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ABSTRACT 

 In this paper, the various work done by number of researchers for the enhancement of 

automobile cooling system is studied. An overview is given in this paper where engines 

efficiency is increased by analysing various cooling systems. The method of various cooling 

parameters are also explained with their quantity and results. 
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INTRODUCTION 

Today, the demand of automobile vehicles is on peak. There is a lot of competition 

existing between automobile industries. So, it is a great challenge for automotive industries to 

provide an efficient and economical engine. There are various factors affecting the efficiency of 

engine namely, fuel supply systems, Lubrication system, Transmission system, Cooling system, 

Climatic conditions, Size of cylinder head, Ignition timing. Here cooling parameter is taken in to 

consideration and researches are done. The heat generated during combustion in IC engine 

should be maintained at higher level to increase thermal efficiency, but to prevent the thermal 

damage some heat should remove from the engine. In air-cooled engine, extended surfaces called 

fins are provided at the periphery of engine cylinder to increase heat transfer rate. But nowadays 

due to various improvement in automobile field, improved cooling systems are used in 

automobiles to increase the heat transfer rate. They are discussed below. 

 

ENGINE COOLING SYSTEM 

 Cooling system is one of the important systems amongst all. It is responsible to carry 

large amount of heat waste to surroundings for efficient working of an engine. In Engine when 

fuel is burned heat is produced. Additional heat is also generated by friction between the moving 

parts. Only approximately 30% of the energy released is converted into useful work. The 

remaining (70%) must be removed from the engine to prevent the parts from melting. In engine 

heat is transferred to the atmosphere by conduction and convection. Transfer of heat between 

molecules is called as conduction. Transfer of heat from a solid material to atmosphere is called 
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convection. Engine have cooling mechanism in engine to remove this heat from the engine some 

heavy vehicles uses water-cooling system and almost all two wheelers uses Air cooled engines. 

 

 

 
Fig 1: Engine cooling system 

 
 

ANALYSIS OF TWO WHEELER COOLING 

OBSERVATION 

 The heat transfer rate and efficiency for circular and elliptical annular fins for different 

environmental conditions was analysed by N. Nagarani et.al . and K. Mayilsamy  in [1]. Elliptical 

fin efficiency is more than circular fin. If space restriction is there along one particular direction 

while the perpendicular direction is relatively unrestricted elliptical fins could be a good choice. 

Normally heat transfer co- efficient depends upon the space, time, flow conditions and fluid 

properties. If there are changes in environmental conditions, there is a change in heat transfer co-

efficient and efficiency also. 

 The heat transfer in motor-cycle engine fins using CFD analysis is simulated by Pulkit 

Agarwal et.al [4]. It is observed that when the ambient temperature reduces to a very low value, 

it results in overcooling and poor efficiency of the engine. It is observed that when the ambient 

temperature reduces to a very low value, it results in overcooling and poor efficiency of the 

engine. They have concluded that overcooling also affects the engine efficiency because of 

overcooling excess fuel consumption occurs. This necessitates the need for reducing air velocity 

striking the engine surface to reduce the fuel consumption. 

 Experimental and computational analysis of fin array by S.M. Wange and R.M. Metkar 

[3] and shown that the heat transfer coefficient is more in notch fin array than without notch fin 

array. Geometric parameters of fin affects on the performance of fins, so proper selection of 

geometric parameter such as length of fin, height of fin, spacing between fins, depth of notch is 

needed. 

 Parametric Study of Extended Fins in the Optimization of Internal Combustion Engine by 

J.Ajay Paul, SagarChavanVijay [2] found for high speed vehicles thicker fins provide better 

efficiency. When fin thickness was increased, the reduced gap between the fins resulted in swirls 

being created which helped in increasing the heat transfer. Large number of fins with less 
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thickness can be preferred in high speed vehicles than thick fins with less numbers as it helps 

inducing greater turbulence.  

   For figure 1-4, it shows the variation of the heat Transfer with respect to velocity. 

The heat transfer was calculated directly from the fluent software. At zero velocity it is seen that 

the heat transfer from the 4mm and 6mm fins are the same. When the velocity is increased it can 

be seen that the heat transfer is increased with due to forced convection and also due to the swirl 

generated between two fins which induces turbulences and hence higher heat transfer. For a 

larger fin thickness, the corresponding fin spacing is comparatively small. As a consequence, the 

generated swirled flow may mingle with the main flow and result in a higher heat transfer 

performance. [2]  

 The heat transfer from 6mm fins is found to be the higher at high velocities. For high 

speed vehicles thicker fins provide better efficiency. When fin thickness was increased, the 

reduced gap between the fins resulted in swirls being created which helped in increasing the heat 

transfer. Large number of fins with less thickness can be preferred in high speed vehicles than 

thick fins with less numbers as it helps inducing greater turbulence. [2]. 

Numerical study on heat transfer I C Engine cooling by Magarajan U. , Thundil karrupa 

Raj R. , Elango T.[5] says that heat release of an IC engine cylinder cooling fins with six 

numbers of fins having pitch of 10 mm and 20 mm are calculated numerically using 

commercially available CFD tool Ansys Fluent. The IC engine is initially at 150 and the heat 

release from the cylinder is analyzed at a wind velocity of 0 km/h. It is observed from the CFD 

result that it takes 174.08 seconds (pitch=10mm) and 163.17 secs ( pitch =20mm) for ethylene 

glycol domain to reach temperature of 423 K to 393 K for initially. The experiment results shows 

that the value of heat release by the ethylene glycol through cylinder fins of pitch 10mm and 

20mm are about 28.5W and 33.90 W. 

 

Fig: 2 Analysis on Heat transfer vs air velocity 
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Thermal Analysis Of Engine Cylinder Fins By Varying Its Geometry And Material. is 

conducted by N. Phani Raja Rao, Mr. T. Vishnu Vardhan. [6] The principle implemented in the 

project to increase the heat dissipation rate by using the invisible working fluid nothing but air. 

The main aim of the project is to varying geometry, material. In present study, Aluminium alloy 

6061 and magnesium alloy are used and compared with Aluminium Alloy A204. - The various 

parameters (i.e., shape and geometry of the fin) are considered in the study, shape (Rectangular 

and Circular), thickness (3 mm and 2.5 mm). By reducing the thickness and also by changing the 

shape of the fin to circular shaped, the weight of the fin body reduces thereby increasing the heat 

transfer rate and efficiency of the fin. The weight of the fin body is also reduced when 

Magnesium alloy is used. The results shows, by using circular fin with material Aluminium 

Alloy 6061 is better since heat transfer rate, Efficiency and Effectiveness of the fin is more. By 

using circular fins the weight of the fin body reduces compare to existing engine cylinder fins. 

 

INFERENCE 

 1. Design of fin plays an important role in heat transfer. There is a scope of improvement 

in heat transfer of air cooled engine cylinder fin if mounted fin’s shape varied from conventional 

one.  

 2. The fin geometry and cross sectional area affects the heat transfer co efficient. In High 

speed vehicles thicker fins provide better efficiency. Increased fin thickness resulted in swirls 

being created which helped in increasing the heat transfer. Large number of fins with less 

thickness can be preferred in high speed vehicles than thick fins with less numbers as it helps 

inducing greater turbulence and hence higher heat transfer.  

 3. Heat transfer coefficient can be increased by increasing the surrounding fluid velocity 

by forced convection. Heat transfer depens on different stream velocities.  

 4. The temperature and heat transfer coefficient values from fin base to tip are not 

uniform which shows the major advantage of CFD for analysis of heat transfer.  

 5. Contact time between air flow and fin (time between air inlet and outlet flow through 

fin) is also important factor in such heat transfer. Curve and Zig-zag fin shaped cylinder block 

can be used for increasing the heat transfer from the fins by creating turbulence for upcoming air. 

Improvements in heat transfer can be compared with conventional one by CFD Analysis (Ansys 

Fluent). 

 

COOLING BY USING NANO FLUIDS 

 Attempt  to investigate the heat transfer characteristics of an automotive car radiator 

using ethylene glycol based copper nanofluid numerically by Leong et al. [7]. Thermal 

performance of an automotive car radiator operated with nanofluid has been compared with a 

radiator using conventional coolants. Vajjha et al. [14] have been numerically studied a three-

dimensional laminar flow and heat transfer with two different nanofluid, Al2O3 and CuO, in the 

ethylene glycol/water mixture circulating through the flat tubes of an automobile radiator to 

evaluate their superiority over the base fluid. Convective heat transfer coefficient along the flat 

tubes with the nanofluid flow showed considerable improvement over the base fluid. 

  The  thermal conductivity of CuO/water nanofluids much higher than that of base fluid 

water was found by Naraki et al. [8]. He found that the overall heat transfer coefficient increases 

with the enhancement in the nanofluid concentration from 0 to 0.4 vol. %. Conversely, the 

implementation of nanofluid increases the overall heat transfer coefficient up to 8% at nanofluid 

concentration of 0.4 vol. % in comparison with the base fluid. 
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 The application of Al2O3/water nanofluids in the car radiator by calculating the tube side 

heat transfer coefficient by Peyghambarzadeh et al. [9]. They have recorded the interesting 

enhancement of 45% comparing with the pure water application under highly turbulent flow 

condition. In the other study, Peyghambarzadeh et al. [6] have used different base fluids 

including pure water, pure ethylene glycol, and their binary mixtures with Al2O3 nanoparticles 

and once again it was proved that nanofluids improves the cooling performance of the car 

radiator extensively. 

 The effect of temperature, particle size and volume fraction on thermal conductivity of 

water based nanofluids of copper oxide and alumina by Mintsa et al. [10]. Authors suggested 

that thermal characteristics can be enhanced with increase of particles’ volume fraction, 

temperature and particle size. Authors found that the smaller the particle size, the greater the 

effective thermal conductivity of the nanofluids at the same volume fraction. 

 The two different water based (CuO and Fe2O3) nanofluid at different air and liquid 

velocities and liquid inlet temperatures to measure overall heat transfer coefficients in the 

automobile radiator was prformed by Peyghambarzadeh et al. [11]. They have concluded that 

overall heat transfer coefficient increases while the liquid inlet temperature decreases and 

enhances with increasing the liquid flow rate and the air flow rate. Also, found that increasing 

the concentration of nanoparticles enhances the overall heat transfer coefficient especially for 

Fe2O3/ water nanofluid. 

 

DIFFICULTIES IN PRODUCTION OF NANOFLUIDS 

 Previous efforts to manufacture nanofluids have often employed either a single step that 

simultaneously makes and disperses the nanoparticles into base fluids, or a two-step approach 

that involves generating nanoparticles and subsequently dispersing them into a base fluid. Using 

either of these two approaches, nanoparticles are inherently produced from processes that 

involve reduction reactions or ion exchange. Furthermore, the base fluids contain other ions and 

reaction products that are difficult or impossible to separate from the fluids. 

 

ANALYSIS OF COOLING PARTS 

 The heat exchanger, used in refrigeration unit, air conditioning unit, radiator used with IC 

engine automobiles is either rectangular or square in shape was said by Salvio Chacko [12] et al. 

But the air blown/sucked by the fan is in circular area developing low velocity zones or high 

temperature regions are created in the corners. Different heat exchangers/radiators are studied; 

Radiator is designed, Calculations are done, CAD drawings of radiator and geometrical model 

are developed. 

 In automotive,  engine cooling system takes care of excess heat produced during engine 

operation was analysed  by S.Pawan [3] et al. It regulates engine surface temperature for engine 

optimum efficiency. Recent advancement in engine for power forced engine cooling system to 

develop new strategies to improve its performance efficiency. 

 
Fig 3: Meshed modl of a Radiator 
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Fig 4: Thermal analysis on a Radiator Model 

 

 
Fig:5  Flow velocity of fluid which is flow inside the radiator tube with curved type geometry. 

 

CHANGES MADE IN WATER COOLING SYSTEM: 

  Water was widely used in radiator as a coolant for its good ability to holding heat, 

transfer heat and can be readily obtained. Also the mixture of water & ethylene glycol later 

introduced as a coolant. The water cooled engine consists of cylinder head interconnected with 

coolant channels running through them. At the top of the cylinder head all the channels converge 

to a single outlet. The pump driven by a pulley and belt from the crankshaft drives hot coolant 

out of the engine to the radiator which is a form of heat exchanger unwanted heat is passed from 

the radiator into the air stream and cooled liquid returns to an inlet at the bottom of engine block 

and flows back into the channel again. The radiator is linked to engine by rubber bushes and has 

a top and a bottom tank connected by a core of many fine tubes. The tubes pass through holes in 

a stack of thin sheet metal fins so that the core has very large surface area and can loose heat 

rapidly to the cooler air passing through it. 
 

MIST COOLING EFFECT 

Mist cooling is a very efficient means for dissipating high heat fluxes with low coolant 

mass fluxes at low wall superheat was said by Mohd Faizal Mohideen Batcha[13]. A feasibility 

study was conducted where the temperature distribution in an array of plate fins, similar to fins 
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on an engine cylinder head, was measured. The fins were subjected to constant heat flux at the 

base and cooled by airflow, simulating actual conditions on a cylinder head. Experiments were 

conducted for several air velocities ranging from 21.5 m/s to 40.4 m/s. The temperature 

distribution in the fin was measured at several locations simultaneously to calculate the amount 

of heat being transferred. These experiments were repeated with the injection of mist to compare 

the augmentation of heat transfer. The heat transfer coefficients increased between 200 and 

400% and the surface temperatures were depressed. This proves that mist-cooling can be adopted 

to enhance heat transfer and lower the temperatures in air-cooled systems during critical 

conditions. 

 

FIN GEOMETRY 

The experiment on two wheeler engine by modifying the geometry of fins, changing fin 

material etc was conducted by Mohsin A. Ali1, Prof. (Dr.) S.M Kherde[14]  . In High speed 

vehicles thicker fins provide better efficiency. Increased fin thickness resulted in swirls being 

created which helped in increasing the heat transfer.  Large number of fins with less thickness 

can be preferred in high speed vehicles than thick fins with less numbers as it helps inducing 

greater turbulence and hence higher heat transfer. Heat transfer coefficient can be increased by 

increasing the surrounding fluid velocity by forced convection. Heat transfer dependence on 

different stream velocities. Curve and Zig-zag fin shaped cylinder block can be used for 

increasing the heat transfer from the fins by creating turbulence for upcoming air. 

 
The transient thermal analysis to analyze the thermal properties by varying geometry, 

material and thickness of cylinder fins was conducted by N. Phani Raja Rao[15]. Here in the 
analysis three material were used i.e. Aluminum Alloy A204, Aluminum alloy 6061 and 
Magnesium alloy. These different materials were tested with rectangular, circular and curve 
shaped (parabolic) fins. Finally as result shows that by using circular fin with material 
Aluminum Alloy 6061 is better since heat transfer rate, Efficiency and Effectiveness of the fin is 
more. By using circular fins the weight of the fin body reduces compare to existing engine 
cylinder fins. 

 

CHANGE OF COOLANT 

The experiments on four wheelers by using nanofluids as coolents was conducted by 

R.J.Bhatt,H.J.Patel,O.G.Vashi[16]. “Nanofluids” have been developed and researchers found 

that these fluids offer higher thermal conductivity compared to that of conventional coolants. 

They reported that about 15-40% of heat transfer enhancement can be achieved by using various 

types of Nanofluids. This translates into a better aerodynamic feature for design of an automotive 

car frontal area. Coefficient of drag can be minimized and fuel efficiency can be improved. The 

size and weight of the vehicle cooling systems is greater than 10% regardless of the cooling 

demands of higher power engines. Peyghambarzadeh et al  have used different base fluids 

including pure water, pure ethylene glycol, and theirbinary mixtures with Al2O3 nanoparticles 

and once again it was proved that nanofluids improves the cooling performance of the car 

radiator extensively. Eastman et al found that a “nanofluid” consisting of copper nanometer-

sized particles dispersed in ethylene glycol has a much higher effective thermal conductivity 

.Thermal conductivity of ethylene glycol can be increased by 40 % for a nanofluid consisting of 

ethylene glycol containing approximately 0.3 vol.% Cu nanoparticles of mean diameter <10 nm. 
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HYDRAULIC COOLING FAN SYSTEM 

  An electronically controlled hydraulic cooling fan system which identified the optimum 

fan speeds per engine operating conditions was developed by R. ArunKumar1, S. Senthilraja2, 

R.B. Arvind1 and S. Chettan1 Hamamoto et al[17]. Liu and Alleyne  created a nonlinear control 

algorithm which tracked the force and pressure of an electro-hydraulic actuator with a single- 

stage servo-valve. Here the flow control valve is used to control the flow of engine coolant. The 

quantity of flow is depends on the engine speed and engine coolant temperature. PIC 16F87 

microcontroller is used to as the controller in this experiment. The temperature sensors are used 

to measure the temperature of the engine coolant at inlet and outlet side of the engine cylinder 

and the temperature sensors are connected to the DAQ controller. When the Engine is turned ON 

the coolant supply starts from coolant tank and enters pump and goes to radiator and then to the 

Engine this is the normal method. Once the temperature sensor senses the temperature of the 

engine it gives output to the controller send’s the signal to flow control valve. From this 

experimental result the thermal efficiency of the internal combustion engine is increased 

considerably and also the life of the cooling system components will increase. 

 

COOLING JACKET 

Experiment on heavy four wheeler vehicles like truck,lorry etc was conducted by Chetan 

Sanjay Mali[18]. A cooling jacket will be provided around exhaust valve. As exhaust gases are 

too hot they will transfer the heat to exhaust valve. After that exhaust gases will transfer through 

exhaust manifold. After that this gases will flow over a turbine. As turbine starts rotating shaft 

connected to it will also rotate. At another end of shaft a reciprocating mechanism will be 

attached (just like mechanism which is installed inside the engine cylinder) .This reciprocating 

mechanism will be attached to coolant reservoir directly. 

This system can only be applied to large engines. On large engine only power is 

considered i.e. just take a example of truck , it gives millage nearly about 5-8 km/liters. And 

truck is used for performing heavy works like transportation. It shows that we only consider the 

power developed by the engine by sacrificing with millage. In case of such vehicle very high 

temperature is generated which contributes to dilution charge and less power is obtained. But by 

using this technique small amount of performance of vehicle can be increased. As cooling to 

coolant is provided in this system coolant can be reused. 

 

 
Fig 4: Cooling jacket in exhaust valves 
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DOUBLE COOLING EFFECT 

Experiment on Automobile Double Cooling Effect, by using an ammonia water vapour 

absorption system there is a double cooling effect was conducted by Dipak Jagdhane[19]. Heat 

produced in the system get liberated from condenser which give's engine cooling effect. Again 

vapours of ammonia get compressed in generator and produce high pressure. Evaporator 

produces cooling effect in the vehicle. Such a way production of double cooling effect in vehicle 

is efficient system. Ultimately by using engine surface as a heat Generator for vapour absorption 

system energy consumption takes place. This increases overall Engine efficiency. 

 

 
 

 

 

 

 

 

 

 

 

Fig 5: Automobile double cooling effect 

 

 

 

CONCLUSION 

By using vapour absorption system in Automobile there is a double cooling effect. By 

combining both systems, energy required to engine cooling is completely getting reduced. Only 

providing a pump for aqua solution circulation and to condenser water circulation we can run air 

conditioning system with free of cost. The number of parts used can be reduced and thus the 

weight of vehicle is reduced. It results in greater aerodynamic design. There is a scope of 

improvement in heat transfer of air cooled engine cylinder fin if mounted fin’s shape varied from 

conventional one. The fin geometry and cross sectional area affects the heat transfer co efficient. 

In High speed vehicles thicker fins provide better efficiency. Increased fin thickness resulted in 

swirls being created which helped in increasing the heat transfer. Heat transfer coefficient can be 

increased by increasing the surrounding fluid velocity by forced convection. The thermal 

efficiency of the internal combustion engine is increased remarkably by using micro controller 

based engine cooling system. Hot spot and corrosion on exhaust pipe and silencer can be 

controlled by exhaust system temperature. Back pressure in exhaust pipe can be controlled by 

limiting exhaust temperature which can be improved the silencer and exhaust pipe efficiency. By 

controlling the exhaust gas temperature, catalytic converter life span can be improved. 
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