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We have been developing a new type of non-flammable transformer in which windings and
iron core are immersed in perfluorocarbon and insulated by it. Since the fluid flow in the
windings may experience static electrification in transformers because of its very low kinematic
viscosity, but static electrification characteristics of an insulating fluid like perfluorocarbon have
not been well understood, so we have studied these characteristics of perfluorocarbon. Using
a static charge density measuring apparatus for insulating oils, the influence of molecular struc-
ture and impurities on the static charge density of insulating liquids and perfluorocarbon was
investigated and clarified. After examining the streaming current characteristics of the per-
fluorocarbon which flowed through an insulation pipe, velocity dependence of the streaming
current and the influence of solid materials and the fluid temperature on the streaming current
were clarified. Finally, the static electrification test of a perfluorocarbon-immersed, prototype
transformer was carried out, and it was clarified that the leakage currents from windings to
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the ground were very small, and no partial discharge occurred during the test.
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Table 1 Characteristics of perfluorocarbon and transformer oil.

Ttem P?;?%?iol&ag:fn Tranzfi?tmer

Flash point (°C) none 134

Boiling point (°C) 100 280-450
Density (g/cm? 1.76 0.87
Kinematic viscosity (cSt at 25°C) 0.8 7.5
Specific heat (cal/gK at 25°C) 0.25 0.45
Specific dielectric constant 1.86 2.2
Dielectric strength (kV/2.5 mm) >60 >60
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Fig. 4 Relationship between total surface area of

insulating paper pieces and charge density
of transformer oil.
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Table 2 Moisture content and resistivity of sample

oils.
Moisture .
Sample oil content RESIS-:::IVI)ty

(ppm) i
Transformer oil 12.0 7.4x1014
a-olefin 6.3 3.6x101
Liquid paraffine 10.3 1.5X 101
n-hexane 8.3 4.6x10%
Alkyl benzene 8.5 7.8% 101
Dodecyl benzene 12.1 1.5%x10%
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Table 3 Relationship between content of transformer oil and charge density of the oil.
Content of oil
Sample aromatics (%) resin (ppm) dcgl;;%;
oil saturated : . of oil
(%) sulfur non-sulfur ni]i::lgcen I;.ﬁ?r};g:g: (pC/ml)
compound compound compound compound
A 70.0 0.32 29.7 3.2 0.6 68
B 71.6 0.32 28.1 <1 2.0 34
C 71.0 0.34 28.7 <1 <1 22
D 71.0 0.34 28.7 <1 10 41
E 71.0 0.34 28.7 10 10 81
F 71.0 0.34 28.7 20 10 71
G 71.0 <0.01 25.0 <1 <1 —4
H 37.0 0.74 62.3 <1 <1 66
I 100 <0.01 <1 <1 <1 -6
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Table 4 Charge densities of perfluorocarbon flowed
through solid materials.
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Table 5 Leakage currents from windings in the
prototype non-flammable transformer.

Leakage currents from windings

Liquid
tem]%erature (nA)
©C) primary secondary
36.5 —0.002 —0.0016
50.0 —0.002 —0.0017
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