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Relative Permittivity Model of Transformer Oil-Based Nanofluids

with ZnO Nanoparticles
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Abstract: A new kind of transformer oil-based nanofluids (NFs) with semiconductive ZnO
nanoparticles is prepared to investigate the influences of adding nanoparticles on relative
permittivity of transformer oil. How the NF relative permittivity depends on nanoparticles’
volumetric concentration and environmental temperature is also discussed. A nanoparticle
polarization model following Clausius-Mossotti equation is proposed. Experiments show that the
ZnO NF relative permittivity linearly increases with nanoparticles’ volumetric concentration and
linearly decreases with temperature. The calculation with the nanoparticle polarization model
coincides well with the experimental data. The further analysis for the proposed model suggests
that NF relative permittivity is dominantly determined by ordinary transformer oil, while the
higher relative permittivity of NFs than pure transformer oil mainly results from the inner
polarization of nanoparticles.
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