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Evaluation of Thermal Behavior of Oil-based Nanofluids
using Ceramic Nanoparticles
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Abstract

QOil-based nanofluids were prepared by dispersing spherical and fiber shaped Al:Os and AIN
nanoparticles in transformer oil. Two hydrophobic surface modification processes using oleic acid (OA)
and polyoxyethylene alkyl acid ester (PAAE) were compared in this study. The dispersion stability,
viscosity and breakdown voltage of the nanofluids were also characterized. (AlOs+AIN) mixed
nanofluid was prepared to take an advantage of the excellent thermal conductivity of AIN and a good
convective heat transfer property of fiber shaped AlQOs. For (AlOs+AIN) particles with 1 % volume
fraction in oil, the enhancement of thermal conductivity and convective heat transfer coefficient was
nearly 11 % and 30 %, respectively, compared to pure transformer oil. The nanofluid, containing
AlOs+AIN, successfully lowered the temperature of the heating element and oil itself during a natural
convection test using a prototype transformer.
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Table 1. Properties of ceramic nanopowders.
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convection heat transfer test.
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Fig. 2. Viscosity versus temperature curves for
the dispersed fluids with alumina and
aluminum nitride particles.
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Fig. 3. Transmission-time curves for nanofluids
prepared with alumina and aluminum
nitride particles at rotation speed 3300 rpm.

a9 32 AR e yrdAdf i
2 UngTe 24 AAN7NEAN FAY AH
TANA S Bore Aiolrh. I OAE =
HAAE A ALOs U=ddfe Aae 34
E7F 531 #4440l v fdloy, 2R
PAAEE #H7M& AlO; Uw-ddfe FHE7t &
o EF%sta EAMANE g dgsdh ol A2
A3 ALO; E2e) ERs)Ee] PAAE BAakA &
T gedd wae xusfd 340 HgsA &
+& e

ol ¥ AARl HH OAE H7bst w&
T2 349 BUAAE AESFUAT ALOs R
AN YxdAdF ZFdA THHANE 2442 A
Al Fanh WA AR ALOs UnEARE
Az Agde daeH2s shitdd g3 &
HAMAe] Hoh wgAd Roz goErt wEd,

AIN B%e 0A% PAAE E4bA] T dsty
Had 45d BASAHE BRIoen, 0 FoMx
PAAEE Al&std ERAAE AR v} &
ARG Aol BFEEHAY. 53 EF vxddRE
AIN UxHaAfETGE 47 ¢ BA4e By
Y, 593 EAAE wA43
eAdfe vEIH A4

S

a9 40 WARIAYeR 4T dnddh
o GAEE delgE /) wEE s AdAH
o wlamste] Foth $U 24 2 $E9 Yk
T2 AN AS, Un=BAded GHEE 4SE
e Bol} o AAZe2 7lAe UnfAnY B4



J. of KIEEME(in Korean), Vol. 20, No. 7, July 2007.

—e— AIN_OIil_KEPRI,2006
~te=AlO__Oil_KEPRI.2006
ALO (F)_Oil_KEPRI 2007
—— Alzoa_Wa!er_ArgonneJ 998
“.- CuQG_Water_Argonne, 1998

20 - o - Cu_EG_ Argonne,2001

= —4—AlLO, Water_POSTECH,2003

=

S 154 1
o ? by

£ h

8 ’

= 104 J / P
g /I ¥ L '

2 II -

F s / ]
2 o - L v

2 0 1 2 3

Nanoparticle Loading(vol.%)

a8 4. Yx=fAY gAEE ¥A@,
Fig. 4. Comparison of experimental data on
thermal conductivity of nanofluids.
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Table 2. Relationship between nanoparticle surface
area and thermal conductivity of nano—
fluids.
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Table 3. Breakdown voltages of nanofluids.
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Fig. 6. Natural convection test results of
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constant input energy(100 W) and room
temperature condition.
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