W oK e A - 119 -

doi: 10.11823/j.issn.1674-5795.2025.04.09

A BHAESESEERBEATTAR

RR', s, LagpE >
(LR E T A KBRS 30 AR P, #dh R X 4300705
2P ERFERKELFEEINMGWERTH BALFEREELRE, H4 K& 130033)

# E. ot #LE (Laser Dispersion Spectroscopy, LDS) & — ff e 3 by b ik S kbl A, HEAF
B 2 9 AR I AR DL RO sl R s MR ek A M, EAEREAGARMNAKE LB MRZEMA KT, KITE
LDSE AR RN A, ZANBTEALERE, WETERINER; EAERTHZHREHILER
A (Heterodyne Phase-Sensitive Dispersion Spectroscopy, HPSDS) F % # & #{ % # # A& (Chirped Laser Dispersion
Spectroscopy, CLaDS) W4 4E 5 SE 9L 7 3, HIRIT T A E B HEEA WA T %, BERE L T FZEA
EMRRDH . mEEAEN., FEAFREARKRNSFAAGEWNAZ0, BT AREALEENEATFK
FHE. wa, A AARMRBEAR, MERARRREMANA, NEBFARFUAFTRANMNELREZT X
KAKEFE, ALDSEAMERARMMIRAEARET RatEE,

KR FOLEHOLIERA; MR fARENE; HEDE; RESERN

FESYES: TP212; 0433.5; 06573  XHkARERD: A XEHS: 1674-5795 (2025) 04-0119-22

Advances in high-temperature gas sensing techniques

using laser dispersion spectroscopy
ZHOU Chen', GUO Shuang', MA Liuhao"*
(1.Center for Low-Carbon Combustion and Propulsion, Wuhan University of Technology, Wuhan 430070, China;
2.State Key Laboratory of Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China)

Abstract: LDS is an advanced laser-based spectroscopic technique for gas sensing with a broad dynamic range and
high immunity to optical power fluctuations. It has attracted considerable attention in trace gas detection and combustion
diagnostics. Starting from the motivation for conducting research on LDS technology, this review systematically introduces
the fundamental spectroscopic principles of LDS and establishes a theoretical analysis framework. It highlights the key
features and implementation methods of HPSDS and CLaDS, and explores approaches for constructing calibration - free
models. By examining the representative LDS applications in the past decade in typical scenarios such as combustion di-

agnostics, high-temperature flue gas monitoring, and environmental optical trace gas detection, this review elucidates the
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distinct technical requirements of these application domains. Finally, regarding such challenges as the insufficient detec-

tion sensitivity and complex system configurations, the paper indicates the future development directions from both funda-

mental research and practical application perspectives, providing a systematic reference for advancing the theoretical

foundations and engineering applications of LDS.

Key words: laser dispersion spectroscopy; phase detection; calibration-free measurement; combustion diagnostics;

trace gas sensing

0 35

BEE T R R, FRE & T
R 7 XIS T Y [v] Jo e RORR R AR Ry i
b BRef . grEAL” BRI A4 R 0 AL
SN Tl #R e Bh ) 2 4 3t T B i A 5 BE R HE 2L
Ko R DR ELTE LB A DN S B 3k 2 2B £ 3 AT
HEWOz A7 Al 2 FE 2l ven s A% 00 2 45 B ) 1
BT HARSEIAYSCHE S o ARk, R SN T
A7 BE VR T R R 68 2R G0 TR R 5t Al 1T T
ORAFR I M I A S TR A J&y T — Rt S T
], Horb, ey s AR S Bt v O E I R
J R AR AT R ) SR SC B () 2 —

PG HL AR AN ORI F i T U Y BR S
LU IS AR AR AR R AR AR AL R AR
U IR e RS G BE RE  A R B . )
EGIGH A o B H R BT s Ay T Ek
A T O LA A O I B
FOUME T, BEWR . B ECE 2L gAY,
TIPS W 5 MRS S > X el
HORBA RBUE . EHE Rk 1] e 7 bR 45
FARH, VLA RAE E A AR B 5T R AR R
2 E)E A, R Y AR A R BIF Y
AR SRR AT I SRS B N R R Bl 2 )
V7S i A5k R4S B 1 BEOK H A%, RS
P37 M AT R 50 2 S AR AR B Ao 52 114 i i 55T
JEB 5 S FRE ) X I RS Y T R A IE TR E
PEFIECHE AT SEPEEOR, BOLEIE AR EOR IE W
ICEZY T

A ' T 2 %) 4y 380 D 3R G 0 AR
R, TERZAERMER SR URE RSO T, HOtis
59¢ ) (Laser Induced Fluorescence, LIF) . % F] H
%} (Rayleigh Scattering, RS) . AHT Wi H6 5o i 2

[l

BT (Coherent Anti-stokes Raman Scattering, CARS)
FEEIIETE (Laser Absorption Spectroscopy, LAS)
SEITIEAR B EARBUE AR & L G AT B0R
o7 W 3 A A XG5 (N 5EE . HUS L s s 6Ot
S PRI, G BE -5 PRI A O T A AR
TEVE ELHAHSC (AN 1S ) o M ERIN 2Rl 4 21 901
SR A A P S AR AN, 5 RN AR OB T R A
(O B AR A  AT B2 JC B, T o) 24000 4 4 3R 14 o
B PRI SEE

I,= BIl't, NB®F (2 | 4m)enV’

ILIF _ o4 @'
“ Se=nINV ] 5099
JEHLR I N
1) D EL RS
LIF RS

IR GHRT

—p
0 PeHL

v 1=l

I“&ﬁ‘ﬁf&a
0 WK

FRIERO G

N WeEL
I = 1(““)wmm
CARS C2

2
nl anI}

K1 AR AL BRI LIS 5
PLENOPIR LR IE SV - AE
Fig.1 Schematic diagram of characteristic spectra of
representative laser spectroscopic gas sensing technology and

their dependence on light intensity
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