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Research on characteristics and mechanism of streamer branching in
alternative gas-to-liquid transformer oil
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Abstract: In this paper, the heterogeneous non-naphthenic transformer oil based on natural gas-to-liquid technology and
traditional naphthenic transformer oil were used as research object. The streamer branching patterns in oil samples in the 25
mm point-to-plate electrode system was observed under positive lightning impulse voltage. The streamer discharge images
were conducted multifractal analysis to obtain the multifractal parameters as the classification and evaluation index of
streamer branching morphology. The results show that when the applied voltage is lower than the accelerated voltage, the
streamer branching process in the two oil samples can be classified as a two-stage model dominated by the steady growth of
side branch and main branch. When the applied voltage is higher than the accelerated voltage, the streamer branching
process in naphthenic oil is a three-stage model, each stage dominated by steady growth of side branch, steady growth of
main branch, and rapid growth of main branch, respectively, and the streamer branching process in gas-to-liquid transformer
oil only includes two stages, which are steady growth stage of main branch and rapid growth stage of main branch. Further
theoretical analysis shows that the competition between space charge and primary electric field is distorted due to the higher
ionization energy of gas-to-liquid transformer oil components, which is the main reason for the abrupt change of streamer
branching model in gas-to-liquid transformer oil under accelerating voltage.
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Fig.1 Schematic diagram of streamer discharge test system
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Fig.2 Analysis process of streamer multifractal characteristics
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Fig.3 Typical example of streamer multifractal spectrum
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Fig.10 Schematic diagram of branching mechanism of streamers
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