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Fig. 1. Schematic of water vapor absorption spectrum

measurement setup.
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Fig. 2. (color online) (a) Measured absorbance of pure HoO at low temperature; (b) best-fit Voigt profile

for transitions near 7243.07 cm ™! in pure H3O.
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Fig. 3. (color online) (a) Linear fit of integral absorbance for transitions near 7240.41532 cm™! in pure H2O;

(b) linear fit of line-strength at different temperatures for three absorption spectral lines.
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Fig. 4. (a) Measured Lorentz-broadening and linear fit at 7243.92368 cm™1; (b) measured self-broadening

coefficients at different temperatures and the best fit.
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296 K TS ¥l 2645 1 5 HITRAN2012 HuE F 1%t b

Table 1. Comparison of measured parameters at 296 K and corresponding values in the HITRAN2012 database.

Deviation between

Experiment HITRAN2012 Yself(To)/cm ™1
vo/cm~1 the measured and
s 1 . s 1 . . HITRAN
S(Tp)/cm™?-atm Uncertainty/% S(Tp)/cm™2-atm Uncertainty /% HITRAN2012/% Experiment 2012
7240.41532 0.1498 2.33 0.1350 5—10 10.96 0.4656 0.480
7242.37075 0.2962 1.11 0.2950 5—10 0.40 0.4851 0.495
7243.07526 0.4059 1.50 0.3992 5—10 1.68 0.480
7243.92368 0.0257 2.66 0.0199 5—10 4.18 0.4012 0.450
7245.57161 0.0579 2.98 0.0542 5—10 6.83 0.485
[8] Albert S, Bauerecker S, Boudon V, Brown L R, Cham-
4 s i@ pion J P, Loéte M 2009 Chem. Phys. 356 131
- [9] Gao W, Wang G S, Chen W D, Zhang W J, Gao X
. - N - M 2011 Spectroscopy and Spectral Analysis 31 3180 (in
ARTSCR A A R AR P AT I T A1 Chinese) [, EH#B, B 1%, 5Kfk, FEY 2011 %
ICE AR RO B, T A5 3 5 % R & A i 56 AT 31 3180]
%%%{Elg 296 K F E(J gig‘ gﬁ{ﬁ& E Eﬁ%ﬁ:ﬁ i%‘ [10] }\I/allor(li RA, QSg)lu;:a;e J, Ve;e:)nt(j;g?, Meyers J, Paris S, Mo-
ame ensors
Lk HL ol 2 Py ; w .
AR 'ﬁ él Hl }_‘_‘{Z,TEH% E/j HITRAN2012 ﬁﬁﬁ{aﬁ [11] Rothman L S, Gordon I E, Babikov Y, Barbe A, Chris
ﬁtXﬂ‘ Hﬁjifm, 5 %%W}Wéﬂ% EF', HITRAN2012 ':F‘ E‘J 2:’2 Benner D, Bernath P F, Birk M, Bizzocchi L, Boudon
9%{55;%%?%15]%j{£%1$§“ 10.96%, ﬁﬁﬂy—é V, Brown L R, Campargue A, Chance K, Cohen E A,
. w Coudert L H, Devi V M, Drouin B J, Fayt A, Flaud J
A N T 7N NIPZA)
%Zﬁ gﬁ E/] T Eﬁ = E J T HITRAN éﬁl?& E 1E E/] T M, Gamache R R, Harrison J J, Hartmann J M, Hill C,
Eﬁﬂﬁig %g@%lﬁ T HITRAN2012 ﬁ%ﬁ EP%% Hodges J T, Jacquemart D, Jolly A, Lamouroux J, Le
ﬁ*ﬁﬁ%iﬁ&*ﬁ%-ﬁé%j IEJEH" Sz I8 oF Fr i P Roy R J, Li G, Long D A, Lyulin O M, Mackie C J,
e Massie S T, Mikhailenko S, Miiller H S P, Naumenko O
7240—7246 cm~ P4 R EHATIE ' ’ )
. A e &LI& ﬁ@%z%& Q %A%i& 121? V, Nikitin A V, Orphal J, Perevalov V, Perrin A, Polovt-
15, B0 T4 Jim 3z FH RO 6 B B RE I KRk seva E R, Richard C, Smith M A H, Starikova E, Sung
AR S B EEE . K, Tashkun S, Tennyson J, Toon G C, Tyuterev V G,
Wagner G 2013 J. Quant. Spectrosc. Radiat. Transfer
130 4
[12] Chen J Y, LiuJ G, He Y B, Wang L, Jiang Q, Xu Z Y,
SBEER Yao L, Yuan S, Ruan J, He J F, Dai Y H, Kan R F 2013
Acta Phys. Sin. 62 224206 (in Chinese) [FRIATE, X% H,
[1] Kiehl J T, Trenberth K E 1997 B. Am. Meteorol. Soc. A, 3T, VT3, VAR, Wk, SR, BLiR, fTRk, i
8 197 ZHE, I 2013 W 62 224206]
(2] Maycock A C, Shine K P, Joshi M M 2011 Q. J. Roy. [13] Goldenstein C S, Jeffries J B, Hanson R K 2013 J.
Meteotol. Soc. 137 1070 Quant. Spectrosc. Radiat. Transfer 130 100
[3] Ravishankara A R 2012 Science 337 809 [14] Pogény A, Klein A, Ebert V 2015 J. Quant. Spectrosc.
[4] Witzel O, Klein A, Wagner S, Meffert C, Schulz C, Radiat. Transfer 165 108
Ebert-Witzel V 2012 Appl. Phys. B 109 521 [15] Ngo N H, Ibrahim N, Landsheere X, Tran H, Chelin P,
[5] Gallegos J G, Benyon R, Avila S, Benito A, Gavioso R M, Schwell M, Hartmann J M 2012 J. Quant. Spectrosc.
Mitter H, Bell S, Stevens M, Bose N, Ebert V, Heinonen Radiat. Transfer 113 870
M, Sairanen H, Peruzzi A, Bosma R, Val’kova M 2015 [16] Liu X, Jeffries J B, Hanson R K 2007 Meas. Sci. Tech-
J. Nat. Gas Sci. Eng. 23 407 nol. 18 1185
[6] Buchholz B, Afchine A, Klein A, Schiller C, Kramer M, [17] Ptashnik I V, Smith K M, Shine K P 2005 J. Mol. Spec-
Ebert V 2017 Atmos. Meas. Tech. 10 35 trosc. 232 186
[7] Mohamed A, Rosier B, Henry D, Louvet Y, Varghese P [18] Zhang G L, LiuJ G, Kan R F, Xu Z Y 2014 Chin. Phys.

L 1996 AIAA J. 34 494

204204-5

B 23 124207


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1175/1520-0477(1997)078&lt;0197:EAGMEB&gt;2.0.CO;2
http://dx.doi.org/10.1175/1520-0477(1997)078&lt;0197:EAGMEB&gt;2.0.CO;2
http://dx.doi.org/10.1002/qj.v137.657
http://dx.doi.org/10.1002/qj.v137.657
http://dx.doi.org/10.1126/science.1227004
http://dx.doi.org/10.1007/s00340-012-5225-0
http://dx.doi.org/10.1016/j.jngse.2015.02.021
http://dx.doi.org/10.1016/j.jngse.2015.02.021
http://dx.doi.org/10.2514/3.13095
http://dx.doi.org/10.1016/j.chemphys.2008.10.019
http://dx.doi.org/10.3964/j.issn.1000-0593(2011)12-3180-05
http://dx.doi.org/10.3390/s100606081
http://dx.doi.org/10.1016/j.jqsrt.2013.07.002
http://dx.doi.org/10.1016/j.jqsrt.2013.07.002
http://dx.doi.org/10.7498/aps.62.224206
http://dx.doi.org/10.7498/aps.62.224206
http://dx.doi.org/10.1016/j.jqsrt.2013.06.008
http://dx.doi.org/10.1016/j.jqsrt.2013.06.008
http://dx.doi.org/10.1016/j.jqsrt.2015.06.023
http://dx.doi.org/10.1016/j.jqsrt.2015.06.023
http://dx.doi.org/10.1016/j.jqsrt.2011.12.007
http://dx.doi.org/10.1016/j.jqsrt.2011.12.007
http://dx.doi.org/10.1088/0957-0233/18/5/004
http://dx.doi.org/10.1088/0957-0233/18/5/004
http://dx.doi.org/10.1016/j.jms.2005.04.008
http://dx.doi.org/10.1016/j.jms.2005.04.008
http://dx.doi.org/10.1088/1674-1056/23/12/124207
http://dx.doi.org/10.1088/1674-1056/23/12/124207

) I8 % 48 Acta Phys. Sin. Vol. 66, No. 20 (2017) 204204

Measuring spectral parameters of water vapor at low
temperature based on tunable diode laser absorption
spectroscopy”

Nie Wei?  Kan Rui-Feng"" Xu Zhen-Yu"® Yao Lu! Xia Hui-Hui” Peng Yu-Quanb?
Zhang Bu-Qiang"? He Ya-Bai®

1) (Key Laboratory of Environmental Optics and Technology, Anhui Institute of Optics and Fine Mechanics, Hefei Institutes of
Physical Science, China Academy of Sciences, Hefei 230031, China)
2) (University of Science and Technology of China, Hefei 230026, China)
( Received 8 May 2017; revised manuscript received 5 June 2017 )

Abstract

Accurate and reliable spectral line parameters of gas are very important for measuring gas concentration and
temperature. The mainstream spectrum database (e.g. HITRAN) includes the values from theoretical computation
based on different models, which have some inevitable deviations from the corresponding actual values. To address this
problem, we develop a low-temperature spectral experimental platform for simulating low temperature and low pressure
environment so as to accurately measure gas absorption spectral parameters. The spectral experimental platform uses
the static cooling technology combined with the Dewar insulation system to maintain the quartz cell at a constant
temperature. Through adjusting the electric heating and liquid helium refrigeration, we can achieve temperature change
and stability. Temperature of the low temperature absorption cell can be adjusted in a range of 100-350 K with a precision
lower than 0.3 K and the temperature gradient in the cell is lower than 0.01 K/cm. The length of quartz cell is 100 cm, and
a reflector can be used to increase optical path for absorption. The window diameter is 76 mm, and the spectral resolution
is better than 0.001 cm™!. We use a tunable diode laser spectrometer to measure absorption spectra of pure water vapor
with the platform at different temperatures (230-340 K) and different pressures (10-1000 Pa). Voigt profile is the least-
squares fit to the measured spectra by using a multi-spectrum fitting routine. A filter is used to reduce electronic noise
of detector signal. As spectral lines in the band of 7240-7246 cm™! are often used in low temperature wind tunnel flow
field measurements, a distributed feedback (DFB) diode laser with a wavelength of 1381 nm is used in the experiment,
and five water vapor lines are selected and measured. Firstly, from the linear fitting of line area and the full width at
half maximum of collisional broadening (or pressure broadening) we obtain line strengths and self-broadening half-width
coefficients at different temperatures. Secondly, from nonlinear fitting of line strengths and self-broadening half-width
coefficients at different temperatures we obtain the values of line strengths and self-broadening half-width coefficients at
the reference temperature (296 K). In the end, comparison between our experimental results and HITRAN2012 database
values shows that the maximum discrepancy between the HITRAN database and the experimental result is 10.96%. A
transparent uncertainty analysis is given for the measurement values. Uncertainties of our measured line strengths are
in a 1.11%-2.98% range (95% confidence level, k = 2), which is smaller than those of HITRAN2012 database values
(uncertainties are in a range of 5%—-10%). The accurate spectral parameters are obtained experimentally, and of great
significance for improving the spectrum measurement accuracy of water vapor in low temperature environment in the
future.

Keywords: tunable diode laser absorption spectroscopy, water vapor, line strength, self-broadening
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