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Abstract— The performance of a radiator depends on the 

coolant used in it for the transfer of heat. Water and ethylene 

glycol are the conventional fluids used in radiator as a 

coolant. The thermal conductivity of the nanofluids is found 

to be more than these conventional coolants. Their use in the 

radiator enhances the heat transfer performance. In this paper 

the effect of different nanofluids on the performance 

parameters of the radiator is covered from different 

literatures. The size of nanoparticles, the shape of 

nanoparticles and the concentration of nanofluid plays an 

important role in the heat transfer. From different literatures 

it is observed that the Nusselt number and heat transfer 

coefficient increases with the use of the nanofluids. With the 

use of the nanofluids the reduced size of the radiator is 

achieved with the same or better thermal performance than 

the base fluids. 
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I. INTRODUCTION 

The radiators are the heat exchangers used to transfer thermal 

energy from one medium to another medium for the purpose 

of cooling and heating. Radiators are used for cooling internal 

combustion engines, mainly in automobiles. The excess heat 

produced in an engine can cause a serious damage to its parts 

which can lead to the accident. It removes excess heat 

produced in an engine and maintain it at the proper 

temperature. The coolant flowing through the radiator first 

absorbs the heat from an engine and then by passing through 

the tubes of the radiator it transfers the heat to the atmosphere, 

get cooled and then again pass to the engine parts. For heating 

or cooling purpose various fluids are employed such as water 

and ethylene glycol which plays an important role in thermal 

management, but they have poor thermal characteristics 

particularly thermal conductivity. Considerable efforts are 

made to improve heat transfer by using extended surfaces but 

further enhancement in cooling and heating rate is always in 

demand, for this purpose nanofluids are used. The thermal 

conductivity of nanoparticles is much higher the conventional 

coolants.  

 The nanofluids are prepared by adding the 

nanoparticles in base fluid. The nanofluids are prepared by 

using two-step method or one-step. Two-step method is the 

most widely used method for preparing nanofluids. In this 

method the nanoparticle used is first produced as dry powder 

by using chemical or physical methods. In the second 

processing step with the help of ultrasonic agitation, intensive 

magnetic force agitation, high shear mixing, homogenizing 

and ball milling, the nanosized powder is dispersed into a 

fluid. For producing the nanofluids, two- step method is the 

most economic method. Nanoparticles have the tendency to 

aggregate due to the high surface area and surface activity. 

Surfactants are used to enhance the stability of nanoparticles 

in fluids. However under high temperature applications the 

functionality of the surfactants is also a big concern. Due to 

these kind of difficulties in preparing stable nanofluids by the 

two-step method, several advanced techniques including one 

step method are developed to produce nanofluids. In one step 

method simultaneously making and dispersion of particles in 

the fluid takes place. The stability of fluid is increased and 

agglomeration of nanoparticles is minimized in one step 

method.  

 The nanofluids enhances the heat transfer 

performance of the radiators as compared to the base fluids. 

The size, shape and concentration of the nanoparticles plays 

an important role in the heat transfer performance of the 

radiator. The shape of tubes of radiator is also important in 

heat transfer. The nanofluids contributes to smaller and 

efficient radiators. In this paper the various experimental and 

numerical study performed by different researchers is 

reviewed. 

II. LITERATURE REVIEW 

A. Experimental Studies 

Devireddy Sandhya et al. [1] has experimentally determined 

the performance of automobile radiator with elliptical tubes 

by using ethylene glycol and water (40:60) based TiO2 

nanofluid as a coolant with the volume concentration 0.1% 

0.3% and 0.5%. They have measured the forced convective 

heat transfer coefficient of TiO2 nanofluid and compared 

with the data of base fluid. Experiments are conducted for 

different flow rates 2,3,4 and 5 l/min and the Reynold’s 

number ranging between 4000 to 15000. They have used 

three different air velocities 2,3 and 4 m/s. Different inlet 

temperature 35,40 and 450C of the nanofluids are applied to 

consider the effect of temperature on thermal performance of 

the radiator. As the volume concentration of nanofluid 

increases, the outlet temperature of fluid is found to be 

decreased. The enhancement in heat transfer was observed 

with increasing the concentration of nanoparticles. The 

enhancement of 35% in the heat transfer rate compared to the 

base fluid was observed at 0.5% concentration of the 

nanoparticles. With increasing the flow rate and Reynold’s 

number, Nusselt number is found to be increased for all the 

concentration of nanofluids. 

 Akash A.R. et al. [2] has studied experimentally the 

performance of automobile radiator by using three nanofluids 

metallic (copper, aluminium) and non-metallic (MWCNT) as 

coolant. They have used the radiator of Mahindra Maxima in 

their work. The nanoparticles were dispersed in de-ionised 

water at the same volume fraction of 0.3%. The thermal 

conductivity and viscosity of MWCNT nanofluid was higher 

as compared to the other two nanofluids. An enhancement in 

overall heat transfer coefficient was observed to be 40%,29% 
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and 25% for MWCNT, copper and aluminium nanofluids 

respectively. It is found that at lower pumping power the 

nanofluids were exhibiting the higher heat transfer 

performance than the base fluid and at higher pumping power 

the thermal performance of base fluid was higher than 

nanofluids.  

 Zafar Said et al. [3] has investigated the performance 

of Toyota Corolla 2006 model’s radiator by using Al2O3 and 

TiO2 nanoparticle with 0.05% 0.3% volumetric concentration 

dispersed in distilled water (DW) and ethylene glycol (EG) at 

50:50 volumetric proportion. The nanofluids were prepared 

by using two step method. A nonionic polymer of 

Polyvinylpyrrolidone (PVP) and anionic material of Arabic 

gum (AG) were used as a surfactant. Al2O3-DW/EG 

nanofluid at 0.3% volume fraction with 1:1 nanoparticle to 

AG surfactant mass ratio and TiO2-DW/EG nanofluid with 

0.3% volume fraction without any addition of surfactant were 

found to be most stable nanofluid from all Al2O3-DW/EG 

TiO2-DW/EG nanofluids respectively. TiO2 nanofluids have 

higher viscosity and density compared to the Al2O3 

nanofluids, while the thermal conductivity of Al2O3-DW/EG 

nanofluid at 0.3% volume fraction had a better performance 

than TiO2-DW/EG nanofluids. Researchers have also done 

the corrosion test and it was observed that the Al2O3 

nanoparticles have higher corrosion rate than TiO2 

nanoparticles in an acidic electrolyte. With the use of 

nanoparticles the Nusselt number increases. At a mass flow 

rate of 1 l/min the enhancement of 9.97% and 24.21% was 

observed by using 0.05% and 0.3% volume fraction of Al2O3 

respectively. 

 Ashraf MiMi Elsaid et al [4] in their experimental 

study has investigated the heat transfer performance and 

friction factor characteristics of Co3O4 and Al2O3 based 

water/EG nanofluids in a vehicle radiator (FLAT–128). 

These two types of nanoparticles are examined at 

concentrations of 0.02%, 0.05%, 0.1% and 0.2% and the base 

fluids was prepared by considering three ratios of EG/water 

at 0:100%, 10:90% and 20:80%. The velocity of air was kept 

constant at 0.6 m/s while the mass flow rate was varied in the 

range of 0.05-0.2 kg /s corresponding to Reynolds number 

ranging from 12,500 to 50,000. To show the effect of 

temperature on the heat transfer and fluid flow characteristics 

experiments were performed at three different input 

temperatures of 50,70 and 90oC. It was noticed that the 

friction factor decreases with the high working fluid 

temperature. The friction factor was less for Al2O3/water 

nanofluid than Co3O4 nanofluid while higher than pure 

water.  Reynolds number and Nusselt number increases as 

fluid temperature increases for all cases of nanofluids. The 

Nusselt number for Co3O4/water was found to be higher than 

Al2O3/water and pure water for all values of the Reynold 

number. It was observed that by the addition of EG the 

Nusselt number decreases and pumping power increases. The 

results revealed that the Co3O4/water nanofluid exhibits 

higher thermal performance than Al2O3/water nanofluid. The 

higher value of performance index was observed at a lower 

concentration ratio and a higher Reynolds number.  

 Senthil Ramalingam et al [5] in their experiment has 

used hybrid nanofluids in automobile radiator with the 

horizontal tubes to find out its heat transfer characteristics. 

They have used the aluminium oxide (Al2O3) doped with 

unmilled silicon carbide (SiCUM) nanoparticles and milled 

silicon (SiCM) nanoparticles dispersed in distilled water 

(DW) and ethylene glycol (EG) at 50:50 volumetric 

proportion in their experimented study. The nanofluids were 

prepared by two step method. Four different nanofluids were 

prepared: NF1(Al2O3 doped with SiCUM by the weight 

proportion 60:40) with the volume concentration of 0.4%, 

NF2 (Al2O3 doped with SiCUM by the weight proportion 

50:50) with the volume concentration 0.8%, NF3 (Al2O3 

doped with SiCM by the weight proportion 60:40) with the 

volume concentration of 0.4%) and NF4 (Al2O3 doped with 

SiCM by the weight proportion 50:50) with the volume 

concentration 0.8%. An improvement regarding the overall 

thermal performance of 28.34% was observed by using NF4. 

The Nusselt number for NF1 was 8.68% higher than the base 

fluid and 28.35% than the NF2. The enhancement of Nusselt 

number for NF3 and NF4 was observed to be 6.213% and 

15.21 % for the experimented flow rate. At different flow 

rates the friction factor was found to be decreased by 1.75% 

and 13.89% for 0.4% and 0.8% Al2O3/SiCUM nanofluids. For 

Al2O3/SiCM nanofluids it was increased by 2.34% for 0.4% 

volume concentration and reduced by 9.97% for 0.8% 

volume concentration during the same mass flow rate. 

 A I Ramadhan et al [6] has performed the 

experiment to study the heat transfer characteristics of car 

radiator with vertical aluminium tubes by using tri-hybrid 

nanofluids. Tri-hybrid nanofluids was prepared by two step 

method by adding 0.05 to 0.3% volume concentration of 

Al2O3-TiO2-SiO2 nanoparticles in a mixture of water/ethylene 

glycol (60:40). They have performed the experiment for 

different flow rates between 2 to 12 l/min for a working 

temperature of 70oC. The velocity of air was kept constant as 

4 m/s. The heat transfer coefficient of tri-hybrid nanofluid 

was found to be increased with increasing the volume 

concentration and temperatures. At 0.3% volume 

concentration the maximum enhancement of 39.7% was 

observed in heat transfer coefficient. By increasing the 

volume concentration of the nanofluids, the pressure drop and 

pumping power was increased. The lowest pressure drop and 

pumping power was observed at 0.05% volume concentration 

with 5 kPa and 0.001 kW respectively and the highest 

pressure drop and pumping power value was found to be at 

0.3% volume concentration with 180 kPa and 0.035 kW 

respectively.  

 Neeshoun Asokan et al [7] has investigated 

experimentally the thermal performance of compact heat 

exchanger and the rheological properties of low concentration 

mono and hybrid nanofluids. The mono nanofluids were 

prepared by adding Al2O3 and CuO nanoparticles in 60:40 

ratio of distilled water and ethylene glycol. The hybrid 

nanofluid was prepared by two step method by adding Al2O3 

and CuO with the mixing ratio of 50:50 in a base fluid. 

Polyvinyl Pyrrolidone was used as a surfactant. The 

nanofluids were prepared with different volume 

concentration of 0.02%, 0.04% and 0.06%. The experiment 

was performed by varying two factors the initial maximum 

temperature and pump speed. The maximum temperature of 

100OC was used for the investigation and the pump speed was 

set at 1050, 850 and 650 RPM. The Nusselt number for hybrid 

nanofluid was found to be increased by 6.7% and 17.9% and 

the average heat transfer coefficient was found to be 
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increased by 7.2% and 12.1% as compared to CuO and Al2O3 

nanofluids respectively. It was observed that the hybrid 

nanofluid samples possessed the lower specific heat capacity 

values as compared to the other two mono nanofluids. This 

means that the hybrid nanofluids are able to gain and loss the 

heat at faster rate compared to its mono nanofluids 

counterparts. The thermal conductivity of hybrid nanofluid 

was higher than the CuO and Al2O3 nanofluids by 2.3% and 

3.6% respectively. The hybrid nanofluid has shown the 

maximum enhancement of 23.2% in heat transfer coefficient 

as compared to the base fluid. 

 Sezgi Kocak Soylu et al [8] has studied 

experimentally and theoretically the heat transfer 

performance of an aluminium radiator with corrugated louver 

fin by using Cu and Ag doped TiO2 based nanofluids. Four 

different nanoparticles pure TiO2, TiO2 doped with 0.1% Ag, 

TiO2 doped with 0.3% Ag and TiO2 doped with 0.1% Cu were 

added into the base fluid (50:50 ethylene glycol-water 

mixture by volume) with ratios of 0.3, 0.5, 1 and 2%. The 

experiment was carried out for different flow rates of 17, 19, 

21, 23 and 25 l/min. Net change in thermal conductivity of 

0.3% Ag doped nanoparticles was observed in the 

experimental results. The highest increase was found to be 

5.615% and 11.094% for the nanofluids with concentrations 

of 1% and 2% respectively. There was also a maximum 

increase in overall heat transfer coefficient for these two 

nanofluids as compared to the base fluid under the same 

experimental conditions. An increase of 5.615% and 

11.094% was observed for 1% and 2% volume concentration 

of TiO2 doped with 0.3% Ag respectively. For the nanofluids, 

the maximum increase in pumping power was observed to be 

2.9%. The convection heat transfer coefficient for four 

different types of nanoparticles was observed to be follow the 

order: 0.3% Ag doped > 0.1% Ag doped > pure TiO2 > 0.1% 

TiO2. In the theoretical analysis, for 0.3% Ag doped TiO2 the 

increase in convection heat transfer for 1% and 2% 

volumetric concentrations of nanofluids was determined to be 

26.15% and 27.72% respectively. 

B. Numerical Analysis 

Sobin Alosious et al [9] has done the experimental and 

numerical study on forced convective heat transfer 

enhancement of flat tube radiator by using Al2O3 and CuO 

nanofluids. They have done the numerical analysis in ANSYS 

Fluent (2015). For the experimental purpose the nanofluids of 

0.05% volume concentration were prepared by dispersing 

Al2O3 and CuO nanoparticles in de-ionised water by using 

probe type sonicator, sodium benzene sulphate was used as a 

surfactant. The inlet temperature was kept constant at 90oC 

and the Reynolds number ranging from 136 to 816. The 

overall heat transfer coefficient was found to be increased 

with the increase in flow rate. Maximum enhancement 0f 

0.5% and 0.38% were obtained for Al2O3-water and CuO-

water respectively. The numerical studies were carried out for 

six different volume concentrations from 0.05% to 1%. The 

increase in Reynolds number and volume concentrations has 

enhanced the heat transfer coefficient and effectiveness of the 

radiator. For 1% volume concentration of CuO and Al2O3 

nanofluids, the enhancement in heat transfer coefficient were 

13.2% and 16.2% respectively. It was found that by using 1% 

volume concentration of CuO and Al2O3, the area of the 

radiator can be reduced by 2.1% and 2.9% respectively for 

the same heat rejection of water. Increasing the volume 

concentration causes in increase in viscosity and density, 

which leads to an increase in pumping power. The optimum 

values of volume concentration were found to be 0.4% and 

0.8% in which heat transfer enhancement dominates pumping 

power increase. For both the nanofluids the Nusselt number 

was found to be decreased with increasing the volume 

concentration upto 1%, but when the concentration was 

increased beyond 1%, the Nusselt number was increment was 

increased. At 5% volume concentration the maximum 

increase in Nusselt number of 7% and 8.2% was observed for 

Cuo-water and Al2O3-water respectively for the Reynolds 

number 816. By using Cuo-water and Al2O3-water, the shear 

stress on the tube walls was found to be increased by 2.63% 

and 2.52% respectively as compared to the water.  

 Ali Karimi et al. [10] has studied numerically the 

effects of hybrid nanofluid, pipe arrangement and cross 

sections of tubes on the thermal performance of an air-cooled 

heat exchanger. In their study they have used water and MgO-

MWCNT/EG hybrid nanofluid with different volume 

concentrations. The nanoparticles volume concentrations 

used were 0,0.1,0.2,0.4,0.8 and 1% and the Reynold’s 

number ranging from 350 to 1060. They have studied the 

efficiency of the vertical and horizontal radiators using the 

experimental data for the thermo-physical properties of MgO-

MWCNT/EG nanofluid. The efficiency of radiator with the 

vertical tubes is found to be better than the radiator with 

horizontal tubes. The tubes with circular and elliptical 

sections are also investigated for different flows, inlet 

temperature and concentrations. The results indicate that the 

radiator with circular pipes had lower pressure drop and those 

with elliptical pipes had higher Nusselt number. The 

improvement in the Nusselt number and increase in pressure 

drop was found by increasing the nanofluid concentration. 

The pressure drop was found to be decreased with the 

increase in radiator’s inlet temperature and increases with the 

increase in the Reynold’s number.  

 N. Arvindkumar et al. [11] performed the 

computational and numerical analysis of radiator. In their 

work they have used different tube structure and nanofluids 

as coolant. They have designed the radiators with straight 

tube geometry and spiral geometry in Catia software and have 

analyzed it for the heat transfer study. Various nanofluids 

such as beryllium oxide, copper oxide and tin oxide. It was 

found that the copper oxide nanofluid provides best results as 

compared to other nanofluids in both types of radiator. For 

silicon oxide nanofluid the value of static pressure in spiral 

tube was less than half the value of static pressure in straight 

tube, while for tin oxide nanofluid the value of static pressure 

was lower in straight tube than in spiral tube. From the 

computational and numerical analysis, the authors have 

concluded that the spiral flow radiator gives better 

performance than the straight tube radiator. 

 Bharath R Bharadwaj et al. [12] has done the CFD 

analysis of heat transfer performance of graphene-based 

hybrid nanofluid in the radiator of Tata Indica car. They have 

made a model of radiator in SEIMENS NX. and CFD analysis 

was conducted in ANSYS FLUENT software. The effect of 

using Carboxyl-Graphene and Graphene-Oxide nanoparticles 

at 1%,2% and 3% volume concentration of each nanoparticles 
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for different flow rates of 4,5 and 6 LPM was studied in their 

work through numerical approach. The air velocity was 

specified as 1.5 m/s. The nanofluid were considered 

incompressible and flow were assumed to be laminar. The 

authors have selected the medium mesh for the CFD analysis 

in order to save the computational resources and time. It has 

been seen from the results that the temperature drop of 

0.251oC which when extrapolated to the whole length of the 

tube of the radiator turns out to be 10.93oC for a flow rate of 

4LPM. The effectiveness was found to be increased as the 

concentration of nanofluid increased and the maximum 

enhancement in effectiveness was 10% as compared to base 

fluid upon addition of 3% Carboxyl-Graphene and 3% 

Graphene Oxide at a flow rate of 4LPM. The effectiveness 

decreases with increasing flow rate. Friction factor decreases 

when the flow rate increases. There is a slight increase in 

pumping power to compensate the friction losses. 

 Tauseef Aized Khan et al [13] has performed the 

CFD simulation of radiator with the horizontal flat tube and 

fin arrangement using four different water based nanofluids 

of Al2O3, TiO2, ZnO and SiO2 nanoparticles on ANSYS 

fluent. During the analysis, inlet velocity of air was kept 

constant as 10m/s at the temperature of 300k and the velocity 

of fluid was kept as 0.05 m/s at the temperature of 370 K. The 

effect of 0.5% to 2%   volumetric concentration of nanofluids 

on the performance of radiator was analyzed. The overall heat 

transfer was increased by 4.9 to 15% by using ZnO and 

Al2O3, while TiO2 and SiO2 show very small increase in heat 

transfer from 0 to 4%. The decrease in temperature was found 

to be more for ZnO and Al2O3 as compared to the low 

performing TiO2 and SiO2. By increasing the volume fraction 

of nanoparticles the pressure drop in radiator was increased, 

ultimately the pumping power increases. By using the 

nanoparticles the effectiveness of radiator was increased. The 

effectiveness was higher at lower volume fraction, while the 

effectiveness reduced at higher volume concentration of 

nanoparticles. As compared to the water fin efficiency was 

higher for nanofluid and it has decreased with volume 

fraction. The fin efficiency was reduced rapidly with volume 

fraction of ZnO and Al2O3   due to more increase in 

convection coefficient since they have higher thermal 

conductivity values.  

 M. Elsebay et al [14] has numerically investigated 

the thermal and flow performance of two nanofluids 

Al2O3/water and CuO/water in a radiator and accomplished 

the resizing process of a radiator. The radiator with flat tubes 

equipped with plate fins was modelled and the CFD was 

performed in ANSYS Fluent 14.0. Four volume 

concentration of nanofluids 1,3,5 and 7% were studied at 

Reynolds number ranging from 250 to 1750 and the 

investigation was carried out at laminar flow condition. The 

enhancement in heat transfer coefficient for Al2O3 at Reynold 

number 1000 for volumetric concentration 1,3,5 and 7% were 

approximately 5, 16 30 and 47% respectively while for CuO 

the corresponding enhancement was 3,13,24 and 38%. The 

average friction coefficient and pressure drop were observed 

to be increased with the Reynolds number as well as the 

volume concentration. The radiator tube length was reduced 

due to the use of nanofluid rather than pure water at the same 

cooling rate and flow temperatures. By using the 7% Al2O3 

and CuO nanofluids the reduction in tube length was found to 

be 11.7% and 9.8% respectively. The additional 75% and 

80% pumping power were also required for the reduced 

length of radiator by using Al2O3 and CuO nanofluids 

respectively as compared to the radiator using pure water. 

 Rajashekhar Pendyala et al [15] has performed the 

CFD analysis of a heat transfer performance of a car radiator 

consists of duct in which coolant flow and fins attached to the 

outside of the duct wall. The simulation were carried out in 

ANSYS Fluent 15.0. Different nanofluids were used as a 

coolant in their study. The nanofluids were containing copper 

oxide 29 nm (CuO), alumina 45 nm (Al2O3) and silicon 

dioxide 20 nm (SiO2) nanoparticles at various concentrations 

(1 vol%, 3 vol% and 5 vol%) in ethylene glycol-water 

mixture (60:40 % wt). They have studied nanofluids at 

different flow conditions (laminar and turbulant), 100 ≤ Re ≤ 

10,000. For laminar flow they have used SIMPLEC scheme 

and for turbulent flow Coupled scheme were used. For 

turbulent modelling standard k-ɛ turbulent model were used. 

Different equations like Navier-stokes equations, non-linear 

fluid flow equations and continuity equations were 

considered. The axial air velocity was set to be constant at 4.4 

m/s. The inlet temperature of coolant was taken to be 363 K 

and that of air was taken to be 303 K. At fixed Reynolds 

number by increasing the nanoparticles concentration in 

ethylene glycol- water mixture, the heat transfer coefficient 

was found to be increased. At high Reynolds number the 

thermal performance of radiator was found to be improved 

significantly. It was observed that with the increase in the 

Reynolds number the average heat transfer coefficient was 

increased. During laminar flow conditions (100 – 1,000), the 

improvement for the average heat transfer coefficient were 

estimated to be about 27.28 %, 32.97 % and 10.23 % for 3 

vol% alumina, copper oxide and silica based nanofluids 

respectively. The percentage increase in average heat transfer 

coefficient were found to be about 30.07 %, 35.55 % and 

13.50 % for 3 vol% of alumina, copper oxide and silica based 

nanofluids respectively when the coolant Reynolds number 

was increased from 5,000 to 10,000. It was observed that 

during laminar and turbulent flow conditions copper oxide 

based nanofluids exhibits high thermal performance than 

alumina and silica due to high thermal conductivity. With 

Reynolds number and concentration of nanoparticles, the 

Nusselt number was found to be increased uniformly. 

 Gude Sai Krishna et al [16] has done comparative 

CFD analysis of automobile radiator by using different 

nanofluids. Water based Titanium oxide (TiO2), Copper 

oxide (CuO) and Aluminum oxide (Al2O3) nanofluids were 

used for the CFD analysis. The inlet mass flow rate was 

15kg/s. The inlet temperature of coolant and ambient 

temperature were taken to be 90˚C and 25˚C respectively. 

The outlet temperature for water and all other nanofluids were 

observed. For water, TiO2, Al2O3 and CuO the outlet 

temperature was observed to be 33.41˚C, 27.71˚C, 27.67˚C 

and 26.13˚C respectively. The decrease in temperature for 

CuO nanofluid was found to be more than any other fluids, 

so it is concluded that CuO gives better performance than all 

other fluids. The pressure and velocity were found to be 

decrease for all the fluids.  
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III. CONCLUSION 

From all the literatures it is come to know that the nanofluids 

gives the better performance of the radiator as compared to 

the base fluids. The volume concentration of the nanofluid is 

an important factor in heat transfer enhancement. At the 

higher volume concentration of nanofluids maximum 

enhancement in heat transfer and higher need of pumping 

power occurs. It is very much important to use the nanofluids 

in proper concentration because if the concentration increases 

to the more extend then because of the increase in the 

viscosity of the fluid the shear stress on the walls of the tubes 

of the radiators increases which is not acceptable. The hybrid 

nanofluids are able to gain and loss the heat at faster rate 

compared to its mono nanofluids. The efficiency of radiator 

with the vertical tubes was found to be better than the radiator 

with horizontal tubes. The spiral flow radiator gives better 

performance than the straight tube radiator. 
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