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ABSTRACT

The self-excited dynamics of a lean-premixed axially-staged combustor, with respect to the characteristic
acoustic frequency, were experimentally investigated by varying the hydrogen mole fraction in the primary
flame while maintaining the fuel composition of the secondary flame constant. It is observed that the
dominant instability frequency transitions from lower to higher acoustic modes with varying hydrogen
concentrations during single-flame combustion. We demonstrate that under axially-staged conditions, the
more complex instabilities can be triggered and sustained by the combination of local heat release
fluctuations generated from the primary flame and secondary transverse reacting jets. When the instability
frequencies of the primary and secondary flames synchronize with each other, especially within the same
acoustic mode, the amplitudes of pressure fluctuations are significantly amplified compared to those

observed with single flame condition.
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Fig. 1. (a) Cross-sectional view of laboratory-scale axial fuel staging combustion test rig. (b) Injector
configurations of the primary and secondary combustor. (c) Representative flame photographs of the
primary flame with different H, fraction in sideview and secondary reacting jet-in—crossflow; DSLR
Nikon D850, 1SO12800, /3.2 with two different exposure time of 1/60 for pure H, condition and
1/160 for the other conditions including secondary flame. Abbreviations/subscripts: p = dynamic
pressure transducers, 7, = K-type thermocouple, «" = Hot wire anemometer, pri = primary, sec =
secondary, tp= transition piece, ft = flame tube, exh = exhaust section. Dimensions in millimeters.
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Fig. 2. Normalized amplitudes of primary combustor
pressure plotted against dominant frequencies
for three different H, concentrations, measured
without second-stage reaction.
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cycle oscillations. (¢, d) Normalized emission
intensities corresponding to dominant fre-
quencies. (e, f) Spatial distribution of DMD
Mode 1 and Mode 2.
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