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Introduction  
A fin is used widely throughout the automotive industry to improve efficiency and enhance heat dissipation. Figure one shows fins, represented by a thin extended surface attached to a component, this increases its surface area and enhances heat transfer. By having greater contact with the air or fluid, the fin will help dissipate heat more efficiently. Fins are commonly used in many applications such as radiators, intercoolers, brake systems and air conditioning condensers. Applications implement fins in different ways, for example radiators use fins to increase the surface area for heat exchange, allowing the coolant to release heat more efficiency. While brake systems implement fins between disc layers to enhance airflow and cooling, reducing brake fade and improving braking efficiency. calculating the optimum length of a fin for heat dissipation is crucial to determine the most effective design. 

Figure 1 Example of a Fin’s used in automotive design

Automotive Design (Task A)
Fins come in different shapes and sizes, there are four main types. Straight fins these are flat or rectangular and extend outward from the surface. Annular fins, consist of circular fins surrounding a cylindrical component such as an engine part. Pin fins, small cylindrical or conical fins, often used in compact heat exchangers. Also louvered fins these are small slits in fins improving airflow, often used in radiators and condensers. Figure one shows four types of fins mentioned and used throughout the automotive industry. 





2.1. Historical change of fins over the decades
Fins have continuously evolved over the decades; the major changes have been driven by the advancements in materials. Also, as technologies and industries have developed it has increased the need for fins. They are widely used amongst the automotive, aerospace and electronic industries, providing better thermal management for specific components and applications. Over time, design, materials and manufacturing techniques have improved to meet the growing demand. The introduction of lightweight high conductivity materials such as aluminium alloys, copper and composites have substantially enhanced thermal properties. Engineering design has shifted from simple manually manufactured fins to computationally optimized structures. This allows for an advanced range of component shapes to be implemented in the automotive industry. Also manufacturing techniques such as extrusion, stamping and 3D printing allow for more complex geometries and efficient fins.  
During the initial use of fins in automotive design between the nineteen twenties and nineteen thirties, they were primarily used in primitive engine cooling and basic air-cooled engines. Cars throughout the early stages relied on simple radiators, the design implemented thick cooling fins to dissipate heat from the engine Also, some motorcycles and vehicles featured a finned engine block, this would improve air circulation. The major drawbacks to the simple radiator fins were material and heat dissipation (Ludvigsen, 2003). The material consisted of brass or copper, while both materials are good conductors of heat, they are expensive and heavy. The inefficient heat dissipation stems from widely spaced fins, in tern reducing surface area and heat transfer efficiency. The drawback to air cooled engine fins were the bulk and noisy designs, the fins were thick and annular in shape, this increased the engine noise and overall size. 
During the nineteen forties to nineteen fifties radiator advancements were made, particularly the use of finer, closely packed fins had been implemented. Due to the limited materials, design and manufacturing techniques the finer closely packed fines didn’t stop the air cooling struggling in hot climates and during high-speed driving (Gilles, 2015).   Also, during this time period there were advancements in air cooled innovations, in order to enhance air cooling annular fins were implemented in components such as cylinders. During this time period there was limited aerodynamic and cooling control drastically effecting the efficiency of the designs being implemented into the automotive industry and leading to thermal stresses, engine knock and reduced efficiency (Taylor, 1985). Currently in the present time period, advanced computer-controlled cooling and airflow management is implemented to improve the efficiency of designs. Modern CAE programs can show optimised designs, changing the fin placement and leading to more efficient approaches. 
During the nineteen sixties to nineteen nineties the radiator was further improved along with oil cooler design, this changed the design of fins to become thin and more densely packed. Both improving airflow and heat dissipation, the material implemented at that time was aluminium. Also, during this time period ventilated brakes were introduced, they used brake cooling fins. The internal cooling thins helped prevent brake fade in performance cars. This was a revolutionary time period for automotive cooling and braking systems.  Thin densely packed radiator fins were a turning point for engine cooling both ventilated brakes and engine cooling paved the way for high-performance cars in present times (Crolla, 2009). During the nineteen eighties the rise of turbo charged engines led to the development of louvered and pin fins in intercoolers, the component cooled compressed air to increase engine efficiency. Louvered pins are thin with small angled slits (louvers), manufactured from metal, that distribute airflow, creating turbulence and improving heat transfer (Shah et al, 2003).
Throughout the early two thousands and leading up to present day there has been substantial development in the application and manufacturing of cooling fins. Vehicles now implement adaptive cooling fins, often referred to as active grille shutters, they open and close based up on the cooling needs to further improve fuel efficiency (Gillespie, 2022). Also, modern advancements in material science have opened the possibilities of lightweight and high-efficiency materials. These materials consist of aluminium, composites and carbon fibre. Each maximising cooling efficiency while also keeping the weight low (Kakac et al, 2014). Modern manufacturing techniques have drastically improved, upon these modern techniques is additive manufacturing, such as 3D printing. Cutting edge techniques such as 3D printing allows optimized fin designs as complex shapes can be implemented, further improving heat dissipation beyond that of traditional approaches. (Liu and Mauter, 2022). 


2.2. Extended surfaces incorporated into the design and operation of micro-processors 
Extended surfaces are used in many circumstances to control thermal management of microprocessors, often referred to as heat sinks, fins and microchannels. As computational power grows and innovative technology prevails, microprocessors continue to shrink in size. The result of small microprocessors with increased computational power is extensive amounts of heat, extended surfaces are implemented to dissipate the heat and prevent overheating. Overheating drastically reduces the life span of the microprocessors to counteract this extended surfaces are designed to increase the surface area improving heat exchange and cooling efficiency. Heat shrinks are made from aluminium or copper and absorb heat from the processor, dissipating it via convection into the air. Fins are protruding thin structures extending surface area and allowing better airflow and quicker heat dissipation. Microchannels are tiny pathways embedded in the cooling systems, often used in liquid cooling to absorb heat and carry it away from the processor. 
Role of extended surfaces in microprocessor design 
One role of extended surfaces in microprocessor design is heat dissipation, microprocessors generate heat during its application use.  Extended surfaces help transfer heat away from the processor in to surrounding coolant or air (Faghri, 2010). Extended surfaces also increase surface area, fins, heat sinks and microchannels extend surface areas increasing exposure and improving heat dissipation (Raja & Mahalakshmi, 2020).  Current extended surfaces used in microprocessors use high thermal conductivity materials, such as aluminium and copper, this creates a faster heat transfer (Zhi-Qiang et al, 2024). Extended surfaces are often Integrated with active cooling systems further enhancing heat dissipation by optimizing thermal management, extended surfaces contribute to higher clock speeds, improved reliability and better power efficiency especially when under high performance (Weisberg et al, 1992).




Recent Advances in extended surface design for microprocessors. 
One recent advancement in extended surface designs for microprocessors is the micro and nanostructured heat sinks. The micro-textured heat sinks contribute greatly to the convective heat transfer process, implementing graphene and carbon nanotubes. These materials are extremely conductive further improving the heat dissipation throughout the microprocessor (Maher Al-Baghdadi, 2020). The advantages of micro and nonstructured heat sinks is higher heat dissipation, improved airflow efficiency and better contact with heat source. The surface area to volume ratio is heavily increased by the nanostructures and therefore distributing more efficient heat exchange. The improved airflow is directly related to the micro-patterned surfaces, optimizing fluid dynamics. (Kraemer et al., 2011). Another recent advancement is the implementation of 3D printing into the manufacturing stage for extended surfaces. Additive manufacturing enables complex designs to be produced, previously this would be impossible by standard manufacturing techniques. The advantages of 3D-printed extended surfaces consist of material optimization, lightweight & high strength designs and custom cooling solutions. 3D printing reduces the weight of components while improving the efficiency (Fawaz et al., 2022).
The 3D capabilities also allow custom cooling solutions, these can be specific to microprocessors layouts tailoring designs for a range of solutions. One breakthrough in the advancements of extended surfaces is the use of embedded liquid cooling, directly into the processor. Embedded microchannel cooling within the semiconductor allows direct heat dissipation from affected areas, this is a huge advantage to the cooling process (Colgan et al., 2005). The advantages of the embedded liquid cooling with microchannels are superior heat transfer, compactness, lightweight and the prevention of thermal throttling. Cooling via liquid is superior as liquid has a higher heat capacity, allowing heat dissipation to be more efficient. Also due to the embedded microchannels, there is no need for bulky heat sinks, the component becomes lightweight and compact (Kandlikar and Grande, 2003). Phase-change materials (PCM) is an innovative approach it is implemented to integrate with extended surfaces enhancing heat absorption and dissipation. Phase- change material are substances that absorb, store and release thermal energy as they transition from solid, liquid or gas. Integrating two approaches such as heat sinks and fins together enhances the surface area leading to a better rate of heat transfer (Nekahi et al., 2024). The main advantages to phase-change materials are heat storage and release, energy-efficient passive cooling and lightweight compact designs. PCM’s minimises the reliance on fins or liquid cooling methods due to the passive cooling properties. 

Fin Length Graph (Task B)

Figure 2 Graph showing optimum length

The chart above shows that the optimum fin length is generally considered as mL = 2.65. The figures show increments in length of 0.01m at ml=2.65 there is a clear Plato showing the optimum length at 2.65.  
2. [bookmark: _Toc194855762]Numerical Workings (Task C)
[bookmark: _Toc194855763]4.1. Determine the temperature distribution along the rods by computing and plotting a temperature scale from 0 to 110 °C.  It is suggested that you analyse the ‘very long rods’ up to a length of 0.4 m in increments of 10 mm.  Plot all four temperature distributions on the same axes for a direct comparison.









Formula for temperature distribution: 


Calculating: m

Calculating m for aluminium:




Results for each material: 
2024 Aluminium alloy:	9.275
Brass (70 Cu/30 Zn):	12.713	
Copper:			4.483
304 Stainless Steel:         15.811

Example of formula used at each point from scale 0.01 to 0.4 for each material:
(Example using Aluminium with length of 0.01)









Results from each material with the inputted length from 0.01 to 0.4 at a scale of 0.1:

[bookmark: _Toc194855772]Figure 3 Graph showing Temperature Distribution Along the Rods
Grey = Copper 
Blue = 2024 Aluminium alloy
Orange = Brass (70 Cu/30 Zn)
Yellow = 304 Stainless Steel


[bookmark: _Toc194855764]4.2 Determine the corresponding values of heat loss for the four rods analysed above.
Use 0.4
Q̇
Calculation for Aluminium 





Results for each material 
2024 Aluminium alloy:	6.9 
Brass (70 Cu/30 Zn):	5.11 	
Copper:			6.86 
304 Stainless Steel:         1.03 



[bookmark: _Toc194855765]4.3 Determine the length of each of the four rods based on the assumption of an optimum length fin to provide an estimate of the heat loss.  How do these values of heat loss compare with those from part 2) above?


Example for Aluminium




Optimal length for each Rod:
2024 Aluminium alloy:	0.26m
Brass (70 Cu/30 Zn):	0.21m
Copper:			0.59m
304 Stainless Steel:         0.17m

Equation for heat loss at optimal length:
Q̇

Example for Aluminium




2024 Aluminium alloy:	7W
Brass (70 Cu/30 Zn):	5.1W
Copper:			7.18W
304 Stainless Steel:         1W
Percentage increase : 
	Material
	Original Value 
	Optimum Value 
	Percentage Increase 

	2024 Aluminium Alloy
	6.9W
	7W
	1.42%

	Brass
	5.1W
	5.1W
	0%

	Copper
	6.8W
	7.18W
	5.3%

	304 Stainless Steel 
	1W
	1W
	0%



The optimum length for each material shows a percentage increase in heat loss, further enforcing the true optimum figure the fin is capable off. 

[bookmark: _Toc194855766]4.4 Determine the temperature distribution for the four rods for their corresponding optimum lengths.


Example for Aluminium 




30.91


2024 Aluminium alloy:	30.91
Brass (70 Cu/30 Zn):	31.02
Copper:			30.95
304 Stainless Steel:         31.08 



[bookmark: _Toc194855767]4.5. For a more accurate prediction of temperature distribution T(x) for the infinite fin approximation, a larger value of the parameter mL would be required.  From the equation to determine T(x) and recognising a requirement that the tip temperature is very close to the fluid temperature, it can be shown that .  Using this relationship, determine a more accurate length for each of the four rods.  How do these results compare with the temperature distributions plotted in Part 1 and those determined in Part 4) above?

Equation to find L:

Taking the natural logarithms of both side:

Simplifying using the log function :



Solving for L

Calculating 

Final Equation 


Using this equation the length for each material can be calculated. 

2024 Aluminium alloy:	0.42m
Brass (70 Cu/30 Zn):	0.31m
Copper:			0.87m
304 Stainless Steel:         0.25m
Comparison: 
	Material
	Original Length 
	Optimum Length 
	Percentage Increase 

	2024 Aluminium Alloy
	0.26
	0.42
	38.09%

	Brass
	0.21
	0.31
	32.26%

	Copper
	0.59
	0.87
	32.18%

	304 Stainless Steel 
	0.17
	0.25
	32%



3. [bookmark: _Toc194855768]Conclusion 
Fins are instrumental to the heat dissipation and control of temperature within automotive components. The above calculations clearly show that optimization is key to unleashing the full potential of heat dissipation within the fin application. Common components involving straight, annular, pin and louvered fins will continue to be manufactured implementing their many advantages into a wide range of applications and components. Over the decades, their evolution has been marked by advancements in materials, design methodologies, and manufacturing technologies. Fins and extended surfaces are crucial to modern engineering, continuing to provide innovative heat dissipation solutions. With the advancements of AI and 3D capabilities fins and extended surfaces will continue to evolve and support the growing needs in microprocessors and crucial industries. 
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Heat Transfer Ratio vs Fin Parameter (mL)
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Temperature Distribution Along the Rods
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