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Abstract
Nano-coolant is an engine coolant produced by mixing, Al2O3 
nanoparticles into conventional coolant. Recent investigations into 
nanofluids show that they have improved thermophysical properties 
over the conventional fluids like; water, ethylene glycol or mixture 
of water and ethylene glycol etc. In spite of best thermal design, 
materials the performance of any engine coolant is restricted due 
to its  inherited poor thermal conductivity. Solution to this problem 
can be sort out from the newly discovered nanomaterial based 
coolants (nanofluids). It has been also observed that nanofluids 
have potential to improve the performance of cooling medium 
as, they shows improved thermophysical properties over the 
conventional fluids.  This paper represents a brief   report on the  
investigations carried out on thermal conductivity and viscosity 
of Al2O3 based engine coolant in the temperature range of 25 
ºC to 45 ºC.  Engine nano-coolant is tested for different value of 
volumetric concentration (0.1, 0.3 and 0.5) of Al2O3 nanoparticles. 
Results show a maximum improved thermal conductivity of 
engine nano-coolant by 5.7% of 0.5 volume concentration (%) 
at 40 ºC. Similarly results show an increase in viscosity by 124% 
at 40 ºC.
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Ι. Introduction
An engine coolant is mixture of ethylene glycol and water in various 
ratios like 30:70, 40:60 and 50:50 respectively are mostly used in 
auto-mobiles. Water and ethylene glycol as conventional coolants 
have been widely used in an automotive car radiator for many 
years. These heat transfer fluids offer low thermal conductivity. 
An innovative way of improving the heat transfer performance of 
common fluids is to suspend various types of small solid particles 
(metallic, nonmetallic and polymeric particles) in conventional 
fluids to form colloidal. However, suspended particles of the 
order of μm or even mm may cause some severe problems in the 
flow channels like; increased  pressure drop, quickly settling of 
particles suspension,  erosion etc. But in recent years, with the 
advancement in nanotechnology, it has been become possible to 
produce suspension of nanoparticles based suspensions, called 
nanofluids. Nanofluid term was first introduced by Choi in 1995 
at the Argonne National Laboratory. The ultrafine nanoparticles 
are normally smaller than 100 nm and have remarkably higher 
thermal conductivity than base liquids. Various Researchers expect 
that these fluids may offer higher thermal conductivity compared 
to that of conventional coolants [1].
Choi [2] reported a project to target fuel savings for the automotive 
industries through the development of energy efficient nanofluids 
and smaller and lighter radiators. A major goal of the nanofluids 
project is to reduce the size and weight of the vehicle cooling 
systems by greater than 10% despite the cooling demands of 
higher power engines. Nanofluids enable the potential to allow 
higher temperature coolants and higher heat rejection in the 
automotive engines. It is estimated that a higher temperature 

radiator could reduce the radiator size approximately by 30%. 
This translates into reduced aerodynamic drag and fluid pumping 
and fan requirements, leading to perhaps a 10% fuel savings. It 
is interesting idea in these years which humans involved in the 
energy and fuel shortage crisis.
Lee et al. [3] conducted an experiment to measure the thermal 
conductivity of Al2O3 and CuO suspended in water and ethylene 
glycol. Particle sizes of Al2O3 and CuO were 23.6 nm and 38.4 nm, 
respectively. The transient hot-wire method was used to measure 
the thermal conductivity of nanofluids at a concentration range 
of 1–4% (volume). Their results indicated that nanofluids have 
higher thermal conductivity than the base fluid, and it increasing 
with the increasing value of concentration.
Wang et al. [4] studied thermal conductivity of Al2O3 and CuO 
nanofluids with a particle size of 20 nm. Each was suspended 
in water, vacuum pump oil, engine oil, and ethylene glycol. A 
steady state method was used to measure thermal conductivity. 
Their results showed that the thermal conductivity of both 
nanofluids were higher than that of the base fluids and varying 
with concentration level. The engine oil and ethylene glycol base 
fluids yielded higher enhancement than other types of base fluids. 
When compared with the theoretical model, a thermal conductivity 
ratio of the nanofluids was found to be higher.
Masuda et al. [5] studied the thermophysical properties of Al2O3–
water, SiO2–water and TiO2–water nanofluids. The transient hot-
wire method was used to measure the thermal conductivity of 
nanofluids. They found that the thermal conductivity of nanofluid 
increases by 32% at the concentration of 4.3% vol. conc. They 
concluded that temperature did not have any effect on the increase 
of relative thermal conductivity.
M. Chopkar et al. [6] studied, Al2Cu and Ag2Al nanoparticles 
dispersing about 0.2–1.5% vol. conc. these nanoparticles in 
water and measured the thermal conductivity of nanofluid using 
a modified thermal comparator. The results indicated that the 
nanofluids records 50–150% improvement in thermal conductivity. 
Both experimental results and analytical study indicated that the 
degree of enhancement strongly depends on identity/composition, 
size, volume fraction and shape (aspect ratio) of the dispersed 
nanoparticles.
Sundar and Sharma [7] obtained thermal conductivity enhancement 
of 6.52% with Al2O3 nanofluid, 24.6% with CuO nanofluid at 0.8% 
volume concentration compared to water.
L. Syam Sunder et al. [8] studied and found that that the enhancement 
in viscosity for 1.0% volume concentration of 60:40% EG/W 
nanofluid is 2.94 times, 40:60% EG/W nanofluid is 1.61 times and 
20:80% EG/W nanofluid is 1.42 times compared to the same base 
fluids at a temperature of 50 ºC. The enhancement in viscosity 
for 1.0% volume concentration of 60:40%  EG/W nanofluids was  
2.13 times, 40:60% EG/W nanofluid is 1.92 times and 20:80% 
EG/W nanofluid was 1.4 times compared to the same base fluids at 
a temperature of 0 ºC.  The magnetic nanofluids can comfortably 
use as heat transfer fluids. The unique advantage of these fluids 
is having magnetic response even if the nanoparticles are fully 
dispersed in the base fluid.
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II. Preparation and Characterization
Engine nano-coolant is a coolant in which particles of nanometer 
dimensions are mixed. The preparation of nano-coolant is an 
important aspect to achieve uniform and stable suspension.  In the 
present study, Al2O3 is used as a nanoparticle and engine coolant 
(ethylene glycol: water, 30: 70) as a base fluid. The material of 
nanoparticles is chosen as Al2O3 because it is chemically more 
stable and its cost is less than their metallic counterparts. The 
properties of Al2O3 are given in Tables 1. The properties of 
ethylene glycol with different weight percentages in water are 
given in Table 2.  The pictures of Al2O3 nanoparticles obtained 
from the Transmission Electron Microscopy (TEM) are shown 
in fig. 1. The X-Ray diffraction is also shown in fig. 2. Nanofluid 
with 0.1%, 0.3%   and 0.5% vol. concentrations is prepared for 
the experiments. Nanoparticles of the required amount and base 
fluid are then mixed together. Ultrasonication is done for 4 hours 
in order to stabilize the dispersion of the nanoparticles. 

Table 1: Properties of Al2O3 Nanoparticles
Property Unit Value
Purity % 99.99
Avg. particle dia. nm 20 
Molecular mass g/mol 100.96
Density Kg/m3 3880

Table 2: Ethylene Glycol Boiling and Freezing Point Vs. 
Concentration in Water. [Wikipedia]

Fig. 1: TEM Photograph of Al2O3 Nanoparticles

Fig. 2: X-Ray Diffraction (XRD) of Al2O3 Nanoparticles

ΙΙΙ. Experimental Apparatus and Procedure
In this study, engine nano-coolant is prepared by mixing Al2O3 
nanoparticles (EC: water, 30:70) and nanoparticles of size 20 nm. 
Ultrasonic vibrator is used to mix the nanoparticles with base fluid. 
The experimental methods and approach are as follows: 
1. Measure the weight of Al2O3 nanoparticles and calculate its 
volume concentration %.
2. Sonication is done for Al2O3-engine nano-coolant solution in 
an Ultra sonicator shown in fig. 3 (Oscar Ultra sonicator Pr-250 
MP) for 4 hours till any sediment appears. 
3. Thermal conductivity data is collected by using KD2 pro shown 
in Figure 4 (Decagon Devices, Inc. USA) in the temperature range 
(25-45 ºC). 
4. Viscosity data is collected by using Viscometer shown in Figure 
5 (Brookfield DV-III Rheometer) by controlling temperature (25- 
45 ºC). 

Fig. 3: Oscar Ultra Sonicator, Pr-250 MP



IJRMET Vol. 3, IssuE 2,  May - ocT 2013  ISSN : 2249-5762 (Online)  |  ISSN : 2249-5770 (Print)

w w w . i j r m e t . c o m 186   InternatIonal Journal of research In MechanIcal engIneerIng & technology

Fig. 4: KD 2 Pro Instrument

Fig. 5: Brookfield DV-III Rheometer

ΙV. Result and discussion 
Thermal conductivity and viscosity behavior of engine nano-
coolant having Al2O3 nanoparticles of size 20 nm mixed in the  
30:70 ratio of Engine Coolant (EC) and water respectively, is shown 
in various figures. The effect of parameters like; temperature and 
volume concentration % on thermal conductivity and viscosity 
have been investigated. With rise in temperature (25-45°C) thermal 
conductivity increases and also the corresponding increase is more 
for higher value of volumetric concentration (0.1-0.5% by Vol.), Fig. 
6. This shows the ability of the nano-coolants to conduct heat faster 
at higher temperature.  Variation in the thermal conductivity with 
temperature as well as with volume concentration of nanoparticles 
is observed as a linear. Fig. 7 & 8 shows the effect of temperature 
and volumetric concentration on the viscosity of nano-coolants. 
Viscosity increases with increase in the volume concentration of 
nanoparticles. It decreases with increase in temperature. It has 
been observed that decrease is sharper at higher temperature than 
the lowered value of temperature.

Fig. 6: Effect of Temperature on Thermal Conductivity of Al2O3-
Engine Nanocoolant (20 nm)

Fig. 7: Effect of Volume Concentration on Thermal Conductivity 
of Al2O3-Engine Nanocoolant (20 nm)

Fig. 8: Effect of Temperature on Viscosity of Al2O3-Engine 
Nanocoolant (20 nm)
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Fig. 9: Effect of Volume Concentration on Viscosity of Al2O3-
Engine Nanocoolant (20 nm)

V.  Conclusion
In the study, the thermal conductivity and viscosity of Al2O3-engine 
nano-coolant have been investigated. It is found that the volume 
concentration have significant effects on thermal conductivity and 
viscosity. Results indicate that thermal conductivity and viscosity 
increases with the increase of the volume concentration (%). 

Thermal conductivity and Viscosity characteristics should 1. 
be considered before implementing nanoparticles in engine 
coolant. 
Thermal conductivity increases with temperature while 2. 
viscosity decreases with temperature. 
The maximum improved thermal conductivity on 0.5% vol. 3. 
concentration, by 5.7% at 40 ºC.
The enhancement in viscosity on 0.5% vol. concentration, 4. 
by 124% at 40 ºC.

From this investigation, it has been observed that thermal 
conductivity at 0.5% volume concentration is high than 0.3% 
and 0.1% vol. concentration, but the difference between 0.3% and 
0.5% is very low. On the other hand viscosity increases at faster 
rate beyond 0.3% volume concentration of Al2O3 nanoparticles. 

An optimal volume concentration should be taken 0.3% 5. 
volume concentration (compared to 0.1% and 0.5% vol. 
conc.) in its heat transfer performance as after this there is 
sharp increase in the value of viscosity 
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