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Fig.1 Principle of acetylene detection based on
PTI method using the Herriott cell
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Table 1 Composition of mixed standard gases
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Fig.2 Acetylene absorption lines based on
the HITRAN 2021 database
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Fig.3 Acetylene detection system based on
light intensity modulated PTI
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Fig.4 Temperature,interference signals,and their
peak-to-peak value changes over time
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Fig.5 The relationship between peak-to-peak value
of interference signal and temperature
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Temperature and pressure characteristics of dissolved acetylene in transformer oil

based on photothermal interference detection system
WU Ruihan', HE Yagian', JIANG Jun', WANG Xiangchuan®, FAN Lidong’
(1. Nanjing University of Aeronautics and Astronautics ( Jiangsu Key Laboratory of New Energy Generation
and Power Conversion) ,Nanjing 211106, China;2. College of Electronic and Information Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China ;3. Hangzhou Qiantang
River Electric Group Co.,Ltd.,Hangzhou 311243, China)
Abstract ; Photothermal interference (PTI) is a new optical method for gas detection. Due to its high sensitivity , high accuracy,
and " zero background" advantages,it is expected to be promoted and applied in the field of dissolved gas analysis (DGA).
However, the influence of the temperature and pressure of dissolved gases in oil on the photothermal phase is not yet clear. To
improve the applicability of PTI technology in the DGA, an intensity-modulated-PTI-based acetylene sensing scheme using a
Herriott cell is proposed. Experimental measurements are conducted on mixed gases containing acetylene and other
characteristic gases to simulate fault conditions in transformer oil , and the influence of temperature and pressure on the detection
results during the measurement process is focused. It is found that the photothermal phase increases with decreasing temperature
or increasing pressure. Therefore, the accuracy and stability of acetylene detection depend on the reasonable setting of
temperature and pressure during the detection process. The system demonstrates a strong linear relationship with acetylene
concentration , with a detection sensitivity of 0.151 mV/(pL+L™) and a detection lower limit of 5.3 wL/L. The proposed
solution provides insights and lays the foundation for the future development of a new type of DGA based on PTI technology.
Keywords : oil-immersed transformer; dissolved gas analysis ( DGA) ; acetylene detection ; photothermal interference method;

Sagnac interferometer ; temperature-pressure characteristic
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