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[bookmark: _Toc194392198]1. Introduction

[image: Convection–radiation heat transfer study of moving fin with  temperature-dependent thermal conductivity, heat transfer coefficient and  heat generation - ScienceDirect]Extended surfaces, or fins, enhance heat transfer by increasing surface area, improving thermal performance in applications from automotive to electronics. Their effectiveness depends on material properties, geometry, and operating conditions (Incropera et al., 2017; Holman, 2010).
Figure 1. Heat Transfer in a Fin (Conduction, Convection, and Radiation)

Fins facilitate conduction and convection, increasing heat dissipation in systems with low convective heat transfer, such as radiators and electronic cooling systems (Mills, 1999). Their performance depends on thermal conductivity, convective coefficients, and geometry. Common designs include straight, pin, and annular fins, each tailored to specific thermal and spatial constraints. Optimising fin design balances heat dissipation with material efficiency (Maji & Choubey, 2020).

Industries rely on fins for efficient cooling: automobile radiators transfer heat from coolant to air, electronics use heat sinks to prevent overheating, and aerospace applications require lightweight fins for thermal regulation. Renewable energy systems, like solar thermal collectors, also benefit from finned surfaces for improved energy conversion.




[bookmark: _Toc194392199]2. Historical Perspective and Modern Applications (Task A)
[bookmark: _Toc194392200]2.1 Evolution of Fins in Automotive Design Over the Decades
The use of extended surfaces in automotive engineering has evolved significantly over the past century. From the early designs of air-cooled engines to modern high-performance radiators and intercoolers, fins have played a critical role in improving thermal management in vehicles. This section explores the development of fins in automotive applications, covering key milestones in engine cooling and advancements in heat exchanger design (Kakaç & Liu, 2002).

[bookmark: _Toc194392201]2.1.1 Early Automotive Cooling Systems and the Role of Fins
In the early 20th century, automobile engines were primarily air-cooled, relying on metal fins attached to engine cylinders to dissipate heat, as seen in Figure 2. Vehicles such as the Volkswagen Beetle and early Porsche models utilised this method, where airflow over finned cylinders removed excess heat (Higgins, 2016). These air-cooled engines were simple and lightweight but had limitations in extreme conditions, leading to the gradual transition to liquid-cooled systems.
[image: ]
Figure 2. Internal Combustion Engine, Showing Fins a) schematic view; b) real image.

With the rise of higher-powered engines, radiators became the preferred cooling mechanism. Radiators used thin metal fins to transfer heat from engine coolant to ambient air. Early designs featured brass and copper cores, but as engineering progressed, aluminium radiators with improved fin configurations were introduced due to their superior thermal conductivity and lightweight properties (Bergman & Lavine, 2011).

[bookmark: _Toc194392202]2.1.2 Advancements in Radiator and Intercooler Designs
By the mid-20th century, vehicles became more powerful, demanding better cooling solutions. The introduction of multi-row finned radiators allowed for greater heat dissipation. Key innovations included:
· Louvered fins: Small slits in the fins enhanced turbulence, increasing heat transfer efficiency.
· Crossflow radiators: Instead of vertical coolant flow, crossflow designs improved efficiency by distributing heat more evenly across the core.
· Tube-and-fin vs. bar-and-plate heat exchangers: Modern vehicles use a combination of these designs for optimal performance. Tube-and-fin structures are lightweight and efficient, while bar-and-plate exchangers provide durability in high-stress applications.
(Kakaç & Liu, 2002).
[image: Intercooler Tech: What Is Fin Density - Garrett Motion]Intercoolers, essential in turbocharged engines, also benefited from fin advancements. Finned intercoolers cooled compressed air before entering the engine, improving combustion efficiency and preventing engine knock. High-performance vehicles and motorsports applications incorporated high-density finned cores to maximise cooling without adding excessive weight.
Figure 3: Intercooler – Hot and Cold Fins

[bookmark: _Toc194392203]2.1.3 Modern Automotive Thermal Management Systems
In contemporary automotive design, fins continue to evolve, integrating with advanced liquid-cooled and hybrid cooling systems. Key developments include:
Electric Vehicle (EV) Cooling: Battery packs in EVs require precise thermal regulation. Liquid-cooled heat sinks with extended fins optimise heat dissipation while maintaining energy efficiency (Wang et al., 2018).
Active Aerodynamics: Modern sports cars use adaptive cooling fins to dynamically balance airflow for cooling and aerodynamics (Matteo et al., 2020).
Lightweight Composite Materials: Advances in carbon fibre and polymers reduce weight while maintaining thermal performance, improving fuel efficiency.

[bookmark: _Toc194392204]2.1.4 Future Trends in Automotive Fin Technology
Innovations in nanomaterials and 3D-printed fins may revolutionise automotive cooling. Microchannel heat exchangers with ultra-thin fins enhance heat dissipation, while phase-change materials (PCMs) improve thermal storage (Marasco et al., 2022). These advancements will boost efficiency, especially in electric and hydrogen-powered vehicles.

[bookmark: _Toc194392205]2.2 Role of Extended Surfaces in Microprocessor Cooling
With advancing computing technology, thermal management is critical for microprocessor performance. Extended surfaces (heat sinks) dissipate heat from high-performance processors, preventing thermal throttling and hardware failure (Mills, 1999).
Heat sinks use finned structures to maximise surface area, improving heat dissipation (Garg & Prakash, 2007). Key mechanisms include:

· Conduction: Heat transfers from the processor to the heat sink base, typically copper or aluminum (Incropera et al., 2017).

· Convection: Heat dissipates via airflow, passively (natural convection) or actively (fans).

· Radiation: A minor mechanism, where heat emits as infrared energy.


The effectiveness of microprocessor cooling depends on fin design, spacing, and material selection. Taller and thinner fins increase the available heat dissipation surface while denser fin arrangements enhance convective heat transfer.
[bookmark: _Toc194392206][image: ]2.2.1 Evolution of Heat Sink Designs for Microprocessors
Table 1. Heat Sink Design Evolution

[bookmark: _Toc194392207]2.2.2 Advanced Technologies in Microprocessor Cooling

3D-Printed Heat Sinks: New manufacturing techniques allow for complex fin geometries that maximise surface area and optimise airflow.
Graphene and Carbon-Based Heat Spreaders: These materials offer superior thermal conductivity compared to traditional metals, contributing to enhanced cooling solutions.
AI-Optimised Thermal Management: Smart cooling solutions use machine learning to dynamically adjust fan speeds and optimise heat dissipation, reflecting advancements in thermal management technologies.
[bookmark: _Toc194392208]2.3 Recent Advances in Extended Surface Technology and Their Advantages
The field of extended surface technology has seen significant advancements driven by the need for higher thermal efficiency, reduced weight, and compact designs across various engineering applications. Innovations in materials, manufacturing techniques, and heat transfer enhancement methods have contributed to improved performance and broader industrial applications (Kakaç & Liu, 2002).
High-Thermal Conductivity Composites: Traditional metal fins, primarily made of aluminium and copper, are being replaced or supplemented by graphene and carbon-based composites. These materials offer superior thermal conductivity, lower weight, and higher mechanical strength, which are essential for modern thermal management solutions (Wang et al., 2018). Nanostructured Coatings: The application of nano-coatings on fin surfaces improves heat transfer by enhancing wettability and reducing thermal resistance. This is especially beneficial in high-performance cooling systems, such as aerospace heat exchangers and microprocessor cooling solutions (Lehman et al., 2018).
Innovations in Fin Design and Manufacturing
3D-Printed Extended Surfaces: Additive manufacturing allows for complex and highly efficient fin geometries that were previously impossible to fabricate. This technique enhances heat dissipation by optimising surface area and airflow pathways.
Microchannel and Porous Fin Structures: These designs improve convective heat transfer by increasing fluid interaction with the surface. They are commonly used in electronics cooling, biomedical applications, and advanced industrial heat exchangers, significantly elevating thermal performance (Huang & Yang, 2019).
Phase-Change and Vapor Chamber Technologies: The incorporation of phase-change materials within fin structures enhances heat absorption and dissipation, leading to improved thermal regulation in spacecraft, electric vehicles, and high-performance computing systems (Marasco et al., 2022).
Advanced designs and materials significantly enhance heat dissipation efficiency, enabling faster and more effective heat transfer to improve thermal management system performance. Additionally, the utilisation of high-efficiency materials and optimised manufacturing techniques allows for the development of compact and lightweight cooling solutions that do not compromise performance. This improved thermal management reduces energy consumption, promoting sustainability and eco-friendliness in cooling systems. 












[bookmark: _Toc194392209]3. Analysis of Fin Performance (Task B)
[bookmark: _Toc194392210]3.1 Computational Plot of Heat Transfer Ratio vs. mL 
The performance of a fin is influenced by its efficiency and the parameter mL, which represents the ratio of convective to conductive resistance. A commonly accepted criterion suggests that the optimum fin length is achieved when mL ≈ 2.65, beyond which additional length provides minimal improvement in heat dissipation.
To validate this, a plot of the ratio of heat transfer for a finite-length fin () to an infinitely long fin () was generated using MATLAB. The function:

was used to compute values for mL ranging from 0 to 4 in increments of 0.1. The resulting graph demonstrates that as mL increases, the heat transfer ratio approaches an asymptote, confirming that mL ≈ 2.65 is the point where further fin extension yields negligible thermal benefits. This computational analysis supports the design principle that optimising fin length improves heat dissipation without unnecessary material use. The next section explores the thermal analysis of long rods, further applying these principles. 
[image: ]Figure 4. Heat Transfer Ratio vs. mL
[bookmark: _Toc194392211]4. Thermal Analysis of Long Rods (Task C)
[bookmark: _Toc194392212]4.1 Temperature Distribution Along Heated Rods of Different Materials
The temperature distribution along the length of the fin is given by;

where:
· [bookmark: _Hlk194044488] Temperature at distance  along the rod.
·  110 (Base Temperature)
·  18 (Ambient Air Temperature)
·  Rod Length (0.4m)
·  0 to 0.4m in increments of 10mm (0.01m)
·   , where:
· ℎ = Convective heat transfer coefficient (W/m²K).
· 𝑃 = Perimeter of the rod = 𝜋𝑑 (cylindrical).
· 𝑘 = Thermal conductivity of the material (W/mK).
·  = Cross-sectional area of the rod = 
Calculating:
· Perimeter:

· Cross-Sectional Area:


Finding m:
	[bookmark: _Hlk194306922]Material
	h (W/m2K)
	k (W/mK)
	m (1/m)

	[bookmark: _Hlk193783730]Aluminium Alloy
	30
	186
	9.272

	Brass (70 Cu / 30 Zn)
	30
	99
	12.710

	Copper
	15
	398
	4.482

	304 Stainless Steel
	7.5
	16
	15.707


Table 2. Material Properties (Assignment Given)





Putting m back into equation for temperature distribution along the length of the fin, for each material then gives us all values across 0 – 0.4m.

Below, you will find the final plot:
Figure 5. Temperature Distribution over 0.4m

The temperature distribution plot illustrates how heat dissipates along rods made of Aluminium, Brass, Copper, and Steel over a length of 0.4 meters. As expected, all materials exhibit a temperature decline along the rod, but at different rates due to their varying thermal conductivities. Copper shows the slowest temperature drop, indicating the highest thermal conductivity, while steel cools the fastest, demonstrating the lowest conductivity. Aluminium and brass fall between these extremes, with aluminium retaining heat better than brass. This analysis highlights the impact of material properties on heat transfer, with copper being the most efficient conductor and steel the least, making them suitable for different thermal applications. 
[image: ]
[bookmark: _Toc194392213]4.2 Heat Loss Calculation for Different Rods
Calculating the heat loss Q for each material using the equation:

Given diameter d = 7.5mm (0.0075m):
· [bookmark: _Hlk193792250]Perimeter:

· Cross-Sectional Area:

· Temperature Difference:

Transfer Data into equations: (For all Materials, but only displaying working A Alloy below):


Heat Loss Q for Each Material
[image: ]
Table 3. Results of Heat Loss in Materials

Result Analysis: 
· Aluminium Alloy loses considerable heat (Q = 7.005W), despite its lower thermal conductivity (k = 186). This is due to its high heat transfer coefficient.
· Copper has the highest thermal conductivity (k = 398), which allows it to conduct heat efficiently, leading to a significant heat loss of Q = 6.863W.
· Brass has a lower thermal conductivity (k = 99), has a reduced heat loss of (Q = 5.116W), making it a less efficient than Copper or Aluminium Alloy.
· 304 Stainless Steel has the lowest heat loss (Q = 1.028W), attributed to its poor thermal conductivity (k = 16). This makes it a poor conductor of heat.



[bookmark: _Toc194392214]4.3 Determining Optimum Fin Length for Maximum Efficiency
To determine the optimum length  of each rod, we use the relation:

Using the previously calculated values of , we obtain:
	[bookmark: _Hlk194046685]Material
	m (1/m)
	Optimum Length  (m)

	[bookmark: _Hlk194306621]Aluminium Alloy
	9.272
	0.286

	Brass (70 Cu / 30 Zn)
	12.710
	0.208

	Copper
	4.482
	0.591

	304 Stainless Steel
	15.707
	0.168


Table 4. Results of Length (Optimum)

Heat Loss for Optimum Length Rods
Using the heat loss equation (altered for ):


Transfer Data into equations: (For all Materials, but only displaying working A Alloy below):


We can get:
	Material
	Heat Loss  (W)

	Aluminium Alloy
	6.944

	Brass (70 Cu / 30 Zn)
	5.065

	Copper
	7.182

	304 Stainless Steel
	1.018


Table 5. Results of Heat Loss (Optimum)

From working out infinite previously, and now optimum, we can compare the differences as seen below in Table 6, this will include % difference. Observations will also follow.
	Material
	Heat Loss(W) 4.2  
	Heat Loss (W) 4.3  
	% Difference

	Aluminium Alloy
	7.005
	6.944
	0.87 %

	Brass (70 Cu / 30 Zn)
	5.116
	5.065
	1.00 %

	Copper
	6.863
	7.182
	4.65 %

	304 Stainless Steel
	1.028
	1.018
	0.97 %


[bookmark: _Hlk194388488]Table 6. % Difference Between  and 


[bookmark: _Toc194392215]4.4 Comparison of Heat Loss for Finite vs. Optimum Length Fins
To determine the temperature distribution for the rods and optimum lengths, we use the temperature distribution formulae, which has been updated to show  :


Where:
·  (from 4.3)
·  (calculated in 4.1)
·  110 (Base Temperature)
·  18 (Ambient Air Temperature)
·  = Temperature at position  along the rod
·  =  measurement

Temperature Distribution for Optimum Length Rods
The temperature profiles for the four materials were computed and plotted for their respective optimum lengths.

Transfer Data into equations: (For all Materials, but only displaying working A Alloy below):




	Material
	Optimum Length  (m)
	m (1/m)
	Temperature at   =  ()

	Aluminium Alloy
	0.286
	9.272
	30.91

	Brass (70 Cu / 30 Zn)
	0.208
	12.710
	31.02

	Copper
	0.591
	4.482
	30.95

	304 Stainless Steel
	0.168
	15.707
	31.08


Table 7. Temperature at Optimum Length Rods

Figure 6. Optimal Length Rods


The above graph illustrates the temperature distribution along the optimum length of each rod material. A key observation is that all materials converge to a temperature between 30-31°C at their respective optimum lengths. This suggests that the heat dissipation characteristics of the materials lead to a similar steady-state condition at the fin tip. The differences in curve steepness reflect the varying thermal conductivities of the materials, with copper maintaining a higher temperature over a longer length due to its superior heat transfer properties. Conversely, stainless steel shows a more rapid temperature drop, indicating lower thermal conductivity. The curves flatten out as they approach the ambient temperature, demonstrating the diminishing temperature gradient along the rod length.










[image: ]
[bookmark: _Toc194392216]4.5 Enhanced Accuracy Using the Infinite Fin Approximation

To determine a more accurate length for each of the four rods using the infinite fin approximation, we use the given requirement:



Solve for L

Taking the natural logarithm on both sides:


Since , we simplify to:

Rearranging for L:


Since , the equation simplifies to:



Compute New Lengths

Substitute given values of m for each material:
· Aluminium Alloy (m = 9.272)


· Brass (m = 12.710)


· Copper (m = 4.482)


· 304 Stainless Steel (m = 15.707)


Results

	Material
	m (1/m)
	More Accurate Length L (m)

	Aluminium Alloy
	9.272
	0.422

	Brass (70 Cu / 30 Zn)
	12.710
	0.308

	Copper
	4.482
	0.873

	304 Stainless Steel
	15.707
	0.249


Table 8. More Accurate Length of Materials



Comparison

The revised rod lengths in Part 4.5 are longer than those in Part 4, bringing the fin tip temperature closer to the surrounding fluid and improving the infinite fin approximation. Compared to Part 1, where shorter rods showed a sharper temperature drop, the new lengths result in a more gradual decline, allowing more efficient heat dissipation. This adjustment better aligns with the infinite fin model, suggesting that Part 4 slightly underestimated the required fin length.

Conclusion

The analysis of heat dissipation across different rod lengths enhances understanding of temperature distribution in extended surfaces. Part 1 used finite-length assumptions, while Part 4 introduced optimum fin length for improved efficiency. Part 4.5 further refined this by recalculating lengths under stricter accuracy conditions. Results confirm that increased fin length leads to a more gradual temperature drop, reinforcing the importance of selecting appropriate dimensions for accurate thermal modelling in engineering applications.
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Figure 1. Schematic representation of heat transfer in a fin, illustrating conduction, convection, and radiation mechanisms. https://www.sciencedirect.com/science/article/abs/pii/S1359431116306093
Figure 2. Internal Combustion Engine, Showing Fins. https://www.sciencedirect.com/science/article/pii/S2214785320391355
Figure 3. Intercooler – Hot and Cold Fins https://www.garrettmotion.com/news/newsroom/article/intercooler-tech-what-is-fin-density/


Figure 4. Heat Transfer Ratio vs. mL – Created by Author

Figure 5. Temperature Difference over 0.4m – Created by Author 

Figure 6. Optimal Length Rods – Created by Author
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Temperature




Optimal Length Rods

Materials	2024 Aluminium	0	0.01	0.02	0.03	0.04	0.05	6.0000000000000005E-2	7.0000000000000007E-2	0.08	0.09	9.9999999999999992E-2	0.10999999999999999	0.11999999999999998	0.12999999999999998	0.13999999999999999	0.15	0.16	0.17	0.18000000000000002	0.19000000000000003	0.20000000000000004	0.21000000000000005	0.22000000000000006	0.23000000000000007	0.24000000000000007	0.25000000000000006	0.26000000000000006	0.27000000000000007	0.28000000000000008	0.29000000000000009	0.3000000000000001	0.31000000000000011	0.32000000000000012	0.33000000000000013	0.34000000000000014	0.35000000000000014	0.36000000000000015	0.37000000000000016	0.38000000000000017	0.39000000000000018	0.40000000000000019	0.4100000000000002	0.42000000000000021	0.43000000000000022	0.44000000000000022	0.45000000000000023	0.46000000000000024	0.47000000000000025	0.48000000000000026	0.49000000000000027	0.50000000000000022	0.51000000000000023	0.52000000000000024	0.53000000000000025	0.54000000000000026	0.55000000000000027	0.56000000000000028	0.57000000000000028	0.58000000000000029	0.5900000000000003	0.60000000000000031	110	101.93783306083482	94.597796662146166	87.916743302284061	81.837194815589669	76.306847878585927	71.278124036158943	66.707760376534395	62.556437333560176	58.788440414219295	55.371352941160701	52.27577716686347	49.475081360134858	46.945170689087092	44.664279929462907	42.612786214946169	40.773040218519199	39.129214312492621	37.667166400904684	36.374318252818298	35.239547289797898	34.253090896596419	33.406462431822249	32.692378216012173	32.104694868977496	31.638356457326232	31.289350997463245	31.054675939856715	30.932312337626463	30.921207477222591	Materials	Brass (70Cu/30Zn)	0	0.01	0.02	0.03	0.04	0.05	6.0000000000000005E-2	7.0000000000000007E-2	0.08	0.09	9.9999999999999992E-2	0.10999999999999999	0.11999999999999998	0.12999999999999998	0.13999999999999999	0.15	0.16	0.17	0.18000000000000002	0.19000000000000003	0.20000000000000004	0.21000000000000005	0.22000000000000006	0.23000000000000007	0.24000000000000007	0.25000000000000006	0.26000000000000006	0.27000000000000007	0.28000000000000008	0.29000000000000009	0.3000000000000001	0.31000000000000011	0.32000000000000012	0.33000000000000013	0.34000000000000014	0.35000000000000014	0.36000000000000015	0.37000000000000016	0.38000000000000017	0.39000000000000018	0.40000000000000019	0.4100000000000002	0.42000000000000021	0.43000000000000022	0.44000000000000022	0.45000000000000023	0.46000000000000024	0.47000000000000025	0.48000000000000026	0.49000000000000027	0.50000000000000022	0.51000000000000023	0.52000000000000024	0.53000000000000025	0.54000000000000026	0.55000000000000027	0.56000000000000028	0.57000000000000028	0.58000000000000029	0.5900000000000003	0.60000000000000031	110	99.137338189670189	89.587167657388989	81.195003232615022	73.825091847066531	67.358216570174392	61.689768135890141	56.728052765540902	52.392808913788365	48.613908944323597	45.330224733385052	42.488638850910547	40.043185324022645	37.954306083692629	36.188211066738717	34.716331622060494	33.514858379316493	32.564356104530674	31.849449312467051	31.358573550185259	31.083788328497757	31.020648675276451	Materials	Copper	0	0.01	0.02	0.03	0.04	0.05	6.0000000000000005E-2	7.0000000000000007E-2	0.08	0.09	9.9999999999999992E-2	0.10999999999999999	0.11999999999999998	0.12999999999999998	0.13999999999999999	0.15	0.16	0.17	0.18000000000000002	0.19000000000000003	0.20000000000000004	0.21000000000000005	0.22000000000000006	0.23000000000000007	0.24000000000000007	0.25000000000000006	0.26000000000000006	0.27000000000000007	0.28000000000000008	0.29000000000000009	0.3000000000000001	0.31000000000000011	0.32000000000000012	0.33000000000000013	0.34000000000000014	0.35000000000000014	0.36000000000000015	0.37000000000000016	0.38000000000000017	0.39000000000000018	0.40000000000000019	0.4100000000000002	0.42000000000000021	0.43000000000000022	0.44000000000000022	0.45000000000000023	0.46000000000000024	0.47000000000000025	0.48000000000000026	0.49000000000000027	0.50000000000000022	0.51000000000000023	0.52000000000000024	0.53000000000000025	0.54000000000000026	0.55000000000000027	0.56000000000000028	0.57000000000000028	0.58000000000000029	0.5900000000000003	0.60000000000000031	110	106.00866830327108	102.19416086879669	98.548813707608701	95.065302702266649	91.736628891469877	88.556104407963673	85.517339041485513	82.614227399754768	79.840936641709391	77.191894758344318	74.661779377605356	72.245507070845733	69.938223139360304	67.735291860477005	65.632287173607722	63.624983787546036	61.709348691144235	59.881533050313571	58.137864475067275	56.474839641069494	54.88911725086561	53.377511320652076	51.936984779097358	50.564643365353312	49.257729813996832	48.013618315218423	46.829809239127385	45.703924113573578	44.633700845395623	43.616989175494162	42.651746358598508	41.736033059046783	40.868009454333418	40.04593153859534	39.268147618609945	38.533094995264804	37.839296823831447	37.185359146735223	36.569968092859334	35.99188723775606	35.449955119461521	34.943082904922598	34.470252202347645	34.030513015085589	33.622981832922363	33.246839856959852	32.901331354510745	32.585762140704119	32.299498183750842	32.041964331066815	31.812643153694367	31.611073906700184	31.436851603461015	31.289626201977221	31.169101901579339	31.075036548614641	31.00724114991959	30.965579493100677	30.949967872860761	Materials	304 Stainless Steel	0	0.01	0.02	0.03	0.04	0.05	6.0000000000000005E-2	7.0000000000000007E-2	0.08	0.09	9.9999999999999992E-2	0.10999999999999999	0.11999999999999998	0.12999999999999998	0.13999999999999999	0.15	0.16	0.17	0.18000000000000002	0.19000000000000003	0.20000000000000004	0.21000000000000005	0.22000000000000006	0.23000000000000007	0.24000000000000007	0.25000000000000006	0.26000000000000006	0.27000000000000007	0.28000000000000008	0.29000000000000009	0.3000000000000001	0.31000000000000011	0.32000000000000012	0.33000000000000013	0.34000000000000014	0.35000000000000014	0.36000000000000015	0.37000000000000016	0.38000000000000017	0.39000000000000018	0.40000000000000019	0.4100000000000002	0.42000000000000021	0.43000000000000022	0.44000000000000022	0.45000000000000023	0.46000000000000024	0.47000000000000025	0.48000000000000026	0.49000000000000027	0.50000000000000022	0.51000000000000023	0.52000000000000024	0.53000000000000025	0.54000000000000026	0.55000000000000027	0.56000000000000028	0.57000000000000028	0.58000000000000029	0.5900000000000003	0.60000000000000031	110	96.774660741906445	85.496768802391003	75.887514977961331	67.709341716256361	60.760070278080327	54.867902525543606	49.887173771775828	45.694751695231744	42.186992293456527	39.277177622166214	36.893371976074448	34.976643512507813	33.479607353236958	32.365254147453768	31.606035135923833	31.183181097500508	31.086238341167899	Optimum Length of Material


Temperture T(x)
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Designs Years Information
Early Heat Sinks 1980s- | Basic aluminium finned structures were
1990s | used in early desktop computers,
relying primerily on passive cooling
‘Aciive Cooling 2000s | The introduction of fan-assisted heat
sinks significantly improved heat
dissipation efficiency with forced
convection (Khan & Kheher, 2016).
Heat Pipes and Vapor Chambers 2010s | Advanced cooling solutions integrated
heat pipes to quickly transport heat
from the processor to extended fin
arrays (Kakac & Liu, 2002)
Modern High-Performance Cooling | 2020s- | Use of iquid cooling systems with
Present | micro-finned cold plates and phase-

change materials for enhanced thermal
management in gaming and Al-driven
processors (Marasco et al,, 2022).
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For all Graph Measurements, Please Refer to References
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Material B (WIm?K) [k (WipK) m (1im) QW)
Aluminium Alloy 30 186 9.272 7.005
Brass (70 Cu/ 30 Zn) 30 9 12710 5116
Copper 15 308 4482 6.863

304 Stainless Steel 75 16 15.707 1.028
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Assignment_Graphs.xlsx
TASK B

		mL		Q_finite / Q_infinity

		0.00		0

		0.10		0.0996679946

		0.20		0.1973753202

		0.30		0.2913126125

		0.40		0.3799489623

		0.50		0.4621171573

		0.60		0.537049567

		0.70		0.6043677771

		0.80		0.6640367703

		0.90		0.7162978702

		1.00		0.761594156

		1.10		0.8004990218

		1.20		0.833654607

		1.30		0.8617231593

		1.40		0.8853516482

		1.50		0.9051482536

		1.60		0.9216685544

		1.70		0.9354090706

		1.80		0.9468060128

		1.90		0.9562374581

		2.00		0.9640275801

		2.10		0.9704519366

		2.20		0.97574313

		2.30		0.9800963963

		2.40		0.9836748577

		2.50		0.9866142982

		2.60		0.9890274022

		2.70		0.9910074537

		2.80		0.9926315202

		2.90		0.9939631674

		3.00		0.9950547537

		3.10		0.9959493592

		3.20		0.9966823978

		3.30		0.9972829601

		3.40		0.9977749279

		3.50		0.9981778976

		3.60		0.9985079423

		3.70		0.9987782413

		3.80		0.9989995978

		3.90		0.9991808657

		4.00		0.9993292997



Heat Transfer Ratio vs. mL Parameter



Q_finite / Q_infinity	0	0.1	0.2	0.30000000000000004	0.4	0.5	0.6	0.7	0.79999999999999993	0.89999999999999991	0.99999999999999989	1.0999999999999999	1.2	1.3	1.4000000000000001	1.5000000000000002	1.6000000000000003	1.7000000000000004	1.8000000000000005	1.9000000000000006	2.0000000000000004	2.1000000000000005	2.2000000000000006	2.3000000000000007	2.4000000000000008	2.5000000000000009	2.600000000000001	2.7000000000000011	2.8000000000000012	2.9000000000000012	3.0000000000000013	3.1000000000000014	3.2000000000000015	3.3000000000000016	3.4000000000000017	3.5000000000000018	3.6000000000000019	3.700000000000002	3.800000000000002	3.9000000000000021	4.0000000000000018	0	9.9667994624955833E-2	0.19737532022490403	0.29131261245159101	0.3799489622552249	0.46211715726000979	0.5370495669980353	0.60436777711716361	0.66403677026784891	0.71629787019902436	0.76159415595576485	0.8004990217606297	0.83365460701215521	0.86172315931330645	0.88535164820226253	0.9051482536448664	0.92166855440647122	0.93540907060309908	0.9468060128462682	0.95623745812773897	0.96402758007581701	0.97045193661345408	0.97574313003145163	0.98009639626619138	0.98367485769368035	0.98661429815143042	0.9890274022010993	0.99100745367811782	0.99263152020112788	0.99396316735058299	0.99505475368673058	0.99594935922190031	0.99668239783965107	0.99728296009914219	0.99777492793427947	0.99817789761119868	0.99850794233232665	0.99877824128113124	0.9989995977858408	0.99918086567002806	0.99932929973906692	mL=2.65	2.65	2.65	0	1	mL





Q̇finite / Q̇∞











TASK C(1)

		0.0235619449		m

		0.0000441786		Aluminium		Brass		Copper		Steel

				9.272		12.71		4.482		15.707



		Material		h		k

		2024 Aluminium		30		186

		Brass (70Cu/30Zn)		30		99

		Copper		15		398

		304 Stainless Steel		7.5		16

						ALUMINIUM		BRASS		COPPER		STEEL

		0				110		110		110		110

		0.01				101.8635325206		99.020295465		106.1901133366		96.6273705896

		0.02				94.4485563623		89.3511889052		102.5574154892		85.1985472277

		0.03				87.6912793048		80.8362712207		99.0946077549		75.4309894223

		0.04				81.5335674178		73.3378036659		95.7947327688		67.0832260698

		0.05				75.9224449257		66.7344897639		92.6511605252		59.9488858676

		0.06				70.8096384483		60.9195131944		89.6575750573		53.8515954543

		0.07				66.1511616976		55.7988099149		86.8079617468		48.6406191524

		0.08				61.9069370565		51.2895465648		84.0965952398		44.1871325185

		0.09				58.0404507848		47.318780539		81.5180279435		40.3810375778

		0.1				54.5184388855		43.8222800561		79.0670790813		37.1282410101

		0.11				51.3106009296		40.7434851339		76.7388242834		34.348327998

		0.12				48.3893393764		38.0325926663		74.528585693		31.9725742324

		0.13				45.7295221478		35.645750799		72.4319225681		29.942246927

		0.14				43.3082664127		33.5443495751		70.4446223586		28.2071528418

		0.15				41.1047417225		31.6943963737		68.5626922432		26.7243974178

		0.16				39.0999908035		30.0659660396		66.7823511068		25.457324349

		0.17				37.2767664645		28.6327168088		65.1000219436		24.3746093742

		0.18				35.6193832162		27.3714641999		63.5123246706		23.4494858865

		0.19				34.1135823266		26.2618059777		62.0160693361		22.659083216

		0.2				32.7464091511		25.2857921236		60.6082497107		21.9838612272

		0.21				31.506101681		24.4276344726		59.2860372473		21.4071272521

		0.22				30.3819893539		23.6734513218		58.0467753978		20.9146234185

		0.23				29.3644012523		23.0110428773		56.8879742764		20.4941741709

		0.24				28.4445829039		22.4296939081		55.8073056559		20.1353852689

		0.25				27.614620965		21.9200004153		54.8025982907		19.8293868235

		0.26				26.8673751408		21.4737175109		53.8718335544		19.5686140183

		0.27				26.1964167566		21.0836260473		53.0131413836		19.3466200937

		0.28				25.5959734507		20.7434158392		52.2247965207		19.1579169719

		0.29				25.0608795136		20.4475835887		51.5052150479		18.9978395818

		0.3				24.586531447		20.1913438635		50.8529512047		18.8624305304

		0.31				24.168848359		19.9705516865		50.2666944831		18.7483422693

		0.32				23.8042368555		19.7816354863		49.7452669942		18.6527543373

		0.33				23.4895601257		19.6215393223		49.2876211023		18.5733036336

		0.34				23.2221109556		19.4876734522		48.8928373197		18.5080259979

		0.35				22.9995884373		19.3778724389		48.5601224591		18.455307653

		0.36				22.8200781743		19.2903601228		48.2888080402		18.4138453091

		0.37				22.6820358112		19.2237208898		48.0783489465		18.3826139448

		0.38				22.5842737476		19.1768767725		47.9283223303		18.360841466

		0.39				22.5259509208		19.1490700126		47.8384267628		18.347989619

		0.4				22.5065655703		19.1398508031		47.8084816285		18.3437406837



Temperature Distrubution Between 4 Materials Over 0.4m



ALUMINIUM	0	0.01	0.02	0.03	0.04	0.05	0.06	0.07	0.08	0.09	0.1	0.11	0.12	0.13	0.14	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28	0.29	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	110	101.86353252061873	94.44855636233801	87.691279304825969	81.533567417818375	75.922444925661807	70.809638448282129	66.151161697610917	61.906937056546383	58.040450784833503	54.518438885543581	51.310600929613173	48.389339376429099	45.729522147793176	43.308266412652401	41.104741722460659	39.099990803513606	37.276766464505144	35.61938321619489	34.113582326647112	32.746409151090006	31.506101681044335	30.381989353892031	29.364401252327241	28.444582903915208	27.614620964972186	26.867375140809962	26.196416756643956	25.595973450680603	25.060879513569901	24.586531446985521	24.168848358995831	23.804236855500953	23.489560125691241	23.222110955564546	22.999588437333152	22.820078174347792	22.682035811238496	22.584273747579502	22.52595092077372	22.506565570257322	BRASS	0	0.01	0.02	0.03	0.04	0.05	0.06	0.07	0.08	0.09	0.1	0.11	0.12	0.13	0.14	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28	0.29	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	110	99.020295465001041	89.351188905180351	80.836271220739349	73.337803665947987	66.734489763943898	60.919513194448719	55.798809914941444	51.289546564829024	47.318780539023585	43.822280056050374	40.743485133908678	38.032592666255979	35.645750798953216	33.544349575070441	31.694396373706294	30.06596603961459	28.632716808841842	27.371464199907273	26.261805977716939	25.285792123565081	24.427634472601699	23.673451321812987	23.011042877250219	22.429693908103616	21.920000415320061	21.473717510927109	21.083626047333439	20.74341583917888	20.447583588710899	20.191343863511221	19.970551686533309	19.781635486253975	19.621539322329589	19.487673452189249	19.377872438921809	19.290360122802912	19.223720889835469	19.176876772538694	19.149070012564195	19.13985080306901	COPPER	0	0.01	0.02	0.03	0.04	0.05	0.06	0.07	0.08	0.09	0.1	0.11	0.12	0.13	0.14	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28	0.29	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	110	106.19011333664737	102.55741548923221	99.094607754919394	95.794732768772548	92.651160525234189	89.657575057326	86.807961746805688	84.096595239784193	81.518027943523762	79.067079081305167	76.738824283373276	74.528585693047319	72.431922568117784	70.444622358646001	68.56269224324069	66.782351106806203	65.100021943644336	63.512324670646457	62.016069336136304	60.608249710718837	59.286037247258307	58.0467753978498	56.887974276366336	55.80730565585759	54.802598290749167	53.871833554443903	53.013141383560516	52.22479652066076	51.505215047916174	50.852951204749964	50.266694483060064	49.745266994187276	49.287621102338257	48.892837319708477	48.560122459076013	48.28880804015472	48.078348946504477	47.928322330300333	47.838426762759866	47.808481628521911	STEEL	0	0.01	0.02	0.03	0.04	0.05	0.06	0.07	0.08	0.09	0.1	0.11	0.12	0.13	0.14	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28	0.29	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	110	96.627370589593127	85.198547227722955	75.43098942229517	67.083226069809314	59.948885867566915	53.851595454314221	48.640619152435491	44.187132518503212	40.381037577840118	37.128241010124128	34.348327998026704	31.972574232356294	29.942246926998891	28.20715284177529	26.724397417801633	25.457324349010356	24.374609374185717	23.449485886469013	22.659083216046639	21.983861227212337	21.407127252054675	20.914623418526023	20.494174170921518	20.135385268858101	19.829386823482189	19.568614018311887	19.346620093749578	19.157916971915164	18.997839581767241	18.86243053039199	18.748342269332479	18.652754337339001	18.573303633636556	18.508025997942799	18.455307652992335	18.413845309141678	18.38261394477102	18.36084146595794	18.347989618965968	18.343740683671314	Length of Rod (m)





Temperature











TASK C(4)

				Materials

		x (m)		2024 Aluminium		Brass (70Cu/30Zn)		Copper		304 Stainless Steel				Optimal Length

		0		110		110		110		110

		0.01		101.9378330608		99.1373381897		106.0086683033		96.7746607419

		0.02		94.5977966621		89.5871676574		102.1941608688		85.4967688024

		0.03		87.9167433023		81.1950032326		98.5488137076		75.887514978

		0.04		81.8371948156		73.8250918471		95.0653027023		67.7093417163

		0.05		76.3068478786		67.3582165702		91.7366288915		60.7600702781

		0.06		71.2781240362		61.6897681359		88.556104408		54.8679025255

		0.07		66.7077603765		56.7280527655		85.5173390415		49.8871737718

		0.08		62.5564373336		52.3928089138		82.6142273998		45.6947516952

		0.09		58.7884404142		48.6139089443		79.8409366417		42.1869922935

		0.1		55.3713529412		45.3302247334		77.1918947583		39.2771776222

		0.11		52.2757771669		42.4886388509		74.6617793776		36.8933719761

		0.12		49.4750813601		40.043185324		72.2455070708		34.9766435125

		0.13		46.9451706891		37.9543060837		69.9382231394		33.4796073532

		0.14		44.6642799295		36.1882110667		67.7352918605		32.3652541475

		0.15		42.6127862149		34.7163316221		65.6322871736		31.6060351359

		0.16		40.7730402185		33.5148583793		63.6249837875		31.1831810975

		0.17		39.1292143125		32.5643561045		61.7093486911		31.0862383412

		0.18		37.6671664009		31.8494493125		59.8815330503

		0.19		36.3743182528		31.3585735502		58.1378644751

		0.2		35.2395472898		31.0837883285		56.4748396411

		0.21		34.2530908966		31.0206486753		54.8891172509

		0.22		33.4064624318				53.3775113207

		0.23		32.692378216				51.9369847791

		0.24		32.104694869				50.5646433654

		0.25		31.6383564573				49.257729814

		0.26		31.2893509975				48.0136183152

		0.27		31.0546759399				46.8298092391

		0.28		30.9323123376				45.7039241136

		0.29		30.9212074772				44.6337008454

		0.3						43.6169891755

		0.31						42.6517463586

		0.32						41.736033059

		0.33						40.8680094543

		0.34						40.0459315386

		0.35						39.2681476186

		0.36						38.5330949953

		0.37						37.8392968238

		0.38						37.1853591467

		0.39						36.5699680929

		0.4						35.9918872378

		0.41						35.4499551195

		0.42						34.9430829049

		0.43						34.4702522023

		0.44						34.0305130151

		0.45						33.6229818329

		0.46						33.246839857

		0.47						32.9013313545

		0.48						32.5857621407

		0.49						32.2994981838

		0.5						32.0419643311

		0.51						31.8126431537

		0.52						31.6110739067

		0.53						31.4368516035

		0.54						31.289626202

		0.55						31.1691019016

		0.56						31.0750365486

		0.57						31.0072411499

		0.58						30.9655794931

		0.59						30.9499678729

		0.6



Optimal Length Rods



Materials	2024 Aluminium	0	0.01	0.02	0.03	0.04	0.05	6.0000000000000005E-2	7.0000000000000007E-2	0.08	0.09	9.9999999999999992E-2	0.10999999999999999	0.11999999999999998	0.12999999999999998	0.13999999999999999	0.15	0.16	0.17	0.18000000000000002	0.19000000000000003	0.20000000000000004	0.21000000000000005	0.22000000000000006	0.23000000000000007	0.24000000000000007	0.25000000000000006	0.26000000000000006	0.27000000000000007	0.28000000000000008	0.29000000000000009	0.3000000000000001	0.31000000000000011	0.32000000000000012	0.33000000000000013	0.34000000000000014	0.35000000000000014	0.36000000000000015	0.37000000000000016	0.38000000000000017	0.39000000000000018	0.40000000000000019	0.4100000000000002	0.42000000000000021	0.43000000000000022	0.44000000000000022	0.45000000000000023	0.46000000000000024	0.47000000000000025	0.48000000000000026	0.49000000000000027	0.50000000000000022	0.51000000000000023	0.52000000000000024	0.53000000000000025	0.54000000000000026	0.55000000000000027	0.56000000000000028	0.57000000000000028	0.58000000000000029	0.5900000000000003	0.60000000000000031	110	101.93783306083482	94.597796662146166	87.916743302284061	81.837194815589669	76.306847878585927	71.278124036158943	66.707760376534395	62.556437333560176	58.788440414219295	55.371352941160701	52.27577716686347	49.475081360134858	46.945170689087092	44.664279929462907	42.612786214946169	40.773040218519199	39.129214312492621	37.667166400904684	36.374318252818298	35.239547289797898	34.253090896596419	33.406462431822249	32.692378216012173	32.104694868977496	31.638356457326232	31.289350997463245	31.054675939856715	30.932312337626463	30.921207477222591	Materials	Brass (70Cu/30Zn)	0	0.01	0.02	0.03	0.04	0.05	6.0000000000000005E-2	7.0000000000000007E-2	0.08	0.09	9.9999999999999992E-2	0.10999999999999999	0.11999999999999998	0.12999999999999998	0.13999999999999999	0.15	0.16	0.17	0.18000000000000002	0.19000000000000003	0.20000000000000004	0.21000000000000005	0.22000000000000006	0.23000000000000007	0.24000000000000007	0.25000000000000006	0.26000000000000006	0.27000000000000007	0.28000000000000008	0.29000000000000009	0.3000000000000001	0.31000000000000011	0.32000000000000012	0.33000000000000013	0.34000000000000014	0.35000000000000014	0.36000000000000015	0.37000000000000016	0.38000000000000017	0.39000000000000018	0.40000000000000019	0.4100000000000002	0.42000000000000021	0.43000000000000022	0.44000000000000022	0.45000000000000023	0.46000000000000024	0.47000000000000025	0.48000000000000026	0.49000000000000027	0.50000000000000022	0.51000000000000023	0.52000000000000024	0.53000000000000025	0.54000000000000026	0.55000000000000027	0.56000000000000028	0.57000000000000028	0.58000000000000029	0.5900000000000003	0.60000000000000031	110	99.137338189670189	89.587167657388989	81.195003232615022	73.825091847066531	67.358216570174392	61.689768135890141	56.728052765540902	52.392808913788365	48.613908944323597	45.330224733385052	42.488638850910547	40.043185324022645	37.954306083692629	36.188211066738717	34.716331622060494	33.514858379316493	32.564356104530674	31.849449312467051	31.358573550185259	31.083788328497757	31.020648675276451	Materials	Copper	0	0.01	0.02	0.03	0.04	0.05	6.0000000000000005E-2	7.0000000000000007E-2	0.08	0.09	9.9999999999999992E-2	0.10999999999999999	0.11999999999999998	0.12999999999999998	0.13999999999999999	0.15	0.16	0.17	0.18000000000000002	0.19000000000000003	0.20000000000000004	0.21000000000000005	0.22000000000000006	0.23000000000000007	0.24000000000000007	0.25000000000000006	0.26000000000000006	0.27000000000000007	0.28000000000000008	0.29000000000000009	0.3000000000000001	0.31000000000000011	0.32000000000000012	0.33000000000000013	0.34000000000000014	0.35000000000000014	0.36000000000000015	0.37000000000000016	0.38000000000000017	0.39000000000000018	0.40000000000000019	0.4100000000000002	0.42000000000000021	0.43000000000000022	0.44000000000000022	0.45000000000000023	0.46000000000000024	0.47000000000000025	0.48000000000000026	0.49000000000000027	0.50000000000000022	0.51000000000000023	0.52000000000000024	0.53000000000000025	0.54000000000000026	0.55000000000000027	0.56000000000000028	0.57000000000000028	0.58000000000000029	0.5900000000000003	0.60000000000000031	110	106.00866830327108	102.19416086879669	98.548813707608701	95.065302702266649	91.736628891469877	88.556104407963673	85.517339041485513	82.614227399754768	79.840936641709391	77.191894758344318	74.661779377605356	72.245507070845733	69.938223139360304	67.735291860477005	65.632287173607722	63.624983787546036	61.709348691144235	59.881533050313571	58.137864475067275	56.474839641069494	54.88911725086561	53.377511320652076	51.936984779097358	50.564643365353312	49.257729813996832	48.013618315218423	46.829809239127385	45.703924113573578	44.633700845395623	43.616989175494162	42.651746358598508	41.736033059046783	40.868009454333418	40.04593153859534	39.268147618609945	38.533094995264804	37.839296823831447	37.185359146735223	36.569968092859334	35.99188723775606	35.449955119461521	34.943082904922598	34.470252202347645	34.030513015085589	33.622981832922363	33.246839856959852	32.901331354510745	32.585762140704119	32.299498183750842	32.041964331066815	31.812643153694367	31.611073906700184	31.436851603461015	31.289626201977221	31.169101901579339	31.075036548614641	31.00724114991959	30.965579493100677	30.949967872860761	Materials	304 Stainless Steel	0	0.01	0.02	0.03	0.04	0.05	6.0000000000000005E-2	7.0000000000000007E-2	0.08	0.09	9.9999999999999992E-2	0.10999999999999999	0.11999999999999998	0.12999999999999998	0.13999999999999999	0.15	0.16	0.17	0.18000000000000002	0.19000000000000003	0.20000000000000004	0.21000000000000005	0.22000000000000006	0.23000000000000007	0.24000000000000007	0.25000000000000006	0.26000000000000006	0.27000000000000007	0.28000000000000008	0.29000000000000009	0.3000000000000001	0.31000000000000011	0.32000000000000012	0.33000000000000013	0.34000000000000014	0.35000000000000014	0.36000000000000015	0.37000000000000016	0.38000000000000017	0.39000000000000018	0.40000000000000019	0.4100000000000002	0.42000000000000021	0.43000000000000022	0.44000000000000022	0.45000000000000023	0.46000000000000024	0.47000000000000025	0.48000000000000026	0.49000000000000027	0.50000000000000022	0.51000000000000023	0.52000000000000024	0.53000000000000025	0.54000000000000026	0.55000000000000027	0.56000000000000028	0.57000000000000028	0.58000000000000029	0.5900000000000003	0.60000000000000031	110	96.774660741906445	85.496768802391003	75.887514977961331	67.709341716256361	60.760070278080327	54.867902525543606	49.887173771775828	45.694751695231744	42.186992293456527	39.277177622166214	36.893371976074448	34.976643512507813	33.479607353236958	32.365254147453768	31.606035135923833	31.183181097500508	31.086238341167899	Optimum Length of Material





Temperture T(x)
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