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ABSTRACT

Radiators are compact heat exchangers, optimized and evaluated by considering different working
conditions. The cooling system of a car plays an important role in vehicle’s performance, consists of two main
parts, known as radiator and fan.improving thermal efficiency of engine leads to increase in engine performance. In
this study, adding silicon dioxide (sio2) and copper oxide(cuo) nanoparticle to base fluid (water) in car radiator is
investigated experimentally. Effects of fluid inlet temperature(t;), the flow rate(m) and nanoparticle volume fraction
on heat transfer are considered. Results show that nusselt number(nu) increases with increase of liquid inlet
temperature(t;), nanoparticle volume fraction and reynolds number(r).

INTRODUCTION

The cooling system of most wind turbines usually requires high electric consumption to establish and sustain
the airflow and, therefore, it increases the amount of dissipated heat. In addition, in the former case, the airflow can
carry a large amount of dust, sand, salt, etc. within the nacelle, whereas in the late case the heat exchanger affects
the airflow around the turbine, thus making more difficult its control. The rise in size of new generation wind
turbines increases the heat to be dissipated to make the system work properly and efficiently. This work
investigates the potential performance of an innovative cooling system, based on the use of the wind turbine tower
as heat exchanger, here after referred to as Heat Exchanger , coupled with the use of innovative heat transfer
fluids, made of a mixture of water and nanoparticles, hereafter referred to as nanofluids.

This solution gives many advantages versus the traditional cooling systems, under the point of view of the
contaminations from moisture, salt, sand or other impurities into the nacelle. The new cooling technique can be
used both for onshore and offshore wind turbines, but the advantages are more evident in the second case, due to
the most severe operating conditions. The use of nanofluids represents a possible solution to enhance the
performance of water-cooled systems. Since 1904, Maxwell (Q.Xue, 2005)(Yimin, 2000) proposed to use high
conductive particles suspended in a liquid to increase heat conductivity in common heat transfer fluids. Nanofluids
are engineered colloidal suspensions of nanoparticles (1-100 nm) in a base heat transfer fluid such as water, organic
or metal liquids, etc. Nanoparticles are typically made of chemically stable metals, metal oxides or carbon.

Solid particles have higher thermal conductivity than liquids and, therefore, this contributes to enhance heat
transfer (Yurong, 2007)(A.G. Agwu, 2007)(ging, 2003), momentum and mass transfer and reduces the
sedimentation and erosion (Y. Hwang, 2007). Such enhancement also depends on other factors, such as particles
shape, volume fraction and thermal properties (P.Keblinski, 2002)(Seok, 2007)(ASTM D)(alessandro, 2007)(Kau,
2008). First studies investigated millimeter or micrometer particles sized, but, although revealed some
enhancement, their dimensions caused quick sedimentations, abrasions and clogging . Nevertheless, such studies
revealed a rise of 20% in thermal conductivity of nanofluids using 4%vol of CuO nanoparticles, with average
diameter of 35 nm, dispersed in ethylene glycol. A similar behavior has been observed with Sio, nanoparticles and
better results were obtained by using Cu nanoparticles or Carbon Nanotubes .
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Figure.1.Thermal conductivity of nanofluids
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Nanofluid characterization: In order to acquire significant data on the thermal properties of nanofluids mixtures
of base fluid with different commercially available nanoparticles have been tested. The used nanoparticles are

reported in table 1.

Table.1.Powders used in the nanofluids samples

Material denEEji%?m% Mean size (nm) | Thermal Conductivity (W/m K)
CuO 6.50 19.29 20.0
Sio; 3.97 22.91 25.1
Zn0O 5060 70 29.0

Liquid phases used in the nanofluids samples is demineralised water with non ionic dispersant, to stabilize
the suspension. The nanofluids thermal conductivity was measured through an instrument based on hot-wire
technology which is a standard method to measure thermal conductivity of non-metallic liquids according to the
standard ASTM D 2717 — 95 (ASTM D).

The experimental apparatus is made by a short platinum wire welded on the support and immersed in a
cylindrical cell where the nanofluid sample is placed. Besides, a thermocouple measures the average temperature in
the measuring cell. Border effects on the wire are negligible and thermal conductivity value is not dependent on
eccentricity between wire and internal surface cell, as demonstrated by equation (1).

9AT _ q 1)
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Where AT [°C] is the difference between fluid temperature and a reference temperature, k [W/m K] is fluid
thermal conductivity, g [W/m] is heat flux and t [s] is the time. In the apparatus used in this work, a platinum wire
(with diameter of 0.1 mm and length of 35 mm) and a thermocouples are connected with an electronic device that
allows the simultaneous determination of the thermal conductivity and the average temperature. Reproducibility is
+1%. To assure a perfect mixing between the nanoparticles and the base fluid both liquid and solid phases, were
mixed for 60 minutes with magnetic homogenizator. The suspension then was shacked in an ultrasonic vibrator to
break clusters of nanoparticles. The solid volume fractions in these samples were 1.0%, 2.0% and 3.0% and the
only temperature investigated was 20°C. H.O TS identifies thermal conductivity of the base fluid (water with no
powders inside). Figure 1, Figure 2 and Figure 3 show experimental data. The results obtained with these samples
were in accordance with those presented in literature. As expected thermal conductivity is directly proportional to
volume fraction and best results have been obtained with Sio, nanoparticles.
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Figure 3: Experimental data for nanofluids with
water and dispersant and CuO
Table 2: Sio; properties
Chemical data

Figure 2: Experimental data for nanofluids with
water and dispersant and Sio

Chemical symbol Sio2
CAS No. 7631-86-9
Grou silicon 13
P Oxygen 16
. . . silicon [Ne] 3s%3p!
Electronic configuration Oxygen [He] 252 2p*
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Figure 4: Experimental data for nanofluids with Figure.5. Thermal conductivity of engine oil
water and dispersant and SiO;
COOLING SYSTEM CONFIGURATION

In the present investigation two cooling system options have been considered and each solution is
characterized by two steps, as Figure 4 and Figure 5 show. The first heat exchanger placed inside the nacelle of the
wind turbine is the same for both the two configurations described. It is conceived to work with nanofluid as heat
transfer fluid. This solution can assure good heat extraction from the electric and electronic part preventing
overheating in a better way than traditional fluids because nanofluids are capable to enhance the heat transfer per
unit of area that is the weak point of the electric devices that produce a big amount of thermal power in a small
area. The enhancement of heat transfer from the electric and electronic devices can be a very important goal to
assure long technical life and less maintenance costs.

In the first option (Figure 4) the waste heat is dissipated through the tower. To obtain this result the internal
side of the tower should be welded to a spiral pipe with a step of 10 cm and an internal diameter of 2 inch. In this
way the wind tower can be used as a heat dissipater. The second option considers the possibility to dissipate the
waste heat directly in the sea, using a titanium heat exchanger in order to minimize the maintenance costs. Both
options were referred to a typical to 2/3 MW wind turbine and typical dimensions are reported in Table 2. In the
option 1, to simulate the overall performance of the cooling system model has been built. Heat transfer from the
tower to the ambient has been modelled according to the theory of external flow normal to the axis of a circular
cylinder. According to this theory the local Nusselt number varies with the nature of the boundary layer
development on the surface and therefore is a function of the angular position, defined as in Figure 4.

Correlations may be obtained for the local Nusselt number, and at the forward stagnation point for Pr>0.6,
boundary layer analysis yields an expression of the form:

Nu,($=0)=1.15-Re’?. Pr'® @

However from the standpoint of the engineering calculation carried out in the present investigation the empirical
correlation due to Hilpert and reported next as equation (3) was used.

Nu _hD =C-Re"-Pr®
3)

Where C and m are constant that for Rep number greater than 108 are equal to 0.076 and 0.7, respectively.

It is important to notice that the above correlation is reasonable only for high values of the Reynolds number (Rep
>10°%). To simplify the calculations each spire of the tower heat exchanger has been considered separately with its
boundary conditions linked to the previous and following one. In particular the inlet water temperature is the outlet
water temperature of the previous spire. In this way it is possible to approximate the heat flux along the spire
surface as a constant and to have a good approximation in the results.

Three cases have been investigated to evaluate the portion of the tower that must be employed to assure a
proper heat dissipation at different external air temperatures, as Table 3 shows. Calculations have been carried out
considering that the typical waste thermal power for a 2 MW wind turbine is around 100 kW and thus the heat
exchanger has been designed to dissipate this thermal power. Figure 6 shows the results obtained for the 3 cases
considered: the minimum height of the tower heat exchanger has been calculated in function of the inlet
temperature of the heat transfer fluid, from a minimum of 60 °C to a maximum of 90 °C. In particular in the figure
each curve is referred to a different external air temperature.
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Considering the highest temperatures: 40°C for external air and 90 °C for heat transfer fluid it is evident that
the minimum height of the exchanging tower should be equal to 15 m, instead with 40 °C for external temperature
and 50 °C for heat transfer fluid this value rises up to 40 m. Both these results are compatible with the wind tower
height, which is 80 m. In the second option (Figure 6) the tower heat exchanger is substituted by a closed hydraulic
circuit that exchanges thermal power with the sea through an additional titanium heat exchanger. This solution is
simpler than the first one, but can yield more problems because of the use of sea water as heat transfer fluid.

casel | case2 | case3

Air velocity m/s | 14 14 14
Air temp °C 20 30 40
Table 3: Case under investigation
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Figure.7.Height of the exchanging tower for 3 cases
CONCLUSIONS

From the above results, the following conclusions are made to improve efficiency and enhancement of heat
transfer. The convective heat transfer enhancement of sio2-water nanofluid as the coolants inside the aluminium
tubes of car radiator has been investigated. As heat transfer can be improved by nanofluids, in automobile radiator
can be made energy efficient and compact
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