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Abstract: The cooling system plays a vital role in controlling the temperature of car’s engine. So, the coolant circulates in 

the automobile radiator is the key element in cooling system. The usage of wrong cooling fluid can give negative impact to 

the car’s engine and shorten engine life. An efficient cooling system can prevent engine from overheating and assists the 

vehicle running at its optimal performance. The presence of Al2O3 Nano particles in water + ethylene glycol can enhance the 

heat transfer rate of automobile radiator. The degree of heat transfer enhancement depends on the amount of the 

nanoparticles added to water + ethylene glycol with nanofluids 0.01%, 0.02%, 0.05%, 0.08% & 0.1% volume concentrations 

respectively. Ultimately, at the concentration of 0.08 vol % the heat transfer enhancement is around 48% compared to the 

distilled water + ethylene glycol recorded. 3D model of the radiator is done in Pro/Engineer. CFD analysis is done on the 

radiator for all nanofluids and volume fractions. We compared the results analytically and experimentally.  

Keywords: Thermal conductivity, nanofluids, Heat transfer coefficient, Aluminium oxide (Al2O3), Ethylene glycol, Volume 

concentration. 

 

I. INTRODUCTION 

A radiator which is used as a heat exchanger in automobiles used to remove the heat by cooling jackets through 

which conventional fluids like water flowing through it. There are mainly two ways to increase the rate of heat 

transfer in automobile radiators. They are adding fins and employment of coolant with high thermal conductivity 

material. Apart from this, in automotive industries there is a need of a new and innovative heat transfer fluids for 

improving heat transfer rate. 

Now a day’s researchers found nanofluids which are also known as the new generation of heat transfer fluids that 

will offer higher thermal conductivity, thermal diffusivity and viscosity compared to conventional coolants. Nano 

fluids are formed by suspending nanoparticles of metallic or non -metallic oxide in traditional heat transfer fluids. 

The nanofluids can be prepared mainly by two processes namely Single-step process and Two-step process. Several 

studies, including the earliest investigations of nanofluids, used a two-step process as this method is more 

extensively used to produce nanofluids in which nanoparticles are first produced as a dry powder. The size and 

weight of the radiator will definitely influence the manufacturer’s cost and fuel economy of the vehicle. The use of 

nanofluids as coolants would allow for smaller size and better positioning of the radiators. 

 

II. LITERATURE REVIEW 

Xiaohao Wei [1] posted the result of reaction on nanofluid temperature and molar concentration in thermal 

conductivity. Nano particles shape is in spherical to octahedral and different shapes and with improves in thermal 

conductivity upto 24 percentage by   setting some synthesis parameters and principles. PooyanRazi [2] assessed 

nanofluids with variable particle load with the help of heated by an electrical developed flow by passing through the 

flat end copper tubes.  The effect on heat transmit coefficient and pressure drop flow in different parameters is 

studied. The results are most raise of 16.8 percentage in heat transmit coefficient for a range of Reynolds no. 10-100 

is obtained for nanofluid flow with 2 percentage weight. concentration inside the round tube, while, the increases of 

20.5% and 26.4 are obtained for this fluid flow inside the flattened tubes with internal heights of 8.3 and 6.3 mm at 

nearly the same Reynolds numbers range. M.pirhayati [3] studied that nanofluid flow inside an inclined copper tube 

with convective heat transfer. Flow inside round tube was fully developed by dynamically of laminar and hydro. 

Nanofluids heat transfer coefficient is increased with different weight fractions. The majority heat transfer 

improvement is held when tube is Inclined at 30° reveal amongst other tube inclination. K.B Anoop [4] posted 2 

particle sizes and they were used with regular particle size of 45nm to 150nm.Comparing the both 150nm particle 

showed lesser heat transfer coefficient than 45nm particles. Heat transfer coefficient shows higher enhancement than 

in the developed region. S.M.S Murshed [5] examined that the enhancement of thermal conductivity is also effects 
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on particle size and shape. The Power of Hydrogen (PH) value and viscosity of the nanofluids also characterize. M. 

chandrasekar [6] implemented that with the help of chemical precipitation the nanofluid can prepared in microwave 

method. Various volume concentrations at room temperature were utilized for investigation and it conclude that the 

viscosity increase is significantly higher than the increase in the thermal conductivity. S.k. Sahu [7] experimentally 

studied about inside an automobile by the automobile radiators heat removal rate of the coolant flowed were great 

importance for the optimization of consumption fuel. Different concentrations of nanofluids classified into four 

types in the range of 0.15–1 percentage prepared the volume with the CNT nanoparticles addition into water.  

Functionalized (FCNT) synthesized The CNT nano coolants and treatment surface (SCNT) method.  Parameters 

affected various types, mainly named as method of synthesis, PH values variation and concentration of nanoparticle 

on the Nusselt number was examined by the investigation of experimental. Enormous changed was exhibit by the 

nano coolants Nusselt number compared with water. Functionalized result was CNT nano coolant with 5.5 PH 

bettered exhibited performance compared to the nano coolant through PH value of 6.5 and 9.  It was observed by the 

conventional fluids were unable to met the increased demand in cooling in high energy applications were include 

automobile engines. The conventional fluids were improved the cooling performance by the addition of 

nanoparticles of automotive radiator and heavy-duty engine. In heat removal rate this improvement was used to 

reduce the size of a cooling system of nanofluids, result was increased in fuel economy. In addition, smaller size 

particles can also reduced the fuel consumption. 

 

III. METHODOLOGY 

Although nanoparticles can be prepared by different techniques like gas condensation, vacuum 

deposition and vaporization, Chemical vapour deposition (CVD) and Chemical vapour condensation (CVC) etc., 

Al2O3 nanoparticles has been purchased from nano labs and received with complete analysis.         

 

Analysis of Alumina nanoparticles: 

1. Aluminium Oxide Nanoparticles (Al2O3, Alpha, Purity 99.9%) 

2. Average particle size: 30-40 nm 

3. CAS: # 1344-28-1  

4. Molecular formula: Al2O3  

5. Average Particles Size: 30-50 nm  

6. SSA: 120-140 m2/g  

7. Bulk Density: 1.5g / cm3  

8. True Density: 3.97 g/cm3  

9. Color: white  

10. Morphology: Spherical  

11. Crystallographic Structure: rhombohedral  

12. Atomic Weight: 101.96 g mol−1  

13. Melting Point: 2055oC Aluminium  

14. Oxide Nanoparticles (Al2O3), Certificate of Analysis--% 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.4: Photographic view of Al2O3 Nano particles 
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Fig 3.1: UV-Vis spectrophotometer & XRD Analysis of Al2O3 Nanoparticles 
 

 
 

Fig 3.2: TEM Analysis of Al2O3 nanoparticles 

A. Experimental setup: 

The experimental setup used in this study includes an automobile radiator (Heat Exchanger), pipe 

lines, forced draft fan, flow meter, pump, heater, storage tank and electrical console. The experiment is conducted by 

implementing nanofluid Al2o3 at different concentrations, i.e. 0.01, 0.02, 0.05 and 0.08 vol. % and at different flow 

rates of 3,7,10 and 15 lpm (litres per minute).  

 

 
 

Fig 3.3: Experimental setup 
 

The working fluid Al2O3 is taken in a storage tank and is circulated through the radiator using a 

pump. The flow can be regulated using a flow control valve and the temperature inside the container is maintained at 

50-700C by using heating coil equipped with a thermostat. Thermocouples are placed in different positions to 

indicate the flow temperature. In that two thermocouples were placed on the flow line to record the radiator inlet and 

outlet temperature. Whereas, four thermocouples are installed on the radiator to measure the wall temperature of the 

radiator. A fan is placed parallel to the radiator for cooling purpose.  
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The experiment was conducted in the radiator using water, water + ethylene glycol and water + 

ethylene glycol + nanofluid at 0.01%, 0.02%, 0.05%, 0.08% & 0.1% volume concentrations. 

 

To obtain heat transfer coefficient, the performed following procedure has been according to newton's cooling law, 

                                                   Q = hAΔT = hA(Tᵇ -Tw)  ---------------- (i) 

 

Heat transfer rate can be calculated as follows, 

                                                   Q = mCpΔT = mCp(Tin-Tout)------------- (ii) 

 

B. CFD Analysis: 

By using Pro/Engineer radiator has been modelled in 3D also computational fluid dynamics (CFD) 

analysis were carried for nanofluids at different volume fractions. Computational Fluid Dynamics is the science of 

predicting fluid flow, heat transfer, mass transfer, chemical reaction (e.g., combustion), and related phenomena by 

solving the mathematical equations that govern these processes using a numerical algorithm on a computer. 

 

                                    
Fig 3.4: 3D and 2D model of Automobile radiator 

C. Calculations:  

Nanofluid density was calculated by the mixing theory as: 
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Specific heat of a Nanofluid can be calculated by the thermal equilibrium model as: 
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Density of Nanofluid can be calculated as: 

ρnf = ϕ x ρs + [(1-ϕ) x ρw] 

 

Viscosity of Nanofluid can be calculated as: 

µnf = µw (1+2.5 ϕ) 
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TABLE 1 

PROPERTIES OF Al2O3 NANOFLUID 
 

 

Nanofluid 

Volume 

Fraction 

(%) 

Thermal 

conductivity 

(w/m-k) 

Specific 

heat 

(J/kg-k) 

Density 

(kg/m3) 

Viscosity 

(kg/m-s) 

Aluminium 

Oxide 

(Al2O3) 

0.01 0.6312 4058.137 1027.018 1.028×10-3 

0.02 0.66435 3944.64 1055.835 
1.05315×10-

3 

0.05 0.77494 3626.30 1182.218 
1.12837×10-

3 

0.08 0.90668 3355.44 1228.744 1.2036×10-3 

0.1 1.00979 2946.33 1286.38 1.2537×10-3 

 

 

IV.  RESULTS AND DISCUSSION  
 

In this thermal performance of an automobile radiator at constant inlet temperature 550C have been 

carried out. With increase in the volume fraction of Al2O3 nanoparticles heat transfer rate also been improved. The 

physical properties of nanofluids are slightly different than the base fluid. Density and thermal conductivity 

increased and specific heat decreased slightly in compare to base fluid. Viscosity increases more distinctly, which is 

inappropriate in heat transfer. It was observed that the this study also found that heat transfer rate is increased 

exponentially as the volume fraction of nanoparticles are increased. 

 

 

                            
 

                    Fig. 4.1 Fluid-Water    Fig. 4.2 Fluid -Water+ Ethylene Glycol 
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Fig. 4.3 Nanofluid at 0.08% Volume Fraction 
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Fig 4.4 Heat transfer coefficient vs Nanofluid                          Fig.4.5 Heat transfer rate vs Nanofluid 

 

Table 2  

Result Table from analysis 

Fluids 

Heat transfer 

coefficient 

(W/m2k) 

Heat transfer 

rate 

(W) 

Water 395 0.39 

Water +ethylene 

glycol 
298 27.77 

Al2O3  0.01 448 22.062 

Al2O3  0.02 487 32.23 

Al2O3  0.05 597 29.64 

Al2O3 0.08 776 18.27 

Al2O3  0.1 996 18.39 
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Table 3 

 Comparison of Heat transfer rates 

 

Nanofluid 

%Volume 

Concentration 

Experimental 

(W/m2k) 

Analytical 

(W/m2k) 

0.01 429.99 448 

0.02 468.32 487 

0.05 487.21 597 

0.08 697.65 776 

0.1 729.57 996 

 

 

 
 

Fig.4.6 Comparison of Heat transfer coefficient 
 

V. CONCLUSIONS 

The presence of Al2O3 Nano particles in water+ethylene glycol can enhance the heat transfer rate of 

automobile radiator. The degree of heat transfer enhancement depends on the amount of the Nano particle added to 

water + ethylene glycol. Ultimately, at the concentration of 0.08 vol % the heat transfer enhancement around 48% 

compared to the pure water + ethylene glycol recorded. When the volume concentration increasing to 0.1% the heat 

transfer rate increases but is in the range 48% to 51%. The cost of the working fluid is increases but increasing heat 

transfer rate is less. Increasing the flow rate (3 lpm- 15 lpm) of working fluid enhance the heat transfer coefficient 

for both water+ethylene glycol and Nano fluid considerably. It seems that the increasing in the effective thermal 

conductivity and the variation of the other physical properties are not responsible for the large heat transfer 

enhancement. Brownian motion of Nano particles may be one of the factors in the enhancement of the heat transfer. 

By comparing the experimental and analytical results it has been noticed and found that there is a modest difference 

in heat transfer coefficient value of aluminum oxide (Al2O3) nanofluid is observed.  
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