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Fig. 2. Transmitted laser intensity across the absorp-
tion feature of CO39 at 6332.7 cm ! and fitted incident
laser intensity (7" = 296 K, P = 1 atm, L = 100 cm,
X =0.1).
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Fig. 3. Simulated transmitted laser intensity across
the absorption features of CO2 from 6330 cm~! to
6337 cm~! and fitting results (T = 296 K, P = 5 atm,
L = 100 cm, X = 0.1): (a) Simulated transmit-
ted laser intensity and fitted incident laser intensity;
(b) calculated CO2 absorbance.
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Fig. 4. Simulated multiplexed transmitted laser in-
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7185 cm ™1, 7444 cm~! and non-linear fitting results
(T'=1227K, P=1atm, L =20 cm, X =0.1).
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gram of gas-liquid two-phase pulsed detonation engine
experimental system; (b) picture of testing section in

engine.

10 ~

7182 T183 7184 7185 TI86

20 7444 cm~1
1.5

1.0
0.5
0
7441 7442 7443 7444 7445

T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400
Sampling points

B9 BERUJR 7.45 ms %] 7444 15 7185 cm ! BB
BURESROC

Fig. 9. Multiplexed transmitted laser intensities of
7444, 7185 cm 1 at 7.45 ms after detonation wave.

5 % i

D9SRB I A BT OGO RS I & DL R
LW H IR N ESROLE S T, 1R T
BT 5 5 R LR AR G A R P AU A B IR SO 1

057801-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 67, No. 5 (2018) 057801

Bk, AR S R AT i 2 SR O A KT
T AR A AN B AN O 38 5 AR A AN IR WA 26 1)
HERER I ERAE S, I ETTL 15 atm K MR
63306337 cm ™ BB COo AR S IR Ot
TEAS 5 UG 5 DL o 2 R SOk B I 2 o R
O B8 R PR FIREAE 1% 28 76 A U 0E 0B E 5
FEXHOT BT LA 45 R emn. g5 R K
BOHOGR AR LR M R AR M R BRI, A 152
[ IE R AR 22 e IR D 1 K AN ik Brigok
B ME R B AE KT 0.05 I AT LUK B8 1O 1 5
gEL [FIRE, 240 ARV LR AE B 05 5 TR A L
BT At A B T4 R
M. 435 1—10 atm & SIAEE FERE COo MO
TR A AR ik o A S R BN AR B R R R
B oy F OGS AT SLI0 MR, B0 E A VETE R AN
Bz e AT, ST s Sk R SR LR M )
A F A A R AL U U 8 7 T N R R A
AR 2 RS 2 DL K 2 SO R I
SHEAR, EREEND RS E MR E
&R T SEbrB M S, B H BRI TR L
TR R 5

S

[1] Zhang W, Shen Y, Yu X L, Yao Z P, Wang M, Zeng H,
Li F, Zhang S H 2015 J. Propul. Technol. 36 651 (in
Chinese) [7kfH, s, Rk, Pk, £8, B8, &K,
k1 2015 HEFEHAR 36 651]

[2] Yang B, Qi Z M, Yang H N, Huang B, Liu P J 2015 J.
Combust. Sci. Technol. 21 516 (in Chinese) [#ik, 7 5%
W, WA, B, X 2015 ABERFE SR 21 516

[3] Li X J, Li N, Weng C S 2016 Spectrosc. Spect. Anal. 36
624 (in Chinese) [EBEFF, 2T, HEE 2016 Sl 500
TEHT 36 624]

[4] Hanson R K 2011 P. Combust. Inst. 33 1

[5] Li H, Farooq A, Jeffries J B, Hanson R K 2007 Appl.
Phys. B 89 407

(6]

(9]
[10]

(1]

24]
[25]

057801-7

Sanders S T, Mattison D W, Jeffries J B, Hanson R K
2001 Opt. Lett. 26 1568

Nagali V, Herbon J T, Horning D C, Davidson D F,
Hanson R K 1999 Appl. Opt. 38 6942

Wang J, Sanders S T, Jeffries J B, Hanson R K 2001
Appl. Phys. B 72 865

Li H J, Rieker G B, Liu X, Jeffries J B, Hanson R K
2006 Appl. Opt. 45 1052

Liu J T C, Jeffries J B, Hanson R K 2004 Appl. Opt. 43
6500

Farooq A, Jeffries J B, Hanson R K 2009 Appl. Opt. 48
6740

Farooq A, Jeffries J B, Hanson R K 2010 J. Quant.
Spectrosc. Radiat. Transfer 111 949

Rieker G, Jeffries J B, Hanson R K 2009 Appl. Phys. B
94 51

Rieker G, Li H, Liu X, Jeffries J B, Hanson R K, Allen
M G, Wehe S D, Mulhall P A, Kindle H S 2007 Meas.
Sci. Technol. 18 1195

Goldenstein C S, Spearrin R M, Jeffries J B, Hanson R
K 2014 Appl. Phys. B 116 705

Cai T D, Gao G Z, Wang M R, Wang G S, Gao X M
2014 Spectrosc. Spect. Anal. 34 1769 (in Chinese) [£1E
B, BoGE, EEWEL, E5M, mibei 2014 S6ik 5061 4
#r 34 1769]

Cai T D, Gao G Z, Wang M R, Wang G S, Liu Y, Gao
X M 2016 Appl. Spec. 70 474

Li N, Weng C S 2010 Acta Phys. Sin. 59 6914 (in Chi-
nese) 257, HFLE 2010 WELFAR 59 6914]

Liu J T C, Jeffries J B, Hanson R K 2004 Appl. Phys.
B 78 503

Teichert H, Fernholtz T, Ebert V 2003 Appl. Opt. 42
2043

Mattison D W, Liu J T C, Jeffries J B, Hanson R K
2005 43rd AIAA Aerospace Sciences Meeting and Ez-
hibit Reno, Nevada, January 10-13, 2005 p224

Sanders S T, Jenkins T P, Hanson R K 2000 36th
AIAA/ASME/SAE/ASEE Joint Propulsion Confer-
ence and Ezhibit Huntsville, AL, July 16—-19, 2000 p3592
Hinckley K M, Jeffries J B, Hanson R K 2004 /2nd
AIAA Aerospace Sciences Meeting and Ezhibit Reno,
Nevada, January 5-8, 2004 p713

Watson G A 2007 J. Comput. Appl. Math. 208 331
Fan J Y, Pan J Y 2009 Appl. Math. Comput. 207 351


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/j.proci.2010.09.007
http://dx.doi.org/10.1007/s00340-007-2781-9
http://dx.doi.org/10.1007/s00340-007-2781-9
http://dx.doi.org/10.1364/OL.26.001568
http://dx.doi.org/10.1364/AO.38.006942
http://dx.doi.org/10.1007/s003400100539
http://dx.doi.org/10.1007/s003400100539
http://dx.doi.org/10.1364/AO.45.001052
http://dx.doi.org/10.1364/AO.43.006500
http://dx.doi.org/10.1364/AO.43.006500
http://dx.doi.org/10.1364/AO.48.006740
http://dx.doi.org/10.1364/AO.48.006740
http://dx.doi.org/10.1016/j.jqsrt.2010.01.001
http://dx.doi.org/10.1016/j.jqsrt.2010.01.001
http://dx.doi.org/10.1007/s00340-008-3280-3
http://dx.doi.org/10.1007/s00340-008-3280-3
http://dx.doi.org/10.1088/0957-0233/18/5/005
http://dx.doi.org/10.1088/0957-0233/18/5/005
http://dx.doi.org/10.1007/s00340-013-5754-1
http://dx.doi.org/10.3964/j.issn.1000-0593(2014)07-1769-05
http://dx.doi.org/10.1177/0003702815626672
http://dx.doi.org/10.7498/aps.59.6914
http://dx.doi.org/10.1007/s00340-003-1380-7
http://dx.doi.org/10.1007/s00340-003-1380-7
http://dx.doi.org/10.1364/AO.42.002043
http://dx.doi.org/10.1364/AO.42.002043
http://dx.doi.org/10.1016/j.cam.2006.10.001

32 % R  Acta Phys. Sin. Vol. 67, No. 5 (2018) 057801

Laser intensity and absorbance measurements by
tunable diode laser absorption spectroscopy
based on non-line fitting algorithm™

Li Ning! Lii Xiao-Jing Weng Chun-Sheng

(National Key Laboratory of Transient Physics, Nanjing University of Science and Technology, Nanjing 210094, China)

( Received 26 August 2017; revised manuscript received 12 December 2017 )

Abstract

A novel approach to using tunable diode laser absorption spectroscopy (TDLAS) is developed for measuring the laser
intensity and absorbance of gas with highly broadened and congested spectra by wavelength division multiplex (WDM)
technology. Direct absorption spectroscopy with non-linear algorithm is utilized, because this fitting method offers
benefits in dealing with blended spectral features according to the relationship between transmitted laser intensity and
absorbance by Beer law. Compared with traditional TDLAS sensing with WDM, this approach has some advantages
of transmissions demultiplexing without additional optic gratings and detectors. Following the published theory, the
absorbance and transmitted laser intensity are incorporated into an improved non-linear fitting model. A solution to
a simulation of COz blended spectrum at a pressure of 5 atm is exploited to demonstrate the ability to recover the
absorption in a high pressure environment, inferring the optimal combination of parameters in the model. The influences
of these nonideal laser effects, such as nonlinear and linear coefficients, are investigated by the multiplexed transmission
simulations at rovibrational transitions of HoO near 7444 cm ™! and 7185 cm™*. Errors in absorbance fitting is larger when
nonlinear or linear coefficients of two lasersbecome closer. The satisfied results can be obtained when linear coefficients
ratio is limited whitin a range from 0.05 to 0.67. In addition, the essential transition spacing in multiplexed transmissions,
larger than the full width of transitions, is considered to be able to improve the fitting accuracy. This approach is validated
in a static absorption cell over a pressure range from 1 to 10 atm at room temperature to demonstrate the ability to
measure the blended COz spectrum from 63307 cm™! to 6337 cm ™! by a single DFB laser. The sensor method resolves
laser intensity with a nonlinear coefficient of 1.4 x 10~* and recovers absorbance with a root mean square (RMS) precision
of 3.2%, which demonstrates the applicability of this sensor to high-pressure gas sensing systems. Another approach to
validating the gas temperature and measuring HoO by WDM is presented in a gas-liquid two phase pulsed detonation
engine running with a filling fraction of 100%. Two fiber coupled lasers, respectively, near 7185.6 cm ™' and 7444.35 cm™*
are scanned at 20 kHz to achieve a temporal resolution of 50 ps for monitoring detonation exhaust. A fixed spectrum
interval (about 0.7 cm™!) of transitions in multiplexed transmission is created through temperature adjustment in DFB
laser to provide more independent absorption information. Recovered linear coefficients of 0.18 and 0.46 in two DFB
lasers are in good agreement with the results from the simulations. An instantaneous temperature measurement of
1183 K in the exhaust 7.45 ms after detonation wave provides the confirmation of the ability of this method to infer
the temperature and H2O time histories in the whole detonation process. In conclusion, the novel approach based on

TDLAS has tremendous potential applications in high pressure combustion diagnosis and WDM spectrum analysis.

Keywords: tunable diode laser absorption spectroscopy, diode laser, wavelength division multiplex,

detonation
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