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Study on optimization of acoustic pyrometer topological structure
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Abstract: Acoustic pyrometers still have such problems as insufficient probe temperature tolerance, poor tempera-
ture measurement stability, and susceptibility to the impact of airflow velocity. In order to improve the temperature mea-
surement reliability of acoustic pyrometer, this paper establishes a corresponding airflow temperature field and sound
propagation model in Virtual.Lab. The optimal topological parameters to reduce sound pressure level attenuation were
analyzed and studied by changing the topological structure such as the acoustic probe distribution diameter, orientation,
and tilt angle of an existing set of acoustic pyrometers, and experimental comparison was carried out. Finally, it was
found that the topology structure with a diameter of 15 ¢m and an inclination angle of 30 degrees between the acoustic
probe and the horizontal plane had the smallest comprehensive sound pressure level reduction value in the airflow tem-
perature field environment with temperature from normal atmospheric temperature to 900 ‘C and Mach number from 0
to 0.3. The topology structure with a diameter of 20 ¢m and an inclination angle of 15 degrees took the second place. In
conclusion, both topology structures reduce the standard deviation of data by more than 17% compared to existing topol-
ogy structure, which improve the performance of acoustic source signal reception, therefore, improving the reliability of
acoustic pyrometer temperature measurement in the airflow temperature field environment of temperature from normal
to 900 “C and Mach number from 0 to 0.3.
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Fig.1 Partial 15 cm diameter acoustic probe support model

in Virtual.Lab
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Fig.2 3D mesh division profile of finite element analysis
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Fig.3  Finite element analysis model with field points and

boundary conditions
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(a) Sound pressure level distribution of 15-dir acoustic
probe support (horizontal plane)
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(b) Sound pressure level distribution of 15-30 acoustic
probe support (side plane)
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Fig.4 Schematic diagram of sound pressure level distribution

at a flow rate of 0.2 Ma for some sound probe supports
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Tab.1

Ratio of received sound pressure level to source sound pressure level of each acoustic probe support

at different airflow Mach numbers

TN G b P R TR L (E

éi:]iiﬁﬁﬁ 0.1 Ma 0.2 Ma 0.3 Ma
EXF ) h%% 1ET %t h%% Xt st BUIE 3
15-dir 0.820 0.827 0.782 0.759 0.797 0.752 0.769 0.776 0.754
15-15 0.860 0.846 0.831 0.853 0.831 0.824 0.816 0.787 0.772
P 15-30 0.886 0.902 0.879 0.878 0.870 0.855 0.778 0.785 0.770
15-45 0.853 0.721 0.816 0.765 0.809 0.890 0.768 0.710 0.812
20-dir 0.860 0.845 0.853 0.846 0.846 0.831 0.845 0.853 0.829
20-15 0.922 0.884 0.876 0.877 0.846 0.823 0.836 0.813 0.791
20 20-30 0.916 0.924 0.802 0.871 0.856 0.856 0.887 0.865 0.850
20-45 0.977 0.885 0.846 0.812 0.789 0.805 0.80 0.793 0.763
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Tab.2 Ratio of received sound pressure level to source sound pressure level of each acoustic probe support

at different temperatures

PR TR P IR TR 2 A

E?SS Y 500°C 700°C 900°C

1EXT A% h% EXT A% BUE S X st BUE <

15-dir 0.851 0.813 0.843 0.863 0.878 0.863 0.889 0.867 0.852

15-15 0.846 0.853 0.818 0.891 0.839 0.832 0.857 0.836 0.836

P 15-30 0.906 0.877 0.841 0.898 0.869 0.839 0.857 0.821 0.864
15-45 0.843 0.814 0.836 0.814 0.807 0.793 0.851 0.851 0.836

20-dir 0.853 0.838 0.816 0.858 0.844 0.830 0.872 0.858 0.830

20-15 0.880 0.880 0.865 0.921 0.850 0.836 0.897 0.868 0.860

» 20-30 0.863 0.856 0.820 0.863 0.842 0.863 0.914 0.885 0.863
20-45 0.830 0.844 0.830 0.940 0.903 0.896 0.890 0.882 0.890
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(a) 15-15FE PRI L BE R R A ALIE L CKPTHD
(a) Sound pressure level distribution of 15-15 acoustic
probe support(horizontal plane)
Sound pressure / dB

On Boundary
(b) 20-15 AR KSCEE S B AR L (D
(b) Sound pressure level distribution of 20-15 acoustic
probe support(side plane)
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Fig.5 Schematic diagram of sound pressure level distribution

at 600 C for some sound probe supports
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Tab.3 Standard deviation of data collected from three

acoustic probe structures

PRk Al 25T 1) SR B KR AR o 22

SCHRAT

IEXY st SUE 3
15-dir 0.0002148  0.0002778  0.0003159
15-30 0.000 1382 0.0002193  0.000 2449
20-15 0.0001228  0.0002318  0.000277 0

A4 ZHFIRKEHREHIE AR Z L
Tab.4 Relative error ratio of data collected from three

acoustic probe structures

PRk 257 1) SR AR K bR o 22

U

1Ext A3 BUE <
15-dir 0.092694  0.159904  0.194 841
15-30 0.071 762 0.102 943 0.142 516
20-15 0.069 646 0.136 939 0.155 063
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