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Temperature Measurement in Optically Thick Plasma Flows by a Laser Induced
Fluorescence Combined with Laser Absorption Spectroscopy

by
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ABSTRACT

Laser Induced Fluorescence (LIF) method is not applicable to optically thick plasma flow because its fluorescence profile is distorted by
three effects; absorption of laser, re-absorption of fluorescence and absorption saturation. In this study, LIF was combined with Laser
Absorption Spectroscopy (LAS) to measure spatially resolved translational temperature in an optically thick argon plume. By utilizing
absorption data of a probe laser beam through the plume, distortion of LIF profile was corrected, and accurate translational temperature was
obtained. This measurement method was applied to optically thick argon plasma flow in various conditions such as changing input power
and measurement points. These results show good agreement with Abel-inversed LAS, and the validation of this method was established.
The translational temperature without correction was up to a fifth of corrected one. Due to distorted fluorescence profile, it is considered
that measured translational temperature by LIF was overestimated. It is revealed that with increasing optical thickness of plasma, the effects
of absorption and re-absorption have more impact on fluorescence profile than absorption saturation. Indeed, axial distribution of
translational temperature was obtained easily and quickly. The measurement time of this method is about one tenth of that using Abel
inversion. LIF combined with LAS is an effective method to obtain axial distribution of translational temperature of optically thick plasma
flow made by wind tunnel facilities such that operation time is limited.
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Fig. 2. Schematic view of measurement system

Table 2. Operation condition of arc-heated plasma wind
tunnel

Input Power, kW 1.2
Volume flow rate of Ar, sim 4.0
Plenum pressure, kPa 50
Chamber pressure, Pa 20
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Fig. 3. Schematic of arc-heated plasma wind tunnel
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Fig. 4. Photograph of Argon plasma flow
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Table 3. Operation conditions at various powers

Parameter, unit A B C
Discharge current, A 30 60 90
Input power, W 600 1080 1620
Volume flow fate of Ar, 3.0 3.0 3.0
slm

Enthalpy of flow, MJ/kg 1.45 2.44 2.79
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Fig. 5. Measured and corrected fluorescence profile after
Gaussian fitting
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Fig. 7. Variation of the ratio of FWHM in Ar plasma flow
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Table 4. Number of necessary profiles
DLIF combined with DLAS 180 (15%3x4)

DLAS with Abel inversion 2160 (15x35x4)
40007””_‘” ]
. } e Measured LIF| |
< 3500 | { } -=— Corrected LIF |
(D) r ]
S [ % ]
S 3000 - % {; ;
o i %% ]
& i % % ]
= 2500 - % % ]
g ? % .
= mwﬁ??\%%ﬁ@\ﬁﬁ;; ﬁ%i
g T
|: 1500 5 .
1000 :\ v b b e b b e e b e by

0 10 20 30 40 50 60 70 80
Distance from nozzle exit, mm

Fig. 8. Measured temperatures in various measurement
points
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