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Abstract 

This paper analyses the working of a modern automotive cooling system, describing its components 
and how they work together, as well as briefly presenting the several types used nowadays and their 
different applications. Specifically, it focuses on the role of the expansion tank, how it works and its 
importance to the whole circuit and respective sustainability. An automotive cooling system 
depends on the evaporation and condensation of coolant (a mixture of water and antifreeze liquid). 
These changes in physical state also represent variations in the internal pressure of the entire 
system, seen as it is a closed system. Therefore, a way to ensure the pressure is maintained at 
operational levels is essential. This is accomplished by the expansion tank. By keeping a reservoir of 
coolant and air, this tank allows the system to discharge or draw coolant back as necessary to 
maintain the desired internal pressure, this is possible because its free expansion and contraction 
that is allowed by the tank without causing damage to the entire system. This is achieved through 
a pressure-relief valve that connects the radiator to the tank. The expansion tank proves its 
importance during abrupt temperature variations caused by changes in engine load, such as warm 
up, cool down or rapid acceleration. To model this process, this paper uses mass balance equations 
and studies the thermal behavior inside the tank, such as thermal expansion and air compression. 
To obtain the data needed for these calculations, several sources were consulted Additionally, the 
role of the expansion tank in the sustainability of the cooling system is evaluated through 
component replacement costs. The subsequent results highlight the importance of the expansion 
tank in automotive cooling systems. These results also allow us to verify the importance of this 
component in the efficiency and sustainability of the cooling system, providing insight that can be 
used to develop more sustainable and efficient cooling systems in future vehicles.  

Keywords:  automotive cooling systems; expansion tank; pressure relief; sustainability; cost savings 
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I. INTRODUCTION 

This paper studies the role of the expansion tank in an automotive liquid cooling system. Modern 
internal combustion engines generate significant amounts of heat during operation, which must be 
effectively dissipated to ensure reliable performance and prevent mechanical damage. Automotive 
cooling systems are therefore essential components, designed to maintain engine temperature 
within a safe operating range under varying driving conditions and avoid damage done by the heat 
produced. (How an Engine Cooling System Works | How a Car Works, n.d.) Among the different 
cooling technologies available, namely air cooling, oil cooling and liquid cooling systems, the latter 
being the most widely adopted due to their efficiency and ability to provide stable thermal control. 
The difference between these technologies is the means used to absorb the heat from the engine. 
The air cooling is the simplest method, and it requires low maintenance, but is also the least 
effective. The oil cooling system uses the engine lubricating oil as the cooling medium and is mainly 
used in diesel engines. This system is more efficient, but it also represents a higher need for special 
maintenance. Liquid cooling is able to keep the engine temperature stable, even under heavy 
operational conditions, being highly efficient but also represents a higher need for maintenance 
such as coolant replacement and leak inspection. (CSULFinance - Solusi Segala Kebutuhan Financial 
Anda, n.d.) 

 
Figure 2. Components of an automotive cooling system. 

In liquid cooling systems, engine cooling is achieved by circulating a coolant mixture, typically 
composed of water and antifreeze, through the engine block, where it absorbs the heat generated 
during operation. The heated coolant then flows to the radiator, where excess heat is released to 
the surrounding air. This description represents a simplified overview of the system operation, 
which in practice involves several components working together, as shown in Figure 1. The water 
pump ensures continuous coolant circulation through the engine and the radiator, while the cooling 
fan enhances heat dissipation. After cooling, the coolant returns to the pump and the cycle is 
repeated. As engine temperature increases, the coolant expands, leading to a rise in system 
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pressure, which can pose a risk to the engine and associated components. To prevent excessive 
pressure buildup, an expansion tank is used. This component is connected to the radiator through 
a pressure relief valve that opens when a predefined pressure threshold is exceeded, allowing 
excess coolant to flow into the tank. When the pressure decreases, the coolant is drawn back into 
the system, ensuring stable operation (How an Engine Cooling System Works | How a Car Works, 
n.d.) 

By regulating pressure and accommodating coolant volume changes, the expansion tank helps 
maintain the engine within its optimal operating conditions and protects critical components such 
as radiator hoses, the radiator and the water pump. This pressure control reduces the likelihood of 
failures, minimizes maintenance needs and extends component lifespan, contributing to the overall 
economic sustainability of the cooling system (The Importance of Expansion Tanks in Summer: Keep 
Your Industrial Vehicle in Optimal Conditions - Ryme Automotive | Leader in Spare Parts for 
Industrial Vehicles and LED Lighting, n.d.). In the absence of an expansion tank, increased pressure 
and thermal fluctuations could lead to hose rupture, coolant leakage, deformation of radiator joints 
and accelerated wear of water pump seals and bearings. 

To successfully analyze the role of the expansion tank on the sustainability of the system, this paper 
is structured as follows. The methods section presents the system assumptions and equations as 
well as the data used. Subsequently, the results section uses the methodology previously 
presented, to calculate the coolant expansion, pressure variations cost of parts replacement. 
Finally, the main findings are analyzed and correlated to the importance of the expansion tank for 
the cooling system in the conclusions section. 

 

II. METHODS 

This chapter explains the methodology used to analyze the role of the expansion tank in the 
automotive cooling system. The methodology is based on a simplified theoretical model using 
representative input data and clearly stated assumptions. Although not intended for high-precision 
validation, this approach is suitable for a comparative analysis of pressure regulation and its 
implications for system durability and economic sustainability. 

 

1. System description 

The system analyzed is a closed automotive liquid cooling circuit. It consists, in its most basic form, 
of a pump, engine block, radiator, a cooling fan, expansion tank and rubber hoses that connect 
them all, through which coolant flows. By circulating through the engine block, driven by the pump, 
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the coolant absorbs the excessive heat generated by the engine operating then, flowing through 
the radiator, with help from the fan, that heat is expelled to the surroundings.  

The role of the expansion tank in this system is to compensate for the expansion and contraction 
of the coolant as its temperature varies, acting as a reservoir. The tank is partially filled with coolant 
as well as air and it is connected to the radiator through a pressure relief valve. When the pressure 
of the system exceeds a certain value, the valve opens and, when it goes below that value it closes. 

 

2. Assumptions made 

To study how an expansion tank works, several assumptions are required to simplify the analysis 
and maintain physical relevance. Those assumptions are as follows: 

- The system is a closed system; 
- The coolant is treated as incompressible fluid; 
- Air inside expansion tank behaves as an ideal gas; 
- Uniform temperature inside the tank; 
- Thermophysical properties of the coolant are assumed to be constant. 

 

3. Mathematical model 

3.1 Data input 

Before the equations used are presented, there are some values that need to be established. This 
study considers a mid-size passenger vehicle cooling system. Therefore, service manuals of similar 
cars, such as Golf 2 and Toyota Corolla, were consulted, as well as parts manufacturers and other 
literatures to obtain or assume the values used. From these literatures we can conclude that the 
coolant used is a 50/50 mixture of ethylene glycol and distilled water, as well as assume the 
operating temperature and initial volumes of air and coolant inside the tank. Thermodynamics 
tables were also consulted as to obtain properties value of the coolant as constant average values 
over the operating temperature range. All the values obtained or assumed are presented in the 
Table 1 below with respective sources. 

Table 2. Input data and corresponding sources. 

Name Symbol Value Source 
Cooling system 

capacity Vsystem 6,3 L (Coomber & Rogers, 
1997) 

Pressure relief valve Pmax 1,03 x105 Pa (Randall, 2006) 
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Initial pressure inside 
the tank P1 1,013 x 105 Pa (Lewis, 2023) 

Total volume of the 
tank Vtank 1,5 L Assumed 

Initial volume of 
coolant inside the 

tank, 
Vliq,1 0,75 L Assumed 

Initial volume of air 
inside the tank Vair,1 0,75 L  

Assumed 
Initial Temperature T1 25 ºC / 298,15 K Assumed 

Operating 
Temperature T2 93 ºC / 366,15 K (Randall, 2006) 

Volumetric thermal 
expansion coefficient β 4,0 x 10-4 K-1 (Temperature and 

Heat, n.d.) 

Costs of replacement of the radiator hoses, the radiator itself and the water pump were obtained 
by consulting different sources and are presented in the Table 2 below, the prices obtained are in 
USD ($). 

Table 3. Cost of replacement and life span of the different components. 

Part Life span Cost of replacement Source 

Radiator hoses 5-7 years $500-$600 

(Exploring Radiator 
Hoses Replacement 

Cost: Material 
Properties, Standards, 

and Industrial Uses, 
n.d.) 

Radiator 8-15 years $300-$900 
(What Is a Radiator 
on a Car: Function 

and Importance, n.d.) 

Water pump 60 000-100 000 km $800-$1500 
(What Is a Water 

Pump in a Car and 
How It Works, n.d.) 

 

3.2 Equations needed 

The temperature increase that happens when the engine is reaching its operating temperature 
results in a volumetric expansion of the coolant. That expansion is possible to calculate using the 
equation (1), where the temperature difference is calculated by the equation (2). (Volumetric 
(Cubic) Thermal Expansion, n.d.) 
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∆𝑉𝑉 = 𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∙ 𝛽𝛽 ∙ ∆𝑇𝑇 (1) 
 

∆𝑇𝑇 = 𝑇𝑇2 − 𝑇𝑇1 (2) 
  

The volumetric expansion means that a corresponding volume of coolant is going to be transferred 
to the tank. So, it is possible also to calculate the new volume of coolant in the tank, equation (3), 
as well as the new volume of air, equation  (4), as this added coolant compresses the existing air. 

𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙,2 =  𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙,1 + ∆𝑉𝑉 (3) 
 

𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎,2 =  𝑉𝑉𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 −  𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙,2 (4) 
As we assumed the temperature inside the tank to be constant and the air in it to behave as an 
ideal gas, we can use the ideal gas law to calculate the new pressure inside the tank, equation (5). 
(Luder, 1968) 

𝑃𝑃1 ∙ 𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎,1 =  𝑃𝑃2 ∙ 𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎,2 ⟺  𝑃𝑃2 =  𝑃𝑃1 ∙
𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎,1

𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎,2
 (5) 

Finally, we can compare this new pressure to the one needed to open the valve, equation (6), and, 
that way assess if everything is working according to the expected. 

𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝑃𝑃2 (6) 

 

III. RESULTS 

This chapter presents the results obtained using the methodology described previously. Those 
results are, in order, the coolant thermal expansion, the new volumes of coolant and air inside the 
tank and subsequently increased pressure, as well as an analysis of cost saving provided by the tank. 

 

1. Working of an expansion tank 

To obtain the desired values, the input data found in Table 1 is applied to the equations (1) -(6) 
and the subsequent results are presented in the Table 3 below.  

Table 4. Calculated results using the methodology presented. 

Name Symbol Value Unit 
Temperature variation ∆𝑇𝑇 68 K 

Coolant volume 
expansion ∆𝑉𝑉 0,171 L 
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New volume of 
coolant inside the 

tank 
𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙,2 0,921 L 

New volume of air 
inside the tank 𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎,2 0,579 L 

New pressure inside 
the tank 𝑃𝑃2 1,312 x 105 Pa 

 

2. Costs saved by the existence of the expansion tank 

Considering the lower end of each lifespan range and an average yearly mileage of 10 800 km, it 
can be observed that, in the first 10 years of life of a car, it would likely be necessary to replace 
the radiator hoses, as well as the water pump and, if poorly maintained, the radiator itself. That 
entails a cost of $1600 in total. (Change in Distance Travelled by Car | ODYSSEE-MURE, n.d.) 

If the expansion tank did not exist, it is possible to estimate a decrease in the life span of each of 
these components. For the hoses, because of thermal aging, that causes cracking and loss of 
elasticity, it is possible to estimate a new life span of 4-5 years. For the radiator, because of the 
higher strain in the welded junctions, a new life span would be established at 8-10 years. Finally, 
in the water pump, the risk of cavitation and rupture of seals would put the new life span at 55 
000- 70 000 km. This way, in the first 10 years of a car’s life, the hoses would need to be replaced 
2 times, as well as the water pump, while the radiator would still be just one time. Therefore, the 
new cost of replacement in 10 years would be $2900, an increase of $1300 or 181,25%. 

 

IV. DISCUSSION AND CONCLUSION 

The results obtained in this study show that the thermal expansion of the coolant, caused by the 
engine reaching its operating temperature, leads to an increase in system pressure that slightly 
exceeds the pressure relief valve threshold. This is the behavior that is expected and desired, 
confirming the correct dimensioning of the tank. When the calculated pressure is reached, the valve 
opens and allows excess coolant to flow into the expansion tank, preventing further pressure 
increase and keeping the system within safe operating limits. This pressure variations regulation 
reduces mechanical and thermal stress on key components of the cooling system, such as radiator 
hoses, the radiator and the water pump. This represents an improved durability of the system. The 
cost analysis supports this conclusion, showing that the presence of an expansion tank significantly 
reduces component replacement frequency, resulting in lower maintenance costs and reduced 
material consumption over the vehicle’s lifetime. 
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This paper presents some limitations, as it is based on simplified assumptions, including uniform 
temperature inside the expansion tank, constant coolant properties and quasi-static operating 
conditions. Additionally, it does not account for transient behavior, extreme ambient temperatures 
or long-term aging effects of materials. Future work should focus on dynamic and transient 
modeling of the cooling system, considering variable operating conditions and real driving cycles. 
For that, different vehicle classes and cooling system designs should be considered. This could lead 
to new automotive cooling systems, more efficient and sustainable. 

In conclusion, this study confirms that the expansion tank is a fundamental component in 
automotive cooling systems, playing a key role in pressure control, component protection and 
overall system and economic sustainability. 
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