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4. Conclusions

The forced convection heat transfer enhancement by TiO2 and SiO2

suspended in water as a base fluid inside the flat copper tubes of
an automotive cooling system has been measured. Significant heat

transfer enhancement was observed and was associated with the
concentration of the nanoparticles. Maximum Nusselt number en-
hancements of up to 11% and 22.5% were obtained for TiO2 and SiO2

nanoparticles, respectively, in water. The experimental results showed
that the Nusselt number behaviors of the nanofluids highly depended
on the volume flow rate, inlet temperature and nanofluid volume
concentration. The results showed that the SiO2 nanofluid produces
a higher heat transfer enhancement than the TiO2 nanofluid; like-
wise, TiO2 nanofluid enhanced heat transfer more than pure water.
The results also proved that TiO2 and SiO2 nanofluid have a high
potential for heat transfer enhancement and are highly appropriate
for industrial and practical applications. The input and output
parameters have been tabulated to develop statistical models of
cooling system components. These models have been obtained from
statistical software using multiple linear regression methods and facto-
rial methodology (FM). The statistical models deduced defined the de-
gree of influence of the volume flow rate, inlet temperature and
volume concentration on the Nusselt number. Significant heat transfer
augmentation of the cooling system may be achieved by using the
highest values of parameters that produce high values of the Nusselt
number. The observed heat-transfer enhancements using TiO2–W and
SiO2–W in the cooling system were in good agreement with the exper-
imental data reported by [24,25] and correlate with that of [22] with a
deviation of approximately 2–4%.
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