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Abstract

Base fluids generally have low thermal conductivity, but adding solid nanoparticles
improves this property. In this research, spherical zinc oxide (ZnO) nanoparticles with
diameters of 10-30, 35-45 and 80-100 nm were stabilized in ethylene glycol using a two-
step method. CTAB surfactant and ultrasonic agitation were used to prevent particle
aggregation. Nanofluids were prepared with volume fractions of 0.2 to 1% at
temperatures of 20 to 60°C. Thermal conductivity was measured using the transient
hot-wire method with a KD2-Pro device. Results showed that decreasing nanoparticle
size, increasing temperature and increasing volume fraction significantly improved
thermal conductivity, with the maximum increase (about 18%) observed at the highest
temperature, smallest particle size and highest volume fraction. The effect of volume
fraction was more remarkable at lower concentrations. Temperature increases
facilitated heat transfer by weakening molecular bonds. Comparison of experimental
data with analytical models showed that the difference between results increases with
higher temperatures and volume fractions. Finally, a multivariate empirical model was
developed and validated to predict the thermal conductivity of ZnO/EG nanofluid,
which effectively describes the dependence of thermal conductivity on temperature,
particle size and concentration.
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1- Introduction

The utilization of solid particles in fluids to enhance

stability and significantly improved thermal

heat transfer has been extensively studied for many
years. While microparticles presented challenges
such as sedimentation, corrosion, and pressure drop,
a significant breakthrough occurred in 1995 when
Choi [1] introduced nanoparticles, revolutionizing
this field. Nanoparticles have emerged as an ideal
solution due to their superior stability, increased
surface area, and ability to mitigate issues like
corrosion and pressure drop. Two key
characteristics of nanofluids are their enhanced

conductivity. Although numerous studies have
investigated zinc oxide nanofluids, the influence of
nanoparticle diameter has received comparatively
less attention. Most existing research has focused on
examining variations in thermal conductivity based
on volume fraction, temperature, and base fluid

type.

Several notable studies have contributed to our
understanding of nanofluids. Lee et al. [2]
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investigated nanofluids containing aluminum oxide
and copper oxide nanoparticles in water and
ethylene glycol, finding that the maximum thermal
conductivity enhancement (20%) occurred in
ethylene glycol with 4 vol% copper oxide
nanoparticles having an average diameter of 35 nm.
Masuda et al. [3] demonstrated that 13 nm
aluminum oxide nanoparticles at 3.4 vol% could
increase water's thermal conductivity by up to 30%,
while larger particles (40 nm) only provided a 10%
improvement. Jang et al. [4] proposed two primary
mechanisms for enhanced heat transfer in
nanofluids: (1) increased energy transfer due to
nanoparticle motion and (2) improved thermal
conductivity. Keblinski et al. [5] identified four
influential factors: Brownian motion of particles,
the interfacial layer between particles and fluid, heat
transfer within nanoparticles, and heat transfer
within nanoparticle clusters. Wang et al. [6] further
confirmed the role of interfacial layers between
fluid molecules and nanoparticles in facilitating heat
transfer.

Recent advancements have addressed various
aspects of nanofluid performance. Choi et al. [7]
highlighted limitations in theoretical models
predicting nanofluid thermal conductivity, noting
that experimental values often exceed theoretical
predictions. Lee et al. [8] examined the effects of pH
and surfactants on the thermal conductivity of
water/aluminum oxide nanofluids, finding these
parameters  significantly  influence  thermal
performance. Das et al. [9] reported a 15% increase
in thermal conductivity for water/aluminum oxide
nanofluids at 4 vol% with a temperature change of
30°C. In a comprehensive study, Esfe et al. [10]
optimized zinc oxide/ethylene glycol nanofluids
using a combination of genetic algorithms and
response surface methodology. Their multi-
objective optimization approach achieved optimal
thermal efficiency at 0.5 vol% with a minimum cost
of $360 per liter, while maintaining thermal
performance and reducing production costs by 10%.

This study presents an experimental investigation of
the thermal conductivity of zinc oxide/ethylene
glycol nanofluids, specifically examining the
simultaneous effects of nanoparticle volume

fraction, fluid temperature, and particle size. To
date, no comprehensive study has been reported on
the influence of zinc oxide nanoparticle diameter on
the thermal conductivity of this specific system.
Furthermore, existing models have been unable to
accurately predict the thermal behavior of this
nanofluid while accounting for all three key
parameters. By developing a new empirical model
that describes the dependence of thermal
conductivity on volume fraction, temperature, and
particle size, this research provides a valuable
reference for industrial applications and future
studies. The results offer a scientific foundation for
designing high-efficiency heat transfer systems with
optimized costs.

2- Research Methods

This study measured nanofluid thermal conductivity
using the hot-wire method with a KD2-Pro thermal
conductivity analyzer (Decagon Devices, USA).
Precise temperature control was maintained by
circulating temperature-regulated water through an
external bath surrounding the sample beaker. The
instrument was calibrated using glycerin prior to
measurements.  Zinc  oxide/ethylene  glycol
nanofluids were prepared through a two-step
method, with nanoparticles (10-30 nm, 35-45 nm,
and 80-100 nm diameters, 99%+ purity) dispersed
using ultrasonic homogenization for 3-5 hours to
achieve stability. The nanofluids were tested at
volume fractions ranging from 0.2% to 1%. Particle
morphology and size distribution were verified
using transmission electron microscopy, confirming
near-spherical shapes and uniform dispersion.
Specific surface area measurements showed
significant variation across particle sizes (20-65
m2/g), influencing thermal performance. All
measurements adhered to strict repeatability and
reproducibility protocols.

3- Results

This research thoroughly examined the effects of
particle diameter and volume fraction at constant
temperature on thermal conductivity, the influence
of diameter and temperature at fixed volume
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fraction on thermal conductivity, and the impact of
volume fraction and temperature at constant particle
size on thermal conductivity, with detailed analysis
accompanied by variation graphs. The main
achievement of this study was developing a
coherent multivariate correlation through regression
analysis. The primary objective was to predict
thermal conductivity based on three independent
variables: nanoparticle volume fraction (¢), particle
diameter (dnp), and nanofluid temperature (T). The
model, derived through multiple linear regression,
estimates nanofluid thermal conductivity as a
function of volume fraction while accounting for the
significant effects of temperature and particle
diameter. The regression analysis employed
simultaneous data entry. Five different models with
varying relational patterns were comprehensively
evaluated, with their results presented in Table 1.

Table 1: Error and deviation of the proposed models compared to
experimental results

Model R Square  Error % o? c
7 1.09 1.19 156 0.895
8 0.87 0.76 1.14 0.878
9 1.19 1.42 144 0.885
10 0.83 0.69 1.10 0.887
11 0.98 0.97 1.08 0.937

A comparison graph of the models with
experimental results is shown in Figure 1.
Ultimately, the fifth model (presented below)
emerged as the most accurate with the highest
precision (R2=0.94).
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Figure 1: Comparison chart of thermal enhancement ratio
predicted by various models versus experimental results for
different particle diameters
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Figure 2: Comparison of thermal conductivity between
experimental results and Model 5 predictions according to

Equation (11)

Figure 2 demonstrates the comparison between
experimental laboratory data and the model's
predictions.

The developed model provides a reliable predictive
tool for determining nanofluid thermal conductivity
while simultaneously considering the interactive
effects of these three crucial parameters. This
comprehensive approach offers significant insights
for thermal system design and optimization in
nanofluid applications.

4- Conclusion

This experimental study investigated the thermal
conductivity of ZnO/ethylene glycol nanofluids,
examining temperature, particle diameter, and
volume fraction effects. The two-step preparation
method with ultrasonic homogenization ensured
stable nanofluid dispersion, while thermal
conductivity measurements employed the transient
hot-wire method (KD2-Pro). Multivariate empirical
models were developed to predict thermal
conductivity, showing: (1) consistent thermal
conductivity enhancement with increasing volume
fraction across all temperatures; (2) temperature
elevation improved conductivity due to weakened
molecular bonds and intensified Brownian motion,
though stability limits this effect; (3) higher volume
fractions increased conductivity through greater
solid particle density, with maximum 18%
improvement observed at peak temperature (50°C),
highest concentration (1 vol%), and smallest
particle size (10-30nm); (4) comparative analysis
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revealed  growing  discrepancies  between
experimental and semi-empirical results at elevated
temperatures and concentrations, though the
proposed model (R?=0.94) effectively captured
these parametric relationships. The findings
demonstrate synergistic effects between the studied
parameters, providing critical insights for thermal
system optimization using nanofluids.
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