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Measurements of Gas Temperature and Component Concentration
Based on Calibration-Free Wavelength-Modulation Spectroscopy
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Abstract The gas temperature and component concentration can be measured according to the iteration using the
calibration-free wavelength-modulation spectroscopy based on the tunable semiconductor laser. The parameters
required in the experiment and simulation can be obtained after measuring the laser modulation parameters of two
H. O absorption lines (7185.60 cm ' and 7454.45 cm ™ '). Frequency division multiplexing technology is adopted to
measure gas temperature and component concentration of the gas temperature field in the temperature range of
600 K~1000 K. Experimental results show that the measured gas temperature and component concentration using
the calibration-free wavelength-modulation spectroscopy are consistent with the predicted values. Compared with the
temperature measured by thermocouple and the component concentration measured by direct absorption spectrum
method, the most relative errors are within 4% and 5% .
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Table 1 Spectroscopic parameters of two selected absorption lines
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7454. 45 1962. 51 1.73X107° 0.323 0.37 1.98 0.56
4 WOLTE SIS HOr I . %
WO ) 2 MO HOR 2840 51 04545 B 1 S b 2 g
5 DA TR 8 0 O OR T g 2
LR VA EE o e ) O A 2 ) 5 p
i PRI RLAESR ¢ %5250, kI L 306 0 2829 1) - 5
B B4 5 B (DFB) K G RSO SRR _ | T rosidual ®
L U D AR B 70 mAL i O 28 it = ;
DX A R PR 12 b0l S o =
Fh PR 2% 20 59 Sh— O 2 b ofE EL 1 0 500 1000 1500 2000

Bl R, =1.5 GHz) 5 » 1 AH [ B B8 D0 £ 422 A, 4500 2%
o B SR A Rl SR T (R OR 4R B0 T R
WRfES .

YOG A LI S IE 5K A B O R (R B
Z PR . BT R I I %5 B 2 A0
SR A5 5 A0 J) 300 ] A R ) 00 P b o LA
SR LG 0 . AR E B A S W (A I AR R R T
0.05 em ™', 43R FH OE 5% oR B & 0O O i R
RAGT A5 B PR ] H T R A 1 oF- 340k
SER R R I R 23 R o R R A6 R

WOt B 1, 1 IE 5% oR B0 G )5 15 B 4P 08 1
T, 006 J 0 Ak 2 T O A8 P O 5% R BN G L T A B AR
R R Al 0 A ) R R R R 5 0 ] T A )
KA FEIR o 8 o VR B LA B £ v A0 A £ 1 9 ol el 4
2 JR .t 2 W] Al 4P ui A ) 0 B i
BN

285 S B X [l — S OB A% OGRS IR
BERT O B AR A 25 R ¢ 9 AE  (H R X T
RPN B N LR @)k K G B | B RS
AR o 02377 A A R 19 7228 b o AH 37 2 38 0 38 A A5
R PRBIIREE S RN 3 BRI 3 Al ¢ X

Time /(10~* ms)

B 2 ()i fsi = JE 4 (b=7185.60 cm ', f/=180 kHz,
a=0.4753 cm V)5 (WD BE R 2F W4

Fig. 2 Intensity and frequency modulation (y=7185.60 cm '

’

=180 kHz, a=0. 4753 cm ') ;(b) 2f fitting to the
laser intensity modulation
(@) (b) PN
15} =, 22 =¥
_._1/)2
2.0
14+
.
§ - 1.8
= L © o
213 ./\/.\._._N*
é:gf [ 1.6F ¥ M O
1.2+
| ./ 1.4| e-0-0-000000000000
1'1 ! ' I . I 2 I I ' I
0 50 100 150 200 02 04 06 08

Modulation frequency /kHz Modulation depth a /cm™

&3 4y FM/IM ARG ZE R 5 Ca) i il Ji R 5
(b ¥ ] AR F) 56 R IE] (b="7185. 60 em™ ")
Fig. 3 Relationship of measured FM/IM phase shift with
(a) modulation frequency and (b) modulation

depth. (y=7185.60 cm™ ")

1230001-3



L
£

Jt

PR TR BE a A8 A AN BIURR Bl 2 8 1 R BE 9 38 s 1 JL
PR AR AN AL 5 {H X T A A 1 AR A AR B0 Y 9
SRR IE T o 380 5 R T AR 98N B DB/, HL
VA SRR @ BRAEUT T o oRAF o0 5 BIEOEHR
JERLA RTSR S Al 2 M i B 9 £ 250 R 6 A2 R o, B
A VR R A B0 . ¢ SEBNR S B TR EE

SRR SR BE VR 7o (AR LR PR SR EE PR ] o A IR
£ a R RWME 4 FR , S5 Bt A 5 &2 30
io FIVRHIRE L IE FE 6 &R v i O T IHIIR B /Y —

HY L 4 AT 2R R RE e 7o /a0 360, AR
S0P R80T R B S e SR P ) 0 R B AN
PR 00 5 AN 2% Al e i B 9 S g S e B,
0. SEE0 BT OGRS 82 2 iR .

-

2 i
: 0.05
1ok " measured i,
best linear fitting ¢,
L0f - measuedi, it
best dratic fitting 7,
osh est quadratic fitting 4, loos
<06} '
10.02
04r
10.01
021
0 : : : - 0
0.05 0.10 0.15 0.20
Modulation depth a /cm™

4 PARIEET o MEAEL A REE o 5 H0REm
% R (b="7185.60 cm ', f=180 kHz)
Fig. 4 Dependence of linear and nonlinear IM amplitudes

on modulation depth (v = 7185. 60 cm ', f=

180 kHz)
2 WOLIHH S4
Table 2 Laser modulation parameters
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