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Abstract 

Conventionally, water and ethylene glycol are used in car radiator for cooling the engine as a coolant. Performance of engine is 

measured by thermal conductivity. Water and ethylene has less thermal conductivity solution of this problem are solved by using 

nano fluid. It has been shown that nanofluid has property which increases heat transfer enhancement and high potential to 

increase the cooling. This paper focus on study the behaviour of the different type of nanofluid and investigate the thermal 

performance of car radiator experimentally and study effect of various factor i.e. flow rate, volume concentration and different 

temperature to enhance heat transfer of radiator.  
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I. INTRODUCTION 

Radiators are one type of heat exchangers used to transfer thermal energy from one medium to another medium for the purpose 

of cooling and heating. The radiator is always a source of heat to its environment, although this may be for either the purpose of 

heating this environment, or for cooling the fluid or coolant supplied to it, as for engine cooling. For cooling the engine, a 

coolant is passed through the engine block, where it absorbs heat from the engine. The coolant is then fed into the inlet tank of 

the radiator then it is distributed across the radiator fins through tubes to the opposite end of the radiator. From it transfers much 

of its heat to the tubes which, in turn, transfer the heat to the fins that are placed between each row of tubes. The fins then release 

the heat to the directly to ambient air. Fins are used to increase the contact surface of the tubes to the air, thus increasing the 

exchange efficiency. The cooled coolant is return to the engine, and the cycle repeats. This coolant is usually water-based and 

glycols to prevent freezing and other additives to limit corrosion, erosion and cavitations. Cooling system is one of the most 

important factors in engine. It’s responsible to take large amount of waste heat to surrounding for best working of an engine and 

it’s also leads to heat transfer enhancement and fuel economy to improve the performance of an engine. Most of the engine liquid 

cooled or air cooled. The heat transfer coefficient can be increased by mainly two method heat transfer method or by improving 

thermo physical properties of heat transfer material. In order to improve the thermal properties of various types of liquids, 

Maxwell’s idea to disperse solid particles into liquid, like metals, carbon nano tubes, oxides and other a compound, into a liquid 

base has been tested already since 19th century. Nanofluids are a new class of fluids by dispersing nanometer-sized materials e.g. 

nanoparticles, nano fibers, nanotubes, nano rods, nanosheet, or droplets in base fluids. In Other words, nanofluids are nanoscale 

colloidal suspensions containing solid nano materials. They are mainly two-phase systems with one phase (solid phase) in 

another (liquid phase).In Two-phase system; there are some important problems we have to face. One of the most important 

problems is the stability of nanofluids and it remains a big challenge to achieve most suitable stability of nanofluids. 

II. LITERATURE SURVEY 

Fei Duan et al.[1]studied on Al2O3 and water to know viscosity is affected by nanoparticles aggregation they conduct 

investigation on viscosity of Al2O3-water nanofluids having dispersants were prepared at the volume concentration of 1-5% for 2 

week. They observed shear stress was a non-Newtonian behaviour. On further ultrasonic agitation treatment, the fluid resumed as 

a Newtonian. Relative velocity increased with volume contraction increased. It has been shown that 5% volume concentration 

increment up to 60% in the reultrasonication nanofluid in comparison with the base fluid. 

Huaqing Xie et al. [2] studied on measuring thermal conductivity of nanofluid e.g. deionized water (DW), ethylene glycol (EG), 

glycerol, silicone oil, and the binary mixture of DW and EG. Various nanoparticles like Al2O3 nanoparticles with different sizes, 

SiC nanoparticles with different shapes, MgO, ZnO, SiO2, Fe3O4, TiO2, diamond nanoparticles, and carbon nanotubes with 

different pre-treatment’s were used as additives. They used transient short hot wire method to measure the thermal conductivity 
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of nanofluid. A platinum wire with a diameter of 50 μm was used for the hot wire, and it served both as a heating unit and as an 

electrical resistance thermometer. They had found that many factors like volume fraction. Base fluid temperature, size of 

dispersed nanoparticles and the additives of fluid 

I.M. Mahbubul et al. [3] experiment on the consequence of ultrasonication duration on colloidal dispersion and thermo physical 

properties of 0.5 vol. % of Al2O3–water nanofluid. They worked mainly on stable and well dispersed nano fluid. For making of 

nanofluid used horn ultrasonic dismembrator for 0 to 5 hour. Zeta potential, microstructure and Particle size Distribution were 

used to check the dispersion characteristics. Thermal conductivity, density and viscosity were tested at different temperature 10 
0C to 50 o C. As the increased the sonication time it has been observed that higher thermal conductivity, density, Better 

dispersion, and lower viscosity. It was found that as increased the temperature thermal conductivity was increased but density 

and viscosity are decreased it made non homogenous fluid. They concluded that higher ultrasonication duration is best and at 

least 2 h of ultrasonication is needed for better performance of the nanofluid 

K.Y. Leong et al. [4] studied the copper with EG base property and investigates the heat transfer enhancement from past 

literatures. They had done numerical method to found the heat transfer coefficient. They have found from numerical equation 

that The 3.80% heat transfer rate increased with the addition of 2% of copper particles in the base fluid and Reynolds number are 

obtain 5000 and 6000 for air and coolant side 

S.M. Peyghambarzadeh et al.[5]  Using Al2O3/Water to investigate the heat transfer coefficient they have made five different 

concentration of nanofluid in the range of 0.1-1% vol. % of Al2O3 in water and perform experimentally. Liquid flow rate has 

been changed from 2-5 l/min in fully turbulent regime and varying the temperature from 37-490c to measure the heat transfer 

coefficient. They found that 1vol. % of Al2O3 nanoparticles heat transfer rate increased up to 45% of pure water. Increased in 

flow rate enhances the heat transfer coefficient for both alumina and water. Brownian motion of nanoparticles one of the factors 

for enhancement of heat transfers. Increasing of flow rate enhances the heat transfer coefficient 

S.M. Peyghambarzadeh et al.[6]  Conducted an experiment to measure the performance of heat transfer using pure water and 

pure EG has been compared with different types of binary mixtures and Al2O3 nano particle in the base fluid and determined the 

heat transfer performance of radiator. They found that Forced convection heat transfer in a car radiator is performed to cool 

circulating fluid which Consisted of water or a mixture of water and anti-freezing materials like ethylene glycol (EG). Heat 

transfer mainly depends on the particle concentration and flow condition by using the aluminium we can make the compact 

radiator for heavy duty vehicle heat transfer enhancement of about 40% compared to the base fluids has obtained 

Adnan M. Hussein et al. [7] Studied on SiO2/Water and TiO2/Water to measure the effect of heat transfer enhancement. Volume 

flow rate, nanofluid volume and inlet temperature concentration are in range of 2–8 LPM, 60–80 °C and 1–2% They observed 

that Nusselt number are increased with volume flow rate and minor increased with inlet temperature and nanofluid volume 

concentration They uses copper plate tube to measured automotive cooling system Maximum Nusselt number enhancements of 

up to 11%  for TiO2 and 22.5% were obtained SiO2 nanoparticles it has been shown that SiO2 nanofluid generate a higher heat 

transfer enhancement than the TiO2 nanofluid TiO2 and SiO2 nanofluid have a high potential for heat transfer enhancement so it 

is highly appropriate for industrial and practical applications 

M.M. Elias et al. [8] performed experiments on Al2O3/Water and Al2O3/EG experimentally. They measured thermal 

conductivity, density, viscosity and specific heat of Al2O3 nanoparticles dispersed into water and ethylene glycol based coolant 

used in car radiator. They concluded that Al2O3 thermal conductivity increased with the increased in temperature of 10 °C to 50 

°C and at higher volume concentration obtain higher thermal conductivity At higher volume concentration increased higher 

volume concentration Al2O3 density nanofluid was increased with the increase of volume concentration As we increased the 

temperature, thermal conductivity increases, while viscosity and density decrease 

M. Naraki et al.[9] Shows in his work on CuO/Water to same as car radiator. The nano fluid has been stabilized with variation 

of pH and used of suitable surfactant. They measured the overall heat transfer coefficient of CuO/water nanofluids is investigated 

experimentally under laminar flow regime in a car radiator. They observed that overall heat transfer coefficient decreases with 

increasing inlet temperature of the nanofluid It can be increased with the addition of nanoparticles to the base fluid, volumetric 

flow rate of the nanofluid and air flow rate The air volumetric flow rate has 42% contribution and volumetric flow rate, inlet 

temperature and concentration of nanofluid have 23%, 22% and 13% contribution in the overall heat transfer coefficient of 

CuO/water nanofluid 

S.H. Hashemabadi et al. [10] conducted an experiment on car radiator using dilute fluid CuO/Water and Fe2O3/Water. The heat 

transfer performance of the radiator is calculated experimentally by the overall heat transfer coefficient (U) according to the 

conventional E-NTU technique They measured CuO and Iron oxide are mixed with water at three different concentration 0.15, 

0.4, and 0.65 vol. % for best pH for longer stability they measured the liquid at different flow rates of 0.05, 0.08, 0.11, and 0.14 

l/s per each flat tube and different inlet temperature 50, 65 and 85 oc. They found that As the liquid inlet temperature decreases 

the overall heat transfer coefficient are increased As the liquid flow rate and air flow rate increases the overall heat transfer 

coefficient are enhance As we increased the nanoparticles concentration enhance the overall heat transfer coefficient But 

Fe2O3/water nanofluid has more compared to CuO/water 

Adnan M.Hussein et al. [11] in this study, Friction factor and forced convection heat transfer of SiO2/water are conducted in car 

radiator experimentally and numerically (CFD) at different volume concentration, flow rate and Reynolds number. They 

concluded that Minor increment are shown in friction factor and heat transfer enhancement as volume concentration of 

nanoparticles. As we increasing of volume flow rate and inlet temperature it’s decreased the friction factor SiO2 nanofluid have 

high potential for heat transfer enhancement and hydrodynamic flow. The result shows that Nusselt number are increased with 
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increasing in flow rate, inlet temperature and nanofluid concentration. At low concentration can enhance heat transfer rate up to 

50% compare to water 

K.Y. Leong et al.[12]  In this study, EG based copper nanofluid to measure the overall heat transfer coefficient and heat transfer 

coefficient About 3.8% heat transfer enhancement was achieved with addition of 2% copper particles at 6000 and 5000 Reynolds 

number for air and coolant respectively 42.7% and 45.2% heat transfer enhancement were obtained for pure ethylene glycol and 

ethylene glycol with 2% of copper nanoparticles about 12.13% more pumping power needed for a radiator using copper 

nanofluid 

Vahid Delavari et al. [13] in this study, Turbulent and laminar flow heat transfer in nano fluids passing through a flat tube in 3D 

using computational fluid dynamics (CFD) for single and two-phase approaches the Nusselt numbers of the pure water and pure 

ethylene glycol in flat tubes were tested with the experimental data Nusselt number for both approaches compared with the 

Reynolds number for different concentration. As increasing the concentration of nanoparticles in base fluid. Nusselt number is 

better predicted in two phase model than single phase approach. The required heat transfer rate nanofluid volumetric flow rate 

was less than that for the pure base fluid flow having a low pressure drop, decreasing the pumping power required. 

Navid Bozorgan et al. [14] using Al2O3/Water to perform experiment on car radiator. Al2O3 nanoparticles with diameters of 20 

nm dispersed in water and volume concentrations up 2% are selected and their performances in a radiator of Chevrolet Suburban 

diesel engine under turbulent flow conditions are numerically studied. They have found result that 2% Al2O3 nanoparticles in 

water with Reynolds number 6000 the overall heat transfer coefficient and pumping power increased up to 11.11% and 28.17% 

more than water 

M.S.Wadd et al. [15] conducted experiment on dilute nano fluid to measure the heat transfer rate. Heat transfer capacity and 

flow characteristics of copper and Titania nanofluids in an automobile radiator are tested. radiator flow range 1-5ltr and 

Reynolds number 2000 to 20000 The convective heat transfer coefficient of nanofluids increased with the Reynolds number 

Titania nanofluids with 0.1 % weight concentration, the convective heat transfer coefficient, Nusselt number, overall heat 

transfer coefficient were enhanced by 6%, 13% and 3% respectively and copper nanofluids 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. 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. The results 

suggest that Cu nanofluids have high potential for flow and heat transfer enhancement 

Vikas Sharma et al. [16] studied on Al2O3/Water and Al2O3/Ethylene Glycol nanofluid in car radiator. The effect of nano-fluid 

concentration is considered by governing equations, such as momentum and energy. The engine coolant thermal behaviour 

calculated by  lumped  method. The obtained results indicated that using different percentage of nano-fluid mixtures (by 

volume), such as Al2O3-Water/EG as engine coolant enhances the heat transfer coefficient and reduces the warm-up timing. They 

found from experiment result that increase in air velocity the dimensionless numbers and heat transfer coefficient increases. The 

surface area required for the given amount of heat to be transferred is less when Nanofluid is used as a coolant in comparison to 

the 50/50 water-ethylene glycol mixture but when compared to water the surface area required is more. Heat carrying capacity of 

the Nanofluid increases with increase in engine speed. This is advantageous particularly when the engine is running at high speed 

and more heat is to be rejected out. Heat transfer equipment and the entire cooling system as such will be reduced when 

Nanofluid is used as coolant. Less coolant is needed to be circulated, due to the enhanced heat carrying capacity of the Nano 

fluid. The pumping power required will also be reduced. The use of Nanofluid makes it possible to design the system with higher 

power- size ratio. At higher air velocity the % savings in surface area is more. It means that at higher vehicle speed the use of 

Nanofluid has a lot of advantage. The thermal conductivity of Nanofluid is temperature dependent. As the temperature increases 

at higher load and speeds the heat carrying capacity of Nanofluids increases. This is advantageous when engine is running at 

high speed and load. 

Arun Kumar Tiwari et al.[17]  In this study, they have used three different nanofluids i.e. CeO2/water, Al2O3/water, TiO2/water 

and SiO2/water and optimize different nanofluid particle volume fractions based on a maximum heat transfer rate, convective 

heat transfer coefficient, and overall heat transfer coefficient and performance index. Inlet condition are For CeO2/water, 

Al2O3/water, TiO2/water and SiO2/water nanofluids, the volume concentrations are 0.75%, 1%, 0.75% and 1.25%, respectively, 

at the flow rate of 3 lpm. They concluded that maximum heat transfer enhancements are about 35.9%, 26.3%, 24.1%, and 13.9%, 

respectively. CeO2nanofluid offered the highest heat transfer enhancement compared to Al2O3, TiO2, and, finally, SiO2. As we 

shown the application part for the same heat transfer, all other operating conditions being remain same, the requirement of 

CeO2nano particle is lesser which tends to a reduced cost. CeO2 nanofluids have lesser problems related to sedimentation, 

formation of porous layer and agglomeration. For the given study, the effectiveness for CeO2/water was observed at 13.5%, 

whereas for Al2O3/water it was 9.6%, for TiO2/water, it was 7.9%, and, for SiO2/water nanofluids, it was 5.0%. It has also been 

seen that the optimum concentration for maximum performance index is lower than that for maximum heat transfer. The effect of 

nanomaterials is much more predominant than that of heat transfer fluid temperature or volume flow rate 

Tun-Ping Teng et al. [18]  In this study they determined the  various effect on the effect of particle size, temperature, and weight 

fraction on the thermal conductivity ratio of alumina(Al2O3)/water nanofluids.Al2O3 are made by direct synthesis method. They 

have take different dia. of particle i.e.20, 50,100 nm and dispersed four different concentrations i.e. 0.5, 1.0, 1.5 and 2.0 wt%. 

They tested the thermal conductivity of nanofluid with differ in sizes, working temperature (10, 30, 50 oC), weight fractions. 

They found that under same condition same weight fraction, increasing the temperature can effectively increase the thermal 

conductivity. Above result demonstrated that nanofluid produces better effects in case of higher temperature. As per Einstein 
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Stokes equation, Temperature increments have a good effect on the thermal conductivity enhancement of nanofluid in situations 

of smaller-diameter nanoparticles. When we add nanoparticles to fluid can increase the thermal conductivity ratio, temperature 

and the weight fraction of added nanoparticles carry a proportional relationship with thermal conductivity ratio 

Hwa-Ming Nieh et al. [19] used alumina (Al2O3) and Titania (TiO2) nano-coolant (NC) to enhance the heat dissipation 

performance of an air-cooled radiator. Two-step synthesis method is used to produce different concentrations of Al2O3 and 

TiO2/water (W) nanofluid by using a 0.2 wt. % dispersant. They have measured the thermal conductivity, viscosity, and specific 

heat of the nano coolant with different concentrations of nanoparticles and temperatures, in this experiment NC was used in an 

air-cooled radiator to evaluate its heat dissipation capacity, pressure drop, and pumping power under different volumetric flow 

rates and heating temperatures. The maximum enhanced ratios of the heat dissipation capacity, pressure drop, pumping power, 

and efficiency factor for all the experimental parameters are approximately 25.6%, 6.1%, 2.5%, and 27.2%, respectively. 

L. Syam Sundar et al. [20] experiment on Al2O3 nanoparticles in different base fluids such as 20:80%, 40:60% and 60:40% by 

weight of ethylene glycol (EG) and water (W) mixtures. They measured Thermal conductivity and viscosity. Experiment has 

been conducted in temperatures between 20 °C and 60 °C and in different volume concentrations between 0.3% and 1.5%.They 

concluded that for 20:80% EG/W nanofluid is 32.26%, for 40:60% EG/W nanofluid is30.51% and for 60:40% EG/W nanofluid 

is 27.42% at a temperature of 60 °C respectively compared to base fluid. It shows that thermal conductivity enhancement of 

nanofluid not only depends on the particle concentration and temperature but it also depends on the base fluid. 

The viscosity enhancement for 1.5% particle concentration of 20:80% EG/W nanofluid is 1.37-times, for 40:60% EG/W 

nanofluid is 2.75-times and for 60:40% EG/W nanofluid is 2.58-times at a temperature of 0 °C respectively compared to base 

fluid. It shows nanofluid prepared in higher viscosity base fluid exhibits more enhancement compared to low viscosity base fluid. 

The heat transfer advantage of 20:80% EG/W nanofluids for all particle concentrations were effective in both laminar and 

turbulent flow conditions compared to 40:60% EG/W and 60:40% EG/W nanofluids for all the particle concentrations. The 

reason behind is the domination of viscosity for the case of 40:60% and 60:40% EG/W nanofluids. 

Y. Vermahmoudi et al. [21] used Fe2O3 in air cooled heat exchanger to measure the overall heat transfer coefficient of water 

based iron oxide experimentally under laminar flow condition. They made different concentration and examined at different flow 

rates. For good dispersion of iron (III) oxide nanoparticles in water, 0.8 wt% polyethylene glycol has been added and pH has 

been adjusted to 11.1.The air cooled air heat exchanger is consisted 34 vertical tubes and stadium like cross section and air 

makes flow cross flow through tube bank with variable flow rates and different temperature. They found that overall heat transfer 

increased with flow rate, concentration and air Reynolds number and decreased with enhancing the temperature and its create 

negative effect. , the maximum enhancements of the overall heat transfer coefficient and heat transfer rate compared with base 

fluid  are equal to 13% and 11.5% which is occurred at the concentration of 0.65 vol.%. 

D.Madhesh et al. [22] investigate on hybrid nanofluid heat transfer behaviour flow through the tubular heat exchanger. In that 

study they worked on thermal conductivity and heat transfer coefficient. They made nanofluid by dispersing the copper-titanium 

hybrid nano composite (HyNC) in the water. Experiments were performed for various nanoparticles volume concentrations from 

0.1% to 1.0%.The results showed that the heat transfer coefficient was obtained by 48.4% up to 0.7% volume concentration of 

HyNC. 

Shidagonda I. Jabade et al. [23] using copper oxide and iron oxide in automobile car radiator for measuring the thermal 

conductivity experimentally. Al2O3 / Water Nanofluid with low concentrations (0.1 vol. %) can increased heat transfer efficiency 

up to 45% in comparison with pure water. Copper oxide (CuO) and Iron oxide (Fe2O3)/Water nanofluid with concentrations 0.15, 

0.4, and 0.65 vol. % increases the overall heat transfer coefficient in comparison with water up to 9%.  

III. FACTOR AFFECTING NANOFLUID 

1) Particle size: - as smaller diameter particles produce a large increment in thermal conductivity. 

2) Particle material: - the thermal conductivity of oxide material increased faster rate than other material. 

3) Particle shape: - spherical with elongated particles are superior for thermal conductivity increment. 

4) Particle volume concentration: - as the volume concentrations of particles are increased in base fluid the thermal 

conductivity is also increased. 

5) Temperature: - as temperature increased thermal conductivity also increased.   

IV. CONCLUSION 

From above research paper we can concluded that as we increasing volume concentration and flow rate it enhances the heat 

transfer coefficient. As we increased the temperature it’s decreased the heat transfer coefficient. Ethylene glycol and nanofluid 

mixture gave more heat transfer enhancement than water and nanofluid mixture.CeO2 gives more heat transfer enhancement 

compare to Al2O3, TiO2, SiO2 and CuO. By using nanofluid we can make compact radiator and it can enhance engine fuel 

efficiency and thermal conductivity. The results suggest that nanofluid have high potential for flow and heat transfer 

enhancement and are highly appropriate to industrial and practical applications. 
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