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Fig. 1. (color online) Laser induced thermal grating temperature measuring system: (a) optics setup;

(b) facility picture.
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Fig. 2. (color online) Picture of the gas cell.
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Fig. 3. Typical thermal grating signal waveform

recorded by an oscilloscope.
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Fig. 5. (color online) Comparison between the LITGS
temperature and the simultaneously recorded thermo-

couple temperature.
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Fig. 6. (color online) Sound speed measurement with

laser induced thermal grating spectroscopy technique.

XEEMERE]: Cs = 1.80174 x 107972 —
0.0026372 + 1.75584T + 14.75501. 7 300—500 K
ITEE A, 0GR A BEE th £k (C o VT) 75 & 15
RGF, BEERET &, “EHRREZ SR X
FE RN ERATT IR T 300500 K 95 B A A
A R sk A AU G 7 F Y 7 i 4R TIe V2 e
HH AU AR S e FEE I ATy, T SR iR Y
REdE— 29K, G 4 R 5 EIe dh 25—
;. WA KRN, a5 —E iR
£ 6 R P AT S PR A

4.3 FWERESH

MRS 1.46 atm FHEF] 5.19 atm, {55 58F
B2 360, W 7 (a) B~ (RS SCHR [14] 08, (55
SRIE 5 RS RNT o« p?). LITGS{E 56T 4
FIRESR R RAE Y, s T s, SR R,
FRTARRA 1) T AU 2 AR T 58 4 1 1 Rl
PR, RS 5 0 B R s T R . 5 S 5RE
g R R, {5 5 W B E R N, RIS S 1
R RIS, XA R R T s i, AR R A B
TR, T BRI #4544 e 4 82 B K [ B (],
S T oA 2 TR PO i, A5 T M S 5
VR 2 [F 2 P R RS (5 SR E
T 5 (1 38 0 T 15 T A = R
AR,

9 e 5 T B, UM R TR S R R OC R
K7 (b) Frzn, W LLE B 7E W & i % 58 B A
(1—6 atm), FEEEAS K5m o8, HIHEARRFR
JE 58 T I B 1) SRR N % 2L R R
ST — KA, W= FH ALK T (b) FiRr

U BRI, AR T RIAT 9 A R A SRR %
, SRR B T ISR &, UK R 7 1
B EE R, RS OL N AR, R
B, (R G0 R T R AR AR RE 8 A B 3%
kG R 1o,

60 M
r 1.46 atm
50 'NJ/\A/\/\N\/\/\/\J\/\/\,\,\/\,\,_W_
> 2.22 atm
g8
< a0k
Y L 3.05 atm
=
Z a0l
{= - 4.12 atm
) WV\NVWV\AN\/\/\/\M
100 5.19 atm
—100 0 100 200 300 400 500 600 700 800
8] T/ns
a20f (P)
e T=306 K
_ a0k o T=333K
w
E 380}
o] oo 00 00 00°°
2 360
18 00aa8a a8 84 0000
3401
3201

T2 s 4 5 6 7 8
JES® P/atm

K7 (MTEEE) R #OtMiE S sgm  (a) A&

SN OGN, (b) AR N AR S R OG

#

Fig. 7. (color online) Influence of pressure on the ther-
mal grating signal: (a) thermal grating waveforms at
different pressures; (b) the relationship between the
sound speed and the pressure of gas at different tem-

peratures.
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Fig. 8. Influences of species concentrations on the thermal grating signal waveforms: (a) 1 atm, the thermal

grating signal with a concentration of 0.2%; (b) 7 atm, the thermal grating signal with a concentration of 1%.
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Laser induced thermal grating spectroscopy
thermometry technique®

Qu Pu-Bo' Guan Xiao-Wei Zhang Zhen-Rong Wang Sheng Li Guo-Hua
Ye Jing-Feng Hu Zhi-Yun

(State Key Laboratory of Laser Interaction with Matter, Northwest Institute of Nuclear Technology, Xi’an 710024, China)

( Received 3 December 2014; revised manuscript received 29 January 2015 )

Abstract

In this paper the laser induced thermal grating spectroscopy thermometry technique is investigated. Two coherent,
pulsed pump lasers are crossed in NO2 /Ny mixture to induce an interference pattern, owing to the resonant absorption
and the subsequently quenching effect. The heat released into the bulk gas can modulate the local refractive index
(temperature grating). Simultaneously, the sound wave induced by the electric field forms the standing wave (acoustic
grating). These two effects mentioned above produce a thermal grating, and a continuous probe laser satisfying the
Bragg scattering condition, generates a coherent signal in the crossed region. The spatial and spectral filtering signal
is detected with a photomultiplier tube, and displayed with a digital oscilloscope. The signal carries plenty of flow
field information. The gas temperature is obtained through frequency analysis. In order to increase the precision of
temperature measurement, we calibrate the grating spacing at a known temperature in a pressurized gas cell. Then
the temperature in a range of 300-500 K is measured by the laser induced thermal grating spectroscopy technique, and
the thermocouple temperatures are recorded at the same detecting point simultaneously. Both of them agree well with
each other, though some discrepancies are still existent. The difference is explained according to the heat radiation loss.
We also use this technique to measure the gas sound speed directly, which is crucial to studying the gas behaviors at
high pressures and the interaction between molecules. In a certain temperature range, the measurement result and the
theoretical curve are nearly consistent, which shows the high precision and multi-parameter measurement ability of laser
induced thermal grating spectroscopy. The factors influencing the signal waveform are analyzed, too, and the results
demonstrate that the signal duration, the signal intensity, and the oscillation peaks increase with pressure increasing. As
a consequent, the accuracy of measurement can be improved. Also, other gas dynamic parameters, such as the thermal
diffusion rate and the heat conductivity, can also be measured by using this technique. The unique advantage of laser
induced thermal grating spectroscopy thermometry technique provides us with a powerful diagnostic tool used in high

pressure condition.

Keywords: thermal grating, resonant absorption, temperature measurement, sound speed
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