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Fig. 1. TDLAS-based Doppler velocimetry: (a) Diagram of velocity measurement system; (b) diagram of frequency shifts between

absorption signals.
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Fig. 2. Model and multiple projection system design for two-stage velocity distribution: (a) Velocity distributions assumed in the

analysis; (b) illustration of optical system for TDLAS velocity distribution measurement.
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Table 1.  Calculation results under different angle
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Table 2. Calculation results at different velocity.

L ENIRTE S BEECE SN
Vi/mst W/mst o AyA W% W L%
1000 100 4 017 747 031
1000 100 1 474 53.32  14.44
800 300 4 160  20.14  4.08
800 300 1 9.56  37.01 17.53
600 300 4 432 6207 1941
600 300 1 1515  77.73  36.63

MEFE T 5, o 1 DX P TR AR SRS fse /N L
Vi, oA 1000 m/s. V>4 300 m/s AYAR I T3¢ R 451
o 1 DR TR 25N T 5%, (E AR X B iR 2
Al3k 53.32%, A/ A IRZETIAE] 14.44%.

FEARTR] Ay /Ay ST e o DX 5 I X 22
BB, H A R 25N, X FER R TR
TR 22 (A5 B UG PG 5 0 & A 5 Jn B A 1)
A, A5 By EWR/, Bk 7 AT 550 i 2 Avg F1
RS 22 (H Ao o IR SEHE K, AR TXF T2k
R, ERANE 8 FiR. [RIE Avyy o X AR
Ay Ay W RBUER B DT AT DA o S RS

T fe 18 DX PR DX AR ) 25 T, Bt e
DX SR XK LA A/ Ay I8N, B3R 7% 22 1
Avny,o AT, BN R 18 SF- X5 45 B Ay A T [
1%, RIS & fin 5 G AR B AT A8 4k, E, (BN AT I3
AN AEY AL /A FEIRE 2 LR, Ama Xt Ay/A4,
ARG T R, MR I 45 RS g

3.4 BREMNMTEERIZ
SBU QR M7 da nb/ny ) IZ N PR (NS L S =

3 A MR X TR 3 A i R S AR s, il 9 F
N BRI S RN AR 3.1 W T IR, VoM 1000 m/s,
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Fig. 8. Absorbance features at projection in different velocity models.
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Fig. 9. Effect of noise on velocity distribution measurement.
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Two-stage velocity distribution measurement from multiple
projections by tunable diode laser absorption spectrum”
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Abstract

A novel approach to using tunable diode laser absorption spectrum (TDLAS) is developed for nonuniform
velocity distribution measurement by Doppler effect. An analysis of the energy in direct absorption spectrum at
low frequencies is made by Fourier transform, because the TDLAS method offers the advantages in using Beer
law to deal with coupling relations between velocity distribution and corresponding length of velocity region. By
comparing with traditional TDLAS-Doppler velocity measurement, advantages of this approach to the more
exact solution of core flow velocity by signal process without using extra lasers and detectors are explored.
Following the published theory, between velocity regions at multiple projections the absorbance about average
in frequency offsets and the absorbance about difference in frequency offsets are incorporated into an improved
fitting model. A solution to obtaining changes of absorbance energy at low frequencies by Fourier transform is
used to demonstrate the ability to recover minor change in absorbance under different conditions, inferring a
better method to realize the simultaneous measurement of velocity distribution. The influences of these
parameters, such as projection angles and noise during absorption, are investigated by the multiple projection
simulations at rovibrational transitions of H,O mnear 7185.6 cm ! from three projections. This approach is
validated in a two-stage velocity distribution model, demonstrating the ability to exactly measure core flow,
with a precision of 0.9% RMS (root mean square). The high velocity in the core flow is less influenced by the
random noise in absorption due to nearly linear relationship between the difference in frequency offsets and the
ratio of length of velocity region. Some satisfied results can be obtained when larger angles of projection are
arranged. The combination of 0°, 30°, and 60° will be a reasonable optic design considering the limitation of
spatial resolution. In conclusion, the novel approach to velocity distribution measurement based on TDLAS-

Doppler from multiple projections has great potential applications in engine diagnosis and gas dynamic research.

Keywords: tunable diode laser absorption spectroscopy, Doppler effect, Fourier transform, velocity

distribution
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