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Measurement of the Thermal Conductivity of Alumina/Zinc-Oxide/
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Abstract

Particle Size(¥ 2F=2.71)

The thermal conductivity of water- and ethylene glycol-based nanofluids containing alumina (Al,O3), zinc
oxide (ZnO) and titanium dioxide (TiO,) nanoparticles is measured by varying the particle diameter and
volume fraction. The transient hot-wire method using an anodized tantalum wire for electrical insulation is
employed for the measurement. The experimental results show that nanofluids have substantially higher
thermal conductivities than those of the base fluid and the ratio of thermal conductivity enhancement
increases linearly with the volume fraction. It has been found that the ratio of thermal conductivity
enhancement increases with decreasing particle size but no empirical or theoretical correlation can explain the
particle-size dependence of the thermal conductivity. This work provides, for the first time to our knowledge,
a set of consistent experimental data over a wide range of nanofluid conditions and can therefore serve as a
basis for developing theoretical models to predict thermal conduction phenomena in nanofluids.
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Table 1 Nanoparticle samples

A1203 ZnO T102
Averave 10nm*® 10 nm*
Particle gSize 38 am’ 30nm/ 34nm’?
60nm® | 70nm°®
. 3.95~4.2

True Density | 3.6 g/cc 5.6 g/cc oo
. Nearly
Morphology | Spherical | Elongated spherical

Manufacturers of nanoparticles

# Meliorum Technology '

® Nanophase Technology Corporation
¢ TAL materials, Inc

4 Advanced materials, Inc

(b) ALO; (c) ZnO

Fig. 1 Typical TEM (transmission electron microscope)
images of nanoparticles
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Table 2 Thermal conductivity of Al Os-water and by
AlLO;-ethylene glycol nanofluids compared
with the previous research

Volume Thermal conductivity [W/m-K]
fraction | Distilled-water | Ethylene giycol
[%] @ 2 ] 2)
0.3 0.613 - - -
0.5 0.615 - - -
ALO; 0.8 0.618 - - -
Nanofluids 1 - 0.622 | 0.259 | 0.260
(38 nm) 1.5 0.630 - - .
2 0.639 | 0.637 | 0.270 | 0.267
3 0.656 | 0.653 | 0.279 | 0.277
(1) Present experiment
(2) Ref. {4]

Table 3 Thermal conductivity and thermal conductivity
ratio of ZnO-water and ZnO-EG nanofluids

Av-e.] Vol | Distilled-water Ethylene glycol
particle
e el O | @ | O | @
[} |
1 0.637 | 1.0494 - -
10 2 | 0665 | 10956 - -
Z 3 [0693 | 1.1417 - -
Nan(:]f(l:l),l ids 1 0.627 | 1.0329 | 0.267 | 1.0595
30 2 10650 | 1.0708 | 0.284 | 1.1270
3 0.677 | 1.1153 [ 0305 | 1.2103
1 0618 [ 1.0181 | 0260 | 1.0317
60 2 10637 | 10494 | 0270 | 1.0714
3 0.651 | 1.0725 | 0279 | 1.1071

(1) Thermal conductivity[W/mK]
(2) Thermal conductivity ratio

Table 4 Thermal conductivity and thermal conductivity
ratio of TiO,-water and TiO,-EG nanofluids

Ave. Vol Distilled-water Ethylene glycol
particle | o
size e | D (0] 1 @
[nm}
0.627 | 1.0329 | 0.266 | 1.0514
10 0.654 | 1.0774 | 0.278 | 1.0988

0.676 | 1.1137 | 0292 | 1.1542

TiO, 0.624 [ 1.0280 | 0.262

Nanofluids 34 0.645 | 1.0626 | 0.273 [ 1.0791

0.660 | 1.0873 | 0.284 [ 1.1225

0.619 | 1.0198 | 0.259 | 1.0237

70 0.633 | 1.0428 | 0.266 | 1.0514

W B3 e || N =t [N —

0.646 | 1.0643 | 0.272 | 1.0751

(1) Thermal conductivity[W/m-K]
(2) Thermal conductivity ratio
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Fig. 4 Normalized thermal conductivity of ZnO-water
and ZnO-ethylene glycol nanofluids
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Fig. 5 Normalized thermal conductivity of TiOz-water,
TiO,-ethylene glycol nanofluids
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Fig. 6 Normalized thermal conductivity: (a) ZnO - water
nanofluids and (b) ZnO - ethylene glycol nanofluids
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Fig. 7 Normalized thermal conductivity: (a) TiO, - water
nanofluids and (b) TiO; - ethylene glycol nanofluids
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