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Abstract— Nanofluids often exhibit significantly higher 

thermal conductivity compared to the base fluid. It has been 

shown by earlier researchers that heat exchange between a 

heat source and nanoparticles, which frequently collide with 

the heat source, significantly contributes to the enhancement 

of the thermal conductivity. Contributions of heat exchange 

between a heat source and colliding nanoparticles to 

enhanced thermal conductivity have been investigated for the 

first time, through multi-scale modeling. A colloidal mixture 

of nano-sized (<100 nm) particles in a base liquid called 

nanofluid, which is the new generation of heat transfer fluid 

for various heat transfer applications where transport 

characteristics are substantially higher than the base liquid. In 

the present study, the effects due to temperature and 

concentration on thermophysical properties (thermal 

conductivity, viscosity and density) for Al2O3, ZnO, TiO2, 

CuO, Ethylene Glycol based nanofluids are experimentally 

investigated.  
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I. INTRODUCTION 

In an automobile lot of heat is produced due to the 

combustion, only a portion of heat is utilized to produce the 

power rest of heat is wasted in the form of exhaust heat. If 

this excess heat is not removed, the engine temperature 

becomes too high which results in overheating and viscosity 

breakdown of the lubricating oil, wear of the engine parts, due 

to thermal stress of the engine components failure may occurs 

in engine. 

Nanofluids, which is a mixture of nanoparticles and 

base fluid have the potential to increase the heat transfer as 

compared to water and ethylene glycol. Nanofluids contained 

suspended nanoparticles that are significantly smaller than 

100 nm, and have a higher thermal conductivity as compared 

to the base fluids. With the use of nanoparticles, the surface 

area of heat transfer of coolant can be increased, thus 

increasing the heat transfer performance of the coolant. 

Conventional fluids, such as refrigerants, water, engine oil, 

ethylene glycol, etc. have poor heat transfer performance and 

therefore high compactness and effectiveness of heat transfer 

systems are necessary to achieve the required heat transfer. 

Heat transfer fluids such as water and engine oil are 

widely used in the industry for low and high temperature 

applications, these fluids, however have some limitations due 

to their poor thermal conductivities. In the cooling system of 

a car, water and anti-freezing agents have been widely used 

as heat transfer fluids. So, with the use of nanoparticles, the 

surface area of heat transfer of coolant can be increased, thus 

increasing the heat transfer performance of the coolant. 

II. LITERATURE REVIEW 

A. EXPERIMENTAL INVESTIGATION OF CONVECTIVE 

HEAT TRANSFER AUGMENTATION FOR CAR 

RADIATOR     USING ZnO - WATER NANOFLUIDS 

Hafiz Muhammad Ali , Hassan Ali, Hassan Liaquat, Hafiz 

Talha Bin Maqsood, Malik Ahmed Nadir [1], Aim of this 

study show  that water based nanofluids  enhances  the heat 

transfer performance of a car radiator. ZnO nanoparticles 

have been added into base fluid in different volumetric 

concentrations (0.01%, 0.08%, 0.2% and 0.3%) water based 

nanofluids to enhance the heat transfer performance of a car 

radiator. ZnO nanoparticles have been added into base fluid 

in different volumetric concentrations (0.01%, 0.08%, 0.2% 

and 0.3%). The effect of these volumetric concentrations on 

the heat transfer performance for car radiator is determined 

experimentally. Fluid flow rate has been varied in a range of 

7-11 LPM (liter per minute) (corresponding Reynolds 

number range was 17,500-27,600). Nanofluids showed heat 

transfer enhancement compared to the base fluid for all 

concentrations tested. The best heat transfer enhancement up 

to 46% was found compared to base fluid at 0.2% volumetric 

concentration. A further increase in volumetric concentration 

to 0.3% has shown a decrease in heat transfer enhancement 

compared to 0.2% volumetric concentration. Fluid inlet 

temperature was kept in a range of 45-55 0C. An increase in 

fluid inlet temperature from 45  0C to 55 0C showed increase 

in heat transfer rate up to 4%. 

B. THERMOS-PHYSICAL PROPERTIES AND HEAT 

TRANSFER CHARACTERISTICS OF WATER/ ANTI-

FREEZING AND AL2O3/CuO BASED NANOFLUID AS A 

COOLANT FOR CAR RADIATOR. 

Alhassan Salami Tijani , Ahmad Suhail bin Sudirman[2], 

This study aims to evaluate the performance of the heat 

transfer characteristics of water/anti-freezing based nanofluid 

as a coolant for car radiator. For the based fluid, a mixture of 

water and Ethylene Glycol were used with concentration of 

50% for each of the fluid. Al2O3 and CuO nano particles of 

concentration 0.05%, 0.15% and 0.3% were added to the base 

fluid and then evaluate the heat transfer characteristics of the 

nanofluid. The mass flow rate of nanofluid in the flat tube was 

kept constant. The heat transfer models are simulated using 

ANSYS fluent solver. The performance of the heat transfer 

characteristics were evaluated based on certain parameters 

which are the heat transfer coefficient, thermal conductivity, 

Nusselt number, and rate of heat transfer of the nanofluids. It 

was found that the nanofluid that exhibited the highest heat 

transfer performance was the CuO nanofluid. The heat 

transfer coefficient was recorded at 36384.41 W/m2 K, the 

thermal conductivity was 1.241 W/m K, Nusselt number was 

208.71 and the rate of heat transfer was at 28.45 W. The 
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Al2O3 nanofluid had a heat transfer coefficient of 31005.9 

W/m2 K, thermal conductivity of 1.287 W/m K, Nusselt 

number was 173.19 and the rate of heat transfer was at 28.25 

W. 

 
Fig. 1(a): Rate of Heat transfer of Al2O3 and CuO at 

different concentrations 

Above fig 1(a), shows the data of rate of heat 

transfer at the highest volume flow rate, which was 6 L/min. 

From the data, when the base fluid only was used as the 

coolant, it recorded the lowest rate of heat transfer, which was 

at 27.56 W. With a mixture of base fluid and 0.3% CuO 

nanofluid as coolant in the car radiator model, the rate of heat 

transfer was the highest which was at 28.45 W. The value of 

the rate of heat transfer increases as the concentration of nano 

particle in the nano fluid increases. 

C. IMPROVING THE COOLING PERFORMANCE OF 

AUTOMOBILE RADIATOR WITH ETHYLENE GLYCOL 

WATER BASED TIO2 NANOFLUIDS. 

Devireddy Sandhya , Mekala Chandra Sekhara Reddy, 

Veeredhi Vasudeva Rao[3], In recent times conventional heat 

transfer fluids such as water and engine oil are widely used in 

the automobile radiator. However, to improve the thermal 

performance of the system, a lot more is required from the 

aspect of the heat transfer fluid. Major improvements in 

cooling capabilities have been constrained because of poor 

thermal conductivities of the working fluids, which is vital in 

the enhancement of heat transfer. The use of nano-sized (1–

100 nm) solid particles as an additive suspended in the base 

fluid is one of the technique to enhancement heat transfer. 

This study aims to evaluate the performance of the heat 

transfer characteristics of water/anti-freezing based nanofluid 

as a coolant for car radiator. For the based fluid, a mixture of 

water and Ethylene Glycol were used with concentration of 

50% for each of the fluid. Al2O3 and CuO nano particles of 

concentration 0.05%, 0.15% and 0.3% were added to the base 

fluid and then evaluate the heat transfer characteristics of the 

nanofluid. The mass flow rate of nanofluid in the flat tube was 

kept constant. The heat transfer models are simulated using 

ANSYS fluent solver. The performance of the heat transfer 

characteristics were evaluated based on certain parameters, 

are the heat transfer coefficient, thermal conductivity, Nusselt 

number, and rate of heat transfer of the nanofluids. It was 

found that the nanofluid that exhibited the highest heat 

transfer performance was the CuO nanofluid. The heat 

transfer coefficient was recorded at 36384.41 W/m2 K, the 

thermal conductivity was 1.241 W/m K, Nusselt number was 

208.71 and the rate of heat transfer was at 28.45 W. The 

Al2O3 nanofluid had a heat transfer coefficient of 31005.9 

W/m2 K, thermal conductivity of 1.287 W/m K, Nusselt 

number was 173.19 and the rate of heat transfer was at 28.25 

W 

 
Fig. 2(a): Schematic representation of experimental setup 

The experimental test rig is developed with 

commercially available car radiator. It consists of coolant 

storage tank, an industrial heater, a high temperature durable 

pump, a radiator, and a fan. Instrumentation involves a set of 

thermocouples and a temperature indicator to record the 

temperatures and fluid flow rate. The coolant in the tank is 

heated up to the desired temperature and the pump is switched 

on allowing the coolant to flow through the radiator and the 

fan is switched onto absorb heat from the hot fluid and 

subsequently dissipate to the environment. The temperatures 

are recorded at the inlet and outlet of the radiators collecting 

chamber. The nanofluid is assumed to be flowing with a 

uniform Reynolds number assuming normal distribution in 

the channels of the radiator. The temperature recorded by 

thermocouple placed near the passage tube at the centre of the 

radiator is to assess the heat lost and to calculate the bulk 

temperature. All the thermocouples, the temperature recorder, 

and anemometer were calibrated prior to the experimentation. 

D. HEAT TRANSFER ENHANCEMENT OF AL2O3-EG 

NANOFLUID IN A CAR RADIATOR WITH WIRE COIL 

INSERTS 

K. Goudarzi , H. Jamali [4], In this experimental study, 

Aluminums Oxide (Al2O3) in Ethylene Glycol (EG) as 

nanofluid was used for heat transfer enhancement in car 

radiator together with wire coil inserts. Two wire coils inserts 

with different geometry and nanofluids with volume 

concentrations of 0.08%, 0.5% and 1% were investigated. 

The results indicated that the use of coils inserts enhanced 

heat transfer rates up to 9%. In addition, the simultaneous use 

of the coils inserts with the nanofluid with concentration of 

0.08%, 0.5% and 1% resulted the thermal performance 

enhancement up to 5% as compared to the use of coils inserts 

alone. 

III. CONCLUSION 

The higher heat transfer rates obtained using nanofluids 

instead of base fluid show a promising future for nanofluids 

in automobile industry. This heat transfer enhancement may 
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lead to the smaller and lighter car radiators, which in turn lead 

to the lower capital and running cost. 

NANO  SPECIFICATIONS  

FLUID Appearance Density (kg/m3 ) 

Specific 

Heat 

(J/Kg K) 

CuO 

Brownish 

Black 

Powder 

6500 535.6 

Al2O3 
White 

Powder 
3970 765 

TiO2 
White 

Powder 
4260 6890 

In this study, various Nano Fluids were examined 

and analyzed and it was found that the heat transfer rate of 

CuO is highest in the application of car radiator while that of 

TiO2 is the lowest in the application of car radiator. Following 

is the sequence of heat transfer rates of various Nano Fluids 

in the application of car radiator in Decreasing order:-    CuO 

> Al2O3  > ZnO > TiO2 . 
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