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Abstract:
Reactive atomic species such as hydrogen (H), oxygen (O), and nitrogen (N) play a crucial role
in chemical reactions in combustion and plasma systems. However, quantitative imaging
diagnostics of these species are incredibly challenging because of their low number densities and
associated complexities in laser-based excitation/detection schemes. In this talk, we discuss
novel approaches for utilizing ultrashort, femtosecond (fs) duration laser pulses for kilohertz (kHz)rate imaging of key atomic as well as selected molecular species in flames and plasmas.
Femtosecond, two-photon laser-induced fluorescence (fs-TPLIF) of H, O, and N are facilitated by
excitation using deep-UV fs pulses followed by fluorescence detection in the visible or nearinfrared wavelengths. Some recent advances of fs-TPLIF for photolytic-interference-free, kHzrate, two-dimensional imaging of H and O in flames and plasmas are presented. Subsequently,
fs-TPLIF of carbon monoxide (CO) imaging diagnostics are discussed by using 230.1-nm
excitation of the B1Σ+←X1Σ+ electronic transition of CO. Specific temporal and spectral filtering
approaches are implemented for minimizing interferences in challenging flame conditions
involving soot and liquid fuel sprays. Furthermore, we have recently extended fs-duration laser
pulses for kHz-rate imaging of key flame radical, hydroxyl (OH). Broadband, 283-nm wavelength,
80-fs-duration laser pulses are used for excitation of a large number of rovibrational transitions in
the OH A2Ʃ+←X2 (1, 0) band, followed by LIF imaging from (0,0) and (1,1) vibrational manifolds.
Following initial spectral characterization, single-laser-shot, 1-kHz, OH-PLIF imaging in turbulent
flames is reported. Also outlined are the future opportunities and challenges of broadband fs
pulses for multi-species, multi-photon imaging diagnostics in realistic reacting flows.
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