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Abstract— In this paper research has been carried out to 

determine the thermal performance of automobile radiator 

under real operating conditions using two different nanofluids 

and comparing the heat transfer capacity and flow rate of 

copper and titanium di oxide nanofluids in an automobile 

radiator. In this paper preparation of nanofluids by dispersing 

nanoparticles in the base fluid with 0.1% weight 

concentration. In this experimentation the test fluid flows 

through radiator consisting of 37 vertical tubes with elliptical 

cross section while air flows over the tubes with constant 

speed. The liquid in radiator flows in the range of 1-5 lpm to 

have Reynolds number in the range of 3000 to 20000. Results 

show heat transfer comparison and flow characteristics of the 

individual nanofluids.    
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I. INTRODUCTION 

In today’s world the need of energy consumption is 

increasing day by day, thus our major tasks is to maintain the 

energy available and to increase the heat transfer rate. In 

automobile sector, for cooling purpose radiator plays an 

important role in heat exachange. While Combustion of fuel 

in cylinder produce large quantity of heat and increase in 

temperature of components. Heat is absorbed by various parts 

such as cylinder, piston, and oil. For the greater power 

demand there is increase in temperature of engine. Therefore 

for protecting parts from overheating, they must be cooled by 

an secondary cooling system.  

This heat energy can be efficiently removed with 

help of radiators. Radiators are crossflow heat exchanger, 

which transfers heat from the fluid flowing through the tubes 

to air outside. Thus cooling the fluid from inside which in turn 

cools engine. Hence normally radiators are fix on the front 

side of the vechile to receive adequate amount of air and thus 

cool the engine.  

Commonly used coolants like water, ethylene      

glycol are not efficient enough to improve the car’s 

performance. Therefore with the research in this field with 

introduction of ‘nano-materials’ and ‘nano-fluids’, it is 

observed that increase in the heat transfer of automobile 

radiator and the cooling efficiency of the radiator is 

improved. 

Now a days a new type of coolants are being tested 

and researches have been carried out to study the enhanced 

heat transfer rate of a radiator by using nanofluids. 

Nanofluids are those fluids which carry some additional very 

small sized solid particles typically of order of nanometer in 

the base fluid coolants. Addition of such nano particles 

increases the effective surface area which increases the heat 

transfer rate ultimately. The added advantage of using this 

method is that it does not require any design changes to the 

existing radiator design. 

Such fluids have a high efficiency heat transfer 

characteristics as compared to conventional fluids as these 

have higher thermal conductivity than other fluids. Some 

typical nano particles made up of pure metals are iron (Fe), 

Copper (Cu), Gold (Au), silver (Ag). Nano particles of metal 

oxides likes copper oxide (CuO), Ferro ferric 

oxide(Fe3O4),silicon dioxide (SiO2), Zinc oxide (ZnO), 

Titanium dioxide ( TiO2), aluminum oxide (Al2O3) are also 

used. Silicon carbides, titanium carbides, silicon nitrides and 

aluminum nitrides are the common carbides and nitrides used 

particle size, specific surface area and thermal 

conductivity.the governing heat transfer equation of a heat 

exchanger is Q=mCp(Tin-Tout) where, Q= amount of heat 

transferred, m= mass flow rate, Cp= Specific heat of Fluid 

and Tin and Tout are inlet and outlet temperature of flowing 

fluid. [2] [5] 

 

II. EXPERIMENTAL APPARATUS 

Fig. 1 shows, the experimental test apparatus used in this 

research includes flow pipes, a storage tank, a heater, a 

centrifugal pump, a flow meter, a forced draft fan and an 

automobile radiator. The pump gives a constant discharge of 

20 liters/min, the flow rate to the test part is adjusted by 

appropriate adjusting of a globe valve on the recycle line. The 

fluid used as test fluid fills 25% of the storage tank whose 

total volume is 25L. The total volume of the circulating fluid 

is same in all the experiments. A Rotameter was used to 

control and regulate the discharge with the accuracy of 0.5 

liters/min. For heating the test fluid, an electrical heater used 

to maintain the temperature between 65 and 700C. Two 

thermocouples were used on the pipes to measure radiator 

fluid inlet and outlet temperatures. Four thermocouples (K- 

type) were used for radiator wall temperature measurement. 

These thermocouples were installed at the equal distance 

from periphery of the radiator surfaces i.e. four sides.[1] [3] 
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Fig. 1: Experimental setup 

The position of the thermocouples on the surface has been 

selected so that they give the average wall temperature. When 

the experiment is on, the position of the thermocouples gives 

the average value of the readings was selected as a point of 

average wall temperature. The radiator wall is constructed 

with aluminum tubes so the tubes are having high thermal 

conductivity. The tubes are having very small thickness so 

that it can be assumed that inside temperature is same as 

outside wall temperature. Rotameter also known as 

flowmeter are calibrated with the standard volume flask.[8] 

The temperature reading is obtained by digital display with 

an accuracy of 0.10C.  

The configuration of the automobile radiator used in 

this experiment is of the louvered fin-and-tube type, with 37 

vertical tubes with ellipse-shaped cross section. While the 

fins and tubes are made up of aluminum. For cooling the 

liquid, a forced fan (1400 rpm) was installed close and face 

to face to the radiator.[6] 

The test fluids were water based nanofluids which 

consist of water and small amount (0.1 wt.%) of copper and 

titania nanoparticles. The mean particle size of this particle is 

20 nm. Sodium Lauryl Sulphate (SLS) was added as 

dispersant or stabilizer added to nanofluid. This is due to the 

fact that the addition of dispersant in nanofluid help the 

particle remains stable in the base fluid. The quantity of 

dispersant added in the nanofluid is much lesser so that its 

effect may be neglected. Also, as the whole fluid is in 

continuous motion and highly turbulent so that it assumed 

that the particle is well stable in base fluid water. In this paper 

forced convection heat transfer coefficients and Nusselt 

number for pure water, metal nanoparticles (Cu 

nanoparticles) and oxide nanoparticles (TiO2 nanoparticles) 

are investigated under fully turbulent conditions. The test 

section used is automobile radiator with fan for which various 

parameters are studied.[9] 

A. Characteristics of Nanoparticles 

Consist of water and small amount (0.1 wt.%) of copper and 

titania nanoparticles. The mean particle size of this particle is 

20 nm. Sodium Lauryl Sulphate (SLS) was added as 

dispersant or stabilizer added to nanofluid. This is due to the 

fact that the addition of dispersant in nanofluid help the 

particle remains stable in the base fluid. The quantity of 

dispersant added in the nanofluid is much lesser so that its 

effect may be neglected. Also, as the whole fluid is in 

continuous motion and highly turbulent so that it assumed 

that the particle is well stable in base fluid water. In this paper 

forced convection heat transfer coefficients and Nusselt 

number for pure water, metal nanoparticles (Cu 

nanoparticles) and oxide nanoparticles (TiO2 nanoparticles) 

are investigated under fully turbulent conditions. The test 

section used is automobile radiator with fan for which various 

parameters are studied.[9] 

 
Table 1: Characteristics of Nanoparticles 

B. Calculation of Heat Transfer Coefficient 

Heat transfer comparison by the nanofluids is analyzed by 

comparing Nusselt number calculated from respective heat 

transfer coefficient. To obtain heat transfer coefficient 

assumption is made that the heat is carried by the air flowing 

over the tubes of radiator from the nanofluid inside the tubes. 

Hence by applying Newton’s cooling law to the system, 

𝑄 = ℎ𝐴𝛥𝑇 
= ℎ𝐴(𝑇𝑏 − 𝑇𝑤) 
And heat transfer from radiator is given as 

𝑄 = 𝑚𝐶𝑝 𝛥𝑇 

= 𝑚𝐶𝑝(𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡 ) 
Hence, h can be given as, 

h experimental = m𝐶𝑝(𝑇𝑖𝑛−𝑇𝑜𝑢𝑡)/A(𝑇𝑏−𝑇𝑤) 

This h can be used to find Nusselt number, 

𝑁𝑢 = ℎ𝐿/𝐾 
Nu is average Nusselt number, L is hydraulic diamater which 

is calculated for tube of radiator. This nusselt number is 

calculated for each nanofluid. 

III. RESULT AND ANALYSIS 

A. For Distilled Water:  

For better results of the research, distilled water was preferred 

than tap water. Comparison of temperature drop is done with 

carrying experiment with pure water; it also can be used to 

study the stability and accuracy of the research setup. As 

predicted the result shows good reliability of outlet 

temperature when inlet temperature is kept constant at 700C 

as the flow rate of water is increased further from 1 to 5 lpm. 

The validation of the research data was made by using the 

empirical correlation by Dittus-Boelter [10]. This equation is 

given by 

𝑁𝑢 = 0.023𝑅𝑒0.8𝑃𝑟0.3 

Friction factor can be formulated by the equation given by 

Filonenko  

𝑓 = (0.79𝐿𝑛𝑅𝑒 − 1.69)−2 

Actual measurements of Reynolds number used in 

the Dittus-Boelter equation matches the results of the 

experimental data. 
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B. For Nanofluids: 

The Copper and Titania nanofluids are used in very little 

concentration of 0.1% by weight in different flow rates such 

as 1-5 lpm as the working fluid. The fluid can be measured 

most proficient when the temperature drop at outlet of 

radiator is maximum. In the similar way it can be taken into 

consideration that the volumetric flow rate of fluid can be 

increase with raise in the heat transfer coefficient hence 

Nusselt number for both Cu and Tio2 the concentrations has 

increased by increase  in the flow rate of the fluid and hence 

Reynolds number.[8][11] 

 
Fig 2 Radiator cooling comparison of pure water with 

nanofluids 

Here fig. 2 shows comparison of temperature 

difference between inlet and outlet of radiator with nanofluid 

and also physical properties of nanofluids like density, 

thermal conductivity increases considerably as compared 

with base fluid due to the addition of nanoparticles. 

Nanoparticles in the base fluid act as the extended surfaces 

for the heat moving with them. Addition of nanoparticles 

affects viscosity too, which increase noticeable. The rise in 

viscosity may lead to a poor outcome for a heat exchanger. 

For this research increase is only 4% which is negotiable 

when heat transfer improvement is of the larger range. The 

phenomenon related to the Brownian motion and the 

clustering effect of the suspended nanoparticles in the base 

fluid plays an important role in the augmentation of the 

thermal conductivity of the base fluid, apart from the effect is 

due to high surface to volume ratio nanoparticles. Therefore, 

the nanofluids to show better heat transfer characteristics 

when compared to the conventional heat transfer fluids.[9] 

When each nanofluid is compared when the mean 

grain size of the nanoparticles of copper and Titania are same, 

copper nanofluid shows higher heat transfer improvement in 

heat transfer coefficient than titania. The only reason could 

be that the thermal conductivity of copper is much higher than 

titania. The enhancement of copper nanofluid is greater than 

titania nanofluid. These higher heat transfer coefficients 

obtained by using copper nanofluid instead of titania 

nanofluid, water allow the working fluid in the automobile 

radiator to be cooler, so that it is more compact. The addition 

of nanoparticles with large thermal conductivity to the water 

has the ability to improve automotive engine cooling capacity 

rates also equally helps to remove the engine heat with a 

reduced-size coolant system. Smaller coolant systems result 

in smaller and lighter radiators, which in turn benefit almost 

every aspect of car and truck performance and lead to 

increased fuel economy.[10][11] 

 
Fig. 3: Effect of vol. flow rate (lpm) over the Nusselt 

number 

IV. HEAT TRANSFER AUGMENTATION STUDY 

The Nussent number and Reynolds number were obtained 

from the research data Fig.2 shows rise in Nusselt No. with 

increase in volumetric flow through tubes. From the 

comparison of result by each nanofluidsit clearly shows that 

use of nanomaterialin the base fluids augmented Nusselt 

number even for such lower concentration of 0.1 % of weight 

concentration which in same cause as previous literature 

reveal. 

A. Water  

1) Comparison of outlet temperature and discharge 

 
Fig. 4: Comparison of outlet temperature and discharge 

The figure 3 shows variation of water outlet temperature 

when the inlet temperature was maintained constant at 700C. 

Temperature drop go on reducing as the flowrate of the fluid 

increases. The reason for such behavior can be stated as lower 

flowrate to maximize heat rejection by maximizing contact 

time of the coolant and radiator tube walls 
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B. Distill water - Titania as coolant 

1) Comparison of outlet Temperature and Discharge 

 
Fig. 4: Comparison of outlet temperature and discharge 

when using nanofluid and distilled water. 

After extensive experimentation the result obtained were 

shown in the figure 4 for the effect of coolant rate, effect of 

nanomaterial concentration. The experimentation were 

carried out with nanomaterial i.e. Titania concentration used 

as 0.1 wt%. Thermal conductivity of the Titania particles is 

about 25 W/mK which is much greater than thermal 

conductivity of distilled water which is 0.6 W/mK Figure 

shows the trend of outlet temperature drop by the addition of 

nanomaterial to the base fluid. The higher thermal conducting 

material particles in the base fluid act as the extended surfaces 

for heat transfer phenomenon. Therefore the graph shows 

much greater drop in the outlet temperature of the fluid. 

Nanoparticles in the base fluid interact with the energy 

transmission during the flow and contribute towards better 

results for the cooling system.[2][9] 

C. Distill water- Cu as coolant 

1) Comparison of outlet Temperature and Discharge 

 
Fig. 5: Comparison of the radiator cooling performance 

when using nanofluid and distilled water. 

Figure 5 shows results obtained after addition of copper 

nanoparticles to the base fluid as coolant in the radiator. 

Similarly as that of Titania addition of copper nanoparticles 

creates extended surfaces for heat transfer phenomenon. As 

the copper is having thermal conductivity 400 W/mK which 

is much higher than thermal conductivity of distilled water. 

The chaotic movements of nanoparticles, with the energy 

interaction between the nanoparticles and the fluid medium 

would vitally contribute to the improved heat transfer 

characteristics of nanofluids. The phenomenon related to the 

Brownian motion and the aggregation (clustering effect) of 

the suspended nanoparticles plays a vital role in the 

enhancement of the thermal conductivity of the base fluid, 

besides the effects realized due to their high surface to 

volume ratio. This, in turn, facilitates the nanofluids to exhibit 

better heat transfer characteristics when compared to the 

conventional heat transfer fluids.[11][4]        

V. CONCLUSION  

In this research paper, heat transfer coefficients of two 

different nanofluids are compared with water. Following 

results are discussed.          

1) Nanomaterial in the water behaves as the extended 

surfaces which act as thermal interacting phase which 

augment the thermal conductivity of the base fluid. The 

heat transfer depends upon thermal conductivity of 

nanoparticles.  

2) The convective heat transfer coefficient of nanofluids 

increased with the Reynolds number. For the copper 

nanofluid with very little weight concentration of up to 

0.1%, the convective heat transfer coefficient, Nusselt 

number, overall heat transfer coefficient were enhanced 

by 7%, 15% and 5% respectively. For the Titania 

nanofluid with 0.1 % weight concentration, the 

convective heat transfer coefficient, Nusselt number, 

overall heat transfer coefficient were enhanced by 6%, 

13% and 3% respectively.  

3) The friction factor and pressure drop for both the type of 

nanofluids are nearly same, but are more than water, 

which makes increase in pumping power. The friction 

factor decreases with increasing of volume flow rate.  

4) The results suggest that Cu nanofluid have high potential 

for flow and heat transfer enhancement and are highly 

appropriate to industrial and practical applications.  
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