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1. Introduction

Lightweight development when maintain
been strongly emphasized in the automotiv
new chassis in recent years. Hot-press formin
for vehicle inner body panels offers efficie
weight reduction and improves passenger s
strength. Sheet metals should be heated up t
and then rapidly quenched in a closed die s
transformation occurs to produce ultra-high
HPF process. The dies are heated above 200 °
systems in serial production. However, too
below 150 °C in HPF processes to achieve a h
Regularly, the HPF process uses water as c
metal in an HPF tool with a cooling channel.
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ely used to produce lightweight chassis in automotive industries. The hot-press
water as coolant to quench boron steels in a closed die with a cooling channel.
nce of hot-press forming die, the fluid with better thermal properties will be
his study dispersed Al2O3 nanoparticles with an average diameter of 13 nm in
ratios of water (W) to ethylene glycol (EG) (i.e. 60:40, 50:50, and 40:60) by
ain parameters in cooling rate performance are thermal conductivity and vis-
3/water–ethylene glycol mixture is prepared for the volume concentration
conductivity and viscosity are then measured at temperature range of 15 to 55 °C.
al conductivitywas observed to be 10% higher than base fluid for 1.0% volume con-
). However, the highest enhancement of viscosity wasmeasured to be 39% for 1.0%
/EG) at 25 °C. The convective heat transfer coefficient of 1.0% concentration in 60:40

5.4% better than that of 50:50 and 40:60 (W:EG) base fluid. Therefore, this study
60:40 (W:EG) mixture with volume concentration of less than 1.0% for application
rming die. Nanocoolant as cooling agent with higher heat transfer coefficient com-
the cycle time and increase the productivity of hot-press forming process.
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Nanocoolant obtained a high heat transfer coefficient comparedwith
water by increasing the thermal properties namely thermal conductivity
and specific heat. The nanocoolant possesses superb heat transfer prop-
erties, such as high thermal conductivity, homogeneity, and minimal
clogging in flow passages, owing to its small size and the specific surface
area of nanoparticles [2]. Masuda et al. [3] observed the thermal conduc-
tivity of TiO2/water and Al2O3/water nanofluids and proposed the
increase of thermal conductivity by 11% and 32%, respectively. Park
and Jung [4] investigated the effect of carbon nanotubes, CNT/R134a
on nucleate boiling heat transfer and found a large enhancement of up
to 36.6%. Mahbubul et al. [5] measured the heat transfer of Al2O3/
R141b and Al2O3/R134a nanofluids and concluded that heat transfer
characteristics increased significantly with the increment of volume
concentration. Elias et al. [6] examined thermal conductivity of Al2O3/
ethylene glycol (EG) radiator coolant and found that thehighest thermal
conductivity enhancement was 8.3% for the 1.0% volume concentration.
The enhancement of thermal conductivity increased the value of heat
transfer coefficient as shown in pool boiling using ethylene glycol
based ZnO nanofluids [7]. The average enhancement of heat transfer co-
efficient was up to 22% at 1.6% volume concentration. Maiga et al. [8]
proved that nanofluids provided better enhancement in heat transfer
compared with water for γ-Al2O3 in EG-based nanofluid.
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