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ABSTRACT

In this study, the thermo physical properties of the nanofluid obtained with prepared
solution by adding as basic fluid 1.3% the diatomite nanoparticles into water were determined.
Many researchers are working to improve the performance of heat transfer fluids. One of the
methods used, if we want to increase the overall thermal conductivity of the fluid, the high
thermal conductive materials such as metal oxides, metals and carbon should be added to heat
transfer fluids as nano-sized particles. In this study, specific heat capacity, thermal conductivity
and viscosity of nanofluid obtained with diatomite nanoparticles in order to increase the fluid's
thermal performance and not found in the literature were investigated experimentally.

Keywords: nanofluids, diatomite, heat capacity, thermal conductivity.
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1. INTRODUCTION

Nanofluids, as a kind of new engineering material consisting of
nanometer-sized additives and base fluids, have attracted great attention of
investigators for its superior thermal properties and many potential
applications. There are several methods to improve the heat transfer
efficiency. These methods are increasing the surface area, improving the
thermal conductivity and increasing the temperature between the two
situations. However, increasing the surface area may not always be possible.
Increasing the thermal conductivity is one of the most commonly applied
method and different fluids are used for this. Nevertheless, the thermal
conductivity of the fluids is very low, when compared to solid. The idea of
putting high conductivity nano-sized solid particles into fluid for improving the
thermal conductivity is one of the subjects studied for many years [1]. Thermal
conductivity very good and the most widely used metallic solids particles;
copper, aluminum, silver, gold and iron, nonmetallic solids solids particles;
aluminum oxide (Al,03), cupric oxide (CuO) Titanium dioxide (TiO,), Zinc oxide
(zn0O), Silicon dioxide (SiO,) have been defined[2]. Thermal conductivity
enhancement of nanofluids depends on adding nanoparticles and the
nanoparticle aspect ratio. Compared to conventional solid—liquid suspensions
for heat transfer condensations, nanofluids dominates the following benefits.
High specific surface area and therefore more heat transfer surface between
particles and fluids. Increased thermal conductivity and exceptional theoretical
predictions. Reduced pumping power as compared to pure liquid to achieve
equivalent heat transfer intensification. Superior lubrication and decreased
friction coefficient. Reduced particle clogging as compared to conventional
slurries, thus promoting system miniaturization. Adjustable properties,
including thermal conductivity and surface wettability, by varying particle
concentrations to siit different applications [3]. However, adding
nanoparticles increases viscosity of nanofluids which limits the thermal
benefits of nanofluids. Maxwell was the first presenter of a theoretical basis to
predict a suspensions effective conductivity about 143 years ago and his
theory was applied from millimeter to micrometer sized particles suspensions,
but Choi and Eastman have presented the novel concept of nanofluids by
applying the unique properties of nanofluids at the annual Mechanical
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Engineering meeting of American Society at 1995 [4]. The works on this subject
has been quite increased in recent years. Some of these studies are
summarized below.

Xuan and Li experimentally determined the degree of enhancement in
convective heat transfer coefficient and friction factor in a compact heat
exchanger using copper—water nanofluids. The experimental studies concluded
that an enhancement in heat transfer can be achieved using nanofluids with
negligible increase in pumping power [5]. Zhen-Hua Liu et al. have reviewed
and summarized the research done on heat pipes using nanofluids as working
fluids in recent years. In other words, the effect of characteristics and mass
concentrations of nanoparticles on the thermal performance in various kinds
of heat pipes with different base fluids under various operating conditions
have been explored by they. As a result, they have shown that nanofluids have
great application prospects in various heat pipes [6]. Akbarinia et al. have
investigated to study heat forced convection Al,Os- water nanofluid flows in
two-dimensional rectangular microchannels transfer enhancement due to
addition of the nanoparticles to the base fluid especially in microchannels at
low Reynolds number in this study. it is found that constant Reynolds number
studies of nanofluids are not sufficient approach to evaluate the heat transfer
and the skin friction factor due to the nanofluids usage by they [7]. Ravikumar
et al. have studied enhancement of cooling rate of an AlSI 304 steel plate by air
atomized spray cooling with different types of surfactant additives. As a
results, it was found that enhanced ultrafast cooling rates can be useful to
produce advanced high strength steels in the steel industries [8]. Mahian et al.
have investigated the nanofluids’ applications in solar thermal engineering
systems. It was found that the effects of nanofluids on the performance of
solar collectors and solar water heaters from the efficiency, economic and
environmental considerations viewpoints by they [9]. Gunnasegaran et al.
investigated the LHP performance using silica (SiOH) nanofluid and FEM
simulation investigations with particle volume fraction of 3% and which was
used as a coolant in this study. It was found that the presence of nanoparticles
greatly enhance the cooling of LHP, and the experimental and simulation
results were found in good agreement [10]. Fang et al. investigated on the flow
boiling heat transfer of nanofluids, with an emphasis on the heat transfer
coefficient (HTC), critical heat flux (CHF), pressure drop, nanofluid stability,
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flow and heat transfer mechanism, and flow pattern and bubble dynamics. The
important achievements, inconsistence, and contradictions of the existing
research results are identified, and several topics worthy of attention for
future investigations are identified [11]. Hemmat Esfe et al. researched an
experimental study of Fe—water nanofluids to investigate the effective thermal
conductivities and dynamic viscosity of water-based nanofluids containing Fe
nanoparticles [12]. Duangthongsuk et al. have experimentally investigated the
thermal and hydraulic performances of SiO,—water and ZnO—water nanofluids
with particle volume fraction of 0.2, 0.4 and 0.6 vol.% flowing through
miniature circular pin fin heat sink [13]. Mehrali et al. investigated the impact
of the dispersed nanoparticles concentration on thermal properties,
convective heat transfer coefficient, thermal performance factor and entropy
generation. They observed an enhancement in thermal conductivity for GNP of
between 12% and 28% relative to the case without nanoparticles. It was found
that the convective heat transfer coefficient for the GNP nanofluid is up to 15%
higher than for the base fluid. However, they observed that the total entropy
generation tends to decrease when nanoparticles are added at constant
velocity and to decrease when velocity rises. Finally, it was demonstrated that
a GNP nanofluid with a concentration between 0.075 wt.% and 0.1 wt.% is
more energy efficient than for other concentrations [14].

Akhavan-Behabadi et al. made an investigation on thermal-rheological
properties and heat transfer behavior of the heat transfer oil-copper oxide
(HTO—CuO) nanofluid in smooth tubes. In addition, the heat transfer
coefficient and the performance index of the HTO—CuO nanofluid flow in
smooth tubes were also studied. As a result, they found that the nanoparticle
enhances the volumetric thermal expansion, viscosity, and thermal
conductivity of the base fluid while decreases its specific heat [15]. Li et al.
researched the thermal conductivity and viscosity of ethylene glycol based ZnO
nanofluids. They carried out that thermal conductivity increased slightly with
increasing the temperature from 15 to 55 °C and it was dependent strongly on
particle concentration and increased nonlinearly with the concentration within
the range studied. Moreover, they found that viscosity increased with
concentration as usual for ZnO nanoparticles and decreased with temperature
[16]. Shafahi et al. investigated the thermal performance of a cylindrical heat
pipe utilizing nanofluids with using the most common nanoparticles (Al,Os ,
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CuO, and TiO;). When using a nanofluid, they found a substantial change in the
heat pipe thermal resistance, temperature distribution, and maximum capillary
heat transfer of the heat pipe [17]. Yousefi et al. investigated the effect of
MWOCNT nanofluid, as absorbing medium, on the efficiency of a flat-plate solar
collector as experimentally. As a results, they observed that using the 0.2 wt%
MWCNT nanofluid without surfactant decrease the efficiency and with
surfactant increase it. In addition, for 0.4 wt% MWCNT nanofluid without
surfactant an increase for the efficiency was observed [18].

Moraveji et al. investigated the effect of using aluminum oxide nanofluid
(pure water mixed with Al,O; nanoparticle with 35 nm diameter) on the
thermal efficiency enhancement of a heat pipe on the different operating state
in this research. In other words, the thermal enhancement of the grooved heat
pipe performance by charging Al,0s nanofluid as the working fluid inside a 1
mm wick-thickness sintered circular heat pipe which is experimentally was
tested. Results show that by charging the nanofluid to the heat pipe, thermal
performance is enhanced by reducing the thermal resistance and wall
temperature difference [19]. Khedkar et al. studied on an experimental study
on concentric tube heat exchanger for water to nanofluids heat transfer with
various concentrations of nanoparticles in to base fluids and application of
nanofluids as working fluid. It observed that, 3% nanofluids shown optimum
performance with overall heat transfer coefficient 16% higher than water [20].
Fontes et al. investigated that experimental results of the thermal conductivity,
viscosity and breakdown voltage of solutions of diamond nanoparticles and
multiwalled carbon nanotubes dispersed in mineral insulating oil for electrical
transformers. From the experimental results, it was found that thermal
conductivity and dynamic viscosity increase with increasing the particle
concentration. On the other hand, and similarly to what is observed in the
literature, the addition of these nanoparticles to the oil decreases its
breakdown voltage [21]. Hemmat Esfe et al. investigated the effect of
nanoparticle volume fraction on thermal conductivity and dynamic viscosity of
Ag-MgO/water hybrid nanofluid with the particle diameter of 40(MgQO) and
25(Ag) nm and nanoparticle volume fraction (50% Ag and 50% MgO by volume)
range between 0% and 2% and presenting new correlations. According to
results with increasing the nanoparticle volume fraction, thermal conductivity
and dynamic viscosity of nanofluid increase an presented correlations show
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higher values in comparison to other existing correlations in literature [22].
Abdellahoum et al. researched the several models of the viscosity of turbulent
forced convection of Al,0; nanofluid over a heated cavity in a horizontal duct
in this study. They found that this work leads to further investigations for
viscosity of nanofluids in forced convection in separated flow, experimentally
and numerically [23].

Solangi et al. have presented an inclusive overview of recent investigations
on the thermophysical properties of nanofluids and their role in heat transfer
enhancement from different applications. In other words, they have presented
that an updated review of properties of nanofluids, such as physical (thermal
conductivity) and rheological properties, with emphasis on their heat transfer
enhancement characteristics in this study [24]. Haddad et al. have observed
the nanofluid preparation methods reported by different investigators in an
attempt to find a suitable method for preparing stable nanofluids. They have
used three methods for prepare nanofluids. These methods are sonication, pH
control and Surfactants [25]. John Philip et al. investigated thermal properties
of nanofluids. In other words, in this study provides an overview of recent
advances in the field of nanofluids, especially the important material
properties that affect the thermal properties of nanofluids and novel
approaches to achieve extremely high thermal conductivities. Though the
modest thermal conductivity enhancement in stable nanofluids is a cause of
concern for practical applications, it is found that novel approaches to achieve
thermal conductivity enhancement close to parallel modes of conduction is
very promising for innovative cooling applications [26]. Utomo et al. have
investigated thermal conductivity, viscosity and heat transfer coefficient of
water-based alumina and titania nanofluids. Results showed that titania and
alumina nanofluids do not show unusual enhancement of thermal conductivity
heat transfer coefficients in pipe flow frequently reported in literature [27].
Mukesh Kumar et al. investigated the heat transfer coefficient and pressure
drop of a helically coiled tube heat exchanger handling Al,0s/water nanofluids
is made by using computational fluid dynamics fluent (CFD) software package.
They observed that the developed CFD model gives good prediction for heat
transfer coefficient and pressure drop in a helically coiled tube heat exchanger.
Moreover, they observed that CFD work is needed by considering two phase
flow model, higher nanoparticles concentration and at higher De values for
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prediction of heat transfer coefficient and pressure drop [28]. Hajian et al.
researched the response time based on the variation of the heat pipe surface
temperature. The experiments in this study were performed as using
suspensions of silver nanoparticles in DI-water in various concentrations of 50,
200 and 600 ppm. As a result, it is found that whereas the heat pipe operation
with DI-water was more stable, by using nanofluids, the thermal resistance and
response time of the heat pipe decreased up to 30% and 20%, respectively,
compared to DI-water [29]. Yanjun Li et al. have investigated experimentally
that transition regime convection heat transfer coefficients of Zinc
Oxide/Ethylene Glycol-Water (ZnO/EG-W) nanofluid in a circular pipe where
the mass fraction of nanoparticles in the base fluid is from 0 to 5 wt.%, and
operating temperatures. As a result, it was found that the nanofluid has
maximum of 30% higher heat transfer coefficient compared to base fluid at
mass fraction of 2.5wt.%. Whereas, at higher values of the nanoparticles mass
concentrations 5wt.%, the heat transfer coefficient decreases. Furthermore,
results demonstrated that the ZnO/EG-W nanofluid might be promising
alternatives for conventional coolants [30]. Chung et al. researched the
effectiveness of ultrasonic dispersion. They found that processing volumes
should be kept small, or mixed well by mechanical stirring during the process
so as to circulate all material through the cavitation field [31].

So far in the studies, it was usually worked on nanofluids containing metal
oxide. The availability in thermal systems of the obtained nanofluids has been
investigated. Thermo-physical properties of the fluid must be determined to be
used in simulations and theoretical calculations of thermal systems.
Thermodynamic properties of the obtained nanofluid from diatomite with this
study were determined. In additions to, it has been presented advices for the
disadvantage elimination of the precipitation and grounding very common in
the literature.

2. DIATOMITE

Diatomite is a powdery, non-metallic mineral composed of the fossilized
skeletal remains of microscopic single-celled aquatic plants called diatoms. The
unique properties of diatomite including:
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* Light weight

* High porosity

* High absorptivity

* High purity

* Multi-shaped

* Rigidity

* Inertness

make it industrially useful in a variety of ways such as in liquid filtration; as

a multi-functional mineral additive; as a carrier for active ingredients and
diluents; as an aggregate; and, as a source of silica to name just a few.

Each deposit of diatomaceous earth is different, with varying blends of
pure diatomaceous earth combined with other natural clays and minerals. The
diatoms in each deposit contain different amounts of silica, depending on the
age of the deposit. As well, the species of diatom may also differ among
deposits. The species of diatom is dependent upon the age and paleo-
environment of the deposit. In turn, the shape of a diatom is determined by its
species.

The typical chemical composition of oven-dried diatomaceous earth is 80
to 90% silica, with 2 to 4% alumina (attributed mostly to clay minerals) and 0.5
to 2% iron oxide. This study is being removed from the used diatomite
Ankara's Ayas district in content are given in Table 1.

Table 1. Chemical Composition of Diatomite

Chemical | .y | ALo, | Fe203 | cao | mgo | Ot | s
structure oxide
% 92.80 | 4.2 15 | 06 | 03 | 050 | o001
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3. EXPERIMENTAL PROCEDURE

3.1. Nanofluid preparation

The size of the diatomite particles was reduced (~*50 nm) and refined to a
uniform particle size prior to any further processing via Spex-8000 ball milling
(Spex Industries, Inc., Edison, NJ). The size has a normal distribution in a range
from 40-100 nm (50 nm average diameter) as shown in Fig.1. The nanofluid
had 1,3 % (wt/wt) nano-particle content. Nano-particles of diatomite was
suspended in the base fluid (water) and the mixture was enhanced by the
addition of Triton X-100 (surfactant) to a final concentration of 0.5% with the
aim of increasing solubility of the diatomite. The diatomite nano-particles were
dispersed in deionized water through continuous pulsing for 8 hours using an
ultrasonic processor (Bandelin Sonorex Super RK514H). The container was
regularly cooled to prevent the evaporation of the surface active agent during
the preparation of the nanofluid. It is important to prevent of the
sedimentation of nano fluid in the experiment. Firstly, the size of diatomite
was decreased to the nanoform by means of high energy impacted ball milling
(Spex-8000). Secondly, surface agent called Triton X 100 was added to the
diatomite solution. Finally, nano diatomite was solved in the water by
ultrasonic bath. Since the density difference between metallic oxide
nanoparticles and deionized water is large, two kinds of techniques have been
suggested to disperse well and prevent the sedimentation of nanoparticles in
the nanofluids. One is to change pH of the nanofluid and the other is using of
surfactants. Due to the amorphous structure of the different metal oxides
present in the diatomite nanoparticles that are used in the study, the use of
Triton X 100 as the surfactant allowed the particles to disperse in deionized
water. The nanofluid was obtained using varying ratios of surfactant and the
optimal nanofluid with minimal agglomeration was achieved at a surfactant
ratio of 0.2%. The suspension of the nanofluid prior to and following the
experiment were displayed in Fig. 2.
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Fig. 1. Size distribution of the nano-particles.
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Fig. 2.Stability photograph of diatomite nanofluid (a): before experiment (b) after
experiment
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3.2. Thermo-physical Properties
3.1.1. Density

Density, viscosity, specific heat capacity and thermal conductivity thermo
physical properties of the nanofluid were measured by the following methods.
The measurement of density, the determined volume of nanofluid by weighing
with precision scales is calculated with the following formula.

P=y (1)

3.1.2. Viscosity

The measurement of viscosity, viscosity is known as the resistance to flow
of the fluid. In measuring the viscosity is used rotational method, the most
commonly used method in scientific studies. The measurement of rotational
viscosity is based on measurement of the rotational speed of the shaft and
torque required to rotate the shaft. Rotational viscometer, belong to the
‘Brookfield’ brand, has been used in the experiments conducted and the
measurement data is calculated with Rheocale V2.7 software. The
experimental setup for viscosity measurement is seen in Fig. 3.

Fig. 3. Rotational viscometer

3.1.3. Specific heat capacity

Specific heat capacity (c) is the measure of the heat energy required to
increase the temperatureof a unit quantity of a substance by a
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certain temperature interval. If the mass (m) which is a substance is
transferred (Q) much energy with heat path, temperature of the object varies
up to (AT) and specific heat is calculated by the following formula.

C:i (2)
MAT

It should be given energy as specific heat for ensure a specific temperature
change. Specific heat is also an indication of the energy stored in the materials.
It is desired that high specific heat in the nanofluid. Specific heat capacity in
our experiment has been measured by using differential calorimeter.

Thermometer [

Power supply E o :
!

Jl— Insulating
container

(polystyrene)

|
Heating cables | |
|

s

Fig. 4. Specific heat capacity measuring device

A calorimeter is a device used to measure the quantity of heat transferred
to or from an object (Fig. 4). Cover and outer surfaces coated with a dielectric
material, so that put into the cup one cold and the other hot heat transfer
between two substances is realized independent from the external
environment. Temperature change in the cup and equilibrium temperature are
measured with thermocouples every 5 seconds and are transferred to the
computer with the help of a data logger.

Putting together in an isolated mechanism against external environment
and different temperatures between liquids are heat exchange. This heat
exchange is expressed by the following equation;
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Qi =Quu (3)
Qh,w = Qc,vv + Qcontainer (4)
rnn CATh = mc CATC + Ccontainer ATh (5)
Coontajner = (Qh —Qc) / ATh (6)

is calculated as in equation.
3.1.4. Thermal Conductivity

The experimental setup for measuring the thermal conductivity of
nanofluid; it consists of two parts, cylindrical measuring unit and including the
main console. Schematic picture of cylindrical measuring unit and the main
console is shown in Fig. 5. The space which between water-cooled jacket with
heated piston filled up with fluid that will be detected thermal conductivity.
The gap interval is not thin enough to allow the natural convection of fluids
and the fluid surface area (7d,| ) and the thickness (Ar ) which is a plate the

heat transfer from piston side to jacket side.

At the outermost portion of the cylindrical measuring unit has cooling
water jacket being provided with sealing gaskets. The heater in the cylindrical
measuring unit is controlled via the main console. Aluminum plug and cooling
water temperature are read from a digital temperature display on the main
console with the help of thermocouples. Measurement data is transferred to
the computer with the help of a data logger.
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Fig. 5. Measuring the thermal conductivity of the fluid and cylindrical measuring unit

3.1.5. Theoretical analysis

Heat transfer coefficient is calculated with designed experimental setup as
follows.

Heat load of hot fluid (Q w ) is calculated by the following formula.

Q p=Mh-Cy '(Th,inlet _Th,outla ) (7)
Transfering heat from the hot fluid to cold fluid in the heat exchanger;
Q = Me: Cp,c '(Tc,outlet _Tc,inlet ) (8)

has been calculated with the formula.

Taken heat from hot fluid is equal to given heat from the cold fluid.
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Q,=Q. (9)

The heat transfer between the fluid with the pipe surface in transition
temperature of the pipe is determined in Eq.4.

Q=h-AxT,) (10)

Where h is the convective heat transfer coefficient between the fluid and

the inner surface of the pipe, A is the area of the heat transfer of inner surface
of the pipe.

As seen in Eq.10, AT, is the logarithmic mean temperature difference
between the fluid and inner surface of the tube.

ATIn _ ATinlet _AToutIet (11)
ATinlet
In( )
I P
4. RESULTS

The viscosity values depending on the temperature of diatomite is shown
in Fig.6.

12

—x—Deionized

1 water
\X — —Diatomit

[LR]
-
m
Sooe
-
a
§ 5 \
I S —
= >("‘----u-...__x

n?

n

0 10 20 30 an i ) n 80 90 m

Temperature [°C]

Fig. 6. Diatomite and water viscosity comparisons
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The viscosity of nanofluids containing diatomite decreases with
temperature. Considering the availability of thermal systems can be said to be
a suitable solution for high temperature applications (80 °C). As a result of
conducted experiments with the calorimeter, the nanofluid specific heat
capacity of 4.27 kJ / kgK have been identified. Compared with the other water
is understood that a higher heat capacity ratio of 2.15%.

In order to make comparison with experimental results reported in the
literature for testing the accuracy of thermal conductivity experiments were
performed for pure water. After the accuracy of the results obtained was
proved, the nanofluids experiments containing diatomite were performed. The
results are given in Fig.7.

1

0.9 *

0.3

0.2

0.1

0 10 20 30 40 50 60

Temperature oC

Fig.7. Experimental heat transfer coefficient for diatomite nanofluid
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5. CONCLUSION

The nanofluids containing nano-sized metal and metal oxide particles have
been shown higher performance in terms of thermal conductivity. As a result
of the conducted experiments, the diatomite nanofluid in terms of thermal
conductivity compared to pure water has been found to perform better. It was
observed that the thermal conductivity increases as the temperature
increases.

The specific heat capacity is the amount of heat per unit mass required to
raise the temperature by one degree Celsius. As a result of the conducted
experiments, the specific heat value of diatomite nanofluids were found to be
greater than pure water.

Finally, the viscosity value of diatomite nanofluid was found to be larger
than pure water. Moreover, it was observed that the viscosity value of
nanofluid decreases as temperature increases.
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