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Abstract - Engine cooling system is a very important part of any engine as the performance of engine is all depends on how 
efficiently cooling system work. Fuel economy can be improve using proper cooling system. Proper cooling system will 
prevent overheating of the engine and ultimately prevent the damage of the engine. Any type of failure of any component of 
the cooling system will cause damage to the engine so need to design proper cooling system so we can prevent that damage 
by designing a proper cooling system with appropriate tuning of cooling system component parameter. This paper presents 
the study conducted to find out engine cooling system requirement, causes of cooling system failure, appropriate method to 
model an engine cooling system, parameters that are responsible for increasing the temperature off engine etc.  
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I. INTRODUCTION  
 
Internal combustion engine (ICE) works on the 
principle of combustion of air and fuel mixture. 
Basically engine working is divided into four stroke 
which are intake, compression, power and exhaust as 
shown in the fig.1. 
 

 
Figure 1: Four stroke engine operation of internal combustion 

engine. 
 

In Intake stroke air-fuel mixture is suck into the 
combustion chamber through intake valve. In this 
stroke intake valve is open for some specific period 
of time. The piston moves from Top Dead Centre 
(TDC) to Bottom Dead Centre (BDC) and the 
movement of piston from TDC to BDC creates low 
pressure in the cylinder.  
In Compression stroke the air-fuel mixture is 
compressed in the cylinder. The piston moves from 
BDC to TDC and ensure that both intake and exhaust 
valve must be closed. Compression causes generation 
of high pressure and heat into the cylinder. 
Compression stroke also includes the ignition in the 
same stroke. Ignition is the chemical reaction 

between the fuel and the oxygen in the air because of 
high pressure in the chamber.  
In Power stroke hot expanding gases forces piston 
from cylinder head towards bottom. This subsequent 
motion are transferred to the crankshaft through 
connecting rod which gives mechanical energy to 
crankshaft. This applied torque causes crankshaft to 
rotate. The amount of torque produced is depends on 
various parameters like pressure on the piston, the 
size of the piston, and the throw of the engine.  
Exhaust stroke various exhaust gases like CO, CO2, 
NOx and Particulate Matters (P.M.) are expelled 
through exhaust valve. Exhaust stroke is the final 
stroke in the one operating cycle after that next cycle 
will start. When exhaust valve is open ensure that 
intake valve must be closed.  
During compression stroke extra unwanted heat and 
pressure generated due to compression of air. That 
generated heat may damage the engine if we are not 
providing the proper cooling arrangement to absorb 
that heat. 

 
Figure 2: Cooling system overview for internal combustion 

engine. 
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II. COOLING SYSTEM COMPONENTS AND 
SOME PREVIOUS WORK RELATED TO 
ENGINE COOLING SYSTEM  
 
In the conventional engine cooling system there are 
basically two types of cooling system used in 
automotive one is air cooling system and another is 
water cooling system. In the air cooling system there 
is fins available on the cylinder walls or head and air 
is passed through the fins so that heat will be 
dissipate through fins to air. In the water cooling 
system coolant is flowing around the cylinder and 
heat will be absorbed by that coolant [1]. There is 
cooling arrangement for that hot coolant which 
majorly consists of radiator, radiator fan etc. They 
have designed a portable car cooling system 
successfully. Their main objective behind this 
approach is to reduce the size of the engine cooling 
system which enables one to increase the use of 
available space in the engine compartment. Fig 2 
shows the basic operating principal of the cooling 
system for any engine.  
For every engine cooling system the important parts 
are same but the design for that parts are different 
according to application. Cost for that parts are vary 
according to design. The effectiveness of the cooling 
system is also depends on which type of coolant one 
is using in the system. In the recent automobile 
vehicles thermo stphon cooling system is used. In this 
type of cooling system the coolant water is circulated 
through the space around the block of the engine by 
pump. Then the water absorbs the heat generated by 
engine and then it passes through the radiator for 
cooling and this cycle is repetitively done to prevent 
overheating of the engine which helps to maintain the 
normal operating temperature of the engine [2]. 
 

 
Figure 3: cooling system parts for internal combustion engine. 

 
There are different parts are present in the cooling 
system of the engine are shown in fig.3. Which are 
follows:  

1. Hoses in the cooling system – Hoses are 
used to connect the engine and radiator 
using the hose clip. The hoses are capable 
enough to carry hot water.  

2. Thermostat valve - For keeping engine in 
normal operating temperature the thermostat 
valve is equipped between engine water 
outlet and the radiator water inlet. This valve 
gets open when engine exceeds their normal 
operating temperature to pass the hot water 
into the radiator.  

3. Radiator – Radiator has top and bottom 
tanks for holding coolant water and it is 
fitted in front of engine. In the radiator there 
are cooling fins arranged vertically in 
between these top and bottom tanks. This 
fins are in the form of tubes. When engine’s 
temperature exceeds normal operating 
temperature the thermostat valve open and 
hot water enters into the radiator and flow in 
the fins and the heat gets absorbs by fins. 
Then this absorbed heat transfer to 
atmosphere. 

4. Radiator Cap – At the top of the radiator this 
cap is fitted using pressure spring. This cap 
ensures that the liquid inside the radiator is 
not going outside of the radiator.  

5. Water Pump – This water pump is connected 
to the crank shaft pulley of the engine and it 
is fitted in front of the engine. Water pump 
is used to maintain required pressure for 
circulating the coolant water in the whole 
cooling system.  

The efficiency of the cooling system is decided by the 
materials used in it. Mild steel has various percentage 
of carbon content and the percentage is depends on 
the requirement of yield stress. Because of this 
property it is widely used in various industrial 
applications. Instead of using aluminum alloy they 
have proposed usage of mild steel to reduce the 
coolant leakage, cost reduction and improved life of 
the piping system [2].  
Airflow management is very important in vehicle 
cooling system. There are different methods available 
for modelling of fan and they are as follows:  
Body Force Model  
In this model characteristics of fan are represented. In 
this type of modelling accuracy is depends on fan 
blade characteristics curve. This type of modelling is 
also called as lumped fan model.  
Multiple Reference Frame (MRF) Model  
This model represents the geometry of the fan blades 
rather than characteristics of the fan blades. There are 
two modelling strategies i.e. rotating frame in which 
the fluid zone of the fan is modelled and the 
stationary frame models the surrounding zone of the 
fan region.  
Sliding Mesh Model  
Interaction of the rotor and stator is time-periodic so 
fan modelling needs the air flow to be solve in 
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transient method and this is very time consuming so 
makes it unsuitable for industrial applications.  
Among all these modelling styles mostly MRF 
modelling is used in the flow simulation [3].  
If there is better provision for engine temperature 
cooling then one can significantly enhance the 
performance of the gasoline and diesel engine also 
reduce the fuel consumption due to radiator fan load. 
Mechanically operated water pump, radiator and 
radiator fan is replaced by the electrically driven 
actuators. Modelling of the engine cooling system is 
very important to analyze the response of the cooling 
system in different temperature conditions. Modelling 
of that electrically driven actuator using artificial 
neural network (ANN) of engine cooling system. 
There are three types of neural network used for 
modelling which are Multilayer perceptron (MPL), 
Elman and NARX networks. Neural network is been 
used to model the cooling system as they have great 
ability to model nonlinear dynamic systems [4].  
As shown in fig.4. Artificial neural network have 
input layer, hidden layer and output layer for the 
processing of experimental data. Each layer have 
required hidden nodes which is also called as neurons 
for computation. Because of speed and ability to train 
previous data ANN is popular to model nonlinear 
dynamic systems. Also ANN provides simplicity in 
modelling. ANN is trained by using the known input 
and required output vectors. Weights are assigned to 
the ANN and that is different to make it differentiable 
between actual output and desired output of ANN. 
MLP is multilayer feedforward neural network in 
which data flows from input layer to hidden layer and 
hidden layer to output layer and there is no data 
feedback to other layers in the network. The Elman 
neural network is a recurrent neural network which 
functions similar to MPL but it has provision to 
provide feedback to input layers in the model. The 
Elman network has ability to store the values in the 
previous time step which can be use in the current 
time step. The NARX neural networks is the 
recurrent dynamic network which provides data 
feedback to the several layers in the network.  

 
Figure 4: Architecture of the ANNs with inputs and outputs. 

All three types of ANNs are developed and tested 
with the help of experimental data to train that 
network. According to the simulation results the 
NARX neural networks is showing better 
performance compared to other ANNs.  
 
III. PROPOSED SYSTEM 
 
With the help of MATLAB Simulink we can design 
the system which will give the largest fan request. For 
generation of the largest fan request the major 
parameter that is responsible for generating that 
request is coolant temperature, intake manifold or 
charge temperature and engine speed. Fig 4 shows the 
basic block diagram for fan clutch control model. In 
this model it will take coolant temperature, charge 
temperature and engine speed as an input and model 
will generate the largest fan request and ID for that 
particular fan request. For each type of fan request 
there is unique ID to identify the generated request. 

 
Figure 5: Simplified block diagram of the simulation model of 

Fan Clutch Control. 
 
We have different types of fan available in the market 
and every fan have their own calibration setting and 
difference in operating conditions. So its difficult task 
to set each and every required setting for particular 
selected fan. So in the simulation model for each type 
of fan we can set required calibration settings at run 
time and it is possible using On-Board Diagnostic 
tool. For the simulation of the Simulink model we are 
using OBD simulation tool where we can change 
required settings according to requirement. We can 
add different real time data files to simulate the 
model with different data.  
In the model of fan clutch control it will check first 
there is charge and coolant temperature parameter 
status is enable or not. If it is not enable then it will 
send fan off request and if it is enable then it will go 
for error checking condition. If there is any coolant 
and charge high and low error present then it will set 
default condition true and set default fan request as 
fan largest request. If there is no any error then it will 
compare coolant and charge temperature and find 
max value then along with that particular engine 
speed at that current time step it will generate largest 
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fan request for that temperature. Model will also 
generate the unique ID for that largest fan request to 
identify which request it is. Fig.6 shows the flowchart 
for the model of fan clutch control. 
 

 
Figure 6: flowchart for the model of fan clutch control. 

 
 

CONCLUSION  
 
The proposed system is simulation model for fan 
clutch control which including different types of fan. 
According to their respective calibration settings we 
can simulate the model with different real time data 
files. The model is capable to check errors related to 
the coolant and charge temperature inputs and it will 
take relevant action. Using model based simulation 
for fan clutch control we can reduce the time, efforts 
and cost associate with the fan tuning. Model will 
generate the largest fan request according to input 
temperature and also assign ID which is unique for all 
input parameters to identify which parameter is 
giving request for fan.  
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