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ABSTRACT  

In this paper, the feasibility of glycerin/Al2O3 nanofluid for automotive cooling applications is experimentally 

studied. The test setup includes an engine model and a car radiator and the heat transfer characteristics at required 

operating conditions are analyzed under laminar flow conditions. Three different concentrations of nanofluids such as 

0.05, 0.1 and 0.15 vol. % are used and the enhancement in the heat transfer coefficient is 62% when 0.15% volume 

concentration of nanoparticles are added to the base fluid (glycerin) at a constant heat flux of 6919 W/m2. The 

effectiveness of the radiator cooling system increases along with negligible increase in pumping power with increase 

of volume concentration. The addition of nanoparticles in the base fluid enhances the absorption capacity of the 

radiator coolant leading to the increase in the effectiveness. Results have also indicated that the nanofluids are mainly 

dependent on particle concentration, flow rates, and temperature. Hence, it is suggested that nanoparticle suspended 

coolants are promising and efficient for automotive cooling applications. 
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INTRODUCTION  

Heat transfer applications play a very vital role in the aspect of energy crisis and energy consumption. Heat 

transfer enhancement is a major concern in the field of Automobile Industry. Due to the increasing petroleum costs, 

researchers are motivated to apply energy saving methods. It is mentioned that car radiators are essential accessories 

for automobiles, so higher heat transfer performance of radiators ensures a high efficiency engine, which leads to 

smaller engine size, better fuel economy and less emission of gases [1] . For many years water, ethylene glycol and 

glycerol have been used as conventional coolants in automobile radiator [2,3]. The ASTM Engine Coolant Grade has 

approved glycerin (D7640, D7714, and D7715 specifications) for light and heavy-duty vehicles as a coolant in April 

2011. The glycerin-based coolants are better for the environment as they are close to neutral on a corrosive scale, less 

corrosive to engine parts and more cost-effective than Ethylene Glycol (commonly used conventional coolant) and 

supportive of the renewable fuel industry. Glycerin is considered as a Greener Alternative to Ethylene Glycol as 

Antifreeze (Mark Bateman, Benchmark Energy, 2014). The commercial coolants available in the market are limited 

by their heat transfer characteristics (low thermal conductivity). This prompted researchers to find fluids that offer 

higher thermal conductivity compared to that of conventional coolants. For the first time a colloidal mixture of 

nanoparticles (1-100nm) in a base liquid is prepared by calling it as nanoparticle fluid suspensions [4]. The presence 

of nanoparticles in the base fluid contributes better flow of mixing and higher thermal conductivity compared to that 

of a base fluid. When nanoparticles dispersed uniformly and suspended stably in a base fluid can provide impressive 

improvements in the thermal properties of the base fluid [5] . The purpose of dispersing nanoparticles into 

conventional coolants (water, ethylene glycol, and glycerol) to increase the efficiency of the engine and their 

performance has been acknowledged [6]. This resulted in an innovative idea to use nanoparticles in the conventional 

engine coolants. The thermal fluid by suspending nano size particles in the conventional fluids is a redesigned model 

for upcoming coolants [7]. Addition of solid nanoparticles into the heat transfer media has been an unique technique 

for enhancing the heat transfer rate and performance of engines. Many kinds of metallic nanoparticles, such as Al2O3, 

CuO, Fe2O3, SiO2 and TiO2 were used as additives of base fluids [8–14] Among these metallic nanoparticles Al2O3 is 
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one of the most commonly studied nanoparticles in commercial coolants. Numerous studies were reported in the 

literature with Al2O3/water nanofluid in a vehicle cooling system. An enhancement of 14.79%, 14.72%, and 9.51% 

respectively is observed in heat transfer rate, heat transfer coefficient and Nusselt number for 1 vol. % of nanoparticle 

concentration [15]. It is mentioned the maximum enhancement of heat transfer for 1 vol. % is found 52.03% higher 

when compared with water [16]. The enhancement observed is 3% and 40-45 % maximum enhancement in thermal 

conductivity and heat transfer respectively for 1 vol. % [17]. When 2 vol. % was considered it is reported heat transfer 

coefficient enhancement is up to 25% [18]. It is experimentally proved that the maximum heat transfer coefficient 

increased 41% in the entry length by dispersing nano particles [19]. An experimental study of Al2O3/EG nanofluids in 

vehicle cooling system is performed and reported thermal conductivity enhancement of 11.25%, when 3.5% and 4.5 

% enhancement with 1.5 vol. % of nanoparticles addition [20]. The maximum increase in the thermal conductivity 

was 8.3%, when 1 vol. % of Al2O3 nanoparticles are added to EG at 50°C [21]. An increase in thermal efficiency by 

14.4% when 2 vol. % of Al2O3 nanoparticles were added in EG/Water coolant. Some experimental results 

demonstrated that the heat transfer behaviors were highly dependent on the particle concentration and the flow 

conditions and weakly dependent on the temperature [22]. He observed heat transfer enhancement of 40% in a range 

of 0.1-1 vol. % of gamma-alumina nanoparticles added to different base fluids (5, 10, 20 vol. % of EG). Yu et al. [23] 

focused his study on Al2O3 nanofluid (45% ethylene glycol and 55% water mixture as base fluid) and found the values 

of  heat transfer coefficient of nanofluids  enhanced up to  57%  and 106% for 1.0 vol. % and 2.0 vol.%, when the 

Reynolds number is 2000 [24].The nanofluids with Al2O3 has an notable enhancement of thermal conductivity in the 

range of 2-36% [25].  

It is observed that so far in the literature works have not been reported with Al2O3 nanoparticles suspended 

in glycerin-based coolant. Therefore, an experimental study is carried out to estimate heat transfer coefficient and 

friction factor at three different volume concentrations of glycerin/Al2O3 nanofluids under laminar flow conditions 

using a compact engine model and an air-cooled radiator. 

 

EXPERIMENTATION  

Preparation and Characterization of Nanofluid 

The Al2O3 nanoparticles with diameters <50nm purchased from Alfa Aesar, UK (ASP Powder, LOT- 

E26XO39) is used for experimental work. The volumetric concentrations varied from 0.05%, 0.1% to 0.15% 

throughout the experimental process. All the properties are recorded without using the surfactant in the nanofluid. 

Hielscher UP400S AT 70 Hz is used for ultra-sonication for 30, 60,120 minutes and best results are noted for 120 

minutes. The stability of the nanofluid is checked by keeping the prepared nanofluid idle for one week and physically 

observed for any settlement of nanoparticles at the bottom of the container. It is observed that the nanoparticles are 

stably suspended in the base fluid even after one week. The average crystallite size of the sample is calculated by 

measuring the broadening of the X-ray diffraction peaks and applying the Debye-Scherrer’s formula and given in 

Equation 1. The crystalline size of the sample is calculated as 12.824 nm as shown in Figure 1. 

 

Measurement of thermophysical properties of nanofluid 
The thermo-physical properties like thermal conductivity, viscosity, pH, Surface Tension of the nanofluids 

were experimentally studied. The thermal conductivity is measured by using KD2- Pro thermal properties analyzer 

(made by Decagon, USA). It ensured that the accuracy of the analyzer is ±0.1. The viscosity of the nanofluids was 

measured by using Brookfield DV-III ultra-programmable Rheometer. The Surface tension of the nanoparticles was 

measured by using bubble pressure tensiometer, where the force measurement is done between the probe and the 

interface of the fluid. The instrument used to calibrate the pH of the nanofluid is Elico LI 120, range 0-14, repeatability 

0.01, accuracy ±0.0001 and maintains the stability of ±0.005 in 5 hours. The results are presented elsewhere by the 

same author [27]. 
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Figure 1. X-Ray Diffactrogram of alümina nanoparticles 

 
Experimental Setup 

The schematic diagram of the experimental setup as shown in Figure 2 is fabricated to measure the heat 

transfer coefficient and pressure drop (∆p) of the nanofluid. The setup has a steel reservoir tank of 3 liters capacity of 

22cm width and 22cm in height for the nanofluid and a centrifugal pump to pump the nanofluid throughout the 

experimental setup. For measurement of temperature sixteen thermocouples are fixed on the test section of the heater 

and the radiator.   

The thermocouples (T type) are fixed at the inlet and the outlet of the heater test section and four 

thermocouples are fixed on the wall at 0.07m,0.19m,0.31m, and 0.43m distance of the 0.5m long test section. Two 

thermocouples are placed at the inlet and outlet of the radiator and eight thermocouples are placed on the wall of the 

radiator. A tube of 2.54cm diameter and 50 cm in length is considered as an engine model on which a circumferential 

heater is provided with a constant heat flux to heat the liquid in the tube. The power of the heater can be adjusted by 

a Variac (0-270V) in which the voltage can be adjusted to supply the required power to the heater. The test section is 

completely insulated on both sides with ceramic wool.  A flow meter (10-500 LPH) is used and two needle valves are 

used to regulate the flow rate of the test fluid. The working fluid is initially poured into the reservoir tank and 1.5 liters 

of fluid is kept constantly circulating in the entire test setup. The car radiator has a fan (1500rpm) attached to the 

airside and provided with a DC supply to turn on the fan. To measure the pressure at the inlet and outlet of the heater 

test section two micro-preamp (EN837-1) pressure gauges are fixed. A drain valve is fixed under the reservoir tank 

for cleaning and changing the nanofluid. 
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Figure 2. Schematic diagram of the experimental setup 

 
Experimental Procedure 

The working fluid is taken as G13 (G O13 A8J M1) which is an engine-based coolant and is used as a base 

fluid in the entire experimental setup. The engine coolant is mixed with water at 50:50 ratio. The Al2O3 nanoparticles 

at 0.05%, 0.1% and 0.15% volume concentrations are dispersed in the engine coolant. The thermocouples are 

connected to the data logger (YOKOGAWA – N 200, Model – DA 100-13-1F) for the measurement of temperature. 

The leak test is done prior the experiment by pumping water through the entire test setup and no leakage is found. The 

heating input of 6919 W/m2 is given as a constant heat flux throughout the experimental conditions. The readings are 

taken at ambient temperature to check the thermocouples reading in the sixteen thermocouples. By increasing the 

mass flow rate at a constant heat flux of 6919 W/m2, the readings are noted for different volume concentrations. The 

steady state readings are taken at the end of every flow rate.  

 

Data Reduction 

             The average crystalline size of the sample is calculated by measuring the X- Ray diffraction peaks of the 

nanoparticles by applying the Debye- Scherrer’s formula which is given in Equation 1. 

 

volD
k

cos



 
                                                                                             (1) 
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             In which the Dvol.is the volume weighed crystallized diameter of the equivalent spherical particles and the 

Scherrer constant, k (value ranging from 0.892-1.4, for Al2O3, k value is1.2), λ is the wavelength of the x-ray source 

(0.15406 run). β Value is the full width at half maximum (radian) and θ is the half of the diffraction angle. 

The heat transfer coefficient of the nanofluids was calculated using the following convective heat transfer coefficient 

(hi) as in Equation 2. 

 

ℎ� =
�

���(�)���(�)
�

                                                                                                 (2) 

 

         Where q is the heat flux and Tw (i) and Tf (i) are the respective wall and fluid temperatures at that local point in 

the pipe. The axial profile of a local heat transfer coefficient of the glycerin Al2O3 nanofluid with varying volumetric 

concentrations is obtained by the energy balance Equation 3. 
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           Where Tin is the inlet fluid temperature, ρ is the fluid density, A is cross-sectional area of the tube, Sx is the 

perimeter of the test section, Cp is the specific heat capacity of the fluid and v is the fluid velocity. 

The effect of wall and bulk temperature (Tbulk) on the axial length with varying volumetric concentrations is obtained 

from the Equations 4 and 5. 
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Where TW is average wall temperature and T1, T2, T3, T4 are the respective wall temperatures on the test 

sections. 

The variation of average heat transfer coefficient (havg) as a function of Reynolds number is calculated by the 

Equation 6. 
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(��)��(��)��(��)��(��)�

�
                                                                         (6) 

 
Where (hi)1, (hi)2, (hi)3, (hi)4 are the local heat transfer coefficient of the test sections.  

The effect of effectiveness with respective to the Reynolds number is calculated by Equation 7. 
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The influence of the radiator outlet temperature with respective to the Reynolds number is calculated from 

the Equation 8. 

 

 (�����)� = (�����)���                                                               (8)     
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Uncertainty Analysis 

The propagation analysis provides an easy way to calculate the uncertainty in the analyzed results of 

Ahammed et al.[28] from Equations 9 to 12. The uncertainty values of the experimentally measured properties are 

taken into consideration. The sources of measurement errors are analyzed and the values of uncertainty of the 

measured quantities of flow rate are ±3.5%, Reynolds number ±2.01%, heat flux ±1.34% and heat transfer coefficient 

± 1.81%.  
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Where V and I are voltage and current, L and D are respective length and diameter of the test section. 

 
RESULTS AND DISCUSSION 

Influence of Thermal Conductivity and Viscosity 

Figure 3 shows the variation in thermal conductivity and viscosity with temperature. It is observed that the 

thermal conductivity increases with increase in temperature of Al2O3 nanoparticles. The enhancement in thermal 

conductivity of the nanofluid for a volume concentration of 0.1% is found to be 19.52% and 46.15% as the temperature 

increases from 30ºC to 50ºC. Similarly, the enhancement in thermal conductivity for a volume concentration of 0.15% 

is observed to be 38.57% and 52.50%. Therefore, the thermal conductivity increases as the concentration of 

nanoparticles increases from 0.1% to 0.15%. An enhancement in thermal conductivity of 52.50% has been observed 

for 0.15% volume concentration of glycerin/Al2O3 nanofluid when compared to the base fluid at 50ºC. The 

enhancement in thermal conductivity of nanofluid is because of the vigorous particle movement during the rise of 

temperature. As the temperature increases from 30ºC to 50ºC, the viscosity of the glycerin/Al2O3 nanofluid decreases. 

The graph shows a variable decrease of viscosity as the temperature increases. For example, with a concentration of 

0.05% the viscosity value decreases from 0.904mPa s to 0.616mPa s as the temperature increases from 30ºC to 50ºC. 

For 0.05%, 0.1% & 0.15% of volume concentrations of nanofluid, the average reduction is about 31%, 30% & 29% 

respectively as the temperature increases from 30ºC to 50ºC. The reason for the decrease in viscosity of the nanofluid 

is due to the increase in temperature. The shear force between the layers decreases, which results in the reduction of 

viscosity. 
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Figure 3. Thermal conductivity and viscosity of glycerin/Al2O3 nanofluid as a function of temperature 

 

         

Figure 4. Axial profile of local heat transfer coefficient at Reynolds number 1200 
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Convective Heat Transfer Coefficient 

Figure 4 shows the plot of local heat transfer coefficient against the axial distance from the entrance of the 

test section at Reynolds number 1200. The results clearly show that the convective heat transfer, particularly in the 

entrance region, is higher. The local heat transfer coefficient is also seen to increase with particle concentration. At a 

dimensionless length of 0.14, it is observed that the  local heat transfer coefficient increases from 1100 W/m2 K to 

1789W/m2 K at a Reynolds number of 1000 with the increase in the volume concentration of nanoparticles from 

0.05% to 0.15%.At a dimensionless length of 0.38 which is the second local point, it is observed that the local heat 

transfer coefficient increases from 522 W/m2K to 701W/m2 K with the increase in the volume concentration of 

nanoparticles from 0.05% to 0.15%.At the third local point which is at a dimensionless length of  0.62,it is observed 

that the local heat transfer coefficient increases from 399 W/m2K -  544 W/m2 K with the increase in the volume 

concentration of nanoparticles from 0.05% to 0.15%. At a dimensionless length of 0.86 which is the fourth local point, 

it is observed that the local heat transfer coefficient increases from 522 W/m2K to 701W/m2 K with the increase in the 

volume concentration of nanoparticles from 0.05% to 0.15%. The enhancement in the heat transfer coefficient is 62% 

when 0.15% volume concentration is added to the glycerin based coolant at a Reynolds number 1000.At the local 

point 1 by the addition of 0.05 vol.%,0.1 vol.% and 0.15 vol.% nanoparticles were added to the glycerin based coolant, 

a consistent enhancement of 13%,32% and 62% is observed. As the nanoparticles are added to the base fluid the 

density and thermal conductivity increases while viscosity markably increases, even when compared with the 

enhancement of the heat transfer coefficient seems to be negligible.  

Figure 5 shows variation in the temperature difference between the wall and fluid along the axial length. The 

graph explains the temperature difference between the bulk fluid and wall of the test section. It is observed that at a 

particular Reynolds number (1200) at different axial points, the temperature difference increases. As the volumetric 

concentration increases, the temperature difference reduces which indicates clearly that the heat transfer  

increases with the use of nanofluid. It is observed that the effect of wall and bulk temperature on the axial length at 

0.8 is 37% higher than that of the glycerin-based coolant. By this, one can understand that the glycerin/Al2O3 nanofluid 

has a significant heat transfer absorption capacity than that of the base fluid. 
 

 

Figure 5. Effect of wall and bulk temperature on the axial length 
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Figure 6. Variation of average heat transfer coefficient as a function of Re 

 

Figure 6 shows the average heat transfer coefficient as a function of Reynolds number. The results clearly indicate 

that increase in heat transfer coefficient, as the Reynolds number and volume concentrations of glycerin/Al2O3 

nanofluid increases. An average of 35% enhancement is observed in the laminar flow region. At Reynolds number 

800, the convective heat transfer coefficient value is 843W/m2 K for the base fluid and 1033 W/m2 K for 0.15% of 

nanofluid. The enhancement in heat transfer coefficient of 22% is observed. At Reynolds number 2000 the convective 

heat transfer coefficient value is 1090 W/m2 K for the base fluid and 1543W/m2 K for 0.15% of nanofluid. The 

enhancement in heat transfer coefficient of 42% is observed at Reynolds number 2000. As the Reynolds number 

increases from 500 to 2000 the heat transfer enhancement is also increased from 28% to 42%. 

 

Correlation for Nusselt number (Nu) 

The Nusselt number basically depends on the diameter and the thermal conductivity of the fluid. It also 

depends on the properties such as heat capacity, viscosity and the amount of particles suspended in the liquid. A new 

correlation is developed to determine the Nusselt number which is a function of Reynolds number and Prandtl number 

and shown in Equation 16. The correlation is developed based on the experimental results of the liquid flow of the 

nanofluids of different volume concentrations in laminar flow regime for a constant heat flux. A multi variable linear 

regression is applied to determine the new correlation. The Nusselt number which is a function of Reynolds and 

Prandtl number is given in the following Equation 13. 
 

�� = �  (��)�  (��)�                                                              (13) 
 

The constants C, a and b are to be determined and the Equation 14 shows the logarithmic form 

 

�� × �� = �� � + � �� �� + � �� ��                                                       (14) 
 

 

� = � + �� + ��                                                        (15) 
 

where,  � = ln �� ,     � = ln �  ,       � = ln ��  ,    � = ln �� 
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The constants C, a and b are determined by partially differentiating with respect to the constants and the new 

correlation is given in Equation 14 

 

�� = 0.074022 ���.���������.������                                   (16) 
 

 
 

Figure 7. Experimental and predicted Nusselt number of glycerin/Al2O3 nanofluid 

 
It is observed that the experimental and predicted Nusselt number for 0.05%, 0.1% and 0.15% volume 

concentrations are within ± 10% as shown in Figure 7. 

 

Effectiveness of Radiator 

Figure 8 shows the effectiveness of the radiator as a function of Reynolds number and volume concentrations 

of nanoparticles. The glycerin/Al2O3 nanofluid with higher concentrations are showing higher enhancement of 

effectiveness. The nanofluid absorption time reduces as the flow increases, which has a direct effect on the 

effectiveness of the radiator. It is observed that the effectiveness is varying from 0.98 to 0.69 as the Reynolds number 

increases from 500 to 2000. The enhancement is observed to be about 12 % at a Reynolds number of 1250 with respect 

to the glycerin-based coolant. 

 

Radiator Cooling Performance 

The glycerin/Al2O3 nanofluid having different volume concentrations at different Reynolds number are 

implemented throughout the experimental setup. In view of the influence of temperature on the nanofluid it is essential 

to know the difference between the inlet and outlet temperature of the radiator by which one can predict the thermal 

behavior and cooling performance. The Figure 9 shows the comparison of the radiator cooling performance when 

using a nanofluid at different Reynolds number. The radiator outlet temperature (∆T) decreases as the Reynolds 

number increases. It is observed that the addition of nanoparticles in the base fluid has improved the absorption 

capacity of the radiator.  
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Figure 8. Effect of effectiveness with respect to Reynolds number 

 

                     

Figure 9. Variation of radiator outlet temperature with respect to Reynolds number 

 

The temperature of the air that is absorbing the heat is clearly evident in the graph and is increasing which 

indicates that the amount of heat carried by the nanofluids in the radiator is carried away by the air flow. 
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Figure 9. Pumping power as a function of Reynolds number 
 

Pumping Power 

The Figure 10 shows that the variation of pumping power is a function of Reynolds number. It is observed 

that the pumping power increases as the nano particles are added in the glycerin-based coolant. The enhancement in 

the pumping power is 11.29% at a Reynolds number of 1400 for 0.15% of nanoparticles addition. The increase in 

pumping power is due to the increase of viscosity of nanoparticles in the glycerin-based coolant. It is observed that 

the increase in pumping power is considerably lower due to the low volumetric concentration of nanoparticle. The 

usage of lower concentrations of nanoparticles will be an optimum solution to reduce the pumping power. 

 
CONCLUSIONS 

The Al2O3 nanoparticles are dispersed in glycerin-based coolant (G13) and significant enhancement in the 

convective heat transfer coefficient is observed in the laminar flow regime. The thermal enhancement increases with 

the Reynolds number as well as particle concentrations. The effectiveness of the radiator increases as the particle 

concentration increases. The pumping power increases as the volume concentration of the nanoparticles are added to 

the base fluid but is negligible due to lower volume concentrations. The experimental results indicate that the 

nanofluids are mainly dependent on particle concentration, flow rates and temperature. So glycerin/Al2O3 nanofluids 

possess a good potential to improve the cooling performance of the car radiator. 

 

NOMENCLATURE 

Dvol                   Crystallized Diameter (m) 

Tw(i)                   Inlet Wall Temperature (°C) 

Tf(i)                             Inlet Fluid Temperature (°C) at the Particular Local Point 

q                   Heat Flux (W/m2) 

hi                   Heat Transfer Coefficient (W/m2K) 

Tin                             Inlet Fluid Temperature (°C) 

ρ                   Fluid Density (kg/m3) 

Sx                             Perimeter of the Test Section (m) 

A                       Cross-Sectional Area of the Tube (m2) 

Cp                             Specific Heat Capacity (J/kgK) 

v                   Fluid Velocity (m/s) 

Tbulk                              Fluid Bulk Temperature (°C) 

ԑ                   Effectiveness 
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