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Abstract
This study investigates the influence of fuel jet composition on autoignition, ignition kernel propagation, and subsequent flame stabilization at conditions that are relevant for the practical operation of gas turbine reheat combustors (p = 15 bar, Tinlet > 1000 K, hot flue gas, appropriate residence times). The experimental investigation was carried out in a generic, optically accessible reheat combustor. Autoignition of H2/natural gas (NG)/N2 jets in cross flow were recorded by a high-speed camera at frame rates of up to 30,000 fps. The autoignition behaviour was investigated as the H2 volume fraction was increased (decreasing NG) in different fuel mixtures for two different jet penetration depths. Additionally, the subsequent flame stabilization phenomena and the structure of the stabilized flame are discussed. The results reveal that autoignition kernels occurred even for the lowest H2 fuel fraction, but they did not initiate a stable flame in the mixing zone. Increasing the H2 volume fraction decreased the distance between the initial position of the autoignition kernels and the fuel injector, finally leading to flame stabilization. The occurrence of autoignition kernels at lower H2 volume fractions (H2/(H2+NG) < 85%) was not found to be significantly influenced by the fluid dynamic and mixing field differences related to the different jet penetration depths. In contrast, autoignition leading to flame stabilization was found to depend on jet penetration; flame stabilization occurred at lower H2 fractions for the higher jet penetration depth (H2/(H2+NG) ≈ 89 compared to H2/(H2+NG) ≈ 95 vol. %).
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Figure 1. Temporal variation of the droplet mean diameter at 50 mm downstream of the nozzle at centerline and 6 mm off-center. Error bars represent 2 standard deviations obtained from repetitive measurements.
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Table 1. Relative concentrations of species at 4000 K and 56 MPa computed using detailed chemical mechanism assuming identical binary diffusion coefficients and temperature dependent transport properties.

	Set
	H
	O
	OH
	CHa
	Nb
	S
	R

	1
	0.01
	0.03
	0.08
	0.01
	0.08
	0.03
	0.01

	2
	0.08
	0.01
	0.03
	0.08
	0.03
	0.01
	0.03

	3
	0.03
	0.03
	0.01
	0.03
	0.01
	0.08
	0.01

	4
	0.01
	0.08
	0.03
	0.01
	0.03
	0.01
	0.08

	5
	0.08
	0.03
	0.08
	0.03
	0.01
	0.03
	0.01


a Estimated by using reaction 324.
b Obtained from RKM approximation.
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