 

[1]   Bruschi, R., Giacomazzi, E., Giulietti, E., Pagliaroli, T., Stringola, C., Nobili, 

M., “Optical Investigation of Thermo-Acoustic Instabilities in Turbulent 

Flames”, 13
th
 AIAA/CEAS Aeroacoustics Conf., AIAA 2007-3424. Rome, 

Italy, 21-23 May 2007 

[2]   Giacomazzi, E., Troiani, G., Giulietti, E., “Effect of Turbulence on Flame 

Radiative Emission”, Exp. Fluids 44: 557-564 (2008) 

[3]   Arghode, V.K., Gupta, A.K., “Development of High Intensity CDC 

Combustor for Gas Turbine Engines”, App. Energy 88: 963-973 (2011) 

[4]   Duwig, C., Li, B., Li, Z.S., Aldén, M., “High Resolution Imaging of Flameless 

and Distributed Turbulent Combustion”, Comb. and Flame. 159: 306-316 

(2012)   

[5]   Poinsot T., Veynante D., “Thoretical and Numerical Combustion”, Edwards, 

2005, p. 399 

[6]   Schwarz, A., “Combustion Noise”, Springer, 2009, p. 181 

[7]   Muthukrishnan, M., Strhale, W.C., Neale, D.H., “Separation of 

Hydrodydamic, Entropy, and Combustion Noise in a Gas Turbine 

Combustor”, AIAA Journal Vol. 16, No 4: 320-327 (1978) 

[8]   Overman, N., “Flameless Combustion and Application for Gas Turbine 

Engines in the Aerospace Industry”, Master of Science Thesis, Department of 

Aerospace Engineering and Engineering Mechanics, Graduate faculty of 

University of Cincinnati, 2007 

[9]   Overman, N., Ryon, J., “Experimental and Computational Results of 

Distributed Combustion for Application in Current Gas Turbine Engine 

Combustor Architectures”, Proc. Of ASME Turbo Expo 2011, Vancouver, 

British Columbia, Canada, paper GT2011-45393, pp. 425-436 

[10] Duwig, C., Stankovic, D., Fuchs, L., Gutmark, E., “Experimental and 

Numerical Study of Flameless Combustion in a Model Gas Turbine 

Combustor”, Comb. Sci. and Tech. 180: 279-295, 2008 

[11] Rizzo, S., (edited by), “Sequenze di Prova Previste per il Bruciatore V64.3A 

presso l’Impianto COMET-ENEA Casaccia”, february 2008, Private 

Comunication (in Italian)   

[12] Albouze, G., “Simulation aux Grandes Échelles des Écoulements Réactifs non 

Prémélangés”, These de Doctorat de l’Université de Toulouse, Institut 

Naational Polytechnique de Toulouse, Mai 2009 

[13] Fuchihata, M., Katsuki, M., Mizutani, Y., Ida, T., “Observation of the flame 

structures emerging at low Damköhler number fields”, Proc. Comb. Inst. 31: 

1353-1359 (2007).  
 

 

 


	S. Chiocchini*, E. Giulietti**, E. Giacomazzi**, C. Stringola**, S. Cassani**, L. Pagliari**
	* University “Roma TRE”, Dept. of Mechanical and Industrial Engineering - Rome, Italy
	Bruschi, R., Giacomazzi, E., Giulietti, E., Pagliaroli, T., Stringola, C., Nobili, M., “Optical Investigation of Thermo-Acoustic Instabilities in Turbulent Flames”, 13th AIAA/CEAS Aeroacoustics Conf., AIAA 2007-3424. Rome, Italy, 21-23 May 2007
	Giacomazzi, E., Troiani, G., Giulietti, E., “Effect of Turbulence on Flame Radiative Emission”, Exp. Fluids 44: 557-564 (2008)
	Arghode, V.K., Gupta, A.K., “Development of High Intensity CDC Combustor for Gas Turbine Engines”, App. Energy 88: 963-973 (2011)
	Duwig, C., Li, B., Li, Z.S., Aldén, M., “High Resolution Imaging of Flameless and Distributed Turbulent Combustion”, Comb. and Flame. 159: 306-316 (2012)
	Poinsot T., Veynante D., “Thoretical and Numerical Combustion”, Edwards, 2005, p. 399
	Schwarz, A., “Combustion Noise”, Springer, 2009, p. 181
	Muthukrishnan, M., Strhale, W.C., Neale, D.H., “Separation of Hydrodydamic, Entropy, and Combustion Noise in a Gas Turbine Combustor”, AIAA Journal Vol. 16, No 4: 320-327 (1978)
	Albouze, G., “Simulation aux Grandes Échelles des Écoulements Réactifs non Prémélangés”, These de Doctorat de l’Université de Toulouse, Institut Naational Polytechnique de Toulouse, Mai 2009
	Fuchihata, M., Katsuki, M., Mizutani, Y., Ida, T., “Observation of the flame structures emerging at low Damköhler number fields”, Proc. Comb. Inst. 31: 1353-1359 (2007).

