[bookmark: _Hlk213702317]University of Wales Trinity Saint David
Wales Institute of Science & Art


[image: University of Wales Hub: description, news and contact info]

Materials and Design Optimisation for High-Performance Race Car Cooling Systems
Academic and Laboratory Skills (ACHA4032)


Bethan Lane
2502536
October 2025


1

Contents
1	Introduction	1
2	Background and Context	2
3	Current design and Material Technologies	3
3.1	Cooling Systems	3
3.2	Design	4
3.3	Key materials	4
4	Discussion and Critical Evaluation	6
5	Future Developments and Innovations	7
6	Conclusion	8
7	References	9

Tables and Figures
Figure 1: Race car cooling system schematic diagram	3
Figure 2: How an intercooler works	3

Table 1: Thermal Conductivity of Materials Used in Cooling Systems	5

i


[bookmark: _Toc210983601][bookmark: _Toc210983662][bookmark: _Toc210984401][bookmark: _Toc214026839]Introduction
Cooling systems are vital to race cars because they allow the car to reach their optimum speed for long periods all while preventing the car from overheating and maintaining optimal engine temperature.  
The materials of race car cooling systems have needed to change to be more efficient to keep up with higher performance engines and the design has needed to change to become more aerodynamic. 
This report will outline the changes in cooling systems, how their materials have changed, design considerations to address the trade-off between an efficient cooling system and a more aerodynamic car, and the future of cooling systems.
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[bookmark: _Toc214026840]Background and Context
Looking back over time it is evident that both the materials and designs have radically changed.  Here’s a quick summary of some of the changes to the design and the materials over the last few decades.
In the 50’s – 60’s cooling systems had vertical radiators only cooled from the natural airflow from the cars forward motion.  They were made from copper and brass with a downflow design where coolant entered the top and flowed down through the tubes of the radiator.  Aerodynamics was less of a consideration.
In the 70’s – 80’s with an increased focus on aerodynamics, the radiators were moved from the front to the sidepods and mounted on an angle.  At the same time, the engines became more powerful, generated more heat and required a more efficient cooling system.  
In the 90’s onwards, aluminium radiators are standard, being more lightweight and having better heat transfer efficiency.  Cooling systems needed to be more complex whilst still keeping the car aerodynamic.
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[bookmark: _Toc214026841]Current design and Material Technologies
[bookmark: _Toc214026842]Cooling Systems 
The current design of race cars needs to have 2 cooling systems, one is a liquid coolant system that cools down water that, in turn, cools the engine oil via a heat exchanger and the other system regulates the intercooler. (Lloyd, 2024)
[image: ]
[bookmark: _Toc214026738]Figure 1: Race car cooling system schematic diagram
(Shreyas Padmaraman*, October, 2021)
A liquid cooled system is a high-pressure water-cooling system that pushes water (liquid coolant) into the engine jackets (areas in the engine block located around the cylinders) to absorb the heat, a radiator, typically placed at the front of the engine, removes the heat from the coolant with the outside air.  A thermostat regulates the flow of the water to regulate the temperature.  The cooling system remains pressurised by using a pressure cap on top of the coolant reservoir.
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[bookmark: _Toc214026739]Figure 2: How an intercooler works
(DSPORT Performance + Tech Magazine, 2016)
The second type of cooling system includes an intercooler which cools the outside air before going into the intake manifold (which increases power).  The exhaust gases move the turbine in the turbo before exiting the exhaust.  The turbine sucks the outside air into the turbo at high pressure which 
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passes through the intercooler which cools the air before it pushes into the inlet manifold into engine. (Lloyd, 2024) explains further that compressed air has a higher density which allows for a more powerful combustion inside the cylinder which increases the engine efficiency and the bottom end torque.  
[bookmark: _Toc214026843]Design
(Grant, About the Size of it, 2023) writes that the design of the turbulators (inserts that force the fluid to mix and swirl) inside of a radiator have to maximise surface areas. This is to enable more heat transfer, while keeping optimal internal flow. 
In (Honda, 2014-2019)  they explain that their NSX-GT race car designs changed. The intercooler was relocated from its 2014 design’s position above the engine, where both front ducts previously directed airflow for cooling, to the exhaust side of the engine, with one duct now dedicated to intercooler cooling and the other channelling air into the intake system. This was developed by Honda in 2018. This allowed them to have cooling of the intercooler but also get more power by enabling ram pressure to be used. 
[bookmark: _Toc214026844]Key materials
Previously in motorsport, copper and brass was used for the radiators. (Hongdao Heat Exchange Technology CO LTD, 2025) highlights that although copper-brass is best for dissipating heat, it’s much heavier and is more prone to corrosion than aluminium. 
Aluminium is the most commonly used material for radiators currently but to compensate for less thermal conductivity than copper-brass, aluminium radiators have larger tube diameters and thinner fins to dissipate heat efficiently.  
The exploration of alternative materials used in radiators is mentioned by (NAR Group News, 2023). They talk about lightweight alloys and composite materials to improve heat transfer, increased durability and enhanced corrosion resistance.
The larger pipework in an F1 car cooling system is formed in either aluminium or moulded carbon fibre and the smaller pipes are usually made with aluminium or titanium according to (Scarborough, 2019). As well as all of these materials being more lightweight than previously used materials in motorsport, titanium pipes are perfect for race car cooling systems as they dissipate heat, are lightweight, are very durable and are very resistant to corrosion. This is why these materials are currently being used in F1. 
	Material
	Thermal Conductivity
(W/m·K)

	Copper
	401

	Brass
	109



	Aluminium 
	237

	Titanium
	22


[bookmark: _Toc214026747]Table 1: Thermal Conductivity of Materials Used in Cooling Systems
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[bookmark: _Toc214026845]Discussion and Critical Evaluation
To achieve optimal engine efficiency the car needs to have effective thermal management but also minimising aerodynamic drag. As written by (Grant, About the Size of it, 2023) “The cooling requirements go directly against aerodynamic performance”, this shows that there needs to be a balance between the size of the cooling systems and how aerodynamic you can make a race car. 
(Chosse, 2024) says that having a new engine effects the cooling system design which then effects the external aerodynamics. This proves that the balance of cooling system efficiency and aerodynamics change with each engine/vehicle. 
To make the race car as aerodynamic as possible (Grant, About the Size of it, 2023) indicates that early integration of the cooling requirements is essential. This is because “cooling is a critical parameter to be addressed” (Grant, About the Size of it, 2023). 
The radiator is the most looked at when talking about aerodynamics as it’s the largest part of the cooling system. (Formula 1, 2022) talks about how F1 cars place their radiators on one side of the car at an angle to improve it aerodynamics. 
(Opong, 2019-2025) focuses on how Mercedes designed their F1 cooling system for their cars from the late 2010s to 2021. Mercedes assumed that their cars would be leading the race so ran a more compact cooling system that helped them more aerodynamically so when their cars got stuck behind others during the race their engines rapidly overheated. This was because their cooling systems couldn’t work effectively with the hot dirty air blowing from the cars in front. 
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[bookmark: _Toc214026846]Future Developments and Innovations
I believe that the future of cooling systems will depend on finding new materials that can be even more lightweight and thermo-dynamic. The design of the cooling systems will need to be more compact with shorter tubing to make it smaller so that there’s less liquid needed in the system making it more lightweight and to keep fitting into more aerodynamic bodywork. 
I also agree with (Grant, In The Line of Fire, 2025) that the use of heat shields around hot components in the engine space will help keep components cool despite packing them in tighter to the engine to help with aerodynamics. 
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To conclude, over the years the radiator has stopped being made from copper-brass and is now made from aluminium and the radiator has gotten smaller but with a more complex internal design to dissipate heat efficiently. The radiator is now usually placed on one side of race cars and at an angle to minimise drag. I have outlined these changes but think that there is a lot more that we will see in the future with new materials and designs to optimise the cooling system, like the use of heat shields around hot components in the engine bay becoming more common. 
When more powerful engines are made there will need to be more thought put into the cooling systems to keep the durability of the engines. With more powerful engines they will create more heat while operating so the cooling systems will need to work under this pressure to keep optimal operating temperatures to avoid engines overheating and causing problems for the car and the drivers. 
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Figure 1. Racecar cooling system schematic diagram
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