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Fig. 1. Absorption lines of CO around 1.6 pm at room tem-
perature in HITRAN2016 database.
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Fig. 2. Schematic diagram of the hyperspectral absorption experiment. WTLD, wideband tunable laser diode; PD, photo-detector;

DAQ), data acquisition.
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Fig. 3. Recorded absorption signal: (a) Detected original

signal; (b) absorption signal.

Sampling point/103
44 46 48 50

0.003 T 7 1.5
1562 — 1572 nm
2 411.2 2
5 0.002f =
= 0.9 2
£ 0.001f L
z 10.6 £
5] (o) IER SRS N U NS S N W S N0 WO S N S N S S — o)
kel 0.3 %
—0.001 . . 0
1560 1565 1570 1575
Wavelength /nm
-------- Theoretical absorption —— Experimental absorption

K4 SEE S 5 BSR4 L
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Fig. 6. Detailed absorption spectra of CO around 1567 nm
at different pressures: (a) Theoretical absorption spectra;

(b) measured absorption spectra and corresponding Lorentz
fit.

PAFF—2L. LA 1567.3 nm WGEER A, 78 0.5, 1.0
2.0 atm T, BRI LR 56 5 ok 2 Hu 2t
B, 433254 0.016, 0.030 F1 0.060 nm; 1 52
TR FE 43514 0.010, 0.029 F1 0.061 nm, SIS
R EAR T, WOUE TR 2 A 0 AT A I R A

3 ET S OUE RORCBUE i A B

NS I A 55 v AR — B B e ik i s s
RIATSZBLT CO SRR FEE IR 438501 S 80 T
L 1565—1570 nm i [l P 4 D45 IR SO 15 5 >
B, A TS iR 4 iTLGEH, BT CO
WA 55, SCMER IR AR AR RS R AR IR 75, TTA IS
Mg 7 P 9ty S o MR MAC U F14) 5 3353 7™ A 5 R S
DRI, 7 S R S K A i il e TR A 3. 73
AP S CO Wi an ikl 7 FiR, 283 D80k
FIMR G S A (e LA 3 T e (RS
VAR A LE, SO o i £ WS e B 3 A
MRIRFFAE—E BRI P, 3 S ph 00 i vp ) R AN
ST UL

1.5

[ (a) Experiment data
1.0

o0

\% 1565 1566 1567 1568 1569 1570
§ Wavelength /nm

5 1.5

g (b) Simulation data
2

5 1.0

2 05

20

1565 1566 1567 1568 1569 1570
Wavelength /nm

7 1565—1570 nm Sl CO B G W CE I (a) 53
IR (b)

Fig. 7. Measured hyperspectral absorption spectrum (a) and
simulated hyperspectral absorption spectrum (b) of CO in
the 1565-—1570 nm range.
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Abstract

As an important medial product in the combustion process of carbon-based compounds, CO serves as one
of the preferable candidates for combustion diagnosis in absorption spectrum. So far, most of researches have
focused on the conventional one-line or dual-line technique, which requires a number of beam projections for
two-dimension (2D) tomography of combustion field. Hyperspectral absorption spectroscopy enables continuous
acquisition of absorption information over a whole absorption band, rather than one or two discrete absorption
lines, demonstrating remarkable advantage over the traditional one-line and dual-line techniques. Hyperspectral
absorption spectroscopy can not only reduce the system complexity with limited projections for high spatial
resolution 2D tomography, but also improve the system applicability by refining the measurement robustness.
However, up to now, little attention has been paid to hyperspectral absorption of CO. Here, by using a
wideband tunable laser source around 1.5 pm, experiments are conducted at room temperature to investigate
the hyperspectral absorption characteristics of CO in the near infrared band. Absorptions under different
pressure conditions are compared with each other. And, the measured results are consistent with the
HITRAN2016 database. With the measured hyperspectral absorption information in the 1565-1570 nm range,
temperature and mole fraction of CO are derived by the first derivative method. Despite the distortion of the
recorded absorption peaks, accurate results are obtained with measurement errors within 5% for both
temperature and mole fraction, thereby validating the reliability of hyperspectral absorption technique for CO.
And, this research is instructive for future 2D tomography of combustion fields based on hyperspectral

absorption of CO.

Keywords: absorption spectroscopy, tunable diode laser absorption spectroscopy, hyperspectral absorption,

two-dimension tomography, combustion field
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