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ICP Torch

Inductively coupled plasma torch produces
bright air plasma plume, expect
5000-7000 K on centerline.

® Emission spectroscopy is line-of-sight averaged.

® Need enough signal and background rejection
to perform spatially resolved measurements.

® Laser Induced Fluorescence — minor species

® Coherent Anti-Stokes Raman Scattering —
major species?.

?Giilhan et al. (2018), “Characterization of
High-Enthalpy-Flow Environment for Ablation
Material Tests Using Advanced Diagnostics”.
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CARS-Setup

BBDL 4 ® Four-wave mixing process.

S ® BOXCARS beam configuration.
/‘\Y

° Apump - )\probe ~ 532 nm,
degenerate pump waves.

PROBE VOLUME

Focusing
Lens

532 nm
473 nm

/' : * Astokes = 607 nm with
o w1 |wse w1 WCARS A — 140 cm—1 at FWHM.

2330 cm! ® Measurement volume: 4.7 mm
(5-95% glass slide)

® Measuring rotational-vibrational
equilibrium temperature.
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CARS-Setup

Nanosecond CARS setup with a broadband dye laser: simultaneous excitation of multiple
ro-vibrational transitions.
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CARS

Spectral trends with Temperature

® |nitially only v = 0 contributes.
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506 | —N2 6000 K{ v = 0 — 2 discernible, Av = +£1.
=< | ® At plasma temperatures, significant

0.4 y contribution out to v ~ 5, J ~ 100 .
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Results in Torch Plume

Measurement, = = = *Fit, Residual
0.020 T T T T T T .
10 kV DC anode voltage, 30 slpm
6 mm above nozzle air, centerline.
0.015 Ty = 5288 K v2-3 vi-2 1 ® PI-MAX 4 camera.

® Isolated line model.

0.010

® Temperatures from spont. Raman
scattering and emission
spectroscopy: 5700-6100 K.

[a.u.]

0.005

e Difficulties: modulation dip at
bandhead, completeness of fitting
model, extrapolation of

0.005 . . . . . . . semi-empirical line shape, spatial

- averaging, time averaging, change in

2150 2175 2200 2225 2250 2275 2300 2325 2350 torch configuration,

Raman shift [em™!]

Fit to average of 500 single-shot measurements.
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Results in Torch Plume

10 kV DC anode voltage, 30 slpm
air, centerline.

6000 T T T T

o '.' @ Average of 10 fits ® PI-MAX 4 camera.
< ] M Fit to mean spectrum .
- | ® u u | ® |solated line model.
© 5000 § §og_8n
5 ..
‘gs ' ...' ® Temperatures from spont. Raman
2 ] scattering and emission
& @ )
514000 ¢ Hg® Zgm spectroscopy: 5700-6100 K.
(]
= . . . .
8 -! e Difficulties: modulation dip at
3000 . . . : : bandhead, completeness of fitting
0 10 20 30 40 50 60 model, extrapolation of
Distance from Nozzle [mm] semi-empirical line shape, spatial

averaging, time averaging, change in
torch configuration.
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Results in Torch Plume

10 kV DC anode voltage, 30 slpm
air, centerline.

= 6000 ] ® PI-MAX 4 camera.
= 000 %
b= 00__0 o® ) ® Isolated line model.
= () ®
5 40001 000
g, o PY PY ¢ Temperatures from spont. Raman
g Y ® scattering and emission
o () spectroscopy: 5700-6100 K.
= 2000 : : - : . P Py
-15 -10 '5. ) 0 S 10 15 e Difficulties: modulation dip at
Radial Distance [mm] bandhead, completeness of fitting
. model, extrapolation of
Fit to average of 100 measurements. semi-empirical line shape, spatial

averaging, time averaging, change in
torch configuration.
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Conclusion

Results Future Plans

® Successful average and single shot CARS N, ® Time filter torch background differently.
measurements in ~ 6000 K environment.
® Uncertainty quantification.
® Time gating effective in rejecting plasma
emissions. ® Analysis of single shot CARS.

® Tcars < Toes/TRaman ! ® Measure close to a reacting surface.
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