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Abstract

The tightening pollutant emission standards have changed the burner design from non-
premixed to premixed configurations in steady-operating combustion chambers. The
typical applications incorporate, gas turbines, boilers, and furnaces. As the concentration
of nitrogen oxides (NOx) are principally affected by the flame temperature in practical
applications, and the flow field has a negligible effect on its formation, lean combustion
has taken over the non-premixed design [1]. To lower the flame temperature, the more
dilution air is better. However, the lean blowout limits the applicable air-to-fuel
equivalence ratio. Combustion noise used to be considered as a pollution source. As
acoustic phenomena emerge near the blowout, it drew scientific attention to understand
and control of the flame at near-blowout conditions [2].

Presently, a diesel oil-fueled atmospheric lean premixed prevaporized-type swirl
burner, shown in Fig. 1, is investigated at 15 kW combustion power. The combustion air
was preheated to 400 °C, and the fuel was atomized by an airblast atomizer at 0.3 bar
atomizing gauge pressure. The estimated swirl number was varied from 0.34 to 0.83 by
increasing the combustion air flow rate. More details on the test rig can be found in the
literature [3,4]. The acoustic signal was measured by a SVAN 971 Class 1 sound level
meter at 12 kHz sampling frequency.

Atomizing air

Fig. 1. The investigated burner.

Based on the swirl number, a straight, a transitory, and a V-shaped flame were
distinguished based on the variation of swirl number [5]. By increasing the swirl number,
the acoustic spectrum shift to the lower frequencies in parallel [2]. Hence, the
phenomenon proposes a spectral analysis. Due to the considerable time evolution, the
Short Time Fourier Transform (STFT) or Gabor Transform was performed first,
analyzing the spectra of various stages in the flame shape. Since the blowout and its
neighbor time regimes are short, narrow windowing is necessary which leads to a poor
decomposition in the frequency domain even overlapping [6]. In order to overcome this
issue, the Continuous Wavelet Transform (CWT) was used to calculate the spectra. The
superiority of CWT over STFT originates from the fact that the typical dominant
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frequencies near the blowout are in the order of 100 Hz [2,7]. Figure 2 contains the
comparison of the two methods in a 1.37 s time frame, containing the blowout at ~1 s.
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Fig. 2. STFT with 50% overlap (left) and CWT (right) of a flame blowout.

The solution of STFT is poor in the low-frequency regime, showing only the dominant
frequency around 180 Hz. However, CWT reveals the first mode at 188 Hz and the
second mode at 500 Hz, also highlighting their time evolution. Compared with the
straight flame, the dominant alter significantly in time, and the number of these
frequencies decreases from six to two. The transitory regime is also populated with
characteristic peaks, however their time evolution can also be detected. A dominant
mode around 500 Hz remains in the V-shaped operation, while 188 Hz mode starts to
emerge. By approaching the blowout, the spectrum is governed by this latter mode, while
the previous ones fade, leading to unstable combustion then flame extinction.
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