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The Experimental Study on Simultaneous Measurements of O,
Concentration and Temperature of Flue Gas
Using a Single Diode Laser

Sewon Kim, Myoungchul Shin, Changyeop Lee, Sungwoon Youn and Young-I1 Kim

ABSTRACT

Simultaneous measurements of oxygen concentration and temperature using diode laser in the combustion en-
vironment are successfully accomplished. A single DFB type diode laser of 760 nm line centre frequency is
used and the scanned-wavelength direct absorption spectroscopy method and wavelength modulation spectros-
copy method are applied to measure absorption signals below 793 K temperature region. The experimental
results show that oxygen concentration are measured within 1% accuracy and temperature are measured
within 5% accuracy. This new method of simultaneous measurements of concentration and temperature with a
single diode laser shows a great promise.

Key Words : Gas analyzer, Single diode laser, Direct Absorption Spectroscopy(DAS), Wavelength Modulation
Spectroscopy(WMS), Oxygen concentration, Temperature
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Alphabets E" : Lower-state energy
T, : Transmission coefficient k  : Boltzmann's constant
ky : Absorption coefficient
1 : Transmitted laser intensity Greeks
I, : Incident laser intensity v . Wavelength
L : Path length a : Absorbance
P : Pressure @ : Lineshape function
S : Linestrength ® : Modulation frequency
x : Mole fraction
a : Modulation amplitude Subscripts
T : Temperature i : Species i
t : Time 0 : Initial
H : Fourier coefficient v : Wavelength
O : Molecular partition function
h  : Planck's constant Superscripts
¢ : Speed of light — : Mean value
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Fig. 18. Intensity of 2 f signal of O2(4.56%) in the 693 K
to 793 K temperature region(1 atm, Wavelength :
760.21 nm, path length : 160 cm).
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Fig. 19. The ratio of the 2 f peak height on two different

transitions(O- : 4.56%).
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Fig. 20. Intensity of 2 f signal of 02(2.93%) in the 693 K
to 793 K temperature region(1 atm, Wavelength :
760.26 nm, path length : 160 cm).
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Fig. 21. Intensity of 2 f signal of 02(2.93%) in the 693 K

to 793 K temperature region(1 atm, Wavelength :

760.21 nm, path length : 160 cm).
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Fig. 22. The ratio of the 2 f peak height on two different
transitions(Oz : 2.93%).
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Fig. 23. Comparison temperature with k-type thermo-
couple.
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