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Laser-induced incandescence and fluorescence for in-situ characterization of soot particles and precursors in semi-technical aeronautic combustors
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Physical and chemical properties of soot emitted from airplanes are still poorly known due to the difficult access at the core of these systems, as well as the stringent conditions into or at the exhaust of the engines. It is challenging to directly measure soot particles inside aeronautic combustors due to the high pressure and limited optical access. Under these harsh combustion conditions, we try to identify the mechanisms participating in the formation of soot particles. These mechanisms are still subject to numerous questions due to the lack of experimental evidence and high demand for processing power requested by theoretical models. The solution to this problem relies on the coordinated efforts of researchers for the implementation of experimental and theoretical tools.

To overcome the experimental challenges, this work focuses on the development and implementation of laser induced incandescence (LII), a technique used for the detection of soot volume fraction, as well as laser induced fluorescence (LIF), a technique used for the characterization of soot precursors.

LII and LIF techniques were implemented on the MICADO test rig to understand and evaluate the formation of soot emissions indexes in test conditions similar to single or multi-sector aeronautical engine combustors [START_REF] Cochet | ONERA test Facilities for Combustion in Aero Gas Turbine Engines, and Associated Optical Diagnostics[END_REF]. Several working points were tested, spanning the domains of pressure between 6 to 10 bars and the global equivalence ratio of the fuel between 0.7 to 0.8, with main (premixed) and pilot (non-premixed) injection of jet A-1.

In this study, two excitation laser sources have been used 1) LII at 1064 nm with a pulse duration of 7 ns and a repetition rate of 10 Hz [START_REF] Geigle | Laser-induced incandescence for soot measurements in an aero-engine combustor at pressures up to 20 bar[END_REF] and 2) LIF at 532 nm with a pulse duration of 10 ns and a repetition rate of 10 Hz. A delay of 1 μs between LII and LIF pulses is added to avoid signal interferences. By using different optics, the Gaussian laser beams were shaped into a laser sheet of 50 mm x 0.2 mm for LII and 60 mm x 1 mm for LIF. LII and LIF detection systems are constituted of two intensified camera, objectives, and optical filters centered at 450 nm for LII and 580 nm for LIF. A dichroic mirror with a cut wavelength at 500 nm was used to direct the LII and LIF signals onto the corresponding detection systems placed at 90 0 one from each other. Additional working points of the combustor are discussed. There is a direct correlation between the fluorescence of polycyclic aromatic compounds and soot volume fractions detected in the combustion chamber at pressure values between 0.7 and 1 MPa. These large molecular gas-phase compounds play a crucial role in the mechanisms involved in the nucleation of soot particles and this is why their detection have high interest. The distribution of soot and precursors gives information about the evolution of the kinetics of soot at different instants and working parameters of the combustor.
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 1 Figure 1 illustrates an example of LII/LIF instant images obtained with the highest pressure of the combustion chamber. These results show the distribution of soot particles and precursors inside the combustion chamber near the injector. Soot precursors are localized near the injector (figure 1.a), whereas the soot particles are distributed further from the injector (figure 1.b).

Figure 1 .

 1 Figure 1. LIF and LII signal obtained from non-premixed kerosene jet A-1 flame, at p=10 bar and global equivalence ratio of 0.79. The instantaneous images of LIF (a) and LII (b) were obtained with exposure gates of 50 ns and 20 ns.
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