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Abstract: Nanofluids which are known as new generation of thermal fluids have particular features
which were affected on their behavior. One of these features is response of nanofluids to temperature
changes. Ultrasonic mixer is used to prepare the nanofluid. Ultrasonic mixer sends out waves and the
wave itself makes the heat. Numbers of encounters between nanoparticles also are increased by
increasing the temperature. These collapses may lead to agglomeration or recrystallization of
nanoparticles. In this work, the attempted made to study structural changes of nanofluid as increasing
the temperature which is very important for engineering designs. Water-copper oxide and also water-
alumina nanofluids was used.
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INTRODUCTION

Nanofluid is mixture of suspended nanoparticles in pure fluid to increase thermal conductivity of traditional
thermal fluids (Wang & Mujumdar, 2007). Preparation of nanofluid is a prerequisite of using them in various
applications. It is carried out in two methods, single step and double steps. In single step method, vapor of
metals is taken inside of base fluid directly and is mixed with the fluid (Trisaksri & Wongwises, 2007).

In double steps methods, prepared nanoparticles are mixed in base fluid in required amount (Putra et al.,
2003). In this work, we focused on the second method. When the nanoparticles were added to base fluid, an
ultrasonic mixture is needed to homogenize and disperse the nanoparticles uniformly. There are two main types
of ultrasonic mixer. First type is called vibration tray and second one is ultrasonic prop. In the first type (see
Figure 1 ,a), the test beaker is put inside the dished tray which was filled with water partly. Due to the effect
of ultrasonic waves, the tray is vibrated and the waves are transferred to beaker and sample. It leads to mix
the nanofluids. In prop type which include a prop and controller as shown in Figure (1 ,b), the generated
waves directly were sent out into sample without any sensible vibration and were mixed the nanofluids.

The important point to mention here is that the waves generate the heat and increase the sample
temperature. We study the effect of using ultrasonic prop on increasing the nanofluid temperature.

First, the rate of increasing the temperature of the pure distilled water was measured. It is obvious that
all generated heats were from the ultrasonic waves. Whole time duration of this test was about 60 minutes.
Diagram of temperature increasing rate of water is shown in Figure (2). As it is clear in this Figure, rate of
water’s temperature to time gets increased through decreasing slop and in temperature about 73ûC reach to
stable state. Since any other heat generators were not used in this test, it is assumed that the whole generated
heat was from the waves which were scintillated from ultrasonic prop.

The tests were continued with nanofluids. Two types of nanofluids were used in different mass particle
concentrations. The used nanofluids include the alumina nanoparticle and water and also copper oxide
nanoparticles and water in 1%, 2%, 3%, 4% mass concentrations. Supplementary information of nanofluids
components is brought in Table (1). To compare the effect of soluble impurity and insoluble impurity, solution
of water and sugar in same mass concentration to nanofluids also were used. First, alumina nanofluids were
tested. Alumina nanoparticles are white originally and when they were mixed in water and used the ultrasonic
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Fig. 1: (a) Ultrasonic tray and (b) Ultrasonic prop

mixer, the color of suspension is changed to grey. Temperature changes of alumina nanofluids versus of time
intervals in each concentration of nanoparticles and the same test conditions were recorded. Then the same
process was carried out for copper oxide nanofluids. Result of these tests ware shown in Figure 3 to 6.

Table 1: supplementary information about properties of nanofluids component
k ρ Cp μ Color size

D-W 0.614 995.8 4179 0.00086 Non color -
Al2O3 40 3970 - - white 10 nm
CuO 69 6390 - - black 40 nm

RESULT AND DISCUSSION

Obtained results for nanofluids were illustrated that the temperature in nanofluid was increased in lower
ranges than pure water. Present of impurity such as soluble or insoluble particles decrease the temperature
range of new fluid than pure one. Let say in the other way more power is needed to increase the temperature
of impure fluids which leads to increase the boiling point of impure fluids and it is logically true. Therefore,
range of temperature versus time is lower for impure fluids than pure one as Figure 6. The temperature ranges
of nanofluids are higher than solutions. Increasing the particle concentrations in same material and decreasing
particle size in same concentration causes the rate is increased. Reasons of this higher temperature rate of
nanofluids than solution may be from:
C Temperature increasing due to collapse between particles
C Temperature increasing due to fraction between nanoparticles
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Fig. 2: The temperature increasing versus time for pure water

Fig. 3: Comparing the temperature increasing versus time for water-alumina nanofluids in different mass
concentrations

Fig. 4: Comparing the temperature increasing versus time for water-copper oxide nanofluids in different mass
concentrations



Aust. J. Basic & Appl. Sci., 5(9): 979-984, 2010

982

Fig. 5: Comparing the temperature increasing versus time for water-sugar solution in different mass
concentrations
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Fig. 6: Comparing the temperature increasing versus time for all samples in different mass concentrations

These two reasons can compensate part of heat lost from impurity. Movement of nanoparticles in
suspension was increased by increasing the mixture temperature. Due to this kinetic movement, agglomerated
particles were busted when collapsed each other. It leads to increase the number of particles and also increases
the probability of contact between the particles. Collapse among particles causes to change the potential energy
of particles to kinetic one, generation of heat, and increase the speed and numbers particles collapse. Moreover,
when the particles cross each other, rubbing fraction between surfaces of particles increase the temperature of
system. Therefore temperature values of nanofluids are grater than solution in the same conditions. This similar
phenomenon can be seen in water-CuO nanofluid and also water-sugar, too.

Collapse effect and fraction effect are dependent on each other and impossible to measure them separately.
Range of effect of each of them is uncertain. Thus, different increasing range of temperature can be seen for
various particle concentrations. As it was shown in Figure 3 temperature range of alumina-water 4% is higher
than 2%. However 2% mass concentration is grater than 3%.

Another point to mention is those particles dividing by ultrasonic mixer strongly depend on temperature.
As the temperature is increased, not only agglomerated particles do not get separated from each other, but also
they joint and make big crystalloid particles due to Van-der Vals force (Wen & Ding , 2005). These big
particles easily settle due to the increasing their mass and become heavy particles and also the crystalloids
particles are never separated even by ultrasonic mixer. Thus, care must be paid to keep the operation
temperature in low range when the ultrasonic mixer is used for preparation of nanofluids. It can be carried out
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by using cold water bath. In this technique the beaker of sample is put in a big container. The fluent water
in low temperature flows through the container. It is suggested that using a cover such as aluminum foil on
top of the beaker is useful to avoid evaporation of sample.

Summary:
Due to the present of nanoparticles, nanofluids show different behaviors than pure fluids. When the

preparation of nanofluid is carrying out by double steps technique, using ultrasonic mixer is unavoidable.
Nanoparticles increase the temperature of nanofluid when it is prepared in ultrasonic mixer than other impure
fluids. Sending out the waves from ultrasonic prop, collapsing between particles, and touching fraction between
particles are the main reasons of increasing the temperature of operating suspension than solution. Thus, it is
concluded that boiling point of nanofluids is higher than pure fluids and also lower than solutions. This
unexpected temperature increasing not only lacks helping to make homogenized mixer, but also causes to
reagglomeration and recrystallization of the particles and their fast settlement.
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