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[bookmark: _Toc183530851]Nomenclature
	Abbreviation
	Name
	Units

	
	Heat transfer coefficient
	

	IC
	Internal Combustion
	N/A

	EV
	Electric Vehicle
	N/A

	CPU
	Central Processing Unit
	N/A

	
	Thermal Conductivity
	

	
	Ambient Temperature
	

	
	Base Temperature
	

	L
	Length
	m

	
	Temperature Distribution
	

	
	Length Along Rod
	m

	
	Fin Parameter
	N/A

	D
	Diameter
	m

	
	Parameter
	m

	
	Cross-sectional Area
	

	
	Hyperbolic Cosine
	N/A

	
	Hyperbolic Tangent
	N/A

	
	Rate of Heat Transfer
	

	
	
	

	
	
	




1. [bookmark: _Toc182221578][bookmark: _Toc183530852]Introduction

Understanding the effectiveness of extended surfaces and their implementation in heat exchangers is essential in optimizing their operations. Extended surfaces are used in heat exchangers to increase the heat transfer between a surface and the ambient fluid through convection. This report details the use of extended surfaces, also known as fins, in the automotive industry and their long-lasting history.  Advances and advantages of micro-processes will also be evaluated in their operations. Analysis of the fins, particularly with finite lengths and adiabatic tip boundary conditions, will be carried out to optimize for maximum heat dissipation. Graphical representations will be included to aid in visualising the relationship between fin parameter and heat transfer efficiency. Finally, some analytical work will be performed to assess how various factors such as temperature, surface area and material properties influence thermal performance.

2. [bookmark: _Toc182221579][bookmark: _Toc183530853]Task A

2.1 [bookmark: _Toc183530854]Brief History of Heat Exchangers

Extended surfaces (Fins) have been essential in the development of heat exchanger systems across many industries such as Automotive, Aerospace and Aviation, Chemical processing and Air conditioning. The initial development of heat Exchangers came in the early 1900’s with the first known designs of a tubular Heat exchanger created due to the high operational demand from power plants (Mehta, 2021). With their applications being included in condensers and feedwater heaters (Mehta, 2021). Another notable application of heat exchanger development in these fields was the first closed-circuit air-cooling system being developed by Otto Happel and Professor Ludwig Prandtl respectively (Technology, 2022). The first decade of the 20th century can be described as the origin of heat exchanger technology.

2.2 [bookmark: _Toc183530855]History of Fins in Automotive Design 

2.2.1 [bookmark: _Toc183530856]Initial Introduction of Heat exchangers 

The application of fins in the automotive industry began in the early 20th century with the aim of dissipating heat from industrial combustion engines effectively. The primary method of engine cooling in early vehicles was the use of radiators. These were typically made from materials with high thermal conductivity values such as copper and brass. The purpose of the fins in a radiator are to increase the overall surface area through which the heat (hot air) can be transferred from the engine coolant (MRS, 2024). The invention and implementation of radiators in modern cars can be credited to Wilhelm Maybach in 1901. Engine cooling proved to be an issue for Maybach and his team when designing the Mercedes 35HP, the first modern car in history (Parts, 2021) The solution: A honeycomb  structure made up of small square tubes creating a flow of cold air to the coolant (Figure 1). Copper wires were inserted between each tube to create a coolant channel, allowing cold air to cool the tube. As a result, cooling the copper pipes containing coolant became more efficient due to the increase in surface area.

[image: A drawing of a machine

Description automatically generated]
[bookmark: _Toc183530877]Figure 1Honeycomb Radiator used in Mercedes 35HP (Golub, 2010)

2.2.2 [bookmark: _Ref183168033][bookmark: _Ref183168035][bookmark: _Toc183530857]Heat Exchanger Advancements in the Automotive Industry 

With the progression in automotive technology, the demand for higher quality cooling systems increased due to an increase in engine power. Modern materials started to gain popularity with the aim of reducing fuel consumption (Copper Development Association Inc., no date). Copper and Brass were still classed as superior in radiator manufacturing. Although, aluminium’s popularity was on the rise. With a density 1/3 the value of copper and brass, and an ability to handle heat well, radiator manufactures started to make the transition. Alongside aluminium’s fuel-efficiency advantages, an oil crisis in the 1970’s caused the prices of its predecessors to soar, improving its popularity (Waterpumpu, 2022). The surge in aluminium radiator manufacturing paved way for new innovative fin arrangements. Most notably, louvered fin arrangements. As already discussed in this paper, fins are thin sheets of metal that are placed in heat exchanger tubes to increase surface area thus, allowing for improved heat transfer between two mediums. The term “louvers” describes slits or angled openings arranged in specific patterns in fins (Figure 2). The application of the louvers is to direct airflow to maximise heat transfer efficiency in a heat exchanger, an automotive radiator in this case. Optimizing aluminium radiator heat transfer efficiency requires specific arrangements with varying angles and widths. For example, airflow through the fins is dictated by the angle at which the louver is cut. An increase in louver angle causes disruption in airflow, resulting in increased turbulence (Turbulent flow) (Karthik.P, 2015). Turbulent [image: Schematic diagram of a louver-finned heat exchanger of Type II. | Download  Scientific Diagram]airflow has a higher heat transfer coefficient (h) than laminar flow, although results in an increase in pressure drop. In systems with an abundance of airflow, automotive radiators (usually found at the front of vehicles), a larger louver angle would be optimal.[bookmark: _Toc183530878]Figure 2 Schematic Diagram of a Louvered-finned heat exchanger (Gorman, et al., 2015)
















2.2.3 [bookmark: _Toc183530858]Modern Cooling Systems

Advancements in engine technology such as turbocharged engines, electric vehicles, and hybrid vehicles, demanded improvements in cooling system efficiency. Traditional heat exchangers, tube-fin and shell-tube heaters, posed challenges for manufacturers due to size and weight constraints. To overcome these challenges, Tuckerman and Pease proposed the concept of micro-channel heat sinks (Figure 3) (Tuckerman & Pease, 1981). They developed the idea that an increase in heat transfer coefficient could be achieved by reducing channel diameter (Dixit & Ghosh, 2015). This increase is a result of the increase in surface area per unit volume, thus improving heat exchanger efficiency. Alongside reducing channel diameter, fin arrangements also positively affect heat transfer coefficient. Eurovent Certita Certification, a leading third-party product performance certification organization. Have stated that louvered fins provide a 50% increase in heat transfer coefficient compared to regular rectangular fins, commonly found in fin-tube heat exchangers (Eurovent Certita Certification, 2023).Therefore, micro-channel heat exchangers that contain louvered fins are most suitable for the automotive industry due to their efficient thermal management solutions. 
[image: China MCHE Microchannel Heat Exchanger Manufacturer-SHENGLIN][bookmark: _Toc183530879]Figure 3 Diagram of Microchannel Heat exchanger (Shanghai Shenglin M&E Technology Co., Ltd., 2024)

Alternatively, to the standard internal combustion (IC) engine, electric vehicles (EV’s) also face heat dissipation challenges. Unlike the IC engines, EV’s utilise the use of heat exchangers to manage the battery temperature rather than engine cooling, as there is no engine. In the majority of EV applications, a plate heat exchanger is used to recover waste heat from batteries through a heat pump system (Park, et al., 2023). However, plate heat exchangers are limited to low efficiency at low flow ranges in EV applications (Park, et al., 2023). To resolve these issues, fins are applied to the system to create a plate-fin exchanger. Offset strip fins are primarily used in plate-fin systems due to their high heat transfer efficiency, compactness, and low weight (Park, et al., 2023). With the addition of these fins, the offset (staggered) arrangement disrupts the laminar flow of the air, creating turbulence. As mentioned in the above section (2.2.2), turbulent air flow improves overall heat transfer by increasing the contact area between the fluid and fin surfaces. Since EV batteries generate a large amount of heat during their operation, offset fin arrangements are favoured in these systems due to their effectiveness in dissipating heat.

2.3 [bookmark: _Toc183530859]Extended Surfaces in Microprocessors

Extended surfaces in heat exchanger systems are primarily used to improve thermal management systems where heat dissipation is crucial for operation, such as microprocessors. During operation, microprocessors, also known as a Central Processing Unit (CPU), generate significant heat. The temperature at which the CPU operates dictates its overall performance. To prevent damage to the system, CPU’s automatically limit power at specific thermal threshold to prevent damage (England, 2023). This is known as thermal throttling. To mitigate the loss in power, heat sinks are included. These heat sinks (fins) efficiently dissipate the heat emitted by the CPU to prevent overheating. The application of fins increases the area for heat to be radiated or conducted away from the processors. 

Similarly to the development of Heat Exchanger Advancements in the Automotive Industry, microprocessor technology has also seen an increase in performance over the past few decades. As a consequence of improved performance, power (Heat Energy) dissipation became the leading issue. The conversion to heat energy can be explained by the function of the processors operating frequency and the size of the transistors and wires. (Saindane & G.Damle, 2018) state that a reduction in transistor and depletion size causes current to leak through the transistor. They also explain that the current leakage produces excessive heat waste. To combat this issue, heat sinks and fans are applied to cool the processors. An example of a type of heat sink used in misprocessing is a double layered heat sink. This system utilizes liquid cooling through conduction to dissipate the heat by circulating through the fins. (Lahmar, et al., 2023) 




3. [bookmark: _Toc182221580][bookmark: _Toc183530860]Task B



4. [bookmark: _Toc182221581][bookmark: _Toc183530861]Task C

The third task in this report requires varying analytical methods to calculate 4 problems concerning an infinitely long rod made of 4 materials. The rod has a diameter of 7.5mm, is maintained at a constant temperature of 110C, and is exposed to an ambient temperature of 18C.

4.1 [bookmark: _Toc183530862]Material Properties

[bookmark: _Toc183511901]Table 1Heat Transfer Coefficient and Thermal Conductivity of Materials
	Material
	Heat transfer coefficient (h)
	Thermal Conductivity (k)

	2024 Aluminium alloy
	30 W/m2 K	
	186 W/m K

	Brass (70 Cu/30 Zn)
	30 W/m2 K
	99 W/m K

	Copper
	15 W/m2 K
	398 W/m K

	304 Stainless Steel
	7.5 W/m2 K
	16 W/m K




4.2 [bookmark: _Toc183530863]Question No.1

Data provided:


L = 0.4m
 = ranges from 0-0.4m
m =?
D = 75mm



To calculate Final Temperature:
[bookmark: _Toc183530629]Equation 1
Where,
Equation 2
Through transposition:
[bookmark: _Toc183530631]Equation 3
4.2.1 [bookmark: _Toc183530864]2024 Aluminium Alloy

Using Equation 3 and material properties given,
[bookmark: _Toc183530632]Equation 4
Using Equation 1,

[bookmark: _Toc183530633]Equation 5

4.2.2 [bookmark: _Toc183530865]Brass (70 Cu/30 Zn)

Using Equation 3 and material properties given,
[bookmark: _Toc183530634]Equation 6
Using Equation 1,
[bookmark: _Toc183530635]Equation 7
4.2.3 [bookmark: _Toc183530866]Copper

Using Equation 3 and material properties given,
[bookmark: _Toc183530636]Equation 8
Using Equation 1,
[bookmark: _Toc183530637]Equation 9

4.2.4 [bookmark: _Toc183530867]304 Stainless Steel 


Using Equation 3 and material properties given,
[bookmark: _Toc183530638]Equation 10
Using Equation 1,
[bookmark: _Toc183530639]Equation 11

INSERT GRAPH HERE















4.3 [bookmark: _Toc183530868]Question No.2

Heat loss calculations for 4 adiabatic rods of 0.4m length and varying materials are required in this section. The rate of heat transfer from the adiabatic tip fin can be calculating using the below equation:

Equation 12

4.3.1 [bookmark: _Toc183530869]2024 Aluminium Alloy

Using equation 12 and data provided for aluminium, heat loss results in:

Equation 13

4.3.2 [bookmark: _Toc183530870]Brass (70 Cu/30 Zn)

Using equation 12 and data provided for brass, heat loss results in:

Equation 14

4.3.3 [bookmark: _Toc183530871]Copper

Using equation 12 and data provided for copper, heat loss results in:

Equation 15


4.3.4 [bookmark: _Toc183530872]304 Stainless Steel

Using equation 12 and data provided for stainless steel, heat loss results in:

Equation 16


4.4 [bookmark: _Toc183530873]Question No.3

The optimum length for a fin can be described by the assumption:
[bookmark: _Toc183530645]Equation 17
To determine the length of each rod and their corresponding heat loss values, Equation 17 must be transposed to make length the subject:
[bookmark: _Toc183530646]Equation 18
4.4.1 [bookmark: _Toc183530874]2024 Aluminium Alloy

By using equation 18, the length of the Aluminium Alloy can be calculated:

Equation 19
Heat loss can now be determined using the new length value:





4.4.2 [bookmark: _Toc183530875]Brass (70 Cu/30 Zn)

By using equation 18, the length of Brass can be calculated.

Heat loss can now be determined using the new length value:
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