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Detection of smoke flow velocity and flow rate by optical scintilla-
tion

YANG Yang, DONG Feng-zhong* , NI Zhi-bo, PANG Tao , WU Bian, ZHANG Zhi-rong
(Anhui Institute of Optics and Fine Mechanics,Chinese Academy of Sciences, Hefei 230031, China)

Abstract ; The stack gas emitted by the industrial production is main source of particulate matter and pol-
lution in the atmosphere. In this paper,a new optical method using the optical scintillation caused by the
random fluctuation of particulate matter concentrationis is introduced to monitor the industrial emission.
The principle of measuring stack gas flow velocity and flow rate by optical scintillation is explained,and
on this basis,a parallel double-transceiver technique is introduced, which has many advantages, such as
wide suitability, flexible structure, accurate measurement. The practical meaning of the fluid numerical
emulation for the measurement is discussed. An open source software OpenFOAM is used to analyze the
fluid in the exhaust pipe with the calculation grid number of 52 624 0. The numerical simulation of the
fluid is accelerated by using the high performance computing platform which is based on GPU,and the
speed up ratio of 3. 493 times is obtained. The steps of the measurement of stack gas flow velocity and
flow rate by optical scintillation are described. The stack gas flow velocity and flow rate of the simulation
pipe are measured, the results are compared with those measured by the pitot tube,and they have good
agreement,
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Fig. 1 Schematic diagram of measuring system
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Tab.1 Parameters for solving Navier-Stokes equations

Equation Preproccess Solution Relaxation factor Residual
Pressure equation DIC PCG 0.3 le-05
Momentum equation DILU PBiCG 0.7 le-05
K-equation DILU PBiCG 0. le-05
e-equation DILU PBiCG 0. le-05

Note; PCG; preconditioned conjugate gradient method PBiCG: preconditioned biconjugate gradient

method
DIC:incomplete cholesky factorization

DILU:incomplete LU decomposition.
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Fig. 5 Schematic diagram of experimental setup
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Fig. 6 Particle concentration distribution in the pipe
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Tab. 2 Distribution of measuring points in the pipe

Pipe Cylinder Measuring Measuring
diameter number diameter number  point number

0.3 1
0.3~0.6 1~2 1~2 2~8
0.6~1.0 2~3 1~2 4~12
1.0~2.0 3~4 1~2 6~16
2.0~4.0 4~5 1~2 8~20

>4.0 5 1~2 10~20
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by using optical method
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