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ABSTRACT 

Performance of an engine is greatly dependent on the cooling system of the engine. Addition of 

nanoparticles to the coolant changes the physical and chemical properties of any coolant. Hence latent heat and 

thermal conductivity are improved. Quantity of coolant required for the radiator heat removal is hence decreased. 

Improving the thermal efficiency of the engine leads to decrease in concentration of emissions in the exhaust. 

Nanoparticles improve the cooling rate when they are used along with the coolant as base fluid in cooling systems. 

The rising demand for powerful and efficient engine calls for the use of a coolant with better heat transfer 

characteristics. 
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INTRODUCTION 

Traditionally the dissipation of heat in the automobile engine is done using the radiator, cooled by coolants 

such as water or ethylene glycol. The research in the design of the radiator is almost saturated since several 

researchers have studied exhaustively the material, profile and design of the radiator fins. The nano fluids are 

suspensions of nano sized metallic or non-metallic oxide particles in a base fluid. These nano fluids exhibit good 

thermal properties when put to comparison with different fluids because they possess more surface area by virtue of 

existing in nano size. Further these nano fluids exhibits more inter particle/inter fluid - particles/fluid-particle-

surface of flow passage, turbulence and mixing. Hence, the nano fluids are the promising material and technology 

for improving the efficiency of the automobile radiator and the optimization of its design. Various parameters 

influence the thermal conductivity of nanofluids, namely, volume fraction, material, size, shape of the nano 

particle, nature of base fluid and working temperature. The application of the nano fluids as coolant in automobile 

radiator appears to be promising, but it has its challenges namely high cost involved in the production of nano 

fluids, long term stability of nano fluids, etc. The van der Waals force among the nano particles affects the stability 

of the nano fluids. The van der Waals force causes the nano particles to form clusters and settle down, thus causing 

the nano fluids to lose their stability. The dispersion of the nano particles in the base fluid is ensured by sonication, 

homogenization and addition of surfactant which ensures the nano particles remain suspended in the nano fluid for 

long durations (Rashmi W et al., 2011). The base fluids, nanoparticles and additives are used in the preparation of 

nanofluid coolants (M Khalid et al., 2014). 

PROPERTIES OF NANO FLUIDS 

Yu et al., 2009 observed that by adding 5% of zinc dioxide nano particle to ethylene glycol, there was a 

26.5% thermal conductivity increase. H.A. Mintsa, et al., 2009 studied the aqueous nano fluids made under copper 

oxide and alumina. They found that smaller particles influence a good thermal conductivity where the volume 

fraction has no effect. M. Eftekhar et al.,2013 prepared nano fluids under 170nm sized silicon carbide particle with 

3.7% volume concentration at constant Reynolds number. They observed that the heat transfer was increased to 

about 50 – 60% in comparison to base fluid. Rahul.A.et al.,2013 studied the heat transfer in a radiator using Al2O3 

and ethylene glycol added with water, found that the volume fraction and mass flow rate of the nano fluid influence 

the heat exchange in the radiator.. Singh et al., 2006 found that the application of nano fluids as coolant radiator can 

aid in the reduction of radiator size of up to 10% and a fuel say up to 5%. Pak B C et al.,1998 observed that 40% 

increase in thermal conductivity of the automobile engine was achieved by using a nano fluid contained ethylene 

glycol and 0.3% of copper particles. Y. Hwang et al., 2007 observed that the thermal conductivity of the base fluid 

and volume fraction of the nano particle greatly influences the thermal efficiency. Wilson CA et al., 2006 studied 

the stability studies on nano fluids with diamond nano particles with respect to time. Paresh Machhar et al., 2013, 

synthesized a nano fluid by dispersing TiO2 in water and observed it was stable for several days without 

sedimentation. 

EXPERIMENTAL SETUP 

Construction and working 
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The above Figure 1 shows a schematic representation of the experimental setup. It is a closed loop circuit 

consisting of manometer, flow meter, valves, pump, vibrator heater, reservoir, thermocouple and radiator. The 

manometer is used to gauge the pressure at the inlet and outlet of the radiator. 30% of the reservoir is filled with the 

base fluid. The total volume of the base fluid in the entire system is kept constant. The thermocouples used in the 

experimental setup are T type thermocouples. The radiators wall temperature is measured using these 

thermocouples. Flow meter is also included in the setup to measure and control the motion. Here a vibrator heater 

is used to replicate the heat emission of any automotive engine. A DC power supply is used to run the fan instead of 

a car battery. The pH values in reference to the nano fluid stability and change in thermal properties have been 

checked, before and after the experiment. So, to augment heat transfer for many applications low values of nano 

fluid pH is needed. Hence a single point calibration technique is used to calibrate the pH meter. Thermo-physical 

properties of nano particle and base fluid used for preparation of nanofluid coolant are shown in Table 1. 

RESULT AND DISCUSSION 

In the present paper thermal performance of the automobile radiator at constant air Reynolds number 

(84391) and constant mass flow rate (0.08 Kg/s) have been conducted. With the increase in volume fraction of 

Al2O3 particles dynamic viscosity of nanofluid has been increased. The Dynamic viscosity of this study experiment 

was calculated using the correlation developed by Xuan et al.,2000. This parameter influences mass flow rate of the 

nanofluid in automobile radiator. The relationship shown in Figure 2 where overall heat transfer coefficient based 

on the air side increase in the volume concentration of Al2O3 particles in the base fluid. An overall heat transfer 

coefficient 490 W/m2K can be got for 1% Al2O3 + mixture of EG/water (50% volume concentration) nanofluid 

coolant compared 305 W/m2K for base fluid 

It showed that it increased overall heat transfer coefficient based on air side up to 60% from Figure 2 at 

constant air Reynolds number (84391) and constant mass flow rate (0.08 kg/s). With increased volume 

concentration of Al2O3 nanoparticles in the base fluid at constant air Reynolds number and constant mass flow rate, 

it increases the total heat transfer and effectiveness of the radiator. It is shown in the Figure 3-4. In this section, the 

effect of coolant Reynolds number on the thermal performance of a radiator at a fixed air Reynolds number (84391) 

is determined. The main determinant to the radiator’s thermal performance is coolant mass flow rate. Engine might 

be over cooled or over heated if coolant mass flow rate is not properly maintained. D.G. Charyulu et al., 1999 

mentioned that the key function of a radiator is to make sure that engine is operating at optimum temperature by not 

only controlling the air Reynolds number but also mass flow rate. 

      With increase in the mass flow rate of the coolant flowing through automobile radiator, it increases 

coolant Reynolds number .Overall heat transfer coefficient based on air side is increased with mass flow rate of the 

coolant flowing through radiator as depicted in Figure 5. The magnitude of this nanofluid property is higher than 

that of the base fluid. Therefore, heat transfer enhancement for the same value of overall heat transfer coefficient 

can be achieved by the addition of nanofluids. Heat transfer enhancement with the mass flow rate of the coolant 

was also observed.  

For instance, with the addition of 1% Al2O3 particles, 60% improvement of heat transfer rate has been 

achieved at 84391 and 39343 Reynolds number for air and coolant respectively. It also determined that the 

percentage of improvement is decreased with decrease of coolant Reynolds number, in other words they are 

directly proportional. Heat transfer rate of a radiator using nanofluid is higher than that of a radiator using mixture 

of water +EG (50% volume concentration), this is clearly shown in Figure 6. Incrementation of volume 

concentration of the Al2O3 particles in the base fluids within the optimal level of 1% will increases the effectiveness 

of the radiator up to 40% .The below Figure 7 shows that with increase in volume concentration of Al2O3 particles 

and coolant Reynolds number, the effectiveness is gradually increased. 

Table: 1 Properties of nano particle and base fluid 

Sl. No. Properties Al2O3 Mixture Of Ethylene Glycol +Water 

1 Density (kg/m3) 3950 1058 

2 Specific heat (J/kg K) 873.115 3368 

3 Thermal conductivity (W/m K) 30.182 0.482 

4 Viscosity (Ns/m2) - 4.48*10-5 
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Fig.1 (a) Schematic diagram of experimental test rig, 

(b) Flat tube configuration. 

 

   
Fig.2 Variation of overall heat 

transfer coefficient with different 

volume fraction   of Al2O3 at 

constant Reynolds number of air 

and constant mass flow rate of 

coolant. 

Fig.3 Effect of Al2O3 particles to 

total heat transfer at constant air 

Reynolds number and constant 

mass flow rate. 

 

Fig. 4 Variation of Effectiveness 

with different volume fraction of 

Al2O3 at constant air Reynolds 

number and constant mass flow 

rate of coolant 

   
Fig. 5 Variation of overall heat 

transfer coefficient with different 

mass flow rate of the nanoparticle 

mixed coolant. 

Fig. 6 Variation of total heat 

transfer rate with different mass 

flow rate of nanoparticle mixed 

coolant. 

Fig.7 Variation of effectiveness 

with different mass flow rate of 

nanoparticle mixed coolant. 

 

CONCLUSIONS 

With increase in volume concentration (0%-1%) of nanoparticles in the coolant, Heat transfer rate is 

increased. With the addition of 1% Al2O3 particles, there was about 43% heat transfer enhancement at 84391 air 

Reynolds number and constant mass flow rate (0.08 kg/s). The entire heat transfer based on air side increased up 

36% with addition of 1% Volume of Al2O3 particles in comparison to the base fluid at constant air Reynolds number 

and constant mass flow rate.  

Effectiveness of the radiator increased up to 43% with addition of Al2O3 particles than the base fluid at 

constant air Reynolds number and constant mass flow rate. The overall heat transfer coefficient, heat transfer, and 

the effectiveness of the radiator are found to increase gradually compared to the base fluid with the air Reynolds 

number kept fixed and a variable coolant flowrate (Coolant Reynolds number), 
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