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Synchronous Measurement Methods for Particulate Matter and
Gas Concentrations
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Abstract To satisfy the online detection requirements of the ultralow emission of particulate matter in a coal-fired
power plant, this paper proposes the online detection method by the light intensity modulation technique based on
the laser-scattering method. In addition, the wavelength modulation technique is combined to propose the
synchronous measurement method of gas and particle concentrations. Meanwhile, a mathematical model of the
scattered-light signal under wavelength modulation is built. The theoretical analysis and simulation results show that
the gas concentration is proportional to the height of the normalized second harmonic amplitude peak and that the
particulate matter concentration is proportional to the amplitude of the first harmonic of the scattered-light signal
from which the gas absorption has been subtracted. A 1392-nm near-infrared laser is used to simultaneously
measure the particulate matter and water vapor concentrations during mosquito coil combustion. The experimental
results show that the deviation between the measured water vapor concentration value and that by the temperature-
humidity sensor is less than 3% . Moreover, the characteristic value of particle concentration has a high linear
relationship with the measured value by the dust meter and the fitting factor R* is 0. 9973. The synchronous
measurement of particulate matter and gas concentrations is successfully confirmed based on the wavelength
modulation technique.
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Fig. 1 Effect of scattering coefficient term on harmonic signal. (a) First harmonic signal; (b) second harmonic signal
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Table 1 Measured spectroscopic parameters at 296 K

' So/ Yot / Y/
vy /cm )
(ecm™?*MPa ') (em '*MPa™ ') (ecm™ ' MPa ')
7185.60 0.192 2.02 0.434
« 0.25
= @ K L MG 10, X 2%
s Kiario=1 g -7, Xp=3% — - “Xpge=5 Mg T, X2
% 0.20 I - - = Xyuriae=10 mg - m%, X, =20
B f —— Xyl mg - m, X 1%
g 015 B — — Xpatiae=b mg-m3, Xpi=1%
= R + Xpuac=10 mg - M, Xgu=1%
=
% 0.10 /«\\ / \
= A\
S 0.05} A7\
:ﬁ ] | / \ ,/\
g ) \
2 0
0 0.001  0.002 0.003 0.004

Relative time /s

K2 ff BAF S R ARE .

0.005

2 SRS OB Y VR BE [ D I SR 1 0 B S
Table 2 Parameters for gas and particle concentration

synchronously simultaneous measurement

Parameter Value
Scanning frequency /Hz 100
Modulation frequency /kHz 10
Scanning depth /em™* 0.28
Modulation depth /em™! 0.08

Smoke volume /m? 5X10°¢
Scattering angle /(%) 15
Particle density /(kgem *) 500
Particle diameter /pm 2.5
Particle refractive index 1.33
Scattering distance /m 0.1
Gas temperature /K 298
Total gas pressure /MPa 0.1
Path length /m 0.4
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Fig. 2 Simulated signal and gas concentration. (a) Normalized second harmonic signal;

(b) relationship between measured gas concentration and real concentration
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Fig. 3 Simulated signal and particle concentration after eliminating gas absorption effect. (a) First harmonic amplitude;

(b) relationship between the mean of amplitudes and the mass concentration of particulate matter
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Fig. 7 Experimental measurement results. (a) First harmonic signal measured by LIM;

(b) comparison of eigenvalue and value measured by dust meter
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Table 3 Experimental parameters for synchronous measurement of gas and particle concentrations

Scanning Modulation Modulating Sampling
Sweep voltage /V
frequency /Hz frequency /kHz voltage /V frequency /(MSa+s ')
100 0.7 10 0.5 1
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Fig. 9 Experimental and verification results of WMS-LS method. (a) Normalized second harmonic amplitude;

(b) comparison of water vapor volume fraction measured by WMS-LS with that by temperature-humidity sensor
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Fig. 11 Experimental and verification results of WMS-LS method after eliminating gas absorption effect. (a) Amplitude

of first harmonic; (b) comparison of mass concentration of particulate matter measured by WMS-LS with that by
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