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ABSTRACT

This study focuses on investigating the effects of adding Aluminium oxide (Al203) nanoparticles in ethylene glycol
with emphasis on thermal conductivity and heat transfer enhancement. Alumina (Al203) nanoparticles after
surface modification with a surfactant cetrimonium bromide (CTAB) were dispersed at concentrations of 1, 0.5,
0.25,and 0.125 mass percentages in ethylene glycol. The thermal conductivity and dynamic viscosity with different
concentrations are evaluated, and through these properties, the heat transfer efficacy of of nanofluids is evaluated
indirectly using a figure of merit called Mouromtseff number (Mo). The stability of suspension dispersed with
CTAB is found to be excellent and the nanofluids could remain stable for one month. The addition of Al20s3
nanoparticles to ethylene glycol leads to a significant improvement in thermal conductivity, ranging from 15% to
25%. The Mouromtseff number (Mo) indicates that in turbulent flow, dilute nanofluids with low concentrations
are the most efficient heat transfer medium.

Keywords: solar thermal applications; nanofluids; aluminium oxide nanoparticles; zeta potential; dynamic
viscosity; thermal conductivity enhancement; correlations

Nomenclature

k = Thermal conductivity (W/m/ K).
T= Temperature

Roman letters

u = Dynamic viscosity (centipoise, cP).
p = Density of the fluid (kg/m3)

f = weight fraction of Al203 nanoparticles
Subscripts

nf nanofluid

b Base fluids

max Maximum temperature
Abbreviations

DM water - demineralized water

EG - Ethylene glycol

1 INTRODUCTION

Energy studies have focused on optimizing
renewable energy sources. Solar energy is the most
popular renewable energy. Solar energy can be used
for building heating and cooling, domestic water
heating, water desalination, and many industrial
applications [2-4]. Several developments have
improved solar energy use [5] and storage [6].
Modern advances, especially in solar thermal
collector technology, have increased solar energy
consumption. A substance absorbs solar radiation in
the solar thermal collector's heat exchanger. The
thermal energy is transferred to a working fluid like
air, water, nanofluid, or oil for many different
applications. Evacuated tube solar collector systems
are vital in delivering heat to the heat transfer fluid
or working fluid. Solar collectors are devices that

have the ability to capture waves and transform
solar radiation into either thermal or electrical
energy [7]. Ethylene glycol, also referred to as momo
ethylene glycol, is a water-soluble compound with
the chemical formula (CH20H)2. It is commonly
employed in the thermal regulation of engineering
systems.

Although there have been gradual improvements in
the thermal efficiency of these collectors throughout
time, it is crucial to continue boosting their efficiency
until they reach the highest possible level. The use of
nanofluids has significant potential to improve the
thermal efficiency of heat-collecting systems. Choi
and Eastman [8] found that using nanoparticle
dispersions can improve the thermal conductivity
properties of base fluids. Several researchers have
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endeavored to utilize these nanofluids in various
heat transfer systems, and their empirical findings
have demonstrated varying degrees of achievement
[9-10]. Previous studies [1-30] have demonstrated
that nanofluids have enhanced thermal conductivity
in comparison to the base fluid.

Extensive study has shown that water-based fluids
have a narrow working temperature range because
of the freezing and evaporation properties of water.
Conversely, the fluids containing ethylene glycol
(EG) have a far broader spectrum of temperatures
they may function within, ranging from -12.9 °C to
197.3 °C. The extended temperature range provides
the possibility Alumina nanoparticles, or aluminum
oxide (Al203) nanoparticles, provide numerous
benefits compared to other nanoparticles when
utilized in nanofluids. Alumina nanoparticles exhibit
exceptional thermal stability and can endure
elevated temperatures without undergoing
degradation. These properties make them well-
suited for applications that necessitate high
temperatures, such as cooling electrical equipment
and industrial operations operating at excessive
temperatures. Alumina nanoparticles exhibit a
comparatively elevated heat conductivity. When the
particles are distributed in a fluid, they have the
ability to greatly improve the thermal conductivity of
the nanofluid. This characteristic is advantageous for
enhancing the efficiency of heat transmission in
different systems, such as heat exchangers and
applications related to thermal management.
Alumina nanoparticles generally possess a
substantial surface area, which aids in their
dispersion into the underlying fluid. Increasing the
surface area can augment their contact with the fluid
and enhance the overall performance of the
nanofluid.

Seedhara and Satapathy (2020) present a concise
overview of the production process for
Al203nanofluid and the variables that influence the
enhancement of thermal conductivity. Research has
shown that Al20snanofluid exhibits excellent heat
conduction properties and is highly appropriate for
real-world heat transfer applications. Cho et.al [9]
examined the impact of Alz0snanofluid on the
thermal characteristics of the circular enclosure,
which functions as a medium for heat recovery in the
stack. By incorporating a nanofluid with a 0.1 vol%-
Al203concentration, the fluid experienced a 3.4%
increase in temperature, a 20.6% increase in
convective heat transfer coefficient, a 7.15%
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increase in heat flux, and a 22.04% increase in
Nusselt number. Nanoparticles aggregate, leading to
their sedimentation in the liquid, hence diminishing
the thermal conductivity of nanofluids. Hence, it is
crucial to analyze and evaluate the factors that
influence the stability of nanoparticle dispersion.
The production of nanofluids typically follows a two-
step process, wherein nanoparticles are initially
synthesized and subsequently dispersed into the
base fluids [20]. The two-step approach is frequently
employed for nanofluid synthesis owing to its
capacity to effectively control the volume fractions of
nanoparticles in the mixture.

Numerous researchers have researched the impact
of nanoparticle size and concentration on heat
transfer inside tubes. Nevertheless, there has been
limited investigation into the improvement of heat
transmission in helical heat exchangers using
nanofluids, which is the unique aspect of our study.
The work involved the fabrication of nanofluids
comprising of Al203 nanoparticles with surface
modification. Zeta potential assessment was used to
examine the stability of these nanofluids over a
duration of 30 days. The study also included the
measurement and evaluation of the fluid's dynamic
viscosity, thermal conductivity, and enhancement of
heat transfer. The incorporation of Al203
nanoparticles into ethylene glycol was achieved by
using different weight percentages (1, 0.5, 0.25, and
0.125 wt%). This study provides comprehensive
correlations for calculating the dynamic viscosity
and thermal conductivity. The efficacy of the
nanomaterials in enhancing heat transmission is
assessed in the experimental configuration by
employing a heat exchanger with a coil-shaped
design. Analyzed heat transfer statistics were
utilized to develop a full correlation for the Nusselt
number.

2 Methods and Experimentation

Preparation of nanofluids and assessing its
stability

In the current study, ethylene glycol was chosen as
base fluids and surface modified Al203 nano particles
were disseminated in base fluids at concentrations
of 1, 0.5, 0.25, 0.125, and 0.0625 wt% using a probe
ultrasonicator. Their details are presented in Table
1. The fluids underwent sonication for a duration of
thirty minutes subsequent to the mixing of the Al203
, in order to attain a homogeneous dispersion of the
nanomaterials.
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TABLE 1: Base fluids description

S.No Composition

1 Ethylene glycol

2 Ethylene glycol -1 % Al;0s nanoparticles

3 Ethylene glycol - 0.5 % Al203 nanoparticles

4 Ethylene glycol - 0.25 % Al;03 nanoparticles

5 Ethylene glycol - 0.125 % Al203 nanoparticles
Non-covalent functionalization or

dispersants/surfactants are the most frequent ways
to stabilize nanofluids and avoid nanoparticle
clumping. Reduce base fluid surface tension.
Dispersant overuse can impair nanofluid thermal
conductivity and chemical stability [20]. Thus,
dispersant dosage must be optimized. A hydrophilic
polar head group and a hydrophobic tail of long-
chain hydrocarbons make up surfactants.
Polyvinylpyrrolidone (PVP), SDBS, Gum arabic, SDS,
CTAB, DTAB, and Oleic Acid are common

dispersants. CTAB and SDS helped prepare stable
nanofluid suspensions in this work.

2.1 Characterizations of nanoparticles

The Alz03 nanoparticle structure was examined with
a transmission electron microscope. A transmission
electron microscope can give high-clarity images of
nanoparticles. As can be seen in Figure 1, the
particles are clearly visible and seem to be circular
with an average diameter of nearly 50 nm.

Fourier transform infrared spectroscopy (FTIR) is
used to acquire the absorption or emission infrared
spectrum (IR) of a given sample. The Fourier
transform infrared spectrometer (FTIR) efficiently
collects data with high spectral resolution over a
broad range of wavelengths allowing the

FIG. 1: HRTEM pictograph of Al203 nanoparticles

measurement of light transmission components
through the material. FTIR spectroscopy was
employed to characterize the treated Al203 in order
to identify the presence of functional groups. In Fig.
2 the IR spectrum of pristine and surface modified
Al;03 nano particles is presented.
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Fig. 2 Infra-red spectroscopy of a) pristine Al203 and b) Al20s surface-modified with CTAB

The spectra of untreated and treated Al203 is
depicted in Fig. 2a. aluminum oxide (Al203), has
specific vibrational modes that can be identified in
the FTIR spectrum. The peaks identifying Al-O
stretching vibrations is observed in the range of 600-
800 cm-1. The Al-O bending vibrations can be seen
in the range of 400-600 cm-1. The modified Al203, as
observed in Fig. 2b, has both exhibited alumina
spectra as well as the spectra of CTAB. Quaternary
ammonium group absorption bands were observed
around 2800-3100 cm-1 (stretching vibrations of C-
H bonds) and 1400-1500 cm-1 (bending vibrations).
Bromide ion (Br-) absorption band can be seen in the
region of 500-600 cm-1

The subsequent part will address the preparation of
nanofluids and assessment of their stability using
zeta potential analysis.

2.5 Estimation thermal conductivity and
dynamic viscosity

Convection-based heat transport in liquids makes
measuring thermal conductivity harder than in
solids. The ASTM D7984-compliant C-Therm trident
MTPS sensor measures thermal conductivity and
effusivity using Modified Transient Plane Source
(MTPS) technology. A one-sided, interfacial heat
reflectance sensor heats the sample briefly and
consistently. Electricity is transmitted to the
sensor's coiled heating component, generating some
thermal energy. A protective ring around the sensor

coil allows unidirectional heat passage into the
sample. The current provided raises the sensor-
sample interface temperature, changing the sensor
element's voltage drop. Sample thermal properties
are determined by sensor voltage change. At the
sensor-sample interface, thermal conductivity
decreases with temperature increase. When
evaluating materials with lower heat conductivity,
voltage rises faster. Better heat conductivity
materials have a shallower voltage slope. Usually,
the measurement pulse lasts 10-20 seconds.
Thermal conductivity and effusivity measurements
provide a complete heat transfer assessment of the
sample material. Its properties make it ideal for
testing nanofluid thermal conductivity. The MTPS
sensor was utilized because its short measuring
duration reduces convection errors.

Technique or  procedure:  Wells-Brookfield
approach. Base and nanofluid absolute viscosities
were measured with the Cone & Plate Viscometer.
The Cone and Plate Viscometer measures torque at
specific rotational speeds. A precisely calibrated
beryllium-copper spring connects the drive
mechanism to a rotating cone for torque
measurement. This apparatus measures sample
fluid rotation resistance between the cone and a
stationary flat plate. Against the cone's rotation,
torque is directly related to fluid shear stress.
Torque is shown by a dial or digital display,
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depending on type. You can easily convert this data
to absolute centipoise units (mPa:s) using pre-
calculated range charts.

The specimens indicated in Table 1 were prepared
and examined to determine their thermal
conductivity and dynamic viscosity at different
temperatures. In order to maintain the uniformity
and ability to replicate the results, three distinct
trials were conducted, wherein each experiment
comprised of five duplicate samples conducted at
varying temperatures. The testing period for
thermal conductivity and viscosity was modified to
assess the coherence of the gathered data. The mean
of all recorded readings at a specific temperature is
documented.

3 Results and discussion

3.1 Analysis of Fluid Stability Using Zeta
Potential Analysis

The stability of colloidal fluids is evaluated by
measuring the zeta potential of the fluid. The zeta
potential quantifies the degree of electrostatic
repulsion between charged particles. A critical
threshold of #25 is indicative of the progressive
stabilization of the solution, whereas values
surpassing 25 and falling below -25 indicate a high
level of stability in the nanofluids. The stability of
ethylene glycol-water mixtures combined with
surface modified Alz203 is evaluated by assessing
their zeta potential over a period of 30 days. The
stability of all the nanofluids was assessed over a
period of one month, and the corresponding
outcomes are presented in Table 2 and 3. Figs 3 and
4 depict the zeta potential values of specific coolants.
Figure 3 displays the zeta potential of nanofluids
containing 1% pure Alz0s. It is evident from the
graph that the zeta potential exhibits a very low
value both on the initial day and after a period of 5
days. Figure 4 illustrates the temporal evolution of
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zeta potential in nanofluids over a span of 30 days.
The dispersion of surface-modified Al203
nanoparticles exhibited remarkable stability over
this period.

The findings shown in Figs 3,4 and 5 indicate that the
surface modified Al203 exhibits enhanced stability in
coolants when compared to pristine Al203. A
significant disparity in the zeta potential is observed
between the initial day and the thirtieth day when
considering coolants that are dispersed with pristine
Al20s.

The suspensions exhibit remarkable stability as
evidenced by the little difference in zeta potential
over a one-month period, which can be attributed to
the dispersion of Al203 surface modified with CTAB.
Although SDS could make the suspension stable but
the zeta potential is low compared to suspension
with CTAB. Cetrimonium bromide operates as a
cationic surfactant as a result of its inherent positive
charge, and it is employed for the purpose of
stabilizing nanoparticles that exhibit a negative
surface charge. This can provide significant benefits
when dealing with specific types of nanoparticles
that demonstrate a negative surface charge, such as
various metal oxides. Sodium Dodecyl Sulfate (SDS)
is an anionic surfactant frequently employed to
stabilize nanoparticles with a positive surface
charge. The aforementioned behavior is commonly
observed in metallic nanoparticles that possess a
positive charge while being dispersed throughout a
fluid. The improved stability of the Al:03 surface-
modified with CTAB in nanofluids can be attributed
to the presence of functional groups on its surface.
These groups form bonds with the polar groups of
ethylene glycol and water molecules, thereby
enabling the Al20s nanoparticles to maintain their
stability.
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Figure 3 Zeta potential of Ethylene glycol dispersed with a) pristine 1 % Al203 on first day b) pristine 1 % Al203
after 5 days

1070



Journal of Harbin Engineering University Vol 44 No. 12

ISSN: 1006-7043 December 2023
Calculation Results Calculation Results
Peak No. | Zeta Potential | Electrophoretic Mobility | Peak No. | Zeta Potential | Electrophoretic Mobility
[ 1 I 31.9mv -0.000148 cm2/Vs | 1 | 223mVv__ | 0.000103 cm2/Vs
2 | —mv —om2V's 2 234 mvV 0.000108 cm2/Vs
3 —mV —cm2/Vs 3 — my - cm2iV's
Zeta Potential (Mean) : -31.9 mV Zeta Potential (Mean) p-228mv
Electrophoretic Mobility mean . -0.000148 cmiVs Electrophoretic Mobility mean : 0.000106 cmilVs
1.0- 1.0~
0.9 0.9
0.8~ 0.8-
0= _ 07
Fl 1 Z 4
f’ 0.6~ i 0.3'_'
5 0.5+ > 0.5
31 O]
a n
s 04 S 04
- il o 4
= =
03 = g3
0.2- 0.2-
0.1- 0.1-
0.04111 bt fbbeehibeg Cor ARRRREARTRRRERYRRIA DARTRRRROAAAAANRNARARARAANNNNRRSUREARARNIANAANRENIAANIRNY,
150 200 -150 -100 -50 [ 50 100 150 200
Zeta potential (mV) Zeta potential (m\)

Figure 4 Zeta potential of Ethylene glycol dispersed with 1 % Al203 surface modified with SDS a) after 15 days
b) after one month
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Figure 5 Zeta potential of Ethylene glycol dispersed with 1 % Al203 surface modified with CTAB a) after 15 days
b) after one month

TABLE 2: Zeta potential variation of samples dispersed with Al1203 nano particles surface modified with

SDS

Zeta potential, mV with surface modified
Samples dispersed with A1203 nanoparticles Al203 nano particles

1st day After 2 months
Ethylene glycol+ 0.125% SDS treated Al203 nanoparticles -45.1 -36.7
Ethylene glycol + 0.25% SDS treated Al203 nanoparticles -38.2 -35.1
Ethylene glycol+ 0.5% SDS treated Al,03 nanoparticles -36.5 -28.3
Ethylene glycol+1 % SDS treated Al;03 nanoparticles -31.1 -22.4
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TABLE 3: Zeta potential variation of samples dispersed with A1203 nanoparticles surface modified with

CTAB

Zeta potential, mV with surface modifed
Samples dispersed with A1203 nanoparticles Al203 nano particles

1st day After 2 months
Ethylene glycol+0.125% CTAB treated Al203 nano particles | -62.7 -56.8
Ethylene glycol+0.25% CTAB treated Al203nano particles | -58.6 -55.5
Ethylene glycol+ 0.5% CTAB treated Al20s nano particles -57.4 -54.2
Ethylene glycol+1 % CTAB treated Al20s nano particles -53.5 -49.4

TABLE 3: Zeta potential variation of samples dispersed with pure Al1203 nano particles

. . . Zeta potential, mV with pristine Al203
Samples dispersed with A1203 nanoparticles 1+ day After 5 days
Ethylene glycol+0.125% pure Al203 nanoparticles | 30.3 10.2
Ethylene glycol+0.25% pure Al203 nanoparticles 25.8 8.8
Ethylene glycol+ 0.5% pure Al203 nanoparticles 20.8 15
Ethylene glycol + 1 % pure Al203 nanoparticles -8.7 -7.1

3.2 Determination of Thermophysical properties
of test fluids

The  existing literature has  consistently
demonstrated an enhancement in thermal
conductivity with the use of nano materials, as
evidenced by numerous research [1-31]. The
alumina nanoparticles present in the nanofluid
exhibit continuous Brownian motion, which is
characterized by stochastic movement. This motion
facilitates increased interactions between the
nanoparticles and the molecules of the fluid,
resulting in a reduction in heat resistance within the
fluid. Alumina nanoparticles exhibit a significantly
greater surface area in comparison to larger
particles or the constituent molecules of the base
fluid. The enhanced surface area enables heightened
interactions between the nanoparticles and the
surrounding fluid, resulting in enhanced heat

The dispersion of particles in liquids significantly
enhances thermal conductivity, resulting in
improved heat transmission. Fig. 6a demonstrate a
direct relationship between the proportion of
alumina nanoparticles surface modified with CTAB
and the corresponding enhancement in thermal
conductivity of the nanofluid. The thermal
conductivity of nanofluids was observed to be much
greater than that of corresponding base fluids across
all tested fluids. On the other hand, the heat
conductivity of pure ethylene glycol exhibited just a
slight rise. The impact of temperature on the
improvement of thermal conductivity is also worth
noting. The enhancement in thermal conductivity is
more pronounced at elevated temperatures.
Significant enhancements of 11%, 14%, 18%, and
22% was observed with the utilization of a 0.125,
0.25, 0.5 and 1 % alumina nanoparticles.

conductivity.
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0:327) . —— Ethylene Glycol 0.125% + AlLO,
= 030+ — Ethylene Glycol 0.25% + Al,O,
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FIG. 6: Thermal conductivity vs temperature plots for the sample ethylene-glycol with different weight % of
Al;03 nanoparticles surface modified with CTAB

Figure 6b depicts the temperature-dynamic
viscosity graphs of different nanofluids, showing an

increase in Al20s weight fractions. Nanofluids
demonstrate an observable rise in dynamic viscosity
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due to the dispersion of Al203. This enhancement is
solely found within the confines of lower
temperature ranges. The increase in dynamic
viscosity of nanofluids relative to base liquids is
insignificant at elevated temperatures. However, the
impact of temperature on the viscosity of nanofluids
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containing scattered Al203 is negligible at elevated
temperatures, as demonstrated by other prior
studies. The specific heat of ethylene glycol-water
samples containing Al20s nanoparticles was
measured using a C-Therm trident probe. The values
are presented in Table 6.

TABLE 6: The values of specific heat for Ethylene-glycol water mixture with different percentages of
Al203 at room temperature

S.No | Test fluid Specific heat, Cp, k] /kg K
1 Ethylene glycol 2.75
2 Ethylene glycol+0.125% Al;03 2.74
3 Ethylene glycol+0.25% Al;03 2.73
4 Ethylene glycol+ 0.5% Al203 2.72
5 Ethylene glycol+ 1 % Al203 3.09

Due to such low concentrations, nanofluids have less
specific heat variation compared to their base fluids.
As Al203 weight fraction increases, values decline
slightly.

3.3 Effect of surface modification and choice of
surfactant on properties

The thermal conductivity of nanoparticles in
nanofluids can be significantly influenced by the
surface modification techniques employed. The
dispersion of nanoparticles in a nanofluid leads to
enhanced thermal contact and improved thermal
conductivity. The effect of surface modification with
different surfactants and unmodified nanoparticles
on thermal conductivity is studied. Fig. 7a compares
the thermal conductivity of nanofluids with surface
modified and pristine Alz0s. It can be seen that the
nanofluids unmodified Al203 tend to agglomerate

and lose their properties. The implementation of
surface modification techniques has shown effective
in mitigating the phenomenon of nanoparticle
agglomeration. This, in turn, facilitates a more
homogeneous dispersion of nanoparticles within the
fluid medium, hence leading to a notable
improvement in thermal conductivity. Moreover,
enhanced wetting facilitated improved nanoparticle-
fluid interaction, resulting in heightened thermal
conductivity as a consequence of diminished
thermal resistance at the interface between the
particles and the fluid. Fig. 7b shows the comparison
of the efficacy of SDS and CTAB as surfactants to
stabilize Al203. Both surfactants could improve the
thermal conductivity but the improvement is more
when nanofluids are prepared with Al203 surface
modified with CTAB.
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Fig. 7 Variation of thermal conductivity with temperature a) comparison of thermal conductivity of nanofluids
with surface modified and pristine Al203 b) comparison of the efficacy of SDS and CTAB as surfactants

3.2 Correlations for thermophysical properties

Various scholars have described the rise in heat
conductivity in the prior art. Nevertheless,
significant disparities are seen in the experimental
findings. Therefore, it is imperative to utilize a
mathematical model in order to accurately
determine the thermal conductivity and dynamic
viscosity of the test fluids. When theoretical values
are derived from a predictive model, comparing

them to experimental values enables the assessment
of the model's predictive capacity. This aspect holds
particular significance when the model is used to
generate predictions on novel or unobserved data.

In order to evaluate the properties, regression
models are constructed by analyzing the
experimental data separately for thermal
conductivity and dynamic viscosity. The Minitab
statistical tool is utilized to develop a nonlinear
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mathematical model in this work. The variables
being considered include dynamic viscosity and
thermal conductivity. The dependent variables in
this study are the temperature and the concentration
of Al20s3. Regression modeling involves multiple
iterations before selecting a nonlinear regression
model with the lowest prediction error.

At first, the nonlinear model generated a
significantly large prediction error. Therefore, all the
variables are transformed into logarithmic variables
in order to be suitable for a linear model. A non-
linear model was then suggested by transforming
the linear model, which is expressed by the following
equations.

Vol 44 No. 12
December 2023

kng = 18(1+ )% (1 4+ )08 (k,)1¢ (1)

tap = 12,501+ 9)'2 (14

T

T 020 2)

Tm ax

The evaluation of the congruence between the
theoretical model and the experimental data is
facilitated by the analysis of the plot. Figure 8
illustrates the verification of equation 1 and
equation 2. The equations predict the dynamic
viscosity and thermal conductivity of ethylene glycol
nanofluids within a specific range of temperatures
and weight percentages of MWCNT. Furthermore,
both equations exhibit a maximum deviation of +3%
from the experimental data.
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FIG. 8: Confirmation of validity of a) Equation 1 for thermal conductivity and b) Equation 2 for Dynamic viscosity

4 CONCLUSIONS

These are the findings based on the results:

1. The zeta potential of nanofluids containing pure
Al203 drops rapidly within the first day and one
month, indicating poor stability. Nanofluids
distributed with surface-modified Al203 have
little zeta  potential change, indicating
remarkable stability.

2. Cetrimonium bromide is considered more suited
than sodium dodecyl sulfate for metal oxide
nanoparticles.

3. The addition of surface-modified Al:03
nanoparticles to the base liquid resulted in an
improvement in thermal conductivity by 11-
22%.

4. The increase in heat conductivity is highly
influenced by the proportion of Al203
nanoparticles and the method used to modify the
surface.

5. Within the temperature range of 50 to 70 oC, the
viscosity of nanofluids exhibits an upward trend.
The increase in thickness at elevated
temperatures, however, is insignificant. The
impact of surfactant on viscosity is insignificant.

6. A simplified correlation is proposed to predict
the effective thermal conductivity and viscosity
of ethylene glycol water mixes. This correlation is
based on weight fraction and temperature, and is
applicable to all possible combinations.
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