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ABSTRACT 

Automotive engine cooling system takes care of excess heat 

produced during engine operation. 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 radiator performance efficiency. Also to reduce 

fuel consumption along with controlling engine emission to indicated 

environmental pollution norms. This paper throws light on parameters 

optimization flow changes analysis which influences radiator 

performance along with reviews some of the systematically with new 

modern  approaches to enhance radiator performance analysis with 

design and numerical analysis of   water heating  conductivity to 

transient analysis single sample tube  in different copper graded material 

analysis in flow passing through the water comparing to the better cost 

effective and material data its analyzed  using in ansys 14.5 version. 

keyword ; Automotive , engine cooling system,radiator, transient 

flow analysis , ansys 14.5  
 

1.INTRODUCTION 
1.1AUTOMOTIVE COOLING SYSTEMS: 

Modern automotive internal combustion engines generate a huge 

amount of heat. This heat is created when the gasoline and air mixture is 

ignited in the combustion chamber. This explosion causes the piston to 
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be forced down inside the engine, levering the connecting rods, and 

turning the crankshaft, creating power. Metal temperatures around the 

combustion chamber can exceed1000° F. In order to prevent the 

overheating of the engine oil, cylinder walls, pistons, valves, and other 

components by these extreme temperatures, it is necessary to effectively 

dispose of the heat.It has been stated that a typical average-sized vehicle 

can generate enough heat to keep a 5-room house comfortably warm 

during zero degree weather . Approximately 1/3 of the heat in 

combustion is converted into power to drive the vehicle and its 

accessories.Another 1/3 of the heat is carried off into the atmosphere 

through the exhaust system.     

 

 
 

Fig.1.1 cooling system components 

 

1.2. COOLING SYSTEM FUNCTIONS: 

 Temperatures in the combustion chamber of the engine can reach 

4,500 F  

(2,500 C) [2], so cooling the area around the cylinders is critical. Areas 

around the exhaust valves are especially crucial, and almost all of the 

space inside the cylinder head around the valves that is not needed for 

structure is filled with coolant. If the engine goes without cooling ,the 

metal got hot enough for the piston to weld itself to the cylinder. This 

usually means the complete destruction of the engine. The cooling 

system removes enough heat to keep the engine at a safe temperature for 
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best performance. A secondary function of the cooling system is to 

provide interior cabin heat during cold winter. 

1.4. COOLING SYSTEM TYPES: 

1.4.1. Air Cooling: 

 Some older cars, motorcycle and very few modern cars, are air-

cooled. Instead of circulating fluid through the engine, the engine block 

is covered in aluminium fins that conduct the heat away from the 

cylinder. A powerful fan forces air over these fins, which cools the 

engine by transferring the heat to the air. 

Since most cars are liquid-cooled, we will focus on that system in this 

project. 

1.4.2. Liquid Cooling System : 

Figure illustrates the cooling system components,  

 
Fig.1.2 cooling system component 

 

1.5. ENGINE: 

 The engine block and cylinder head have many passageways cast 

or machined in them to allow for fluid flow. These passageways direct 

the coolant to the most critical areas of the engine. 

 

Fig.1.3 Engine block 
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1.5.1. Method for protecting cylinder liner: 

 One interesting way to reduce the demands on the cooling system 

is to reduce the amount of heat that is transferred from the combustion 

chamber to the metal parts of the engine. Some engines do this by 

coating the inside of the top of the cylinder head with a thin layer of 

ceramic. Ceramic is a poor conductor of heat, so less heat is conducted 

through to the metal and more passes out of the exhaust. 

1.6. RADIATOR: 

 A radiator is a type of heat exchanger. It is designed to transfer 

heat from the hot flows through it to the air blown through it by the fan. 

Most modern cars use aluminium radiators. These radiators are made by 

brazing thin aluminium fins to flattened aluminium tubes. The coolant 

flows from the inlet to the outlet through many conduct the heat from the 

tubes and transfer it to the air flowing through the radiator. 

 
 

 
Fig.1.4 cooling system components 

 

1.6.1. Pressure cap: 

 The radiator cap actually increases the boiling point of your 

coolant by about 45 F (25 C). How does this simple cap do this? The 

same way a pressure cooker increases the boiling temperature of water. 

The cap is actually a pressure release valve, and on cars it is usually set 

to 15 psi. 

 

 

International Journal of Scientific Research and Review

Volume 7, Issue 8, 2018

ISSN NO: 2279-543X

Page No: 735



 
 

1.7. RADIATOR FAN: 

 A radiator fan is used to draw the air towards the radiator and help 

in the cooling process. The radiator fan has four or more blades that spin 

rapidly to provide sufficient air that would cool the engine. It is usually 

mounted between the radiator and the engine so that the air can easily get 

to the radiator. Some cars have an additional fan in front of the radiator 

in order to draw more cool air into the engine. Especially when it is so 

hot and the vehicle isn’t moving fast enough, very little cool air reaches 

the radiator, and thus, the engine is not cooled properly. Fig(7,8) 

illustrates the radiator fan. 

 

 
Fig.1.5 cooling system components. 

 

 
 

Fig.1.6 Radiator cooling fan. 
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2.LITERATURE REVIEW 

C. M. De Silva [1] et al. state that the Formula SAE vehicles, over the 

program’s history have showcased a myriad of aerodynamic packages, 

each claiming specific quantitative and qualitative features. This paper 

attempts to critique differing aerodynamic side pod designs and their 

effect upon radiator heat management. Various features from inlet size, 

side pod shape and size, presence of an under tray, suspension cover, 

gills and chimneys are analysed for their effects. Computational Fluid 

Dynamics (CFD) analyses are performed in the FLUENT environment, 

with the aid of GAMBIT meshing software and Solid Works modelling. 

A.K.Agarwal [2] et al said that the heat exchanger, used in refrigeration 

unit, air conditioning unit, radiator used with IC engine automobiles is 

either rectangular or square in shape. 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. Also power consumed by 

fan is studied. Experimentally it is found that the power consumed by fan 

is 2 to 5% of power produced by engine. It is proposed to have circular 

heat exchanger for refrigeration, air conditioning unit and for car 

radiators for maximum efficiency. Till now no significant work has been 

carried out on circular heat exchanger and radiators. 

 

Siddharth Jain [3] et al. analysed that the goal of this study was to 

increase the cooling efficiency of Tier 4 diesel engine installations on 

well service equipment. These efficiency improvements were directed 

at reducing hot-air recirculation around the engine’s radiators. Well 

service equipment units are designed for use in upstream oilfield 

activities. These units are powered by diesel engines that are required 

to comply with the new emission standards defined by the United 

States Environmental Protection Agency (EPA) for off road engines. 

The new Tier 4 emission standards have led engine manufacturers to 

increase the cooling requirements for engine packages, thus increasing 

the burden on existing cooling systems. A traditional radiator uses 

ambient air and is influenced by parameters such as air temperature, 

wind direction, wind speed, and nearby objects. This equipment is 

intended to work in operating temperatures greater than 115°F but is 
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currently limited in ambient capability. Particularly during the 

summer, these engines are prone to overheating. One cause of radiator 

inefficiency is the recirculation of hot air around the radiator, which 

significantly reduces cooling system performance. 

 

S. Chacko [4] et al state that the Efficiency of the vehicle cooling system 

is widely dependent on the air flow profile through the radiator .The 

Flow through the Radiator would also depend on the other panels in the 

vicinity of the radiator and these include grille, front inner panel, cowl, 

floor. A clear understanding of the flow happening through the radiator 

would help us optimize the flow, quality and improve efficiency of the 

radiator. The objective of the Project was to Optimize Airflow 

Distribution inside the Radiator with the use of CFD as a tool. Detailed 

experimental measurements were also needed to validate the results 

provided from CFD. For achieving this test rig had been developed and 

experiments performed on static rig consisting of the grille, radiator, 

front inner panel, floor panels etc at room temperature. The data obtained 

from the experiments on special test-rig was compared with the 

numerical simulations of the similar Front-End configuration and results 

validated. The CFD Analysis was done using FLUENT, while Surface 

Mesh & Grid generated using ANSA/TGRID Respectively. Use of 

ANSA helped us to reduce the total cycle time by reducing the surface 

meshing time for total iterations done to reach the final optimized shape 

of the panels in the vicinity. 

   

S.Pawan [5] et al analysed in automotive engine cooling system takes 

care of excess heat produced during engine operation. 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. Also to reduce fuel 

consumption along with controlling engine emission to mitigate 

environmental pollution norms. This paper throws light on parameters 

which influence radiator performance along with reviews some of the 

conventional and modern approaches to enhance radiator performance. 

 

K.Chavan Dattatraya [6] et al. stated that the present heat exchangers/ 

radiators are rectangular in shape. But the air blown by the fan is circular 
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in area, developing low velocity zones, high temperature regions in the 

corners. Therefore temperature and velocity readings are taken in all the 

four corners at various locations. It is claimed that stagnation zones are 

created in the corners and hence may be eliminated and proposed that the 

circular radiators, if developed, will be optimum for the improvement in 

efficiency. Experimentation has been carried out by considering 

temperature and velocity of air as variables, reveals that low velocity 

zones along with high temperature regions (low heat transfer zones) are 

developed as presumed in the corners. Extensive research work has been 

carried out on heat exchangers with square or rectangular shape. 

However no significant work has been done so far in case of new 

proposed radiators. Efficiency of the radiator. As the weight is of main 

concern in almost all vehicles, refrigerators and air-conditioning 

systems, the proposed design. 

 

G.C.Junjanna [7] et al stated that the Radiators are used to transfer 

thermal energy from one medium to another for the purpose of cooling. 

Research is being carried out for several decades now, in improving the 

performance of the heat exchangers, having high degree of surface 

compactness and higher heat transfer abilities in automotive industry. 

These compact heat exchangers have fins, louvers and tubes.  Present 

study uses the computational analysis tool ANSYS Fluent 13.0 to 

perform a numerical study on a compact heat exchanger. The 

computational domain is identified from literature and validation of 

present numerical approach is established first. Later the numerical 

analysis is extended by modifying chosen geometrical and flow 

parameters like louver pitch, air flow rate, water flow rate, fin and louver 

thickness, by varying one parameter at a time and the results are 

compared. Recommendations has been made on the optimal values and 

settings based on the variables tested, for the chosen compact heat 

exchanger. 

 

Chetan Kulkarni [8] et al analysed with the thermal management of 

heavy commercial vehicles is crucial for improving their performance, 

especially in the engine compartment where heat rejection is more and 

cooling is a challenge. As heat rejected from the engine increases, this 

may affect other components like intake manifold. Heat localization in 

International Journal of Scientific Research and Review

Volume 7, Issue 8, 2018

ISSN NO: 2279-543X

Page No: 739



 
 

the engine compartment may lead to overheating. Hence to solve this 

problem and to maximize cooling performance of heavy commercial 

vehicles a CFD approach has been adopted. Steady state fluid flow 

analysis was carried out for the base line model of 25 ton truck and with 

modifications; the results obtained are used for further improvement. 

Numerical modelling has been carried out in HYPERMESH.11 and 

simulation has been done in the FEM based CFD solver 

ACUSOLVE.1.8. Spalart All maras turbulence model is considered for 

simulation. Complete analysis has been carried out in two stages: cold 

flow analyse is and hot flow analysis. Cold flow analysis was done to 

improve flow circulation in the compartment where a shot flow analysis 

was carried out for studying heat dissipation. On studying base line 

model results local modifications were done incorporating additional 

openings, flaps and shroud length extension Simulations were carried out 

for maximum power and maximum torque conditions, monitoring the 

mass flow rate, velocity and temperature at different locations in engine 

compartment. Flow recirculation zones present are identified in under 

hood compartment and it is observed that front openings, shroud length 

which covers radiator fan are very small for allowing adequate quantity 

of air through radiator. Modifications in the shroud geometry lead to 

20% improvement in mass flow rate through radiator and inter 

cooler.Modifications incorporated improved the velocity of air at 

radiator and over the engine surface. This led to about 20% increase in 

the heat rejection from radiator and exhaust manifold; thus reducing the 

maximum temperature of the hot spots e.g. closes to the exhaust 

manifold maximum temperature reduced by 114.7°C. 

 

Chavand [9] et al analysed the heat exchanger, used in refrigeration unit, 

air conditioning unit, radiator used with IC engine automobiles is either 

rectangular or square in shape. But the air blown / sucked by the fan is in 

circular are a 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. Also power consumed by 

fan is studied. Experimentally it is found that the power consumed by 

fan is 2 to5% of power produced by engine. It is proposed to have 

circular heat exchanger for refrigeration, air-conditioning unit and for car 
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radiators for maximum efficiency. Till now no significant work has been 

carried out on circular heat exchanger and radiators. 
 

J.P Yadav [10] et al stated that a complete set of numerical parametric 

studies on automotive radiator has been presented in detail in this study. 

The modelling of radiator has been described by two methods, one is 

finite difference method and the other is thermal resistance concept. In 

the performance evaluation, a radiator is installed in to a test-setup and 

the various parameters including mass flow rate of coolant, inlet coolant 

temperature; etc. are varied. A comparative analysis between different 

coolants is also shown. One coolant as water and other as mixture of 

water in propylene glycol in a ratio of 40:60 is used. It is observed that 

the water is still the best coolant but its limitation is that it is corrosive 

and contains dissolved salts that degrade the coolant flow passage 

 

Krys Bangert [11] et al focused this study looks at how changes to a 

walls surface finish can affect a radiators heat transfer. A series of tests 

and computer simulations were run comparing the heat loss from a 

radiator when the wall roughness and emissivity directly behind it was 

changed. Together the empirical data needed for the study an existing 

radiator test rig built to approximate European Standard EN442-

2wasused.Thermo couples were mounted on the radiator, wall, inlet / 

outlet pipes and in the air gap behind the radiator, together temperature 

readings for levels of conduction, radiation and convection in the system. 

Three tests were carried out under steady state conditions, with a 10°C 

drop a cross the radiator to comply with the British Standard. The first 

test used a plain wall as a control, the second and third test shads and 

paper sheets matching the profile of a radiator attached to the wall behind 

the radiator. The sheets were spreading loss black and silver paint 

respectively, to modify the surface emissivity. A computer simulation of 

the setup and tests was also created for comparison using the CFD 

(computational fluid dynamics) program Fluent. Unfortunately the 

results from the tests and simulations were inconclusive due to high 

levels of experimental error and convergence issues in the CFD model. 

However, the data did show that the overall trends. Discovered in 

previous work relating to emissivity are valid. It is hoped that in future 

work more accurate results can be obtained based on the 
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recommendations of this study’s. 

LT Andrew Jiear [12] et al said that the aim of this thesis is to construct 

a robust process for gathering experimental data and to conduct analysis 

in order to determine the most efficient location and size of the radiator 

core on SAE vehicles.   Data from experiments on coolant flow and 

radiator characteristics   were used to calculate the system’s flow rate 

and heat load capacity. The dynamic test results were unable to provide 

relevant data to pass judgement on the most efficient radiator location 

and core size.  The experimental and simulation data from experiments 

on cooling system performance and coolant flow characteristics led to 

the recommendation to use an electrical water pump on ACME racing’s 

2009 vehicle, the WS05.   This data along with background research will 

also provide possibilities for research and development of a more 

efficient cooling system to be designed and evaluated by future students 

for integration with future ACME Racing vehicles. 

 

Ştefand.L.Talu [13] et al state that the objective of this paper is to 

analyze through the Finite Elements Method (FEM) and to dimensional 

optimize the frontal radiators of cooling system for electric power 

transformer by type TTU 630 kVA 20/0.4kV in terms of maximum heat 

transfer. Finite Elements Analysis was performed using Solid Works 3D 

CAD Design and COSMOS Flow Works 2008 Software. The proposed 

method results in the economical design of the electric power 

transformer by type 630kVA 20/0.4kV significantly reduce the cost of 

manufacturing transformer. 

K.Johannessen [14] et al have made a numerical studies-of cooling 

airflow   using computational fluid dynamics (CFD) software allow 

engineers to analyse designs earlier in the design cycle a data reduced 

cost compared to wind tunnel experiments. However, testing is required 

to confirm if the CFD codes are correctly modelling the flow near the 

radiator. The cooling performance of a car has been studied 

numerically using the Computational Fluid Dynamics (CFD) code Fluent 

and experimentally by measuring the Specific Dissipation of a radiator. 

Modifications were made to the fascia of the car and the cooling 

performance determined using both the numerical and experimental 

methods.  It was found that the CFD code was accurate in predicting the 

trends when the fascia was changed.   The seven variations tested were 
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ranked correctly with the exception   of one pair of results. Flow 

visualisation conducted in the wind tunnel confi rmed the presence 

of flow structures predicted by CFD models. 

 

Peter Bermel [15] et al. stated that the Despite their great promise, small 

experimental thermo photovoltaic(TPV) systems at 1000 K generally 

exhibit extremely low power conversion efficiencies (approximately1%), 

due to heat losses such as thermal mission of undesirable mid-wave 

length infrared radiation. Photonic crystals (PhC) have the potential to 

strongly suppress such losses. However, PhC-based designs present a set 

of non-convex optimization problems requiring efficient objective 

function evaluation and global optimization algorithms. Both are applied 

two example systems: improved micro-TPV generators and solar thermal 

TPV systems. Micro-TPV reactors experience up to a27-fold increase in 

their efficiency and power output; solar thermal TPV systems see an 

even greater 45-fold increase in their efficiency (exceeding the 

Shockley–Quiesser limit for a single-junction photo voltaic cell). 
  

3.RESULTS AND DISCUSSIONS 

The following results have been obtained by using CFD 

analysis. Fig.8.1 shows the flow velocity of fluid which is flow 

inside the radiator tube with curved type geometry. It shows 

clear flow velocity is maximum in this type of geometry with a 

higher magnitude of 118m/s compared with other two geometry 

models. 
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Fig.3.1 Flow Velocity with curve type profile 

Table 3.1 shows the different velocity magnitude of fluid flow inside the 

radiator tube. It shows that the radiator tube with curve type profile gives 

the maximum velocity magnitude.  

 

Fig.3.2 Flow velocity for different flow tube geometry 

Fig.3.2 shows the flow velocity of fluid which is flow inside the 

radiator tube with curved type geometry. It shows the velocity 

is maximum in curve type profile with a higher magnitude of 

118m/s compared with other two geometry models. 
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Table 3.1 Flow velocity for different flow tube geometry 

Sl.No. 
Model 

description 

Flow 

Velocity 

(m/s) 

1 Straight Type 98 

2 Dual Type 89 

3 Curve Type 118 

 

Fig.3.3 shows the temperature of fluid which is flow 

inside the radiator tube with curved type geometry. It shows 

clear that the fluid temperature is minimum in this type of 

geometry with a lower magnitude of 385 K compared with 

other two geometry models. 

 

Fig.3.3 Wall temperature for curve type profile 

Fig.3.4 shows the temperature of fluid which is flow 

inside the radiator tube with curved type geometry. It shows 

clear that the fluid temperature is minimum with the radiator 
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tube posses the curve type geometry with a lower magnitude of 

385 K compared with other two geometry models. 

 

Fig.3.4 Wall temperature for curve type profile 

Table 3.2 Wall temperature for different flow tube geometry 

Sl.No. 
Model 

description 

Fluid 

Temperature 

(K) 

1 Straight Type 443 

2 Dual Type 421 

3 Curve Type 385 

 

Table 3.1 shows the different wall temperature of fluid flow inside 

the radiator tube. It shows that the radiator tube with curve type profile 

gives the minimum wall temperature.  
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4.CONCLUSION 

  Thus the analysis have been done on the rate of heat convection 

of radiator flow tubes  and curved tubes  using ansys simulation software 

.We found that the rate of heat dissipated is high in present type flow 

tube when compared to single flow tube with curved flow tube . So 

usage of air type cooling flow dual type flow tube in compared in to best 

performance to satisfaction in curved type flow tube in our project. 

Finally radiator tube with curve type gives the maximum velocity 

distribution and minimum wall temperature compared with other two 

different geometry. 
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