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ABSTRACT
Premixed combustion is widely used for simulation of combustion chambers of gas turbines, utilized
for low NOx emission applications. However, this category of gas turbines is susceptible to
combustion instability. In this regard there are limited works, which are performed recently. Therefore,
the maim aim of this investigation is focused on the influence of equivalence ratio on thermo-acoustic
instability in gas turbine combustion chambers. An experimental approach is applied for this study.
For this purpose, an experimental combustion chamber is designed and fabricated and various
experiments are planned and performed in order to achieve the better understanding of combustion
chamber behavior during stable and unstable operations. Moreover, the experimental results are
compared with Rayleigh criterion, which demonstrated good agreement between them.
In order for identifying instable conditions, state space distributions of the pressure oscillations are
depicted for diverse operating conditions.
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INTODUCTION

By using LPM1 technology, flue gas temperature is reduced, properly, in order to limit the amount of
NOx emission [1]. Nevertheless, the pressure oscillation, which is produced by the coupling between
unsteady heat release and acoustic pressure, may cause thermo-acoustic instability problem [2].
Pressure fluctuations always exist in a practical gas turbine combustion system, even in the stable
mode of operation [3]. The fluctuations may sustain in the form of small amplitude oscillations, which
are called classical acoustic motions, and the most important factor, affecting corresponding frequency,
is combustor geometry [4].

EXPERIMENTAL SETUP

In order to perform experiments in the field of LPM combustion chambers, the setup, as shown in
figure 1, is designed and fabricated.

In this research propane and air are employed as fuel gas and oxidizer, respectively. Different
experiments are performed by changing equivalence ratio within the range of 0.7 to 1.5. Moreover,
mass flow rate of fuel gas and air mixture is varied between 2 to 4 gr/s.

Sensible microphone is implemented for measuring the sound pressure level, generated during the
tests. It should be noted that the pressure inside the combustion chamber is maintained at 1 atm, during
all tests. It is observed that for the most cases, the combustion chamber becomes unstable when fuel air
ratio is lean.
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RESULTS

In this research the first longitudinal mode of oscillations is studied. During the tests, fuel flow rate is
kept constant at 5.6 I/min and air flow rate is varied between 116 to 172 I/min. Accordingly,
equivalence ration is changed within the range of 0.7 to 1.15.

Figure 2 shows that the frequency of oscillations varies in the range of 225 to 250 Hz. It is worthy to
mention that the higher frequencies correspond to the lower equivalence ratios, so that, decreasing the
equivalence ratio, increases oscillations frequency, proportionally.
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Figure (1): Schematic drawing of experimental combustion chamber
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Figure (2): Relationship between equivalence ~ Figure (3): Variation of oscillations amplitude based
ration and oscillations frequency on equivalence ratio

Variation of normalized pressure oscillations amplitude based on equivalence ratio is demonstrated in
figure 3. It can be seen that oscillations amplitude decreases by increasing equivalence ratio, and this
variation is, approximately, linear.

Figures 4, 5, 6 and 7 illustrate the state space distribution of the pressure oscillations based on the
normalized pressure oscillations amplitudes, for equivalence ratios of 1.2, 1.1, 0.9, and 0.8.

As can be confirmed by using figures 4, 5, and 6, decreasing the equivalence ratio from 1.2 converts
the state space distribution of the pressure oscillations to ellipsoid, and further reducing of equivalence
ratio results in expanding the ellipsoid. The reason is expanding the ellipsoid is increasing the pressure
oscillations amplitude.

Unstable operation range, resulted from both methods, experimental data and Rayleigh criterion, is
shown in figure 7. As it can be seen the range of ¢/7 for unstable operation based on Rayleigh

criterion is 10.75 to 11.25 which is comparable with the experimental results.



0.4
0s
0.2
0t--

al-.:

((p'(t+At)-p')at)

af--
0.2
aa
G -o.:os -o.:oz To.:m |:=| u.:m. n.:ue o.u::ns n.|:34 044 _07'35 é 055 011
Normalized Pressure (P/p rci) ' Normalized Pressure {p'fp'm) ' Fi

Figures (4): State space distribution of the pressure
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CONCLUSION

The outcomes of this research include experimental data resulted from LPM combustion chamber. The
achieved results showed that there is close dependence between pressure oscillations frequency (and
amplitude) and equivalence ratio. For the studied cases state space distribution of the pressure
distribution are derived. It is shown that the mentioned state space distribution of the pressure diagram
is concentrated around the center, but for unstable conditions this diagram transforms to ellipsoid.
Moreover, reducing the equivalence expands the ellipsoid. Furthermore, the experimental results are
compared with the result of Rayleigh criterion and good agreement is detected.

REFRENCES

[1]Seonghyeon, S. [2003], Combustion Instability Mechanism of a Lean Premixed Gas Turbine
Combustor, KSME International Journal, Vol.17, No. 6, pp. 906-913.

[2]Lieuwen, T., and Yang, V. [2006], Combustion Instabilities in Gas Turbine Engines: Operational,
Experience, Fundamental Mechanisms and Modeling, AIAA, Massachusetts.

[3]Lieuwen, T. [2001], A Mechanism of Combustion Instability in Lean Premixed Gas Turbine
Combustor, Transactions of ASME, Vol.123, January, pp. 182-189.

[4]You, D. [2004], A Three-Dimensional Linear Acoustic Analysis of Gas-Turbine Combustion
Instability, Thesis, Pennsylvania State University.



