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Effects of Preparation Conditions on Thermal and Electrical
Properties of Oil-based Nanofluids for Transformer Application
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Abstract Oil-based nanofluids were prepared by dispersing nonconducting fibrous Al,O3; and spherical AIN
nanoparticles in transformer oil. In this study, the effects of wet grinding and surface modification of particles
on thermal and electrical properties of nanofluids were investigated. Grinding experiments were conducted
with high-speed bead mill and ultrasonic homogenizer and nanoparticles were surface modified by oleic acid
and polyoxyethylene alkyl acid ester(PAAE) in n-hexane or transformer oil, at the same time. It is obvious that
the combination of nanoparticle, dispersant and dispersion solvent is very important for the dispersity of
nanofluids. For nanofluids containing 1.0vol.% AIN particles in transformer oil, the enhancement of thermal
conductivity was 11.6% compared with pure transformer oil. However, the electric-insulating property of AIN
nanofluids was very low due to used dispersant itself. Therefore, the effect of the dispersant on thermal/
electrical/physical properties of the transformer oil should be considered before selecting a proper dispersant.
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Table 1. Physical properties of nanopowders.
Chemical Sample APS SSA Crystal Purity
Composition Name (nm) (m2/g) Structure Morphology (%)
2D) - :
AlLO; F3 100-1000(L) 3 Y Fibrous 99.9
AIN N2 50 35 Hexagonal Spherical 97.0
Table 2. Physical properties of surfactants.
N Density Solubility Melting Point Boiling Point K
ame (g/em’) in Water ©°C) ©C) (W/mK)
Oleic Acid 0895~ 0947 Insoluble 13~ 14 360 0.1623
(Cy7H3;CO0H) ) ’ ’
Polyoxyethylene
1.03 Soluble <-20 >300 0.1634

Alkyl Acid Ester
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Fig. 1. A schematic flow diagram for nanofluid preparation.
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Fig. 2. Dispersion stability curves for (a) ALO; and (b) AIN
nanofluids using n-hexane and transformer oil as a surface
modification solvent deagglomerated by a mechanical stirrer.
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Fig. 3. Viscosity versus shear rate plot for the dispersed fluids
with alumina and aluminum nitride particles at 60°C.
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Table 3. Thermal conductivities of 1.0vol.% nanofluids.
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Thermal Conductivity

Test Fluids Surfactant (wt.%) Solvent
K W/mK) k/ko

Transformer Oil - - 0.1185 -

Transformer Oil PAAE(30) Oil 0.1223 1.0321
Transformer Oil 0OA(30) 0il 0.1229 1.0371
Transformer Oil + ALOs 0A(30) n-Hexane 0.1305 1.1013
Transformer Oil + AlLOs PAAE(30) 0il 0.1307 1.1030
Transformer Oil + AIN OA(15) n-Hexane 0.1268 1.0700
Transformer Oil + AIN PAAE(30) Oil 0.1327 1.1198
Transformer Oil + {ALO;+AIN} PAAE(30) Oil 0.1310 1.1055
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