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Abstract In the diagnosis of combustion flow field by absorption spectra, the accuracy of absorption molecular
spectral line parameters directly affects the accuracy of the measurement of flow field parameters. In this paper, the
absorption spectral line parameters of water molecules used as the main probe in combustion diagnostic studies are
calibrated accurately. A near-infrared diode laser with a wavelength of 1469 nm is used as the light source, and the
highly sensitive calibration-free wavelength modulation technology is used. Combining with the established
laboratory high temperature measuring system, we obtain the modulation absorption spectra of the selected spectral
lines in the temperature range of 900—1500 K. By using the nonlinear least square L-M fitting method to fit the H, O
absorption spectra, the line intensities, self-broadening coefficients, and temperature dependent coefficients of the
selected spectral lines at 6807.83 cm ' and 6808.04 ¢cm ' are accurately obtained. By comparing the HITRAN and
HITEMP databases, we obtain that the relative deviations of line strengths are 3.91% and —5.40%, the relative
deviations of self-broadening coefficients are 3.01% and —6.49%, the temperature dependence coefficients are

0.5213 and 0.4567, and the uncertainties of the experimental results of the two line strengths are 1.05% and
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1.96%, respectively. The spectral parameter calibration method based on calibration-free wavelength modulation

has the advantages of high detection sensitivity and spectral signal-to-noise ratio in high temperature spectral

measurement, which is conductive to improve the accuracy of spectral parameter calibration, and will provide

spectral line foundation for accurate inversion of combustion flow field parameters.

Key words spectroscopy; tunable diode laser absorption spectroscopy; wavelength modulation; high temperature;

spectral line parameters
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Fig. 1 Structural diagram of experimental system for gas absorption spectrum measurement

3 GrbrSvhe

S B, 38 R O A R IR ORE AU AR 2
ITCL02 Ffy I8 B TR I 3] 15 21 63 1) 25018, (4580
WAL T T R R BT . AR PRGNS S L R
AR T D AR R R 3. 3 kH iz, =5 4 I 5% ik 3 Sk A
FHy 322 kHz, WHIHEE « 7 0.206 em 'L REF
R BEF R 60 MSa/s, 8 RE R RET . H
FTF LabView i 5 1) % 1% Ak B R 5 25 15 00 i W 0

JEIEEE . b TR S B Y B A G 4 B0 I
L RIS T80 5 DL B B 0 5 e ) 431 %6 A 7
BICRAR A B I 5 P i SRR S S U S T
BOEHR ——XF R, A 2 Bras CHEA 1.2 B )2

uﬁ}—‘ﬁﬁ@]éﬁﬂﬁ < W S0 ) 7 D

FERRAS TR £ By T I R D S 0 i, AR AT
afi N, ﬂ’x?ﬂbj(ﬁé’ﬁm@%ﬁﬁiﬁwﬁz@ #ﬁ'ﬁz’* 7545 1
BEG B R AR B TR TS A5 5 T, (¢) . 3l A4k
TR T A 0 AH B TRLEE B B AN R SR T A0
BIAES 1) o 2R B B AR X & 45 310 1

0.5

@
0.4}

<
<03}
=

202}
0.1}

Amplitude /V

6200 6600 7000 7400
Sample point numbe

0 L 1 I 1 L L L L L
0 2000 4000 6000 8000 10000 12000 14000 16000 18000
35 Sample point number

3.0|®)

mm w i ”WM‘(

% 250 i ( il 'h‘” {‘HH‘\‘” I ”\I‘H‘”” H \

£ 201 ‘\h HW‘H‘ W\“‘”M“\“\“H‘ i i i “‘ ‘

a 15t m ‘W “ “‘HH‘\‘H\ ‘“‘H‘ i “‘H‘ H H\‘ Il H
W H Il

[T LI i

L {1 \HHH

1.0+ ‘ ‘h H“\ il “h [
0.5} ‘
002000 2000 6000 8000 10000 12000 14000 16000 18000
Sample point number
B2 wERRNTHES REOCBEHES
(D THET; (OB ES

Fig. 2 Interference signal and laser transmission signal of

etalon. (a) Interference signal; (b) laser transmission signal

I, (O T, O PEF7fE 8 L AR 8 (4) L (5) AL BN BR 75
SR WMS-21/1f {55 (S, 0,00 - A FEFER 5

1011001-4



h | i G

SSSLDEEEIE S Qs R TR TGS S R e —R
SV K SRR 1Y S0, 15 5 A LA 9 14 A g 008 poneneld .
MR Z#EAT L-M LA, X B L1200 K& B goloﬁ, \
5500 Pa [ERRIOSMAMET 1 S, 0, o MBI T 0
Pl s iR TT A i S R B e e 0800 2| |
LAPY . - V

Xof AT A0 W S 2k AE i — T B AN [R) s o T A R 63074 63076 630738 6868.()1 63032  6808.4
SIS (AT S LA BRI F (0 000y Tredency fem.
Kl 4Ca) (b)) Fros , B kil PXL i E58 P OKIRAK £ o001
BUMI X S96R L TeBL, U5 0 —2miek  F ool
E S 17 W6k E T 48L 5 80 A 2 3 0 45 TR () 5 S A7 40 Byl . . . .
o LA 2 S TR AR S o T,=296 K F X 68074  6807.6 %‘ﬁﬁﬁemcﬁ?&%g 6808.2 6808.4

LIRES(T ), WA 4O PR,
XSy 0,0 165 AT EIEL A 5 . AR B 40
A BEIN AR T Ave., BT SCE SR R 4l

K3 Seg s R ARt i D RIS SR MG AR 2 .
() LB 45 TR et /N e L& 45 21 (b Hl A 3% 22

Fig. 3 Experimental result, nonlinear least square fitting

w"w T G A8 R S Al R AT 2 MR LA R L . .
KIS *ETE(S)KXT il 18 i R{EL#/fT M = il result, and fitting residual. (a) Experimental
5(a) (D s, B A — AW AE AR EE T /9 A result and nonlinear least square fitting result;
& 98 2 BUE % I ) AT LG il LA &R (b) fitting residual

0.010 @ 0.007 )
a
0.009¢ “ 0.006
8 0.008 - 8 3
§ 0.007 ~ § 0.005 >
5 0.006 7 8 0.004} *
2 e 20. >
= 0.005} ‘,V/A < ’4 v ¥ a
E 0.004} N 4 g 0.003 g s
20 g
£ 0.003f A S mkammits | 2 po0a) e e R
Soorep e iemmmmmeomy) S| T mmmeiss e
0.001 e e e o a0 : er ™y fmearitobiine a0
0 ) . >I linear ﬁlt of line a‘rea at 15(30 K 0 ) ) >I linear f}t of line z?rea at 15?0 K
0 04 08 12 16 20 24 0 04 08 12 16 20 24
PXL /(atm-cm) PXL /(atm-cm)
0.0035
¢
0.0030 -( )
&
E 0.0025
< 0.0020
E 0.0015 S
~ = " 2 -t
= 00010 e e b g
&‘/ ® (807.83 cm™ experiment valve
% 0.0006- 2 6808.04 cm™ experiment valve ftting
--- 6808.04 cm™ database valve
0 * 6808.04 cm™ experiment valve
-0.0005

4(I)0 860 12I00 IGIOO 2(;00 24I00 28IOO
Temperature /K
Kl 4 6807.83 cm ' 1 6808. 04 cm ' WRILRAE AN [R] SR T (0 2 M 006 5 5L, LA B 52 0 0 A 30 000 4 5 ot 2R 5 00 E HR IS
LRI, (a) 6807.83 em ' WRURZRFE AR IR ISR T AL IA 458 5 (b) 6808. 04 em ™' LR 7E AR [ K38 T Y £ 1k
UG SR 5 (o) SEH I 1 75 3 1 2 5t 1t ¢ 15 H0dhe 7 e 2 0 il ¢
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