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Abstract: In order to make technical reserves for measurement of combustor outlet temperature
profile of high thrust-weight ratio aero-engine in future, the computed tomography technology of tunable
diode laser absorption tomography (TDLAT) technology was applied, and the engineering adaptability of
measurement method based on wavelength modulation spectroscopy (WMS) technology was studied in a
single can combustor under the pressure of 0.5—0.8 MPa condition. The results showed that the
measurement of combustor outlet temperature profile could be achieved with time and spatial resolution
applying the grid method of orthogonal intersection of multiple light path, using the normalized WMS
model whose background was subtracted, the iterative inversion method of variables and the computed
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tomography (CT) technology; the trends and characteristics of gas temperature and H,O concentration

distribution vs. the changes of inlet parameters could be better shown from the reconstruction results; the

mean value of TDLAS temperature measurement were lower than that of thermocouple measurement, and

the relative error was between 15% and 23%, which was ascribed to the non-uniform flow field, the

inaccuracy of spectral model and spectrum parameter calibration, and the imperfections of inversion and

reconstruction algorithm, etc, there was still a certain gap between the accuracy of measurement data and

the requirements of engineering application.

Keywords: absorption spectroscopy; wavelength modulation spectroscopy technology;

combustor; outlet temperature profile; reconstruction
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Fig. 1 Interferometric signal of etalon for temperature and H,O measurement system
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IRt

45
40t
351
30 §
25
20
15
10

5

{H/vV

=8
]

L

BIHOG

2000 4000 6000 8000 10000 12000
KRGS

¥
BRI 2/ TRy,

1.4
1.2+

{a/v

101

=8
i}

0.8 1

ERELNAY

0.6r

2IEIES

0.4
0.2

2000 4000 6000 8000 10000 12000
ARG

PRI 5 SR,

VRIS 5 R IR RV

2000 4000 6000 8000 10000 12000
KA RGNS

L 2
FBRH F L H—AE 5 Sy

0.30

025

0.20 -

0.15

0.10 -

0.05

HBRTE 561 3 — L5 5 R Rl

2000 4000 6000 8000 10000 12000
MRS

B3 RO B I 5 5 A s A

Fig. 3 Demodulation procedure for wavelength modulation signals of absorption spectroscopy

122 ARl B | R B 5 i

A G Y S Sy R A Ty VA A L, 7 B
SLMSETE R 5 AR E | HO R BU B (5 B
BECTEAR 5 HEAT X L, SRR E A P& A Y

A, RIS T 5 o SR T T o A0 o e ek ok
AT HyO (R R RO i

AR BRI 4 R, A0 B A
e B SE EE R B (R R XY UG R, RS



120 o= 3

% 38 %

713 1 B REL S0 O, 04 2 AN P 06 £
5 S 4 SR L, A R AR SR T, K5 g
SRR T, FOARHEID 3 15 52 00 6 1
{1, 452 o 090 0 R LA B0 0 X, DL 5 5
U (25 DT 76 0 J2 W80 4 P, W SO0
FEARARER, RIS K RS B 18 S X,
T R R AT A

VG Y R

11 2f W DA

v

BETHIR J1p", WIAR AR B s 5

X, SR eI (DL A -
BT, B E%*X

WSl

% 4

Fig. 4 Process of iterative inversion method of variables for

AR AR | RN R AR

temperature and volume fraction
oA 2
BRBET AR 2 2T Ik, X — I P, T
O n BB RO AT LS T B AR B BT IR
o FESEPRIN R, Qps A I DX A B A
PR A R CINEL 5 BT 7 ), AR SBOh J, s B
AP R | A2 AR BRI T T3 RS 1 2,
DU 355016 B 000 225 2R ] L B DA Ol B P 225 4%

!

1.23

e

N
N
N

TDLASH ki

27

Tl

B 5 S B e RIS Rl - SOt A
Fig. 5 Discrete grid and light path diagram of field

distribution reconstruction

0 A B Ak 4 2 5 I AU B SR, 4% B BT Rk B A
SR D' e 5 AR AR S IR e R I R, A e ad 1 1)
FEXF A TTHR N 0 cm.

2 KEHSNERE

Ry SRR = Y T R A I, DA L)
JE T 22w, W5 S B A IR AR 2 (IR 6) S X 42 I Je ik
BT, HH O A J AR =120 mm, H{ET
S, BT 05 T I B T 4 %% TDLAS 6
21 U B ARSIk, 1R H 4x4 19 4000
iR &% chO~ch7 KK 4 =, W&l 7 B,
WO TSk TR PR 32 mm, #1206 TR 5 8 IE 1 1 AR
K R 52.3 mm. A T B ik e vt
PR ZORS VAT VR Y, LA K TDLAS ] 45 51
HEATXE EL, 78 A B A T 2 S0 mm Ab AR S A
2 325 fi B AU R AT R AR

I, SR N, OHE RSk, R RRrgkim A
N, DAR B3 £F i /A2 SO e 5 B 1 3 0 12 22 [1)
1 25 B, LI R R T A2 BRORITR R 7K A 0T DN

B =

BEIE

ES S et m e oY e Rl S A WA il

Fig. 6 Diagram of combustor test piece and measurement position



XUHE PHAF: B WA PR R R be & DR B2 43 A TDLAT I3 i 121

ch0 chl ch2 ch3
| 160 | |

| 130 |

2— —ch4
=t
o

¥ —chs
i
[ag}

¥— —ch6
/ gcw
o

- Y — ch7

IKEHEE

32 ., 32 |, 32 |EEMEETAA DAL

< L] L]

\i_,

K7 Gyor A A Jm s B (B : mm)
Fig. 7 Light path arrangement diagram of field distribution

measurement (unit: mm)

FEARHY RN RN W R 600 pm LA R AT
GER, LA 5l XU 7 i L 200 10 5008 016 T Ml 5 2
LAY A2 o B ET 5 3k 22 2 R 4 #
8 7R

N

B8 SEFHEL AT P

Fig. 8 Fiber-optic probe and transition piece

3 RBERSHH

3.1 AR EFIRE

FRE IR G0 1 ], 2 AN 6] 1R A, B4
TS R B R T IRBE R IR B iR S A5, R R
TDLAS il 77 4k ik v, BRI R 1 s .
b T, MRG0 2 SO B, p ik s
SOPBETE, g, MR, o WIRREE SRS

TDLAS %4t 3= 22t G IR EHLAE 5 b 3
ARG, FEHLFRA A 3 HOR [ K A £ 41
2 SR OL 5 (DFB B 2%, i H 5 5 A
HilA% = AH = A o B 3 A 13920 1469
nm Al 1343 nm W #0O%), 3 HEOLH R H &
7 20, 4l PR Ot A 345 (polarization beam
combiner, PBC) £ 3 .43 H 1) 6 4 45 3k & ) il

Table 1 Test state parameters

TS5 T/K py/kPa g/ (kgls) @
1 547.5 499.0 0.550 3.44
2 560.8 498.0 0.578 5.06
3 574.2 650.0 0.704 4.41
4 578.0 664.0 0.705 3.95
5 593.7 797.6 0.855 5.32
6 597.8 809.0 0.878 6.42

M, 175 OC A L PR A R 8%, DLl 5 5%
B AR SR Ot B AR E R, R4
JEREN P 9 7. A RO 3.3 kHz,
PR AT IE 52 IR i 75 3, I 43R 24 0 322 kHz, &
GERYIT[E] 73 BE M 0.9 ms.

AT, T oA S A O ARADL L O R
OISR | I R 26T S BT RR R, 1
H b b B AN R B4 3L B, 5L I SRR R 2 /1 f
RS LS . HO PR B X 6 &%
WNTEL 10 Frzs o AR e 6 BE 37 98 5 45 B% 0L &

o ik
HOLRS 1 o
I gz
e ik
WO

5k
oL A

------- >

vvvvvv

9 TDLAS EHLRGEHLE
Fig. 9 Schematic diagram of TDLAS system

0.5 MPa R 271/ {52648 1L

18002000

1400 0%
12007 e

Wiy 01000
B 10 BRERRT 2071/ 5 S REE SR H0
Fig. 10 Peak ratio of 2f/1f'singnals under certain pressure

condition varies with temperature and H,O volume fraction



122 Wi = 3

% 38 %

RINE N XN I CIF Y e N L AN - i )
o R A, H TR seas . IE Y
#Rpe = 1 g 2 PUE RS S #E T WIBOGIRE 5
KA, TR BEiC s Fe 77 4% S AR R R AR D0 A5 1 S
T IR o F e, 18 A N RS UL ) R
LT BB A5 5 AT B LR R 4 ik (O 3R AR
ISR RO R EE
32 RIWER

PR, TR E I TR, fF T AR
FE SR AT R R AR o SR AR SRR Hh RE T Y A N AR
K56 R Z B AR, B4 TH T REY
100 415545 A5 .

W4 R AE R, ch0, ch3 33 & A TG i i
S UER IR R, AN 11 T s 22 0 B SR A DG 9
I o0 15 5, AT LAFE 3] ch0. ch3 5 18 P 45 1Y
HeRRAIE LT 0.1 v, HOGHE ™ BB AR . XFE — N
e E IR R, Z OGS LB A BE T
FWETS , Sy f7 5 TR AW T W, 5tk
H 4, chO. ch3 38 1 JC ik i — 25 K3 I A i B

< %461 — ¢ch0 chd — ch6
TE e chl ch5 ch7‘
juizsy . I
E 1.0
2 0.8
o 0.6 j q
0.4 i B
Bilins ~
= 02
et 0
R 02 '
2 3 4 5 6
ARG
(a) IR GiR
2 0.040 — ch0
= 0035 — ch3
g 88%(5) w\["l,rll“n“n‘l”.”lw“‘
w0030 E0 RS i
LA A T T
iy 88%(5) %‘im“‘,;viv‘lx,\.‘J.‘,l‘“.j.‘!;k,n!;‘;‘lr‘f'ﬂ‘.‘H\“.J‘.,mil,,!l‘.l‘l:!‘l“‘””'“'“ I ‘
£ 0.005 [ oh b AR
5 -0.005 , , i
0 4000 8000 12000 16000
(b) ch0. ch3E&IGIHIR
0.40
035+F ~——ch0 — ch4
030k | — chl ch5
! [ ch2 ch6
T 8%(5) Moo ch3 — ch7
K/)& . “ ' i
015} 1 )
0.10 | 41/ it 41 Tl
0.05F & W i\
_— 1,\\‘»\ y_\_?\/}\_ / \_
0 1 2 3 4 5 6
PRIt ke
© ﬁgiﬁSlefU{%‘%
11 F5EBEWIR R G5 SR S, 00 (65
Fig. 11 Initial light intensity and demodulation Sy, signals of

each light path

I HO AR 8015 B o 4 07 I X AT R 2 44k
TR WS g, S RETE O E B R R
TR BRI, B T RO IR Sk 1 2 2 i
I AR RIS T AR | Bl ah R S
FOLL A5 R .

B S, X 5 B A I 3 0 & B L B R Sk
17 T 100, cho B E5m Pk 2 2 5 i {E, {H ch3. ch7
T 3 AR AT A, A2 10 B A e ek o TR PR 8
PRS2 W) TG 32k %o LA T TR AT R 0%, (R 5 o
Cik 0.1 V DAL, il i M A SEARZE K

Bl 12~ 14 R 1 3 AR PRSI
A5 1R 8 S 43 500 B 1) DY AR g Ak 38R ) L
HO R 2 % . NIEl 17T & 2], ch3. ch7 i#
TE 1) H5 A s At 3 i BN K, ELBE B AR = AR
JE 1 BT v, PRS0 T 0 B B o0 R P T T
XA BB PR O IR TS IR, BRI B X
o AR FN L 353 A7 B T3 5, 3 RE THT 9 4 6k
T S A DRSS T o

> 2.0
g 15}
10t
=
o> 05r
41\1_1:[
i Of — ch0 — ch2 — ch4 — ch6
B 05 ., —chl —ch3 —ch5 — ch7
0 5 10 15 20 25 30 35 40 45 50 55
REE R ST
(a) fH 5o
0.045 —ch0 — ch2 — chd — ch6
% 0.040 | —Chl —Ch3 —Ch5 —Ch7
ﬂ? 0.035 =
=
3 0.030 |
T 0.025
0020 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 55
REEE I
(b) HORFR5- 4k
1400 ho h2 h4 h6
L — C — C! — C — C
};83 | — chl — ch3 — ch5 — ch7
_———
M 1100 T
#1000 F
E 900t
800 |
700 |
600 Lb—
0 5 10 15 20 25 30 35 40 45 50 55
PR R
(c) R

P12 AEIETESOEHR M SEER(TE D)
Fig. 12 Laser signal intensity and iterative inversion results of

each light path (case 1)



51 XIH BHAF: 56T B AR 1R = 1R 43 Aii TDLAT it U7 2 123
> 20 > 2.0
£ st £ st
= =
= o0f £ oqof
= il
oo 05 o> 05¢
& & — ¢h0 — ch2 — ch4 — ch6
= or — ch0 — ch2 — ch4 — ch6 o or - - - _
¥ — chl — ch3 — ch5 — ch7 ;E chl ch3 ch5 ch7
-1 70.5 1 1 1 1 1 1 2l 70.5 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 40
KA RS RRE RS
(a) {55 (a) {555
0.080
0.065 | 0075 e~
0.060f ——~—rn———— 0.070 F
& 0.055 2% 0065} — ch0 — ch2 — ch4 — ch6
& 0050 X 0.060 — chl — ch3 — ch5 — ch7
= 0045} — ch0 — ch2 — ch4 — ch6 = 0.055
X 0040} — chl — ch3 — chS — ch7 £ 0050
Q, 0.035 | — ?:N 0.045
= 0.030f ~—A 0801 g
0025y - : . i ! 0.030 e S ——
0 5 10 15 20 25 30 35 5 10 15 20 25 30 35 40
KA R i PRI e
(b) H,OMRF 5345 (b) H,OIE B34
1100 950
1050 s Noemae e m=—=
1000 v 850 |
¥ 950t X AT A
B 900 SN % 800 W
E 8501 72750
800 + 700 | — ch0 — ch2 — ch4 — ché6
750 F — ch0 — ch2 — ch4 — ché —chl — ch3 — chS — ch7
700 —chl — ch3 — ¢chS5 — ch7 650 . . . . . . :
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 40
TR RS
(c) Sk (c) R

K13 AE SR MR (T 3)
Fig. 13 Laser signal intensity and iterative inversion results of

each light path (case 3)

R A0 v >R B 19 22 IO RS 1 38 4 R 7
W TS AR 5, I A i A0 2 AR S S T B A
7K H,O RT3 B30 S 3 (O 5 1 FH R T e e )
ZERRU0) , A A R, X R K B
HEH S0 400, SR 2 AR I FH AR B 54 I
PR 3 B i R, ARBOR i L H,0 1
BB . BB IRZESE R E 15 Fis . A
LRIFE S, AFERAETF, #R5 2 0 A9 R A H,0
SARFRIT B i R K AR — 3, 35 2 b T
I H,O S B o5 v, DU IR B R 2450 43 A IR,
6 S 3T 0 BE RS (R BE AR . DX I AE T4
EAE [, BEE R TRBA IR, A= H
LT REAR, 53X 5 B8 23 BT FECE T35 1 43 A e 3
A —FL,

e 2 N A5 G SO A BRSO B 5 P 3
Tk B2 AT £ 0 A (R BT [ o o T A
TDLAS 5 {E, Tprope <75 ik BE AL I B, A=T g0
Tyone N P8 18 28 068 12 22, 0=(A)/ Ty 100% 2 75

Bl 14 AEIETESOEH M EEA (T 6)
Fig. 14 Laser signal intensity and iterative inversion results of

each light path (case 6)
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Fig. 15 Reconstruction results of temperature and H,O volume fraction distribution of combustor outlet

F2 REERXIE

Table2 Comparison of test results 657 i A TR A TN 302 2, DA ik AL R 0 s SR
- 7R A A T AR AL, AR SCIR 6 I ) R R P A
T4 Taud/K oo/ K A/K /%
PRI
1 1130.0 14154  —2854 202
2 991.3 11771 -1858 158 2) MAbeE IR AN B SR 2 R B L
3 10192 12700  -250.7 197 25, U A B e ol RS . A g R
4 10572 13591  -301.9 222 R AT G T AL O e 5 TR A R A 55 (HLO AR R
3 929.7 11531 -2234 194 O3B AR ) Y X e AR 25 R, Y e R
6

§780 10474 71693 162 FE (TR R S0, (EE: IR 2 T 4




513

XU EE BH A JEF K B R AR KR 2= DR /0 A TDLAT iy i 125

HEM AN G —, EEXTHE S w1 T B Gig 4 il
SR A AT R TR A, e A ST A R R R B
iR,

3) SR AR BR BRI Y A VR IO R 1Y
BR2E o IR R i Al A T ) A e
I, IR HEAT T RO 1 SR A, LA RCR AR B X
BE TR A NI S B  Z R T T /AR,
B AT TV RAIE I T8 N 58 2 R A o JUHXT
MW rf 2 7 185 em ™ (K 1392 nm) fY i
2, HARASREH LN 1045 cm™, 78 % 1R B R IACHE
R IR A ST R RE B A BRI E
o, SECGL RS A BT, 515 2
T 0 22 B

4) H,O AR B3 BRI 8 S i LA B 3 53 A
AT R AR 22 . HETAET TDLAS
TR AR L A AR A0 1 (algebra-
ic reconstruction technique, ART) Fl F#1iR K (sim-
ulated annealing, SA) B AL 28 . X 45 XL it
Yy iy i @ 0 BT A R R AREIGA A A
A28 0 B K 22 38 22%, BELLR KOETE Y
K22 5.5%!

5) FRHE XA W b A 5 i (] 2 R R 2%
TR b R B R TS g ALACEL BN
PR 22 JE A T 5 O PR O 31 45 A W WA AR A
5T BEAI, SO A R A5 2] Y FH T B T I R 1 D
FSEM LA, B s i g R R 2% . IWAMA S
b AR El T R B W WS e e 4, i —
BRI AR S E MR T

4 & i

ALK 2SR SRR bE 2 SR X 42,
K H TDLAT £ AR, WP RZE TR = 1 1R B
ST I A T v, ORI AIE T % SR )
AT AT ARE F A, IRAF LA T 2518

1) 2B FIH 266 B8 A0 R . FOBR TS S iLf
U — I K R D RS RY S, . A R AR AR AR
J TR B A H,0 RTS8 CT AL 54
AR, FTER BRI E S 0.8 MPa |, fENS SEI BB %
HR R A A =, R R A BT T

2) 45k SR A A% 50 1E B b Sz I H R e
P35 1 R B i 1 S 808 A i R 34 5 40 A R AR,
AL e A fh ) S ELAT R I B A et . (R
- v I 5 1) A D TR TR I SR A
H—ER2Em,

3) iyl i AR TR R b A R ) A Y
YR S 16 R R S R R B AN 2 S L Ol R AR
RUGE ST 501 S 80bn i AN R | S S
LA EEWA —ERLR

AR SCASCR g 35 T P A 3 il B2 R 1) TDLAT
7R TR IS YRR WD 2D R R, Ja S 20 B
Jsi SR N BRI AT SR . Rl AR
B v I RS 30 0 M R /N I R 2 5 D)7 I
T AREREE T A 5 LR E A6 B S
KM FEFNGE R, LR AR 3G R 25 18] 73 B 5 1 O % A1 SR
B AE T L, PR TR X B R R

S E Bk

[1] =, AT, XIE R, RS mEe s R E S
W20 e B 5T (30 i 2S B) 1 24 4, 2007, 22(4): 554-558.

PENG Yunhui, LIN Yuzhen, LIU Gaoen. A preliminary experi-
mental study of pattern factor for a triple swirler combustor[J].
Journal of Aerospace Power, 2007, 22(4): 554-558. (in Chinese)

[2] R, fRik4, w7, % BBz L s LR B % ) 1R
Gy B AR 0. Tk BRI 25 Tl 2 Bt 2 4, 2009, 26(2): 1-4.
WU Chao, XU Rangshu, PU Ning, et al. Numerical simulation of
an Aero-engine combustor exit temperature field[J]. Journal of
Shenyang Institute of Aeronautical Engineering, 2009, 26(2): 1-4.
(in Chinese)

[3] whok, £ W5, 22T, 5. BR300 B 6 A6 i T A SRR b

I R B R R P B9 B 9] A & s bL, 2017, 43(5):
79-84.
HAN Bing, WANG Mingrui, LI Yajuan, et al. Application of gas
analysis method on high temperature rise full annular combustor
outlet temperature field test[J]. Aeroengine, 2017, 43(5): 79-84. (in
Chinese)

[4] EWIEG, EIRME, 8ok, 55 BT & shpl A0 % v 5
R[] Wi & shAL, 2016, 42(5): 87-93.

WANG Mingrui, WANG Zhenhua, HAN Bing, et al. High temper-
ature measurement technology for main combustion chamber of
aeroengine[J]. Aeroengine, 2016, 42(5): 87-93. (in Chinese)

[5] 8, Mk, AP RS, 45 RS M e iEl U TR B e AR 0. 3

M A, 2008, 28¢H T 1): 26-35.
ZHAO Jian, YANG Yongjun, QIN Cunmin, et al. Tentative study
on transient superhigh gas temperature measurement technology
[J]. Metrology and Measurement Technology, 2008, 28(Suppl.1):
26-35. (in Chinese)

[67 B4 M. v i =Tl JEE 5 8 4 B R[] 31 B AR, 2018,
38(6): 42-47.

ZHAO Jian. High gas temperature and calibration technology
[J]. Metrology and Measurement Technology, 2018, 38(6): 42-47.
(in Chinese)

(7] B J i, BNENE, VR PR 5, 55 BOEIIOL 5 W 3% 18 I R
N FABIE 5% 55 F J (3], v D OG, 2018, 45(9): 61-76.

KAN Ruifeng, XIA Huihui, XU Zhenyu, et al. Research and progr-
ess of flow field diagnosis based on laser absorption spectroscopy[J].
Chinese Journal of Lasers, 2018, 45(9): 61-76. (in Chinese)

[81 BLA I, P 1 9 ) 0 e O 3% i SC B 4 R BF ST (D). B9 5L R
K2, 2019.

ZHU Yangkun. Research on key technology of wavelength modu-


https://doi.org/10.3969/j.issn.1000-8055.2007.04.006
https://doi.org/10.3969/j.issn.1000-8055.2007.04.006
https://doi.org/10.13477/j.cnki.aeroengine.2017.05.014
https://doi.org/10.13477/j.cnki.aeroengine.2017.05.014
https://doi.org/10.13477/j.cnki.aeroengine.2016.05.015
https://doi.org/10.13477/j.cnki.aeroengine.2016.05.015
https://doi.org/10.3969/j.issn.1674-5795.2008.z1.010
https://doi.org/10.3969/j.issn.1674-5795.2008.z1.010
https://doi.org/10.3969/j.issn.1674-5795.2008.z1.010
https://doi.org/10.11823/j.issn.1674-5795.2018.06.10
https://doi.org/10.11823/j.issn.1674-5795.2018.06.10
https://doi.org/10.3969/j.issn.1000-8055.2007.04.006
https://doi.org/10.3969/j.issn.1000-8055.2007.04.006
https://doi.org/10.13477/j.cnki.aeroengine.2017.05.014
https://doi.org/10.13477/j.cnki.aeroengine.2017.05.014
https://doi.org/10.13477/j.cnki.aeroengine.2016.05.015
https://doi.org/10.13477/j.cnki.aeroengine.2016.05.015
https://doi.org/10.3969/j.issn.1674-5795.2008.z1.010
https://doi.org/10.3969/j.issn.1674-5795.2008.z1.010
https://doi.org/10.3969/j.issn.1674-5795.2008.z1.010
https://doi.org/10.11823/j.issn.1674-5795.2018.06.10
https://doi.org/10.11823/j.issn.1674-5795.2018.06.10

126 o= 3

A=

i 538 %

(9]

(10]

(1]

[12]

[13]

[14]

[15]

lation spectroscopy[D]. Nanjing: Southeast University, 2019. (in
Chinese)

Howk, Be R, VPR 5, % 3L F TDLASH A ry#kbe % th 1 iR
JE S0 £ [J]. BRI e 3 5 A 5T, 2015, 28(4): 49-56.

DAI Bin, RUAN Jun, XU Zhenyu, et al. Measurement of combus-
tor exit temperature field based on tunable diode laser absorption
spectroscopy technology[J]. Gas Turbine Experiment and Research,
2015, 28(4): 49-56. (in Chinese)

CAI W W, KAMINSKI C F. Tomographic absorption spec-
troscopy for the study of gas dynamics and reactive flows[J].
Progress in Energy and Combustion Science, 2017, 59: 1-31.
RIEKER G B, JEFFRIES J B, HANSON R K, et al. Diode laser-
based detection of combustor instabilities with application to a
scramjet engine[R]. Proceedings of the Combustion Institute, 2009,
32(1): 831-838.

K5 B R R TR U 5 TR EE VO 6 3% I A D s 5T (D] b
R E PR ROR AR, 2019,

ZHANG Bugiang. Research on the method of measuring the tem-
perature of high temperature and high pressure flow field by laser
spectroscopy[D]. Beijing: University of Science and Technology of
China, 2019. (in Chinese)

EMMERMAN P J, GOULARD R, SANTORO R J, et al. Multi-an-
gular absorption diagnostics of a turbulent argon-methane jet[J].
Journal of Energy, 1980, 4(2): 70-77.

LA, SRR ¥, Befl, 55 WOLRBOLIE W2 2 W7 8RR M
R B U 5 D 9X o TR (D). S5 5% U AR T 2%, 2018, 32(1):
43-54.

HONG Yanji, SONG Junling, RAO Wei, et al. Progress on tunable
diode laser absorption tomography technique for combustion diag-
nostics[J]. Journal of Experiments in Fluid Mechanics, 2018, 32(1):
43-54. (in Chinese)

B, VRIRT, B, S I IO B R B R
FeHLAA b 2 I 8 20 7 — £ S A 0 O vk (0], O i A 5O
I3 HT, 2021, 41(4): 1144-1150.

HUANG An, XU Zhenyu, XIA Huiihui, et al. Measurement

[16]

[17]

(18]

(19]

[20]

[21]

method of two-dimensional distribution of temperature and compo-
nents in gas turbine combustor based on wavelength modulated ab-
sorptionspectroscopy[J]. SpectroscopyandSpectral Analysis,2021,41
(4): 1144-1150. (in Chinese)

RIEKER G B, JEFFRIES J B, HANSON R K. Calibration-free
wavelength modulation spectroscopy for measurements of gas tem-
perature and concentration in harsh environments[J]. Applied Op-
tics, 2009, 48(29): 5546-5560.

JEZR M, MR, T, L BT R WIS R AR MR
A UL BE 2 S Wik B S — o R A O O WS 0], RO,
2018, 45(1): 275-284.

QU Dongsheng, HONG Yanji, WANG Guangyu, et al. Two dimen-
sional reconstruction measurement method of gas temperature and
component concentration fields based on wavelength modulation
spectroscopy[J]. Chinese Journal of Lasers, 2018, 45(1): 275-284.
(in Chinese)

FEXET, A, AR, AR T A TR ) OB R 48 B
i e 0], EHOE, 2021, 48(7): 196-206.

WANG Xingping, PENG Dong, LI Jiasheng, et al. Two dimension-
al reconstruction of combustion flow field using wavelength-modu-
lation absorption spectra[J]. Chinese Journal of Lasers, 2021, 48(7):
196-206. (in Chinese)

GUHA A, SCHOEG I M. Tomographic imaging of flames: assess-
ment of reconstruction error based on simulated results[J]. Journal
of Propulsion and Power, 2014, 30(2): 350-390.

HEAE A, R, £ F, 55 WO WO 35 i 5 JE 1 57 8%
8 L BF 7 HE JE (0. A 25 22 4T, 2015, 36(3): 724-736.

HONG Yanji, SONG Junling, WANG Guangyu, et al. Review on
research of non-uniform combustion field measurement using laser
absorption tomography technique[J]. Acta Aeronautica et Astronau-
tica Sinica, 2015, 36(3): 724-736. (in Chinese)

WA, &R, B I T TDLASKH) — 4k i 5 3 1 #5510,
[ 306, 2016, 43(11): 1111002.1-1111002.9.

PENG Dong, JIN Yi, ZHAI Chao. Reconstruction algorithms for
2D temperature field based on TDLAS[J]. Chinese Journal of
Laser, 2016, 43(11): 1111002.1-1111002.9. (in Chinese)

(3. THEE)


https://doi.org/10.3969/j.issn.1672-2620.2015.04.012
https://doi.org/10.3969/j.issn.1672-2620.2015.04.012
https://doi.org/10.1016/j.pecs.2016.11.002
https://doi.org/10.2514/3.62462
https://doi.org/10.11729/syltlx20160177
https://doi.org/10.11729/syltlx20160177
https://doi.org/10.1364/AO.48.005546
https://doi.org/10.1364/AO.48.005546
https://doi.org/10.1364/AO.48.005546
https://doi.org/10.2514/1.B34831
https://doi.org/10.2514/1.B34831
https://doi.org/10.3969/j.issn.1672-2620.2015.04.012
https://doi.org/10.3969/j.issn.1672-2620.2015.04.012
https://doi.org/10.1016/j.pecs.2016.11.002
https://doi.org/10.2514/3.62462
https://doi.org/10.11729/syltlx20160177
https://doi.org/10.11729/syltlx20160177
https://doi.org/10.1364/AO.48.005546
https://doi.org/10.1364/AO.48.005546
https://doi.org/10.1364/AO.48.005546
https://doi.org/10.2514/1.B34831
https://doi.org/10.2514/1.B34831
https://doi.org/10.3969/j.issn.1672-2620.2015.04.012
https://doi.org/10.3969/j.issn.1672-2620.2015.04.012
https://doi.org/10.1016/j.pecs.2016.11.002
https://doi.org/10.2514/3.62462
https://doi.org/10.11729/syltlx20160177
https://doi.org/10.11729/syltlx20160177
https://doi.org/10.3969/j.issn.1672-2620.2015.04.012
https://doi.org/10.3969/j.issn.1672-2620.2015.04.012
https://doi.org/10.1016/j.pecs.2016.11.002
https://doi.org/10.2514/3.62462
https://doi.org/10.11729/syltlx20160177
https://doi.org/10.11729/syltlx20160177
https://doi.org/10.1364/AO.48.005546
https://doi.org/10.1364/AO.48.005546
https://doi.org/10.1364/AO.48.005546
https://doi.org/10.2514/1.B34831
https://doi.org/10.2514/1.B34831
https://doi.org/10.1364/AO.48.005546
https://doi.org/10.1364/AO.48.005546
https://doi.org/10.1364/AO.48.005546
https://doi.org/10.2514/1.B34831
https://doi.org/10.2514/1.B34831

	1 理论与原理
	1.1 基本理论
	1.2 测量原理
	1.2.1 $ 1f $归一化波长调制光谱信号S2f/1f−0
	1.2.2 变量轮换温度、体积分数反演方法
	1.2.3 分布式测量


	2 试验件与测量装置
	3 试验结果与分析
	3.1 试验状态和流程
	3.2 试验结果
	3.3 误差分析

	4 结　论
	参考文献

