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Free-burning plasma torch is a promising alternative for the necessary electrification of the  

high-temperature process industry [1], but their implementation is still limited by incomplete 

knowledge of plasma-jet dynamics, heat transfer, and 𝑁𝑂𝑥 formation. Recent high-speed imaging of 

atmospheric air plasma jet revealed microsecond-scale intensity oscillations [2], indicating that 

conventional time-averaged measurements may mask important transient behavior and complicate 

comparison with models that assume steady arc generation. Tunable diode laser absorption 

spectroscopy (TDLAS) is attractive in this context, because it can provide the flow of the data with 

high temporal resolution. It is also non-intrusive, species-selective, and robust in luminous 

environments. Earlier plasma TDLAS studies showed that fitted line shapes can provide diagnostic 

information such as broadening and line shifts [3], and also demonstrated that diode-laser 

absorption measurements are feasible in harsh arc-heated plasma flows [4]. 

In this contribution we present a mid-infrared TDLAS dataset acquired in a Plasnix PNIX-

100R1 free-burning plasma torch operated at powers up to about 20 kW. A Nanoplus DFB 

interband-cascade laser near 5061 nm was scanned across a selected overlapping 𝐶𝑂 transitions 

around 1978.3 cm−1 and a nearby 𝑁𝑂 transition at 1977.27 cm−1. Single 100 μs sweeps and 

average sequences of 50000 scans were recorded with 12.5 MHz data acquisition. Measurements 

were performed for different power and flow-rate conditions, for working-gas compositions 

involving 𝐶𝑂2, 𝑁2, 𝑂2, and air, and several heights above the exit nozzle. Simultaneous current-

voltage signals of the power supply were also recorded. 

Path-averaged temperature, as well as 𝐶𝑂 and 𝑁𝑂 concentrations were obtained using fitting, 

based on the HITEMP [5] database, of the measured absorbance with a home-made routine. 

Attention is given on how fitted linewidths, line-center positions, and residual structure vary with 

gas composition, power, height, averaging and scan strategy, and to whether these quantities 

correlate with current-voltage fluctuations associated with unstable operation. The measured path-

averaged parameters are compared with COMSOL-simulated mass-averaged plasma parameters 

obtained from radial temperature profiles and equilibrium composition, and synthetic spectra are 

fitted with the same routine. This comparison is made to assess the effect of plasma instabilities on 

the measured spectra. 
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