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Abstract In order to effectively measure gas flow rate in wind tunnel, based on the principle of laser Doppler
frequency shift, combined with wavelength modulation tunable diode laser absorption spectroscopy (TDLAS)
technology, using HITRAN database, oxygen (O) molecular absorption spectral line near 13144.5 cm™' is selected
as the research object. A gas flow measurement model is built in the software, the flow velocity measurement results
are simulated and analyzed. Supersonic wind tunnel devices are used in the laboratory to set up a set of wavelength
modulation flow measurement system based on TDLAS technology. Through the experiment, second harmonic
signal of O, is extracted. According to the second harmonic of O, molecular absorption spectral line frequency shift,
the flow velocity in the wind tunnel is reversed. The experimental results show that, in the laboratory environment,
velocity measured by the system reaches 707.6 m/s. The experimental results are consistent with the supersonic
wind tunnel design, and the measurement error is 5.47% . The results prepare for the research of system

miniaturization, which measures flow rate based on wavelength modulation — TDLAS, and flight experiments.
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Table 1 Velocity inversion results

i Velocity /(m/ Modified Standard Difference from Theoretical

mes elocity /(m/s) value /(m/s) deviation /(m/s) theoretical values /(m/s) error /%
1 698.9 -13.71 349 35.39 4.73%

2 696.7 -12.69 25.3 38.61 5.16%

3 699.5 -11.61 30.8 36.89 4.93%

4 709.4 -9.87 26.4 28.73 3.84%

5 713.2 -8.29 29.8 26.51 3.54%

6 703.2 -9.38 29.9 35.42 4.73%

7 694.5 -11.9 31.7 41.60 5.56%

8 687.3 -12.8 35.8 47.90 6.40%

9 695.6 -13.7 34.1 38.70 5.17%
10 685.4 -11.85 35.7 50.75 6.78%
11 681.2 -10.69 32.1 56.11 7.50%
12 683.7 -9.84 30.8 54.46 7.28%
Average 695.7 -11.36 31.4 41.90 5.47%

0715001-6



S I S

5.3 %R
T 3800 % 7 A T A IR R T LRSI 80 S g 0 W IO IO ) U R e TN AR G ARSI BB T %
FA G VR I A PR 2 A2 B AR G A MR R S SCAR G T ARG I A BIR A% T AL s o 22 1 3 A D

1/2
1 =2
1Z(AV—AV)} \ (13)

n-—

Slimn = 3 x |:
n=1

S, N RGERL AR R, AV S B R, AV R I
A2 VU TH R G DB R O 94.2 m/s .

6 4 B

M 3 22 32 0y 490 A% 3 ok 00 i B ) 90 1 A A - TDLAS B A ) 4 48 7 XU v i O, K i 3 . 7E Matlab
B v SRR AL T 22 0 RS I S o AR 5 7E S & b R TR A T O IR R I B AR A TR K
JE ] -TDLAS $ A SR U 6 I 5 7 2%, W ARG fi% e 71 57°, 6 UMW MOE R 20 5 em, X 2.2 Mach 1R &<k
AR AT, R R HR U 0 0.1 ZUGE IS 5 RS S M O MR TR T . S 25 AR B R D U -
TDLAS 2 I 4 45 21 SR IR 3240 R 707.6 m/s, 5 BIGAE 1158 25 200 5.47% ; R FH — A5 5 R 00 4 B D 3, 48 1
T ARSI A PR 5 v ) A SRS A B HEAT T A BT, R 22 U i 5 SR E AR S 0 s KU R G A I R
W BR A 94.2 m/s .

2 % XMk

1 Kan Ruifeng, Liu Wenqing, Zhang Yujun, et al.. Tunable diode laser absorption spectrometer monitors the ambient methane with high
sensitivity[J]. Chinese J Lasers, 2005, 32(9): 1217-1220.
) S W, ) ST, 5K R, AF L T RIS AR B O WSO 1 v M I BRI A S0 B IR R B AR k). TR EEOTE, 2006, 32(9): 1217
1220.

2 Kan Ruifeng, Liu Wenqing, Zhang Yujun, et al.. Absorption measurements of ambient methane with tunable diode laser{]J]. Acta Physica
Sinica, 2005, 54(4): 1927-1930.
W i U, X SCAR, 51 R, A T I A A O RSO B Tk PRI A R e ek (1], 27 4R, 20035, 54(4): 1927-1930.

3 Chen Dong, Jia Zhaoli. Signal analysis of tunable diode laser based wavelength modulation spectroscopy|J]. Journal of Atmospheric and
Environmental Optics, 2008, 3(3): 193-198.
Wi R, STIRTR. AT 338 AR B0 I DG S S 5 20 T [J]. RS FREOE# 74z, 2008, 3(3): 193-198.

4 He Junfeng, Kan Ruifeng, Xu Zhenyu, et al.. Derivative spectrum and concentration inversion algorithm of tunable diode laser absorption
spectroscopy oxygen measurement[J]. Acta Optica Sinica, 2014, 34(4): 0430003.
faf g W, B B 0, VRAIR TS, AE L TR TS O OO I U B R B S O AL IR S R S SR T AL Ot A A, 2014,
34(4): 0430003.

5 Yuan Song, Kan Ruifeng, He Yabai, et al.. Laser temperature compensation used in tunable diode—laser absorption spectroscopyl[J].
Chinese J Lasers, 2013, 40(5): 0515002.
RN, BB, AT SEAR, ST IR SO RO RS T O &8 IR EERMEEL) . T EEOG, 2013, 40(5): 0515002,

6 Hu Yajun, Zhao Xuehong, Zhang Rui, et al.. Research on the effect of light intensity modulation on line shape of the second harmonic
in the wavelength modulation technology|J]. Acta Optica Sinica, 2013, 33(11): 1130002.
WUHEA, R R, 5K B, AR DI B AR b Ol 3 X U R A S M BE S (D). i, 2013, 33(11): 1130002.

7 Che Lu, Ding Yanjun, Peng Zhimin. Theoretical derivation and experimental research of harmonic signals based on TDLAS[J]. Applied
Physics, 2012, 2(3): 92-97.
B B, THOZE, G TDLAS H AR g IR 55 iy He & 5 LR s )], RO AL, 2012, 2(3): 92-97.

8 L. S Chang, J B Jeffries, R K Hanson. Mass flux sensing via tunable diode laser absorption of water vapor[J]. AIAA Journal, 2010, 48(11):
2687-2693.

9 L C Philippe, R K Hanson. Laser diode wavelength-modulation spectroscopy for simultaneous measurement of temperature, pressure,
and velocity in shock—heated oxygen flows[J]. Applied Optics, 1993, 32(30): 6090-6103.

10 M S Brown, D L Barone, T I Borhorst, et al.. TDLAS-based measurements of temperature, pressure, and velocity in the isolator of an

axisymmetric scramjet|C]. Nashville: 46" AIAA/ASME/SAE/ASEE Joint Propulsion Conference & Exhibit, 2010: 6989-6996.

0715001-7



S I S

11 F Li, X Yu, W Cai, et al.. Uncertainty analysis of velocity measured by diode-laser absorption spectroscopy in a scramjet facility[C].

Grapevine: 51" ATAA Aerospace Sciences Meeting including the New Horizons Forum and Aerospace Exposition, 2013: 697-706.
12 Yang Bin, He Guogqiang, Liu Peijin, et al.. TDLAS-based measurements of parameters for incoming flow hot—firing test of air—
breathing rocket engine[J]. Chinese J Lasers, 2011, 38(5): 0508006.
B, Al e s, X, 4. A TDLAS $AR TE R 03 A Sh LR i A S5 56 2 500 B (). P RO, 2011, 38(5): 0508006.
13 Gu Junqing, Xu Shengli. Fluid velocity measurement of supersonic wind tunnel with tunable diode laser absorption spectroscopy[J].
Laser & Infrared, 2014, 44(1): 8-11.
BT, AR BER. AT 838 AR A IO WIS T B AR I XU G ). SO S 2040, 2014, 44(1): 8-11.
14 Zhang Liang, Liu Jianguo, Kan Ruifeng, et al.. On the methodology of measuring high—speed flows using tunable diode laser
absorption spectroscopy[J]. Acta Physica Sinica, 2012, 61(3): 034214.
sk 5, XU, BEG I, AF. ST R SOOI BOR B9 R R 7] YIEAI, 2012, 61(3): 034214
15 Wang Guangyu, Hong Yanji, Pan Hu, et al.. Diode laser absorption sensor for measurement of temperature and velocity in supersonic
flow[J]. Acta Optica Sinica, 2013, 33(9): 0912009.
ETEE URRE N, W PR, . TR VO W A S g DN R 7 AL B I 3 1 i R R[], DG R, 2013, 33(9): 0912009.
16 L S Chang, C L Strand, ] B Jeffries, et al.. Supersonic mass—{lux measurements via tunable diode laser absorption and nonuniform

flow modeling[J]. AIAA Journal, 2011, 49(12): 2783-2791.
=ERE: X5H

0715001-8



