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Fig. 1 Comparison of results calculated by
model with that measored by FTIR
1: Measure; 2; Model; 3: Residual X5
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Fig. 2 Structure of NDIR gas detection
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Fig. 3 Transmittance of motor vehicle

. exhaust by model calculation
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Ration of signal intensity

Fig. 4 Relationship between signal intensity of detectors
and concentration of CO,/CO
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A Line-by-Line Trace Gas Absorption Model and Its Application in NDIR
Gas Detection Technology

FANG Jing, LIU Wen-qing, ZHANG Tian-shu
Key Lab of Environmental Optics & Technology, Chinese Academy of Sciencess Hefei 232031, China

Abstract An accurate line-by-line integral trace gas absorption model is presented in the present article. It is for mid-infrared
band and can be used in the study on and application to detecting trace gas (or pollution gas). First of all, two algorithms of
trace gas radioactive properties, line-by-line integral method and band model method, were introduced. The merits and demerits
of each were cdmpared., Several recent developed line-by-line integral calculation models were also introduced. Secondly, the bas-
ic principle of line-by-line integral trace gas absorption calculation model was described in detail. The absorption coefficient is a.
function of temperature, frequency (wave number), pressure, gas volume mixing ratio and constants associated with all contrib-
uting line transitions. The average monochromatic absorption coefficient at a given frequency of a given gas species can be written
as the product of the number density of the molecular species to which the spectral line belongs, the line intensity and a line
shape factor. Efficient calculation of the line shape factor may be required for different atmospheric conditions. In the lower at-
mosphere, the shape of spectral lines is dominated by pressure broadening and can be represented most simply by the Lorentz line
shape factor. At high altitudes, the shape of spectral lines is governed by Doppler broadening At intermediate altitudes, they can
be modeled using the Voigt line shape factor, a convolution of the Lorentz and Doppler line shape factors. Finally, in the section
of experiment, the results calculated by model were compared with that measured by Fourier transform infrared spectrometer.

As an instance, the model was applied to the detectors design of NDIR (non-dispersive infrared ) technology and the relationship
between signal intensity of detectors and concentration of CO, /CO was simulated by model. Available concentration range of de-
tector was given by calculating the results of the model. It is based on HITRAN molecular spectroscopic database. Far wings,

temperature correction and instruments function were all calculated for the absorption coefficient calculation. Infrared absorption

characters of various gases in atmosphere can be simulated by the model.
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