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Abstract— During the conversion of fuel energy to 

mechanical energy by combustion, for casual engines 

approximately one-third of the energy goes to mechanical 

energy, one-third goes to exhaust heat and one-third goes to 

cooling system heat load .The limitations of fossil fuel in the 

world, optimizing energy consumption in various industrial 

processes becomes very important. In chemical process one 

of the most important devices related to energy and heat 

transfer is the heat exchanger. For decades, efforts have been 

done to enhance heat transfer, reduce the heat transfer time, 

minimize size of heat exchangers, and subsequently increase 

energy and fuel efficiencies. These endeavors incorporate and 

dynamic strategies, for example, making turbulence, 

expanding territory, and so forth. The majority of them are 

constrained by innate limitation of heat conductivity of the 

traditional liquids (for example, water, mineral oil and 

ethylene glycol).The poor heat transfer properties of the 

employed fluids in the industries are obstacles for using 

different types of heat exchangers. The heat rejection 

requirements of automobiles are continually increasing due to 

trends towards more power output for a given engine size, 

increased air conditioning and additional Auxiliary 

equipment. But the cooling requirements under some special 

work conditions could no longer be met merely by improving 

the structure of engine cooling system. 
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I. INTRODUCTION 

In today’s world, leading automotive companies are 

manufacturing more powerful and efficient engines. As the 

engines become more powerful, the energy created by the 

engine is increases and so does the heat load of the engine. 

Together with the increase in the heat load, the required 

cooling capacity of a radiator also increases. Engine 

manufacturers specify the required cooling capacity 

according to their engine design parameters. For this reason, 

in general cooling capacity is a known input quantity. In 

addition to this, automotive companies also specify the 

fundamental size limitations of the required cooling system. 

An appropriate cooling system which fulfills the engine 

cooling capacity needs to be designed according to the 

specified input parameters.  The main purpose of a cooling 

system of an engine is to remove excess heat from the engine, 

and to maintain the operating temperature in the engine. 

There are two types of cooling systems air cooled system and 

liquid cooled system. 

Radiator is the heart of the cooling unit in an engine 

and it also acts as a heat exchanger. A radiator is a heat 

exchanger that removes heat from coolant passing through it, 

thereby maintaining the engine temperature. This is done by 

the heat transfer from hot coolant coming from engine 

cooling jacket, flowing into the tubes via the inlet tank. Heat 

rejected from coolant to the tube is transferred to the ram air 

(ambient), flowing over the fins. 

 
Fig. 1: Typical engine coolant radiator used in an 

automobile 

II. RADIATOR CONSTRUCTION 

Automobile radiators are constructed of a pair of header 

tanks, linked by a core with many narrow passageways, 

giving a high surface area relative to volume. This core is 

usually made of stacked layers of metal sheet, pressed to form 

channels and soldered or brazed together. For many years 

radiators were made from brass or copper cores soldered to 

brass headers. Modern radiators have aluminum cores, and 

often save money and weight by using plastic headers. This 

construction is more prone to failure and less easily repaired 

than traditional materials. 

 
Fig. 2: Tubular radiator 

Computational simulation is a very useful tool for 

understanding the fluid flow and thermal characteristics 

locally and in bulk. This can be accomplished by using the 

CFD methodology. It involves the use of digital computers 

for solving a set of algebraic equations formed by the 
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conversion of the partial differential equations (PDE) 

governing the conservation laws of mass, momentum and 

energy.  

CFD methodology involves the discretization of the 

numerical model built by using a set of PDEs describing the 

flow and then solving these iteratively to reach a solution with 

desired accuracy. CFD uses the finite volume method for 

performing the same. CFD techniques have been applied in 

various process industries to understand the flow phenomena, 

examining different equipment configurations or 

performance comparison under different operating 

conditions. 

In the present work CFD methodology is used for 

understanding the nature of fluid flow and mechanism of 

enhancing heat transfer in the radiator with Nano-fluid as the 

coolant. This will reduce the number of experimental runs 

thus saving time and cost of research. 

III. LITERATURE REVIEW 

Nano- fluids are now used extensively in the automotive 

industry to take the place of metal parts. Several papers were 

devoted to the application of using Nano-fluids for 

automobiles. Some of these papers are reviewed here, with 

emphasis on those papers that involve effect of Nano-fluids 

in Radiator.  

One of the most advantageous reasons for 

considering Nano-fluids over conventional cooling system. 

Another  important characteristics of these fluids which make 

them excellent for the Radiator are higher strength-to-weight 

ratio (up to five times that of steel), no internal friction, 

superior efficiency, good capabilities, excellent corrosion 

resistance, with higher thermal conductivity, etc. In the 

present work, a Al2o3 based Nano-fluid is used in cars 

radiator is replaced with a hybrid fluids. The main objective 

was the optimization of result to provide less weight , friction 

co-efficient, less weight, less size of radiator to enhance the 

capability of heat transfer.Conventional materials are 

replaced by composite materials in so many fields due to their 

lightweight and easy processing.  

Heat transfer rate studies of a Forced cooled radiator 

with Water + 20 % Ethylene Glycol + Mg-AL2O4 and Water 

+ 20 % Ethylene Glycol + Al2TiO5 Nano-fluids for 0.12% 

and 0.4% volume concentration were carried out under 

turbulent region. Instead of using water, the base fluid will 

increase the efficiency of transfer rate up to 14.73%. The base 

fluid consists of water + 20% Ethylene Glycol. The addition 

of 0.12% Al2TiO5 nanoparticles increases the efficiency of 

transfer rate upto 19.8% when compared with water. The 

addition of 0.4% Al2TiO5 nanoparticle increases the 

efficiency of heat transfer rate upto 27.9% when compared 

with water. The addition of 0.12% Mg – Al2O4 nanoparticles 

increases the efficiency of transfer rate upto 25.24% when 

compared with water. The addition of 0.4% Mg – Al2O4 

nanoparticles increases the efficiency of transfer rate upto 

33.18% when compared with water. The addition of EG will 

act as the Anti- Freezing agent and increase the friction factor. 

In this paper, we prepared a TiO2 Nano-fluid 

coolant. Besides heat transfer property, the performance of 

metal corrosion protection was evaluated according to ASTM 

D 3306, standard specification for glycol base engine coolant 

for automobile and light-duty service1, which is the 

authoritative standard in the field of engine coolant study. 

In this article, experimental heat transfer and 

corrosion protection performance of TiO2 Nano-fluid coolant 

have been studied, and the following conclusions could be 

drawn. (1) The heat transfer performance of TiO2 Nano-fluid 

coolant significantly improved compared to the base coolant 

without nanoparticles. The thermal conductivity 

enhancement of 3% and convective heat transfer 

enhancement of above 10% were obtained at the 

concentration of 1.0 weight %. (2) The Nano-fluid coolant in 

this study has good metal corrosion protection capacity and 

the nanoparticles in fluid have no damage to aluminium  

pump in the circulation condition, which indicates that it is a 

promising automobile engine coolant.M. Nouby and K. 

Srinivasan investigated the influence of brake design 

parameters on brakes squeal. They studied by modifying the 

various structure of brake pad to reduce the squeal. The finite 

element method (FEM) is used to simulate and predict the 

disc brake squeal using a complex eigenvalue analysis. An 

approach to examine the disc brake squeal based on the 

complex eigenvalue analysis is proposed in which a positive 

real part indicates that the corresponding Eigen mode is 

unstable and in turn squeal may occur. From the several 

simulations done by complex eigenvalues analysis, it is 

observed that higher coefficient of friction increases the 

likelihood of squeal. The squeal can be reduced by decreasing 

the stiffness of the back plates of the pads. The chamfer 

provided significant squeal reduction. To explain the effect of 

slot configurations on squeal, the understanding of the 

pressure contact distribution between the pad and rotor are 

required. 

In this study, the effects of using a water=EG 

mixture based Nano-fluids in a car radiator were investigated. 

A significant enhancement in heat transfer rates was observed 

using (CuO/water-EG) Nano-fluid in comparison to the base 

fluid. In the best condition, the highest Nu number 

enhancement up to 55% was obtained in 0.8 vol% of 

(CuO/water-EG) Nano-fluid. The experimental results 

showed that Nu number improved with the increase in flow 

rate and volume concentration of Nano-fluid. Also, the 

increase in radiator inlet temperature increased the Nu 

number. The results indicated that using Nano-fluids can 

increase the heat transfer rate. Therefore, this provided 

promising ways for engineers to develop highly compact and 

effective radiators for cars. Reduction in weight of a cooling 

system can decrease the fuel consumption. Also, it can 

provide effective cooling and increase the lifetime of pieces 

of an automotive. 

IV. DESIGN AND ANALYSIS OF RADIATOR 

The model of helical tube car radiator has been prepared in 

SOLIDWORKS software. Following are the dimensions of 

the helical tube radiator as per requirement. 

Details Dimensions (mm) 

Length 644 

Width 30 

Height 360 

Tube Length 2813.16 

Tube inner diameter 7 
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Tube outer diameter 9 

No. of Tubes 10 

Diameter of Helix 30 

Pitch of Helix 20 

Number of turns of Helix 26 

The line diagram of the helical tube car radiator is 

shown in the figure 4.1 and the computational model 

developed in the SOLIDWORKS software is shown in the 

figure 4.2. 

 
Fig. 3: Computational Model of Helical Tube Car Radiator 

The helical tube car radiator model developed in the 

SOLIDWORKS is imported in the ANSYS 14.5 and meshing 

of the model is done with hexagonal & tetrahedral meshing. 

The meshing of the model is shown in the figure 4.3 

 
Fig. 4: Meshing of model of Helical Tube Car Radiator 

The main boundary condition include, a mass flow 

rate inlet boundary condition where used in the inlet nozzles. 

The cylindrical shaped geometries are the wall. At the outlet, 

the pressure outlet (atmospheric pressure) boundary 

condition was used. And all other portions are considered as 

the wall boundary with convective heat transfer surfaces. 

The following boundary conditions are used in the CFD 

analysis: 

Mass flow rate at inlet :     0.555 kg/s 

Coolant Inlet temperature:     368 K 

Direction Specification:          Normal to boundary Air Inlet 

temperature :   308         

Material of the tube    :      Aluminium 

Tube wall condition   :      Air Convection 

Outlet Pressure           :            0 pascal 

k-e model was used to obtain the solution. The 

results of the solutions are presented by the pressure, velocity 

and temperature contours as follows.  

V. ANALYSIS OF HELICAL TUBE RADIATOR  

 With Ethylene Glycol: 

The results of CFD analysis of helical tube car radiator 

(HTCR) using ethylene glycol as coolant are shown in the 

figures 4.4 – 4.8 in form of pressure, velocity and temperature 

contours. 

 
Figure 5 Contours of static pressure in HTCR using ethylene 

glycol 

 
Figure 6 Contours of static temperature in HTCR using 

ethylene glycol 

 
Figure 7 Contours of static temperature in HTCR using 

ethylene glycol 

 
Figure 8 Contours of velocity magnitude in HTCR using 

ethylene glycol 
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Fig. 9: Velocity vectors in HTCR using ethylene glycol 

 Analysis of Helical Tube radiator with Methanol: 

The results of CFD analysis of helical tube car radiator 

(HTCR) using methanol as coolant are shown in the figures 

4.9 – 4.13 in form of pressure, velocity and temperature 

contours.  

 
Fig. 10: Contours of static pressure in HTCR using 

Methanol 

 
Fig. 11: Contours of static temperature in HTCR using 

Methanol 

 
Fig. 12: Contours of static temperature in HTCR using 

Methanol 

 
Fig. 13: Contours of velocity magnitude in HTCR using 

Methanol 

 
Fig. 14: Velocity vectors in HTCR using Methanol 

 Analysis of Helical Tube radiator with Methanol-Al2O3 

Nanofluid: 

Nanofluid in the CFD analysis is taken as two phase fluid 

(base fluid+nano particles) with volume fraction of nano 

particles as 5%. The size of the nano particles is taken as 10 

nm. 

The results of CFD analysis of helical tube car 

radiator (HTCR) using Methanol-Al2O3 Nanofluid as coolant 

are shown in the figures 4.14 – 4.18 in form of pressure, 

velocity and temperature contours.  

 
Fig. 15: Contours of static pressure in HTCR using 

Methanol-Al2O3 Nanofluid 
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Fig. 16: Contours of static temperature in HTCR using 

Methanol-Al2O3 Nanofluid 

 
Fig. 17: Contours of static temperature in HTCR using 

Methanol-Al2O3 Nanofluid 

 
Fig. 18: Contours of velocity magnitude in HTCR using 

Methanol-Al2O3 Nanofluid 

 
Fig. 19: Velocity vectors in HTCR using Methanol-Al2O3 

Nanofluid 

 Analysis of Helical Tube radiator with   Methanol-CuO 

Nanofluid: 

Nanofluid in the CFD analysis is taken as two phase fluid 

(base fluid+nano particles) with volume fraction of nano 

particles as 5%. The size of the nano particles is taken as 10 

nm.  

The results of CFD analysis of helical tube car 

radiator (HTCR) using Methanol-CuO Nanolfuid as coolant 

are shown in the figures 4.19 – 4.23 in form of pressure, 

velocity and temperature contours.  

 
Fig. 20: Contours of static pressure in HTCR using 

Methanol- CuO Nanofluid 

 
Fig. 21: Contours of static temperature in HTCR using 

Methanol- CuO Nanofluid 

 
Fig. 22: Contours of static temperature in HTCR using 

Methanol- CuO Nanofluid 
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Fig. 23: Contours of velocity magnitude in HTCR using 

Methanol- CuO Nanofluid 

 
Fig. 24: Velocity vectors in HTCR using Methanol-CuO 

Nanofluid 

VI. RESULTS & DISCUSSION 

Therefore, at higher temperature, thermal conductivity and 

specific heat increased while viscosity and density decreased. 

Hence, MBNF exhibited better thermo–physical properties 

compared to pure methanol.  

 

VII. CONCLUSION 

Therefore, at higher temperature, thermal conductivity and 

specific heat increased while viscosity and density decreased. 

Hence, MBNF exhibited better thermo–physical properties 

compared to pure methanol. 

From above analysis we can predict that ethanol will 

be found more effective than conventional base fluid rather 

than EG (ethelyn glycogel), Water, Al2o3. 

After certain studied parameter we found that Cuo 

will be best dispersion capability and having larger heat 

dissipation capacity. 

By observing thermal analysis results, heat flux is 

more when Copper is used than Aluminum alloy. 
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