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Abstract: Thermal difusivity is one of the properties of fluids. It is defined as speed of dispersant
of heat in fluids. Knowing the thermal difusivity coeficient is necessary for most calculation of fluid
mechanic or heat transfer. It is usually used the proportion of thermal conductivity above time of
density and specific heat to calculate the thermal difusivity coeficient. Near years ago it was appeared
the new generation of thermal fluid with name of nanofluid. Researches were shown that nanofluids
don’t follow the most of principal equations of fluid mechanic and heat transfer [9]. That’s why using
above proportion for nanofluid to calculate thermal difusivity is doubtful and the accuracy of result
is questionable. This work is attempted to find a depended model to time from thermal difusivity of
well-known fluids to predict the thermal difusivity coeficient of nanofluids.
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INTRODUCTION

Naturally, there is a regular pattern for every phenomenon. If it is found a phenomenon which does not
follow the human being’s discovered scientific principals, certainly the principal has a problem and must
improve. Recently, base on attempts of some researchers such as (Buongiorno, 2006) new thermal fluids was
recommended, which do not follow the common governor equations such as viscosity (Brinkman, 2004),
thermal conductivity (He, et al., 2007), thermal diffusivity (Wang et al., 2007) equations ant etc. However,
these new fluids as other materials must have logical correlations to predict their physical properties. One of
properties of each fluid is thermal diffusivity coefficient which is explained as speed of diffusion of heat in
fluid (Gustafsson et al., 1979) and shown by (α). The most well-known formula which is used to calculate
thermal diffusivity is:
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Where k, ρ, and Cp are thermal conductivity, density, and specific heat, respectively. In this work we attempt
to obtain a logical graph to predict the thermal diffusivity of nanofluids by comparing the proportion of thermal
diffusivity of some pure common fluid such as water, ethylene glycol, glycerol and olive oil.

Table 1: Thermal Diffusivity Coefficient of Used Common Pure Fluid in 25ûc (Zhang et al., 2006)
Fluid Thermal diffusivity coefficient (× 10-2) Cm2/s
Distilled water 0.1445
Ethylene glycol 0.1278
Glycerol 0.1812
Olive oil 0.10881

Our suggested model in this work is base on time duration which temperature of the fluid is reached to
certain temperature in same heat power, primary temperature and conditions. The test setup was included a
beaker which its capacity was 80ml and all outer surface of it except of base insulated by 4mm thickness
cotton. The beaker was putted on an electrical heater. Material of element of this heater was tungsten wire and
was heated by electrical power. Above surface of this heater was covered by aluminum foil as all generated
heat transfer to base of beaker. A thermometer was used at the elevation of 35mm from the base of beaker
to measure the increasing of sample temperature. Test setup is shown in Figure 1. Length of the tungsten wire
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was short (about 90mm) and could not outstand against the 220volt electricity and may disjoint. That’s why
an electricity transformer was used before heater to decrease the voltage to 24volt and current to 10 ampere.

Fig. 1: Test setup

Procedure of test:
Primarily, temperature of sample was decreased below 1 5ûC by using cold water bath. Then it was

poured inside of the beaker up to 50mm of its base. The thermometer was shown the sample’s temperature.
It must wait to increase the temperature of sample near 1 5ûC by effect of ambient temperature. Upon its
temperature reached to 1 5ûC, the heater was turn on and a chronometer was started simultaneously. The time
duration which the temperature of sample reaches to 25ûC should be measure and record as table (2). It was
applied for all common fluid. Comparing graph is also shown in Figure (2). As table (1), we know the thermal
diffusivity of pure fluids and can create a model for thermal diffusivity of them by Maple 9 software. The max
error of this new model was calculated from equation 1 and equal to 3.68 %. Now we can test the nanofluids

Table 2: Duration of Test for Poure Fluids
fluid duration of test (s)
Distilled water 2,25,3 3
Ethylene glycol 2,19,76
Glycerol 2,53,05
Olive oil 2,06,74

Fig. 2: Graphs of result

Preparation of Nanofluids:
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Nanofluid is a mixture of metallic or non metallic suspended particles in size of nanometer in pure base
fluid (xuan and Li, 2000). One of the most benefits of nanofluid is using very great thermal conductivity of
particles to increase the thermal conductivity of base fluid. The used nanofluids in this work are mixture of
copper oxide nanoparticles and distilled water. The tests carried out on each of the nanofluids in particle
concentrations of 1%, 2%, 3%, and 4% of mass. Supplementary information of nanofluids component is
brought in Table (3)

After mixing the nanoparticles and base fluid in determined amounts (see Table 4), it was putted the
mixture in ultrasonic mixer in 10 hours to homogenize perfectly (xuan and Roetzel, 2000). Using ultrasonic
mixer for nanofluid increases the temperature of mixture. Therefore, it was strongly suggested to cover the top
of beaker to provide evaporation and also use the cold water bath to decrease the temperature of setup (see
Figure 3). Then the procedure used for last pure fluids should follow for nanofluids. No any surfactant was
used in making nanofluids.

Table 3: Supplementary Information of Nanofluids
components Thermal conductivity (W/m.C) Density (kg/m3) Specific heat (J/kg.C) Size color
Distilled water 0.6 998 4180 - No color
Al2O3 40 3970 - 10 nm white
CuO 67 6310 - 30- 50 nm black

Table 4: Determined Components Amounts to Preparation of Nanofluids
Mass percent Amount of particle Amount of water 

Al2O3 1% 0.8 79.2
2% 1.6 78.4
3% 2.4 77.6
4% 3.2 76.8

CuO 1% 0.8 79.2
2% 1.6 78.4
3% 2.4 77.6
4% 3.2 76.8

Fig. 3: Ultrasonic mixer and cold water bath

>fit[leastsquare[[x,y]]] ([[126.74,139. 76,145.33,173.05] ,[0.10881,0.1278,0.14 45,0.1812]]);

This formula is
Y = 0.001565700539 X - 0.08835923274. (2)

RESULT AND DISCUSSION

Result of our tests for nanofluids is shown in Table 5. As the time duration of test for each nanofluid,
thermal diffusivity of each sample can be calculated by using formula 1.
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Table 5: Test Duration of Nanofluids Test Duration of Nanofluids
Particle mass concentration Test duration (s) Thermal diffusivity (× 1 0-2) Cm2/s

Al2O3 1% 138 0.127707
2% 155.9 0.155733
3% 162.31 0.16577
4% 173.4 0.183133

CuO 1% 174.98 0.185607
2% 189.1 0.207715
3% 201.17 0.226613
4% 221.7 0.258757

Conclusion:
Thermal diffusivity is a property of fluids which play a key role in their heat transfer behavior. Unknown

properties of some fluids can be predicted by mathematical and numerical correlations. In this research, we
used the known date of common fluids to make a comprehensive numerical formula to predict the same
property of other fluids such as nanofluids which the property is unknown.
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