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Abstract: The photoacoustic cell, as the core component of the photoacoustic spectroscopy gas detection
system, directly affects the detection accuracy of the system. Based on the classic cylindrical photoacoustic
cell, the finite element analysis software is used to combine the two physics of pressure acoustics and
thermoviscous acoustics and build a model to simulate the acoustic-thermal coupling process in the
photoacoustic cell. The effect of different geometric parameters of the resonant cavity and buffer cavity on
the performance of the photoacoustic cell is compared through simulation, and then, the optimal size is
determined. The simulation results show that the length and radius of the resonant cavity and the buffer
cavity will affect the resonance frequency and acoustic pressure. After fully considering the comparison
results and the difficulty of industrial manufacturing, the optimal length of the resonant cavity is selected as
120 mm, the optimal radius is 3 mm, and the buffer cavity radius is 35 mm. On this basis, a photoacoustic
cell with a rounded connection between the resonant cavity and the buffer cavity is designed. Compared
with the right-angle photoacoustic cell with the same size, the round—corner photoacoustic cell has more
advantages in improving the photoacoustic signal and reducing the flow noise interference. The quality
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factor is increased to 1.109 times, the cell constant is increased to 3 635.1 Parcm/W, and the acoustic
pressure is increased to 1.26 X 10 ° Pa. In the concentration detection of methane gas, the system sensitivity
can reach 0.87 ppm, and the detection result is ideal, which meets the requirements of high sensitivity.
Therefore, the performance of the round-corner photoacoustic cell has been significantly improved, which
can provide a reference for the optimal design of the photoacoustic cell.

Key words: Photoacoustic spectroscopy; Simulation modeling; Finite element analysis; Photoacoustic
cell; Optimal design
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Fig. 2 Schematic diagram of photoacoustic cell structure
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Table 1 Physical constants of nitrogen
Substance 0o/ (kg-m ?) y M/ (kg-mol ) n/(pa-S° ") K/(W-m 'K Cp/(J-mol '-K™ )
N, 1.25 1.401 0.028 1.75X10°° 26X107° 29.1
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Fig. 12 Acoustic pressure comparison of right—angle and round-angle photoacoustic cell
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Table 2 Performance data of right-angle photoacoustic cell

f/Hz Q P/Pa C.../(Pascm*W )
1387.9 32.341 0.099 7 3552.3

®3 BERtFEBEREIE

Table 3 Performance data of round corner photoacoustic cell

R/m f/Hz Q P/Pa

0.001 1390.7 35.564 0.126 86
0.002 1401.2 35.699 0.116 06
0.003 1413.9 35.859 0.111 24
0.004 14275 36.031 0.106 74
0.005 1442.6 36.221 0.104 89
0.006 1458.7 36.432 0.102 45
0.007 1475.4 36.631 0.100 39
0.008 1493.6 36.856 0.099 33
0.009 1512.7 37.091 0.0980 5
0.01 1532.0 37.327 0.098 47
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Fig. 13 Acoustic pressure distribution of a photoacoustic cell with rounded corners
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Table 4 Comparison of experiment and calculated results

Analytic value

Simulation value

Experimential value

f/Hz 1395
Q 35.36
C../(Pacem*W ") 3787.3
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35.86
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