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Abstract

To accurately characterize the variation of dew point temperature inside oil-immersed transformer
tanks and address the challenge of insulation moisture control during the vacuum drying process, this
paper establishes a unified explicit calculation model correlating dew point temperature with tem-
perature, relative humidity, and absolute vacuum pressure. The model is derived based on saturated
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water vapor pressure theory, physical properties of moist air, and the law of partial pressures in vac-
uum environments, combined with multi-parameter nonlinear fitting. A 110 kV transformer tank vac-
uum test system was built, and 10 sets of typical operating conditions along with 3 sets of cross-vali-
dation tests were conducted. Results show that the average absolute error between the calculated and
measured dew point values is 0.44°C, with a coefficient of determination (R?) of 0.998, demonstrating
good calculation accuracy and engineering reliability. Unlike existing qualitative understandings, this
study achieves, for the first time, a quantitative separation and comparison of the effects of tempera-
ture, humidity, and vacuum pressure on dew point. The proposed model is concise in form and com-
putationally efficient, providing a theoretical basis and a practical tool for optimizing transformer
vacuum drying processes and monitoring insulation conditions.
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Table 1. Comparison between measured and calculated dew point temperatures of the transformer

1. TERBELRERESRATENER

Fe O BETCC) BERH - HZEP(Pa) S 2 55 Ta (°C) 5 T.(C) HXFRZE(C)

1 25 45 101,325 11.2 11.6 0.4
2 25 60 101,325 15.8 16.3 0.5
3 25 75 101,325 19.6 20.1 0.5
4 40 50 101,325 223 22.7 0.4
5 40 65 101,325 26.8 27.3 0.5
6 25 50 10,000 2.4 2.1 0.3
7 25 50 1000 -12.6 -12.2 0.4
8 25 50 133 —35.2 —34.8 0.4
9 40 60 133 —32.6 -32.1 0.5
10 60 70 133 -29.4 -28.9 0.5
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Figure 1. Comparison of calculated and measured dew point values
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Figure 2. Residual analysis of the model
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