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measurements was comprehensively studied via the line-of-sight (LOS) dual-color laser absorption spec-
troscopy (LAS) in flame thermometry. Six representative absorption line pairs of water vapor (H,O)
within the wavelength range of 1. 3-3. 0 pm were selected as optimal for the investigations. High-fidelity
spectral simulations were performed to investigate the influence of the non-uniform temperature and con-
centration distributions on sooting flames with nitrogen and air co-flows. The non-uniformity conditions
for sooting flames with nitrogen co-flow and sooting flames with air co-flow were abtained. For sooting
flames with nitrogen co-flow, the maximum temperature deviations of the spectral line pairs (4 029.52
em '/4 030.73 cm 'and 5553. 86 cm '/5554. 18 cm ') were observed to be the smallest (i.e. , 4.72%)
and largest (i.e., 12.40% ), respectively. For sooting flames with air co-flow, the temperature devia-
tions exhibited positive and negative values, with the maximum positive and negative values observed un-
der the non-uniformity condition of 8/L=80%. In particular, the maximum positive and negative tempera-
ture deviations were 14.43% and —2.51% for the line pair 5 553. 86 cm /5 554. 18 cm ', and 3.22%
and —13.21% for the spectral line pair 4 029.52 cm '/4 030.73 cm '. The numerical simulation results
were subsequently compared with experimental measurements using the line pair near 4 029.52 cm '/
4 030.73 cm '. The experimental results indicated that, in two typical sooting flames, the line pair 4
029.52 cm '/4 030.73 cm ' can effectively mitigate the influence of non-uniform distributions of thermo-
chemical parameters on the temperature measurement.

Key words: laser absorption spectroscopy; non-uniform distribution of thermochemical parameters; soot-

ing flame; temperature measurement

py, LAS) $EAR S HA AU A A9 A 2 fik =X 00 3 4
R 308 5 A A RO 2 I AR X i

1 3 =

T B2 AE b S MR R 58 T 3 e L Y I PR AL
FERZ — B GRRBEROR A RN R
e A R DDA G o R B L e R A IR A
AT LAy il A b Bl ) 2 A i AR R W TR RE ST A
i1 2 2l 4 o A S TR R 4 A B
(E A5 DLRIE 5 v 18 2 A 4L 2 A3 T g ) L 8 30 Bt
Ao PR R B USRI R R B AR
T A8 A% E, B BT IZ T K
R ER NG W HR R Ve R S Rl N ER A
B T B BRBE IR 37 o AN TR 5 A R A T
R G S 5 A TE AR DL AR O ]
AL R o R ol L, 250 P A e A 0 e e A R
JEE IS, e AR AR 7 A R ) 2 T ) T AR 2 o ) A
S8 TE B ASHR E B [A) I ads 25 S SR £ 1 22 Y
FLARIE R, Bk — 20 4% R B 45 2R B0 A W E M
L3 9t AN Ta] A 6 T 00 B 4 Bl B 22 0
e, BIF RS i AT A AR i 2R Oy vk = G
A

BOE I (Laser Absorption Spectrosco-

J& B 6 AR Ak, BE % 52 BLTR B AG PEE R B L b
FE VL BRI R iz B RUE R
JEE 0 ST 50 T AT R ORT B A AR ST R B
TS5 G I N T AR e HE R AR G 0 e RE T
M LAS B AN B, T 4 47 4 v R
(1~2cm "), B K BURE A8 3 ' 3 B0RT I 3 AN
AR R, F R AR R S S04 O Y 8 R 0L
SO0 A5 U B WO 1 T R R R B R
RIS A e KK D L (AR R
LAS J&— 3 T M 4200 (Line-Of-Sight, LOS)
R0 U Ty 3 T T Y AR RE 3 1 R R . S
BRIk 1) A BRAL 2 2 800 A R O 1) 2 AR
YAy oA AT R A5 LOS B 45 SRR H . ik,
R F IR TR E R RR AR SRS
T R BE 43 DX Sk A M G AR D 1) b 8 UL BE O3 A
X Ty T I T T kR R R I
18—, X S R AR TR B 2 ORI DL
w2 W ARG, B S 0 E S A A
%00 ST T S A 3R R G SR DR BRI T HE R



B9l XU A AL SRR B 2 A R RO WO 3 I Bk R K TR E 7D 5 2801
I K Ho s a, MO W EE L S, (T (r)) 35 25 JEE

B L 7 ik A 3 g A B i A ok R 1 7
Tk B FIVZH 3 vl B AR X5 50 43 A 1 5 e A B T 4R
= LOS i3 B9 MER M . Goldenstein % 38 i & £
T 4 5 I L R R R O ) 3 Ok /N E 4
Ui 23 A B 52 Sepman %5 38 53 A1) FH % L
7 b B AR ) 3 2 Ok B /N A AR 1 AT M 1
W A 3 HBA T I b o 2 SR R B R K
TR RO OE T BT 4 R KR (HLO)
W AT 2 X6, R GRS T AR ¥ A0 8 B AL 43 oy A
Xof S G W S 1 1) LOS IR 25 =2 0, &%
WHEA SIS R R GER SR ET K.
AV T B i 248 i 3 U A g R S A v A R AR
1) ik 2 X6 3 A 3R A% AT EE 19 MG R IR B o T
O KK TR VB 2 Bl AR YR K e TR R
R B L e O B0 A T R T R S BF 5 Ak 2 I
1%, B, 38 i A T A AN B AL LOS Sk
ARAT AT HE I I 5 A T AR AR AL AR Y
SY43 AR X LOS 5 25 S (05 ), O K AR 5T i
VI IE 3% 5% )

A SCHESE T #2280 349 5 0 A X L,
O W' i T 8 e O K K TR R R R G
FF HOAE 1. 3~3.0 pum N EZ BG4 Wik
AT AT 00 A T RS ), R S BUE
BRI B R G5 T 1 400~2 000 K PN H P2 7
T TR R oK R R RN A 43 e B AR ¥ A0 4y AR R
LOS Wl & 52 mi o fe 5, 38 o g A % 28 X
(4 029.52 cm'/4 030. 73 em ") (i 30O W kO 1%
S B E T BB A UL 2

2 A& O RO S g ] B L R

LAS A9 3 A I J5 B 76 SCHk [ 19 ] h B2 1
R E AL R E AR SRy
(em HDWPOLZE LK E N L(em) By IE 2] £l
X 3 B, #L3E Beer-Lambert 2 £ 0] DL 45 21335 5 ¢
55 A SRR C R

(5] =l —a)=

Iy

v

exp( —J:S[(T(A)P(r)&.ﬁ(r)@ydr (D

T(r)  P(r) X () 50 310 05 568 07 0 4 10 L
FE TR R BE | @, 26 B K ELYS 7 2 S i
FEI B B 08 0 1. TR, 5 0 B 40 0 S T B
SN
A=[S(T())P()Xolr)dr (2)
X FE 3 4550 ) e 5 B 58 (2) T f 0

A,-:PJ:S,(T(;’»XA,)S(r)dr. (3)

PRI, B LOS 0 i 5 A B9 3 3 e ik 5X0h

o ?w;ﬂ)” W
o[ 3l S

Forboh g3 B S W R, RO, kR R 252
B E"RORERIE AR S e . i (4) T,
XA LOS it £ A 52 51385 5 F0 4 0 e B2 AR 3 2
I3 A RS

P ol 3l A e G I TEE R 2 3k R O A

Y] DL DL R B R .
,@erM (N, Coflow)
1+€(V ﬂ%)/ﬁ;
()= e P .
——+ *—— (Air_Coflow)
1+e(rf/f>)/m 1+e(r*#:)/m;

(5)

A fCr) AR BE 43 A R, X T N B T B A ¢

K, 3,1 3,40 ) 2% 7 v s F0ER B5E 38 BEE 5 8, A A% 1) Ao

BLWE N (B 8.)/2; B R TR E T B IX Y B

JE 5 X A5 ST TR KRG L 8 B B R K

K T U B N KA 300 2% B B TRL T 5 2.0 35 S

FEm IR BE T R R TR 0 2o UL 8 B 4 B

S N AR S BT IR i o R ]
B

3 BrRF &
3.1 AUESHEHIURTARED

PPl 3 7R ) g AR KA P R TR R R ]
DL T EL R T 1 Ca) 2 U DR B R K0 T



2802 b=

K % TR

%031 %

L1(b) Rz SAE WAk AR K . I AT LA
F 0 e T AR 4 SR DA B A I SR B 28 X Al A 2k
06 B R o 7E BE B BRBE AR 1 R E 10 mm
SR IVA AN~ W S D ST IR A o 0 N e 0
mm, %5 A B KO 0 AT R AR 42 295 30 mm L
A0 A v TR AR L K R R TR
B4R AL R AT AR ] 7 ) 2 A RO RN S PR IR
38 FUTE A B RS . T AR T 2 D Ak R K
I 5 P U R0 ORI ] R 5 A AR IS e R KR
S5 PR T A7 A S 35 TR B A o Wk B AR Y A o A
T T 23 S T 04 J2 B AR K JR Rk T A 25 <
P it 28 ST AL Y SRy R 2 0 R I EE R 4 43
W AR 5] o A o

Kl 2(a) F1 2(b) 43 il 45 T A ASHE I F1 2 S
P U0 2 A0 AR KK TR R A 4 VR R ) A3 AT I O

Sooting flame
with nitrogen co-flow

Sooting flame
with air co-flow

(2) B SRR K IE (b) 25 SAEFRIRAA K Ja
(a) Sooting flame with nitrogen  (b) Sooting flame with air co-
co-flow flow

LT TP a2 e O K T R

Fig. 1 Images of two typical sooting flame
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Fig.2 Radial distribution of temperature and H,O concentration of sooting flame with different gas co-flow



198 T, A IR AR SRR A 50 3 A X R O W AT 3 T e M KA IR R 1 S el 2803
Input the thermochemical distributions ®1 BRBEMNORRSH
(T Ty, X X, L, 5) Tab.1 Spectroscopic parameters of target line pairs
and spectroscopic parameters(HITRAN) Line Frequency/ Wavelength S@Zf)G K/
\l, : (em?10°  E"/em
p N pair cm /nm »
Simulate the spectrally-resolved Pa ')
5 absorption features ) . 4030.73  2480.94  2.68X107° 4889.49
l’ 4029.52 2481.69  1.10X10°* 2660.95
( Multi-voigt fitting using b 5 3982.75 2510.83  5.92X10° 7 3654.04
Levenberg-Marquardt algorithm 3982.06 2511.26 9.13X10°° 1581.33
) l, ’ 3 3459.73  2890.41  5.14X107° 3386.00
( Determine the temperature deviation ) 3460.59  2889.68 3.32X107° 2073.50
L (AT=T~T\os, e=ATIT,) ) A 5553.86 1800.57  7.55X10°7 3314.86
\I, 5554.18 1800.45 7.80x10° 982.91
( Experimental demonstration i 6806.03 1469.29  6.40X107 3291.15
L @ustnpdinerpeirl) b 718560 139167 1.96X10° 104506
B3 5 AL 28T 250 40 10 0 G 6 W O % o 7153.74 1397.87  8.59x10° 2552.86
T 7 455 TR 5 ) ) O 7154.35 1397.75  3.68X10°* 1789.04
Fig.3 Flow chart to study influence of non-uniform ther-
mochemical distributions on temperature measure- 4B T IEA R AL 2 2 8 ) & 1

ment results of two-color laser absorption spectrum T 2 o B AR N IR 22 10 2 J L HL P e 38 AR X
| Tl 2 KT R I 2= JH: 5

i 72,0/ L 2 n AR SR8 | 4] 2 2 /s AR i 22

3.2 Witk £k 3 ik 3%

UL W) L 10 3 2 96 6 BT ) 76 SC k[ 23] B 4%
1 ARUE R . A ST 1Y TLO WK 2R L 1 56 % oo Pairl
R 6k BRI L O W U i 2 L A4 388 7 T8 4143 (A 12

CO,, CO I NO) g W i it 25 7 KL UF 1 5 % b 25 VRS
P 3 H Y 7 S8 R TS S P P LA % 4 " 1600
% AT 2 38R, DL (0 A2 05 P 0035 R L 5 S, A
U 2 S £ 166 75 RE % 25 S R K, LU AIE 75 b 2000
R . e B R S 1 i B I
HIRE . FESRIRIER , #e e T R R <
LR N1, * ded
0 1 400
4 FIHUERL5 M e
1 800
4.1 HEZXRE =
FETF2 v I T 9 AR [ A R 11 B e
18 I TE TR O 52 B , 8 5 A TR 3R BE 9 L P 1 o I

(RS PE WM KM 1 400~2 000 K; 25 S 1R R

B K 2 1 400~1 800 K) Ak 2% 5 ¥k 5 45 1 B4 75 A% 2R 00 72 I ek 7 [a] =l 359 57 B B A0 UL 3 3 181 1Y

Pair 2

/(%)

FHE VR B R NG B O 22 = 1A

Fig.4 Simulated temperature deviation contour of six

X LOS & 25 S 52 m . Bl s, 3 G 52 56 0 B A
KA T OE I OGS BF 9T Ak 2 S AR A
P Ko B TR 3 2R X5 1 B4 B2 T

5010 20 30 40

50

line pair at different temperatures and non-unifor-

mity level for sooting flame with nitrogen co-flow



2804 e KEE TR 31 %
N2Y W EE L. mE 4 TRTAEL, TE [ RE W2 4k /% Pair 1 Pair 2

FEAR I AIFE BT RO S 50 15 21 A A ) L 22 B
TV 358 0 T 38600 A 1 0 v 3R R X A R
T B S50 A5 B A R G L 2 Bl A 2L A3 VR B Y
B . SR E A S ECEEY S
FREEEM 3G N, LOS M 5t 45 B Bt 52 1) 52 i 78 K, 5K
S92 5045 31 1) AF X I 22 st ok . B Ak UL 7E
B S50 (R A5 SR T AR R I 25 BN I T 2
X1, e KBNS LR X 4. AE B RIGAE &) &
(6/L=50%; T.=2 000 K; X.=10%) T , H A X}
W20 R 4.72% M 12.40% o XF T H Al 3% &
X B £k X 5 5 2k X 4 B B KA IR 22 A0 AT
Ab H A 26 X B e KA 25 B /N T 10% . i
BRI RIS LS Hh ELL, Y
Wi, HLE 0 BRI K .l 3 1 n] i, A xR 25
OB 0O RE 2 (1, 2, 3, 6) W ElL. FE
1581.33 cm %] 2 660. 95 cm ™' Z [] , H v AH %R
2 /NBYIEL X 10 EV,. 28 2 660. 95 cm 5 T AH
Xof 3 25 A o0 130T 3 2k X 4 RIS LR R 51 EL
4 982,91 cm Al 1 045. 06 cm ™',

P 5 2 JIT 6 56 114 33 2 Xof 7E 25 S0PF T e K K 0
B S 56 v A5 2 Y AR X R 25 7E R ] ik 2k S 8
B FM T, Hr e RRMITER2E,0/L
FORAE YIS RREE , I 4% T 26 43 B2 A X TR 25 R
2% WS E L. B S AT, A A R4 A
Z B A B, 310 B 23 A R AR O B
EHSE 5 LOS # @ iR E R T T X —H G2
P 25 A U Bt AR KA T 0 A R e R B, H R 2
AL R ORI A OGR B AR S TR 2 2 000 K22
PR SR T S N A Y G RS o R ]
i LOSAS 2 py i R s &/ F TR B (e,
717 368 2o LA 30 0 3 B e 25 KT T, LA X i 22
. BEAb BT % L X AR L 25 1 R K IE (e
BIH B 0/L=80% M AEH 51540 F , H KK
IEHHBAE T.=1 800 K i, #5 K i {A W] 4 B 7E
T.=1400 K#f o oo, pf 2 0 4 40 % i 22 19 B K
TEAH R 14.43% , e R U — 2. 5106 5 I 3 4 Xt
1AH X IR 25 19 e KROEAE 3. 220, e K FA(E A
—13.21% o HRINE R AR, AE AR & ik o)
B 26 X 5 5 i 28 Xt 4 (0 B A 22 TE LA Hi A
T 2R X A M X R 25 ¥ —10%~10% Z ), i
W ERIHE I FE B TS &SEE,, W mAL,

as
o
.
oy,

....

---------
......................
---------------------------

-13° 1400

20 40 60 8020 40 60 80
SIL(%)

P S 7N 2H 3 e b e 0 A [ S B 2 5 R B S FEL )
23 SRR DB AR K B LB i 2 2= ]

Fig.5 Simulated temperature deviation contour of six

line pair at different temperatures and non-unifor-

mity level for sooting flame with air co-flow

AT 2 15 L R B Ak 27 2 8 U AR A ]
4.2 XM=

R TR A A A R, BT HLO 7E 2 482
nm FfF 3T 00 W ISR A AT X B BRBR AR KOG EAT T
SR . H AR S (CHL) /28 S TR B
N T BRUEE T TR McKenna R BE 88 7= A4 %4
B oD o B 60 mm B4 Z AL IR, 4
I TR R RS s A A B R A O R R By
FE R be . RSP IRE R bl Z LA i dl
B, BN R &0t AT Z LA Tl kg S
SRS SR BT R . m A CHL(99.95%) (78
.(99.99% ) FI N, £ 3 (99. 99 % ) B it = F i 5
2530 B 5E B R I B3 4% (Sevenstar, 1% B9
R ) RG] . AR S T i A g R
Fr—3, e 5= REWH S W # K E N 10
L/min, 35 4 CH, Mz SO a1 £ 1,174/
8.826 L/min, 1.282/8.718 L/min FI 1.387/
8.614 L/min, 3815 3 A ML AL Y i [k (P =
1.9,0=2.1,0=2.3) W KJE T B . A SCIs it



5519 1

X T A5 P S I 3 59 93 A1 X XSO MR A 3 0 8 M K L BE ) i 2805

6 41 T35 9256, o S0 AR A SR T BRI KA 45 3
o TR SR O T S U B KON R E
5% M, R I B B B O 10,8 L/min. M
Ab R T HILES SR B LR AR T AF 0 K M R
PELIEZALA A E L 21 mm b CE — B EH R
A 60 mm AN G5 A e

T 0 K I B 52 5 R 0 s A R AN BT 6 BT s o
A S5 ) — A B % S OGY RT R b 2T
Aoy A 2R R O A B 5 T 2 482 nm M T Y
W SRR AE o O 28 00 AR TR IR M S O B
B 5 5 B 1% ) 4% (Wavelength Electronics, LDTC
0520 ) K5 B 45 il , 76 B A S2 g0 b F2 oy I B U B A
+£0.002 °C ., ff H & % & 4 4% (TekTronix,
AFG3052C) 7= 4 1y = L 2 kHz 145 BOL %
9K Bl v i, IO g S I O SR JCHE L R
B R AR BRI G E o O TS K AR
SR AR A 5 B 5 ), 6 ' L R DN 2% 22 i A
RO B A w8 9E ok % R (National In-
struments, PCI-6110) X 56 i £ I 2% & 1 5 5
AT RAE , RFEFR N 4.96 Ms/s. B T 62
ZAN ARSI R B AR 0. 254 mm A4 B
K (Pt-30 % Rh 5 Pt-6 % Rh) #H ) (Omega) #E 17
X EE I P B R O A T RN R 22, %
1 JE LR AR B AT TR E

McKenna burner
Iris,
L
= ‘ ll

Trigger

DFB:2 482 nm

Function
generator

DFB: distributed feedback laser; PD: photodetector;
CM: convex mirror; DAQ: data acquisition module;
LDTC: laser driver and temperature controller

L6 )22 Ui FoUTR B AR N 1) RO I WA D' 3 DU ko T 14
Fig. 6 Schematic of laser absorption measurement setup

for laminar premixed sooting flames

B R RN BOERE R GG (55 LA
J W O FE A Voigt sR AL G 45 AN IE 7 s o A
B 70T LA e, B bw i 4 60 W IR AIE 7 S 56 550 4
HA R4 {5 Mt , FLBE#E Voigt oR 2 = K 12 4L
G TR B WCRRAE S [ B F06 5% 25 4 KR 43

4.0

30t :ﬁ’ Baseline fitting

210

. -1

4030729 em’! 4029.524 cmy
0.0 L L 1 1
0.00 0.05 0.10 0.15 0.20 0.25
t/ms

5] T LR
2 — Experiment J
2 - - - Voigt-fitting ]
5
2 ]
<

. 1 1 3
29.2 4029.6 4030.4 40308
Wavenumber/cm™!

F7 AR IE S I i R OL IS RAG R 5 R A IS
W B 1V oigt bR B A 5 21

Fig.7 Representative measurement of raw absorption sig-

0.5 T T T

04F

03F

02F 1
0.1F

0.0 /-—AA-—AL—/ f VAN

40

Resiqual/%

nals, absorbance and residual with Voigt-fitting

profiles

i F 2.0% LA, £ 38 4 029.52 cm ' Al
4 030.73 cm ', H ECME 4> A 2.18% M
2. 2456, R O 0 S0 HOHE AN R LA 4
ST, DA S 50 I e ' i v R AR IR AR LA B
WO R B

B84 TR B RS i 11 07 3 mm i B AL,
AN TR 25 2 (@) R B FR B AR KOG 1 LOS
AR H I 25 L 7R MRV RR R KM TR, L
O W S ' 1 DN A B KA G T EE BE © 1Y
18T BRGSO RO B 2 LT
25 SRR R D KR RIS T A R BE . LA,

100 T
B 1800F 3 TCN,
=
£1700}
(5}
(<%
E1600F
F

1500
A 1200 [ LOS-air
g 1800+ L1 TC-air
£1700f
o
1600}
=

1500

1.9 2.1 2.3
)]

P8 BTN Y LAS 5 3 30 4 A [a] fb 2 2 4k
FBTF kSE HhoC TR EE 9 % L

Fig. 8 Comparison of flame center temperature at differ-

ent @ using LOS-LAS and thermocouple measure-

ment



2806 b=

K TR

31 %

LOS W45 4 0o i B2 357 i AR T 0 rl A 0 2, 3
R UE T B 289 50 5 B MK PR B Ay A . (EAR TR
AR, R I 45 R 4 i 2 BN L E R IR K
YR o 0.41%~1.23%, 18 25 < FFE 3 b ) ok
0.36%~1.98% , ¥ 7E W] $2 Z 5 [l N , i — B3I
BT 4 029.52 cm "H14 030,73 cm W Wi £k
AT SEVE o AR HE SCHR 18T, B K 4 76 3 mm 4b
MY AR ST/ NI 4 FEL S A i % 11 ik B2
285 B = EA A 78 1 631~1 739 KN, AR5
T 5 FZH 53k BE 43 A R iR 258 0. 8 %0 ~1. 8% 6
XA RET H T LOS I LAS I & 45 51 55 #40ef {3
AR EFB/NYEE

TE SRR A KR B SE 8 o, 5 40 Y
AR it 22 B8 PR AR 2 2 IR 19 50 40 A B 1 R
R AL, i TIE RS RET, B TR A 1
FI 4 7E [ 25 2% AR 8 B9 RH ek I 22 43 03 e /b B

S E WK

[1] X%, RFER, FFH, F. R THROLOLE

9 il X B I (T]. R A E T A2, 2023,
31(2) :150-159.
WU J, SONG F CH, PAN ZH X, et al. Measure-
ment of axisymmetric temperature field by interfer-
ence fringe Schlieren method [J]. Opt. Precision
Eng. , 2023, 31(2) :150-159. (in Chinese)

(2] satdm, R4&%, L7 F, F . BOCRBOLIBEAR

R SR BE U T T S R R (T]. AL & F IR,
2015, 36(3):724-736.
HONG Y J, SONG J L, WANG G Y, et al. Re-
view on the research of non-uniform combustion
field measurement using laser absorption spectrosco-
py technique[J]. Acta Aeronautica et Astronautica
Sinica, 2015, 36(3):724-736. (in Chinese)

[3] & TFA, Mz, kT, F . TR ARHN
DR M ' 15 e A 13 R g /28 ST ST 9 e i R T
[J]. XA 5 73k % 44k ,2019,14(3) : 229-234.
PENG Y Q, KANRF,XUZHY, etal. Tempera-
ture measurement of CH,/Air premixed flat flame
burner based on tunable diode laser absorption spec-
troscopy [J]. Jowrnal of Atmospheric and Environ-

mental Optics, 2019, 14(3): 228-234. (in Chinese)

K, HBOWE 4y 90k 4.72% M1 12.40% . TER T
T 2 X e B 4R 6 5 A X R 22 AT 1096 1,
LA i 2 A XTI 25 /N T 10% . A SR
LB IR KA BB 256 v, R T MG AR ) B R
M BRI AR T IR 2 85 A IEA ., 2L
X A 2 2 B0 BURE R R S 2 S 8UE,
BAE 1) 255 52 ), B0 S 3015 21 1) 335 2 X8 R T I
5 B K OE UE 3 BLAE 0/L=80% Ry AEH 2]
ZUF R IEE H BAE T.=1 800 K i}, it K 11
B EAE T.=1 400 KAy . HAKINF , i 2 Xt 4 M1
X 2 R K IEAE b 14.43%, fe K fd K
—2.51%; gL X 1A X IR 2 MR RIEE N
3.22% B KR N —13.21% . BRIk Z4h, 34k
XoF 5 114 S5 RRH T Tl 22 1 A 2k 1096, FEA 1% 4 X
4 A X L 22 W 7E —10%0~10% o BifiJ5 , AR SCxHAR
PRI LNT LHEAT T B AR K B BOE WO 3 52
B, S50 45 SRR BT 8O 92 5 0 T SR, Wi
T 4029.52 cm 'H14 030. 73 em I U 1% R X AR
DBl R A T TR A AT RE

[4] st . BRBESH WG4 W R B SE ot Je [T].

TR, 2014, 28(3): 12-25.
HONG Y J. Progress in absorption spectroscopy di-
agnosis techniques for combustion flowfields [J].
Journal of Experiments in Fluid Mechanics, 2014,
28(3): 12-25. (in Chinese)

[6] &b,k TF, Mad, 5 . TR RS B0

O B AR Ak IR T K VR ER SR T ). e F A
% T742,2018,26(8):1862-1869.
NIE W, XU ZH Y, KAN R F, et al. Measure-
ment of low water vapor dew-point temperature
based on tunable diode laser absorption spectroscopy
[J]. Opt. Precision Eng. , 2018, 26 (8) : 1862-
1869. (in Chinese)

(6] &%, &k, ek, F. BOLWEOLE)E &

K ARBE S A MM [T]. o+ Bk, 2022, 49
(19): 1904002.
CAO ZH, GAO X, LU F H, et al. Laser absorp-
tion spectral tomography for dynamical combustion
monitoring[J]. Chinese Journal of Lasers, 2022, 49
(19): 1904002. (in Chinese)

(7] FW2, BE, Wk, F. 08 RUE X~ 5L
WA O RMEL AT, by hE &,
2020, 28(7):1424-1432.



19 X

T A AR AR E 0 A R U O W T B e R e TRLE 14 2 )

2807

[8]

[9]

[11]

[12]

[13]

LIM X, CHEN B, RUAN J, et a/. On-line detec-
tion of carbon dioxide in large scale offshore by laser
technology[J]. Opt. Precision Eng. , 2020, 28(7) :
1424-1432. (in Chinese)
A, AamE, HRA,
W' T AR ey I F 9 3k
45(9): 0911001.

NIE W, KAN R F, YANG CH G, et al. Applica-

tion and research progress of tunable diode laser ab-

- A TR O
%[JJ T E#k, 2018,

sorption spectroscopy technology [J]. Chinese Jour-
nal of Lasers, 2018, 45(9): 0911001. (in Chinese)
AR, EAT, AP R, L WIBOLIE R R Sl
M e Bk I e [T]. kg HE R,
2018, 26(8):1888-1895.
XU CH, WANG L, ZHONG CH G, et al. Mea-
surement of flow flux for scramjet isolator inflow
based on absorption spectroscopy [J]. Opt. Preci-
sion Eng. , 2018, 26(8) :1888-1895. (in Chinese)
FAS R, B F,F . HOLIIOE 2D 13D
TG 12 R R SN R e (D], e s e w
F itk ,2022,59(19) : 1900005,
LIJY, ZHAO H, YANG X T, et al. Research
and application progress on laser absorption spec-
troscopy technology for 2D and 3D imaging mea-
surement [J]. Progress in Laser and Optoelectron-
ics, 2022, 59(19): 1900005. (in Chinese)
#=, BB, MG M. TDLAS — S ARV B A
ROURZESI[T]. % 4% 42, 2021, 29(7):
1539-1548.
PANY, LIY, YAN CH X. Error distribution for
TDLAS carbon monoxide concentration measure-
ment system [ J]. 2021, 29
(7): 1539-1548. (in Chine%e)
FARF, A LF, AR, F. LT AEEESK
WOLAR WO Y I F“(JIIE}J‘HEEH%[J]. U
&, 2012, 61(23): 232-239.
XUZHY, LIUW Q, LIUJ G, et al. Tempera-

Opt. Precision Eng. ,

ture measurements based on tunable diode laser ab-
sorption spectroscopy [J]. Acta Physica Sinica,
2012, 61(23): 232-239. (in Chinese)

REAM, AFHE, ALE, F . MTIFERCOME
K RZGe[T]. k% g 42, 2019, 27(6):1397-
1404.

JIALQ, QIHN, HU W J, ezal. CO, concentration
detection system for seed respiration[J]. Opt. Preci-
sion Eng. , 2019, 27(6)‘1397—1404 (in Chinese)

T B, W, . BRI CRDS & R b

[15]

[16]

[17]

[18]

[19]

[20]

[22]

Wi REMITHRI[T]. RF A
(9): 1881-1892.
YUAN F, GAO J, YAO L, et al. Development

% T A, 2020, 28

of highly sensitive balloon-borne methane measure-
ment system based on cavity ringdown spectroscopy
[J]. Opt. Precision Eng. , 2020, 28(9) . 1881-
1892. (in Chinese)

GOLDENSTEIN C S, SCHULTZ I A, JEF-
FRIES J B, et al. Two-color absorption spectros-
copy strategy for measuring the column density and
path average temperature of the absorbing species
in nonuniform gases[J]. Applied Optics, 2013, 52
(33): 7950.

SEPMAN A, OGREN Y, QU ZH CH, e al. Re-
al-time in situ multi-parameter TDLAS sensing in
the reactor core of an entrained-flow biomass gasifi-
er [J]. Proceedings of the Combustion Institute,
2017, 36(3): 4541-4548.

MA L H, CHEONG K P, YANG M, et al. On
the quantification of boundary layer effects on flame
temperature measurements using line-of-sight ab-
sorption spectroscopy [ J]. Combustion Science and
Technology, 2022, 194(16) : 3259-3276.

WEN D X, MA L H, WANG Y. Effects of ther-
mochemical non-uniformity on line-of-sight laser ab-
sorption thermometry in counterflow diffusion
flames [J]. Jowrnal of Quantitative Spectroscopy
and Radiative Transfer, 2022, 277: 107990.
HANSON R K, SPEARRIN R M, GOLDEN-
STEIN C S. Spectroscopy and Optical Diagnos-
tics for Gases [M].
Publishing, 2016.
MA L H, DUAN K, CHEONG K P, et al. Mul-

tispectral infrared absorption spectroscopy for quan-

Cham: Springer International

titative temperature measurements in axisymmetric
laminar premixed sooting flames[J]. Case Studies
in Thermal Engineering, 2021, 28: 101575.
OLOFSSON N E, BLADH H, BOHLIN A, ez
al. Are sooting premixed porous-plug burner
flames one-dimensional? A laser-based experimen-
tal investigation[J]. Combustion Science and Tech-
nology, 2013, 185(2): 293-309.

GORDON I E, ROTHMAN L S, HARG-
REAVES R J, et al. The HITRAN2020 molecu-
lar spectroscopic database[J]. Journal of Quantita-
tive Spectroscopy and Radiative Transfer, 2022,
277: 107949.



2808 e K TR %31 %
[23] WU Q, WANG F, LIM Y, et a/. Simultaneous measurements in laminar nonpremixed flames using
In-situ measurement of soot volume fraction, H,O thermocouples[J]. Combustion and Flame, 1997,
concentration, and temperature in an ethylene/air 109(4) : 701-720.
premixed flame using tunable diode laser absorption [25] MA L H, NING H B, WU J7J, et al. In situ

[24]

spectroscopyl J]. Combustion Science and Technol-
ogy, 2017, 189(9): 1571-1590.
MCENALLY €S, KOYLU UO, PFEFFERLE

LD, et al. Soot volume fraction and temperature

EE R

X #2001 — ), LT g WUk N, 3
TR BE WO OO 1S 2 W A e IR
e J& g5 B O T BE Y . E-mail:
liu313555@whut. edu. cn

flame temperature measurements using a mid-infra-
red two-line H,O laser-absorption thermometry
[J]. Combustion Science and Technology, 2018,
190(3): 393-408.

SHIR(1990—) , 3, b H A, 1l
+, A 5 B, 0t AR 5, 2012 4F |
2015 4F F A rh B KA 4 il 3 AR 2+
FAR 4 2 07, 2019 4F F 7 6 vh SCK 2
PRAF A 2500, E BBy 1A K
i EREE ST AR ISR BRI 7 0 12 Wi
FAR 3 BUBOE 60 & TR AL B R A
Tl BOe R R4 5 OoEE k. E-

mail: livhaoma@whut. edu. cn



