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Abstract— Water and ethylene glycol as conventional 

coolants have been widely used in an automotive car radiator 

for many years. These heat transfer fluids offer low thermal 

conductivity. With the advancement of nanotechnology, the 

new generation of heat transfer fluids called, “Nano fluids” 

have been developed and researchers found that these fluids 

offer higher thermal conductivity compared to that of 

conventional coolants. In This paper affectivity of use of 

Nano-fluid Al2O3, to study the performance of radiator using 

conventional coolant and Aluminum Oxide blended coolant 

and different parameters are studied Heat rejection 

performance measurement with conventional coolant, Heat 

rejection performance measurement with Nano-fluid coolant 

& Comparison of Nano-fluid coolant results with 

conventional coolant results are also studied.  
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I. INTRODUCTION 

A. Present Theories and Practices: 

Engine coolant cannot be allowed to freeze. If it does, it will 

not circulate through the radiator of the cooling system and 

the engine will overheat. A more serious consequence is 

caused when the water in the coolant expands on freezing and 

cracks the walls of the water jacket or water pump. This 

destroys the engine. Conventional Engine Coolants: 

 Pure Water 

 Ethylene Glycol 

 Mixture of pure water & ethylene glycol 

Ethylene glycol (C2H602), often called antifreeze, 

acts as a rust inhibitor and a lubricant for the water pump, two 

properties not present when water is used alone. When added 

to water, it lowers the freezing temperature and raises the 

boiling temperature, both desirable consequences. This is true 

for mixtures with ethylene glycol concentrations from a very 

small amount up to about 70%. Due to a unique temperature-

concentration-phase relationship, the freezing temperature 

again rises at high concentrations. The desirable heat transfer 

properties of water are also lost at high concentrations.  

Pure ethylene glycol should not be used as an engine 

coolant. Ethylene glycol is water soluble and has a boiling 

temperature of 197°C and a freezing temperature of -11°C in 

pure form at atmospheric pressure. When ethylene glycol is 

used as an engine coolant, the concentration with water is 

usually determined by the coldest weather temperature which 

is expected to be experienced. 

In addition to good thermal properties, a coolant 

should satisfy the following requirements: 

1) Chemically stable under conditions of use 

2) Non-foaming 

3) Non-corrosive 

4) Low toxicity 

5) Non-flammable 

6) Low cost 

In recent years, extensive research has proven that 

Nano fluids are superior as a heat transfer agent over 

conventional fluids. Recently there has been considerable 

research highlighting superior heat transfer performances of 

Nano fluids in automotive radiator. Leong et al. reported that 

about 3.8% of heat transfer enhancement and almost 18.7% 

reduction of air frontal area is achieved by adding 2% copper 

nanoparticles at Reynolds number of 6000 and 5000 for air 

and coolant respectively. The performance of finned tube 

heating units with Nano fluids has been compared 

mathematically with a conventional heat transfer fluid which 

comprised of 60% EG and 40% water. [1] 

Continuous technological development in 

automotive industries has increased the demand for high 

efficiency engines. A high efficiency engine is not only based 

on its performance but also for better fuel economy and less 

emission. Reducing a vehicle weight by optimizing design 

and size of a radiator is a necessity for making the world 

green. Addition of fins is one of the approaches to increase 

the cooling rate of the radiator. It provides greater heat 

transfer area and enhances the air convective heat transfer 

coefficient. However, traditional approach of increasing the 

cooling rate by using fins and micro channel has already 

reached to their limit. In addition, heat transfer fluids at air 

and fluid side such as water and ethylene glycol exhibit very 

low thermal conductivity. As a result there is a need for new 

and innovative heat transfer fluids for improving heat transfer 

rate in an automotive car radiator. [2] 

The inclusion of nanoparticles improves the thermal 

conductivity compared to the conventional fluid and 

increases heat transfer rate with the nanoparticle 

concentration. Although lots of investigations manifested the 

thermal conductivity contribution toward the enhancement in 

the convective heat transfer coefficient of Nano fluids, 

Nguyen et have performed extensive measurements of 

dynamic viscosity for the Al2O3–water Nano fluid 

considered hysteresis phenomenon concerns on the reliability 

of using Nano fluids for heat transfer enhancement 

purposes.[3] 

Pak and Cho presented an experimental 

investigation of the convective turbulent heat transfer 

characteristics of Nano fluids (Al2O3ewater) with 1e3 vol%. 

The Nusselt number for the Nano fluids increases with the 

increase of volume concentration and Reynolds number. Wen 

and Ding assessed the convective heat transfer of Nano fluids 

in the entrance region under laminar flow conditions. 

Aqueous based Nano fluids containing Al2O3 nanoparticles 

(27e56 nm; 0.6e1.6 vol %) with sodium dodecyl benzene 

sulphonate (SDBS) as the dispersant, were tested under a 

constant heat flux boundary condition. For Nano fluids 

containing 1.6 vol%, the local heat transfer coefficient in the 
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entrance region was found to be 41% higher than that of the 

base fluid at the same flow rate. [4] 

II. EXPERIMENTAL INVESTIGATIONS 

A. Experimental rig and procedure: 

In order to measure the liquid side heat transfer coefficients 

in the car radiator, a flow loop shown in Fig. 1 has been used. 

This experimental rig includes a storage tank, a heater, a 

pump, a flow meter, a forced draft fan, a cross flow finned 

tube heat exchanger (car radiator), and flow lines. The test 

fluid flows through the five layer insulated tubes (0.75 inch 

diameter) from the feed tank to the radiator by a centrifugal 

pump with constant flow rate of 10 l per minute. A recycle 

line included a globe valve was prepared to obtain the 

predetermined flow rate. Storage tank (height of 35 cm and 

diameter of 30 cm) has volume of 30 l and the working liquid 

would fill 25%. Consequently, the total volume of the 

circulating liquid is constant in all the experiments. A flow 

meter (Technical Group LZM- 15Z Type) was used to control 

and manipulate the flow rate with the precision of 0.1 l per 

minute. For heating the working fluid, an electrical heater and 

a controller were used to maintain the temperature between 

40 and 80 °C. Two RTDs (Pt-100 Ω) were implemented on 

the flow line to record radiator fluid inlet and outlet 

temperatures. Two other J-type thermocouples were also used 

for radiator wall temperature measurement. These 

thermocouples were installed at the centre of the radiator 

surfaces (both sides). Due to very small thickness and very 

high thermal conductivity of the flat tubes, it is reasonable to 

equate the inside temperature of the tube with the outside one. 

The measured temperatures from these thermocouples and 

RTDs have been shown on two digital monitors with the 

accuracy of 0.1 °C. All used thermocouples and RTDs were 

thoroughly calibrated by using a constant temperature water 

bath, and their accuracy was estimated to be ±0.2 °C. 

Error analysis was carried out by calculating the 

error of measurements. The uncertainty range of Re comes 

from the errors in the measurement of volume flow rate and 

hydraulic diameter of the tubes and the uncertainty of Nu 

refers to the errors in the measurements of volume flow rate, 

hydraulic diameter, and all the temperatures. 

 
Fig. 1: Experiment setup 

 

  

According to uncertainty analysis described by 

Moffat [6], the measurement error of Re was less than 5.2% 

and for Nu was less than 18%. The repeatability of the 

experiments was always within 5%. As shown in Fig. 2, the 

configuration of the automobile radiator used in this 

experiment is of the louvered fin-and-tube type, with 34 

vertical tubes with stadium-shaped cross section (Fig. 2).  

 
Fig. 2: Radiator fins specification 

The fins and the tubes are made with aluminium. For 

cooling the liquid, a forced fan (Techno Pars 1400 rpm) was 

installed close and face to face to the radiator and 

consequently air and water have indirect cross flow contact 

and there is heat exchange between hot water flowing in the 

tube-side and air across the tube bundle. Constant velocity 

and temperature of the air are considered throughout the 

experiments in order to clearly investigate the internal heat 

transfer. The test liquids are water based Nano fluids which 

consist of water and small amount (0 to 1 vol. %) of gamma 

alumina nanoparticle. The mean grain size of this gamma 

alumina is 20 nm and some other properties are shown in 

Table 1. There was no dispersant or stabilizer added to Nano 

fluid.  

 
Table 1: Some Characteristics of alumina nanoparticle 

Table 2 shows the ranges of all the experimental 

parameters. Calculation of heat transfer coefficient 

 
Table 2: Range of experimental operational conditions 

To obtain heat transfer coefficient and 

corresponding Nusselt number, the following procedure has 

been performed. According to Newton’s cooling law: 

Q = hA∆T =  hA(Tb – Tw) …. (1) 

Heat transfer rate can be calculated as follows: 

Q = mCp∆T = mCp(Tin – Tout)….. (2) 

Regarding the equality of Q in the above equations: 

Nu =( hexp.dhy ) / k = mCp (Tin _ Tout) / { A(Tb _ Tw)} 

…. (3) 

In Eq. (3), Nu is average Nusselt number for the 

whole radiator, m is mass flow rate which is the product of 

density and volume flow rate of fluid, Cp is fluid specific heat 

capacity, A is peripheral area of radiator tubes, Tin and Tout 

are inlet and outlet temperatures, Tb is bulk temperature 

which was assumed to be the average values of inlet and 
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outlet temperature of the fluid moving through the radiator, 

and Tw is tube wall temperature which is the mean value by 

two surface thermocouples. In this equation, k is fluid thermal 

conductivity and dhy is hydraulic diameter of the tube. It 

should also be mentioned that all the physical properties were 

calculated at fluid bulk temperature. 

 
Fig. 3: Concentration (vol %) vs. Mnf/Mw 

III. RESULT 

A.  Heat Transfer To Pure Water and Pure EG: 

Before running the experiments on the Nano fluids as a 

coolant for car radiator, some tests with pure water and pure 

EG were done in order to check the reliability and accuracy 

of the experimental setup. Fig. shows the experimental results 

for water flow through the radiator at constant inlet 

temperature of 50 °C. It is shown that the higher Reynolds 

number increases the heat transfer coefficient of pure water. 

The experimental data has been compared with following 

empirical correlation suggested by Dittus–Boelter [8] in 

turbulent flow: 

Nu = 0:0236Re0.8Pr0.3 …. (4) 

Two correlations were developed by Vajjha et al. [9] 

for Nano fluids from the numerical analysis of the flat tube 

geometry which were shown in Eq. (5): 

Nu = 1:9421 × ( RePrDh / z )0.3 where 

(RePrDh / z)  ≥33:33 

Nu = 6:1 + 0:003675 × RePrDh / z 

(RePrDh / z)  ≤ 33:33….. (5) 

The average Nusselt number can be calculated as 

follow: 

Nuave: = 
1

𝐿
 ∫ Nu. Dz

𝐿

0
 

 
Fig. 4(A): Reynolds no. vs. Nusselt no. 

B. Heat transfer to water based and EG based Nano fluids: 

The Nano fluid is implemented in different Al2O3 

concentrations, i.e. 0.1, 0.3, 0.5, 0.7, and 1 vol. % and at 

different flow rates of 2, 3, 4, 5, and 6 l per minute. In order 

to consider the effect of temperature on thermal performance 

of the radiator, different inlet temperatures have been applied 

for each concentration. The inlet temperatures include 35, 45, 

and 50 °C for the water based Nano fluids and 45, 50, and 60 

°C for EG based Nano fluids. 

Fig. 4(A) and (B) shows the heat transfer 

enhancement due to the replacement of water as a 

conventional coolant with water and EG based Nano fluids 

respectively. As can be seen, the ratio of the Nano fluid 

Nusselt number to the base fluid Nusselt number (Nunf/Nubf) 

has increased by enhancement in the concentrations of 

nanoparticle at constant Reynolds number for both Nano 

fluids. 

 
Fig. 4(B): Reynolds no. vs. Nusselt no. 

By the addition of only 1 vol. % of Al2O3 

nanoparticle into the water or EG, an increase of about 40% 

in comparison with the pure water and pure EG Nusselt 

number was recorded. The Nusselt number increases 

monotonously with Reynolds number, but Nunf/Nubf 

presents different variation tendencies with Reynolds number 

for these two Nano fluids. For the water based Nano fluid it 

is obvious from Fig. 4(A) that Nunf/Nuw increases with 

Reynolds number and in higher concentrations of 

nanoparticle the effect of Reynolds number becomes 

pronounced. This result is in contradiction to the EG based 

Nano fluids in which Nunf/NuEG exhibited irregular trends 

against Reynolds number, as can be seen in Fig. 4(B). It was 

shown that when small amounts of Al2O3 nanoparticles are 

added to the base fluids, the density and the thermal 

conductivity increase and the specific heat decreases slightly 

while the viscosity increases more markedly compared to the 

base fluid. These variations, however, are too small (of about 

4%) to explain heat transfer enhancement of up to 40% 

gained in this study. Heirs et al. [10] have done experiments 

with Al2O3 nanoparticles in water under laminar flow up to 

turbulence. They found the heat transfer enhancement as high 
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as 40% with Al2O3 particles while the thermal conductivity 

enhancement was less than 15%. 

C. Heat transfer to water/EG binary mixture Nano fluids: 

A conventional fluid usually used in the car radiator is the 

mixture of water/EG in different concentrations depending on 

the regional weather. In order to have more insights to the 

influence of nanoparticle addition in the radiator coolant, 

three different concentrations of water/EG binary mixtures 

which include 5, 10, and 20 vol. % EG were prepared as the 

base fluids. Four different values of Al2O3 nanoparticle (0, 

0.05, 0.15, and 0.3 vol.%) were added to each concentration 

of water/EG mixtures and finally the effect of flow rate on the 

heat transfer performance was studied for each case. All the 

obtained experimental data are summarized in Table 5. The 

results obtained for pure water and pure EG based Nano 

fluids (which were shown previously) were also presented in 

this table for more comfortable comparison of the results. 

Furthermore, due to the large variations in the physical 

properties of the base fluids, it is not possible to imply Nusselt 

number as a function of Reynolds number. Reynolds number 

greatly reduced when EG concentration enhances. At extreme 

conditions, Reynolds number changes between 9000 and 

23,000 for water based Nano fluids while it changes between 

1200 and 2500 for EG based Nano fluids. It should be 

mentioned that all the detail.  

 
Table 3: Experimental Nusselt numbers measured for 

different concentrations of EG/water mixtures as the base 

fluid (inlet temperature 45 C) 

Table have been obtained at the constant liquid inlet 

temperature to the radiator namely 45 °C. Data in Table 5 

obviously indicate that higher Nusselt numbers have been 

obtained for the pure water compared to pure EG at constant 

flow rate (more than twice). This is basically due to the sharp 

differences in the physical properties of the two pure liquids. 

For the sake of clarity, some of the important physical 

properties of water and EG were compared in Table 2 at the 

temperature of 45 °C. The Prandlt number (Pr) as an 

important parameter affecting the heat transfer coefficient 

differs greatly in these two liquids and it can be the main 

reason for the lower Nusselt number in EG compared to 

water. Furthermore, it is obvious from Table 5 that the 

addition of EG into water decreases the Nusselt numbers. It 

is the reason for mixing of EG with water; water does a much 

better job at the cooling of the engine. In all the experimental 

data shown in Table 5, it is proven that the addition of 

nanoparticle to each base fluid enhances the heat transfer 

coefficient. This effect manifests itself at water/EG binary 

mixtures with lower concentrations of EG. 

IV. CONCLUSION 

The experimental results have demonstrated that the heat 

transfer behaviours of the Nano fluids were highly depended 

on the particle concentration and the flow conditions and 

weakly dependent on the temperature. Our results indicate 

that Nano fluids have great potential for heat transfer 

enhancement and are highly suited to apply in practical heat 

transfer processes. This provides promising ways for 

engineers to develop highly compact and effective radiators 

for cars. These higher heat transfer coefficients obtained by 

using Nano fluid instead of water allow the working fluid in 

the car radiator to be cooler. The addition of nanoparticles to 

the coolant has the potential to improve automotive and 

heavy-duty engine cooling rates or equally causes to remove 

the engine heat with a reduced-size cooling system. Smaller 

cooling systems result in smaller and lighter radiators, which 

in turn benefit almost every aspect of vehicle performance 

and lead to increased fuel economy. 
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