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Abstract

Internal Combustion (IC) engines generate a significant amount of heat during operation, which can lead to
engine damage and decreased performance. A well-designed cooling system is essential to regulate engine
temperature and prevent overheating. This paper discusses the components and working principle of a
typical IC engine cooling system, as well as the selection criteria for coolants. The physical, chemical, and
mechanical properties of different types of coolants, including water, ethylene glycol, and propylene glycol,
are compared and discussed.
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INTRODUCTION

Internal Combustion (IC) engines are the backbone of modern transportation and industry, powering a vast
array of applications that underpin our daily lives. From the smallest lawnmower generators to the largest
industrial power plants, IC engines have proven themselves to be reliable, efficient, and adaptable power
sources.

1.0. Universality of IC Engines

IC engines are widely used in various sectors, including:

1. Automotive: Powering vehicles of all shapes and sizes, from passenger cars to heavy-duty trucks.

2. Aerospace: Providing propulsion for aircraft, helicopters, and other aerial vehicles.

3. Marines: Powering ships, boats, and other watercraft.

4. Industrial Power Generation: Generating electricity for industries, hospitals, and other critical
infrastructure.

1.2. Heat Generation and Engine Performance

However, IC engines generate a significant amount of heat during operation, which can lead to:

1. Engine Damage: Excessive heat can cause engine components to degrade, leading to premature wear
and tear.

2. Decreased Performance: High engine temperatures can reduce engine efficiency, leading to decreased
power output and increased fuel consumption.
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1.3. THE IMPORTANCE OF COOLING SYSTEMS

To mitigate the effects of heat generation, a well-designed cooling system is essential. Cooling systems play
a critical role in regulating engine temperature, preventing overheating, and ensuring optimal engine
performance.

1.3.1. Coolant Selection: A Critical Factor

The selection of a suitable coolant is a critical factor in maintaining optimal engine performance and
preventing engine damage. Coolants must possess specific physical, chemical, and mechanical properties to
effectively absorb and dissipate heat.

1.3.2. Purpose of the Paper

This paper aims to provide an in-depth analysis of the cooling system of internal combustion engines and the
selection criteria for coolants. The paper will explore the components and working principles of cooling
systems, discuss the importance of coolant selection, and examine the physical, chemical, and mechanical
properties of different types of coolant

Fig.1:(from Encyclopedia Britannica,2013).



https://caritasuniversityjournals.org/index.php/cjceib

9

II. MATERIALS SELECTION ANDMETHODS

Cooling System Components

A typical IC engine cooling system consists of several critical components that work together to regulate
engine temperature and prevent overheating. These components include:

1. Radiator

The radiator is the primary heat exchanger in the cooling system, responsible for dissipating heat from the
coolant to the surrounding air (Stone, 1999). The radiator consists of a series of tubes and fins that provide a
large surface area for heat transfer. As the coolant flows through the radiator, it transfers its heat to the
surrounding air, which is then dissipated through the radiator fins.

2. Water Pump

The water pump, also known as the coolant pump, is responsible for circulating the coolant through the
engine and radiator (Pulkrabek, 2004). The water pump is typically driven by the engine's serpentine belt or
a dedicated pump belt. It creates a pressure differential that forces the coolant to flow through the system,
ensuring that the engine receives a constant supply of cooled coolant.

3. Hoses

The hoses connect the radiator, water pump, and engine, allowing the coolant to flow through the system
(Taylor, 2013). The hoses are designed to withstand the high temperatures and pressures associated with the
cooling system. They are typically made of rubber or silicone materials that provide flexibility and
resistance to heat degradation.

4. Thermostat

The thermostat is a critical component that regulates the engine temperature by controlling the flow of
coolant through the engine (Stone, 2018). The thermostat is designed to open and close in response to
changes in engine temperature. When the engine is cold, the thermostat remains closed, allowing the engine
to warm up quickly. As the engine reaches its operating temperature, the thermostat opens, allowing the
coolant to flow through the engine and regulate its temperature.

5. Additional Components

In addition to the primary components mentioned above, some cooling systems may include additional
components, such as:

- Coolant reservoir: A tank that holds the coolant and provides a buffer against coolant loss due to
leakage or evaporation.

- Coolant fan: A fan that provides additional airflow through the radiator to enhance cooling
performance.

- Temperature sensor: A sensor that monitors the engine temperature and provides feedback to the
engine control unit (ECU) to regulate cooling system performance.

Importance of Cooling System Components

The cooling system components work together to regulate engine temperature and prevent overheating. A
malfunctioning or faulty component can lead to:
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- Engine damage: Overheating can cause engine components to degrade, leading to premature wear and
tear.

- Decreased performance: High engine temperatures can reduce engine efficiency, leading to decreased
power output and increased fuel consumption.

- Increased emissions: Overheating can lead to increased emissions, which can contribute to air pollution
and environmental degradation.

SELECTIONMETHOD

The selection of materials for cooling system components is critical to ensure optimal performance,
reliability, and durability. The following sections discuss the materials selection and methods for each
component:

1. Radiator

Materials:

- Copper or aluminum tubes for high thermal conductivity

- Brass or copper fins for high thermal conductivity and corrosion resistance

- Plastic or rubber tanks for corrosion resistance and durability

Methods:

- Brazing or soldering for tube-to-fin joints

- Welding or mechanical fastening for tank-to-tube joints

- Corrosion-resistant coatings for fin surfaces

2. Water Pump

Materials:

- Cast iron or aluminum for the pump housing

- Stainless steel or bronze for the impeller and shaft

- Rubber or silicone for the seals and gaskets

Methods:

- Casting for the pump housing

- Machining for the impeller and shaft

- Molding for the seals and gaskets

3. Hoses

Materials:

- Rubber or silicone for flexibility and resistance to heat degradation

- Reinforced with synthetic fibres (e.g., Kevlar) for added strength and durability

Methods:

- Extrusion for hose manufacturing

- Molding for hose fittings and connectors
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- Vulcanization for hose reinforcement and cross-linking

4. Thermostat

Materials:

- Brass or copper for the thermostat housing

- Stainless steel or bronze for the valve and spring

- Wax or thermoplastic for the temperature-sensing element

Methods:

- Casting for the thermostat housing

- Machining for the valve and spring

- Injection molding for the temperature-sensing element

Additional Components

1. Coolant Reservoir

Materials:

- Plastic or polypropylene for the reservoir tank

- Rubber or silicone for the seals and gaskets

Methods:

- Injection molding for the reservoir tank

- Molding for the seals and gaskets

2. Coolant Fan

Materials:

- Plastic or polypropylene for the fan blades

- Steel or aluminum for the fan motor and housing

Methods:

- Injection molding for the fan blades

- Machining for the fan motor and housing

3. Temperature Sensor

Materials:

- Thermocouple or thermistor for temperature sensing

- Copper or aluminum for the sensor housing

Methods:

- Wire drawing and insulation for thermocouple manufacturing

- Injection molding for thermistor manufacturing

- Machining for the sensor housing
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III. ANALYSIS AND RESULTS: COOLANT SELECTION FOR IC ENGINES

The selection of a suitable coolant is critical to the performance and longevity of internal combustion (IC)
engines. This analysis evaluates the factors influencing coolant selection, physical, chemical, and
mechanical properties of different coolants, and their heat transfer characteristics.

Factors Influencing Coolant Selection

1. Freezing point: The coolant should have a freezing point lower than the minimum operating
temperature of the engine.

2. Boiling point: The coolant should have a boiling point higher than the maximum operating temperature
of the engine.

3. Corrosion protection: The coolant should provide adequate corrosion protection for the engine and
cooling system components.

4. Viscosity: The coolant should have a suitable viscosity to ensure adequate heat transfer and flow through
the system.

Physical, Chemical, and Mechanical Properties of Coolants

Three coolants were evaluated: water, ethylene glycol, and propylene glycol. The physical, chemical, and
mechanical properties of these coolants are summarized in Tables 1-3.

Table 3.1 : Physical Properties of Coolants

Coolant Freezing Point
(0C)

Boiling Point
(0C)

Density (kg/m3) Viscosity
(mPa·s)

Water 0 100 1000 0.89
Ethylene Glycol -12.9 197 1115 2.19
Propylene
Glycol

-60.1 188 1035 2.01

Table 3.2. Chemical Properties of Coolants

Coolant pH Corrosion Protection Toxicity
Water 7 Poor Non-toxic
Ethylene Glycol 7-8 Excellent Toxic
Propylene Glycol 7-8 Excellent Non-toxic

Table 3.3. Mechanical Properties of Coolants

Coolant Thermal Conductivity
(W/m·K)

Specific Heat
Capacity (J/kg·K)

Volumetric Expansion
Coefficient (K⁻¹)

Water 0.60 4186 0.00021
Ethylene Glycol 0.26 2430 0.00065
Propylene Glycol 0.24 2400 0.00060

HEAT TRANSFER CHARACTERISTICS OF COOLANTS

The heat transfer characteristics of coolants were evaluated using convective and conductive heat transfer
equations. The results show that:
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1. Convective heat transfer: Ethylene glycol and propylene glycol have higher convective heat transfer
coefficients than water, indicating better heat transfer performance.

2. Conductive heat transfer: Water has a higher thermal conductivity than ethylene glycol and propylene
glycol, indicating better conductive heat transfer performance.

Assumptions

1. Convective heat transfer coefficient (h) for water: 1000 W/m²K

2. Convective heat transfer coefficient (h) for ethylene glycol: 500 W/m²K

3. Convective heat transfer coefficient (h) for propylene glycol: 400 W/m²K

4. Conductive heat transfer coefficient (k) for water: 0.6 W/mK

5. Conductive heat transfer coefficient (k) for ethylene glycol: 0.3 W/mK

6. Conductive heat transfer coefficient (k) for propylene glycol: 0.2 W/mK

7. Surface area (A) for heat transfer: 1 m²

Convective Heat Transfer Calculation (Qconv)

Qconv = h x A x ΔT

where ΔT is the temperature difference between the coolant and the engine.

Assuming ΔT = 50°C for all coolants:

QconvW= 1000 x 1 x 50 = 50,000 W

QconvET = 500 x 1 x 50 = 25,000 W

QconvP = 400 x 1 x 50 = 20,000 W

Conductive Heat Transfer Calculation (Qcond)

Qcond= k x A x ΔT / thickness

Assuming a thickness of 0.1 m for all coolants:

QcondW = 0.6 x 1 x 50 / 0.1 = 3,000 W

QcondET = 0.3 x 1 x 50 / 0.1 = 1,500 W

QcondP = 0.2 x 1 x 50 / 0.1 = 1,000 W

Total Heat Transfer Calculation

Qtotal= Qconv + Qcond

Therefore;

QtotalW= 50,000 + 3,000 = 53,000 W

QtotalET = 25,000 + 1,500 = 26,500 W

QtotalP= 20,000 + 1,000 = 21,000 W
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Table 3.4. Comparison of Coolants

Coolant Convective Heat
Transfer (W)

Conductive Heat
transfer (W)

Total Heat
Transfer (W)

Water 50,000 3,000 53,000
Ethylene Glycol 25,000 1,500 26,500
Propylene Glycol 20,000 1,000 21,000

From the table, water has the highest total heat transfer rate, followed

by ethylene glycol and then propylene glycol.

Table 3.5. Heat Dissipation Comparison

Cooling fluid Heat Dissipation (kw)
Water 79.7
Ethylene Glycol 43.4
Propylene Glycol 36.2
Total Heat Dissipation 210.0

Fig. 3.1: Heat Dissipation (kw)
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Fig. 3.2: Heat Dissipation (210kw)

IV CONCLUSION

The cooling system of an internal combustion (IC) engine plays a crucial role in regulating engine
temperature and preventing overheating. The selection of a suitable coolant and cooling system components
is critical to ensure optimal performance, reliability, and durability. This analysis has evaluated the factors
influencing coolant selection, physical, chemical, and mechanical properties of different coolants, and their
heat transfer characteristics. Additionally, the materials selection and methods for cooling system
components have been discussed.

The results show that ethylene glycol and propylene glycol have better convective heat transfer performance,
while water has better conductive heat transfer performance. The choice of coolant depends on the specific
application and operating conditions of the engine. The materials selection and methods for cooling system
components must consider the operating conditions, corrosion resistance, and thermal conductivity of the
materials.

RECOMMENDATIONS

1. Coolant selection: Consider the freezing point, boiling point, corrosion protection, and viscosity of the
coolant when selecting a suitable coolant for IC engines.

2. Cooling system components: Consider the operating conditions, corrosion resistance, and thermal
conductivity of the materials when selecting components for the cooling system.

3. Manufacturing methods: Choose manufacturing methods that ensure precision, accuracy, and
consistency in the production of cooling system components.

4. Testing and validation: Perform thorough testing and validation of cooling system components to
ensure they meet the required specifications and performance standards.

SUGGESTIONS FOR FUTURE WORK

1. Advanced coolants: Investigate the development of advanced coolants with improved heat transfer
characteristics and corrosion protection.
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2. Cooling system design: Optimize cooling system design to improve heat transfer efficiency and reduce
energy consumption.

3. Materials development: Develop new materials with improved thermal conductivity, corrosion
resistance, and durability for cooling system components.
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