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[bookmark: _Toc205913612][bookmark: _Toc227072710]Acronyms 
		– Cross sectional area of the fin (m²)
AM 		– Additive Manufacturing
 		– Convective heat transfer coefficient (W/m² K)
		– Thermal conductivity of the material (W/m K)
	– Fin parameter defined as sqrt ( divided by ), representing the ratio of convective to conductive effects
	– Dimensionless fin parameter representing the product of fin parameter m and fin length
		– Perimeter of the fin exposed to convection (m)
Q		 – Heat transfer rate (W)
Qadiabatic		 – Heat transfer rate for a finite fin with an adiabatic tip (W)
Qinfinite		 – Heat transfer rate for an infinitely long fin (W)
T		 – Temperature at a given point along the fin (°C or K)
Tb 		– Base temperature of the fin (°C or K)
T∞ 		– Ambient temperature (°C or K)


[bookmark: _Toc227072711]Abstract
This report investigates the design and optimisation of extended surfaces to enhance convective heat transfer in engineering applications. The governing theory of fin performance is established through the balance between conduction and convection, introducing key parameters including fin efficiency, effectiveness, and the dimensionless term .
A critical review of fin applications demonstrates the evolution from simple air-cooled automotive systems to advanced compact heat exchangers and microprocessor cooling technologies. Modern designs incorporate optimised geometries and materials to improve performance, while managing trade-offs such as pressure drop, weight, and manufacturability.
Analytical evaluation confirms that fin performance exhibits diminishing returns, with an optimal condition occurring at  approximately equal to . This criterion is validated through computational analysis.
Application to a saucepan handle demonstrates the importance of material selection, where high conductivity materials increase heat transfer but compromise safety. Lower conductivity materials provide safer handling with acceptable performance.
The study concludes that optimal fin design requires balancing thermal efficiency with practical constraints, ensuring effective heat transfer while minimising material use, cost, and safety risks.
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[bookmark: _Toc227072714]1. Introduction 
Extended surfaces (fins) enhance heat transfer by increasing convective area (Yan, et al., 2025). Extending from a base increase solid–fluid interaction, improving heat dissipation where natural convection is insufficient. Performance is governed by coupled conduction and convection, and depends on material properties and external conditions (Ghandouri, et al., 2023).
Fins are used in automotive cooling, electronic heat sinks, and compact systems where efficient heat removal is critical. However, increased area does not ensure improved performance; efficiency decreases with length due to conduction resistance, and effectiveness must justify material use.
This report evaluates fin optimisation through three tasks: Task A examines automotive and electronic applications, Task B determines optimal length using , and Task C applies fin theory to a saucepan handle to assess temperature distribution and heat transfer.

[bookmark: _Toc227072715]2. Fundamentals of Extended Surface Heat Transfer 
[bookmark: _Toc227072716]2.1 Governing Theory 
Heat transfer in a straight fin is governed by conduction along the fin and convection to the surrounding fluid (Haq, et al., 2023). Fin performance is characterised by efficiency and effectiveness, with performance decreasing with length due to temperature decay.

Where is the convective heat transfer coefficient,  is the perimeter exposed to conviction,  the thermal conductivity, and  ​ the cross-sectional area. The parameter  represents the convective-to-conductive ratio.
The parameter represents the relative strength of convective heat loss compared to conductive heat transfer within the fin. Higher values indicate rapid temperature decay due to stronger convection.
Fin performance is governed by the dimensionless parameter , given by:

This parameter combines material properties, geometry, and boundary conditions to characterise fin effectiveness.
As  increases, the temperature decays more rapidly along the fin, and additional length contributes progressively less to overall heat transfer (Table 1). Consequently, fin performance exhibits diminishing returns beyond a critical value, forming the basis for optimal fin design.
[image: ]
[bookmark: _Ref226652226][bookmark: _Toc227072432]Table 1  at different axis ratios (Al-Jewaree & Suker, 2021)
[bookmark: _Toc227072717]2.2 Performance Metrics 
Fin performance is defined by efficiency and effectiveness. Efficiency decreases with length due to temperature decay, while effectiveness must exceed unity to justify added material.
Increasing length raises area but also conduction resistance, causing diminishing returns. An optimum occurs at  (Table 1).



[bookmark: _Toc227072718]TASK A – Literature & Applications 

[bookmark: _Toc227072719]3. Extended Surfaces in Automotive Engineering 
[bookmark: _Toc227072720]3.1 Historical Development 
Early automotive thermal management used air-cooled engines with fins cast onto cylinders and heads (Chauhan, et al., 2022). Aluminium and cast iron were used, with aluminium preferred for its conductivity-to-weight ratio (Sachar, et al., 2023).
Designs were empirical and unoptimized (Abed, et al., 2025), with uniform geometry that neglected airflow and thermal gradients, reducing performance. Casting constraints limited complexity, leaving designs functional but not optimal.
[bookmark: _Toc227072721]3.2 Modern Automotive Applications 
Modern automotive systems use advanced fins in compact heat exchangers to dissipate high heat loads within constrained volumes (Liu et al., 2025; Wagh & Saha, 2024).
Louvered and micro fins enhance convection but increase pressure drop and fan power (Li et al., 2025; Hummood et al., 2025). Aluminium dominates due to its conductivity-to-weight ratio, while copper is limited by cost and density (Czerwinksi, 2024).
Fin design therefore balances thermal performance, aerodynamic losses, and structural constraints.
[bookmark: _Toc227072722]3.3 Critical Evaluation 
Fin design evolution reflects balancing competing constraints rather than maximising a single metric (Jung, et al., 2025). Early air-cooled systems prioritised simplicity, giving limited optimisation but adequate performance. Increasing heat loads and tighter packaging drove compact, engineered geometries.
A key trade-off is heat transfer versus pressure drop. Louvered fins enhance convection but increase airflow resistance and fan power (Ejaz, et al., 2026). Higher fin density similarly improves heat transfer but raises weight and reduces airflow effectiveness.
Material selection reinforces this compromise. Aluminium is preferred over copper due to weight and cost. Fin design is therefore an optimisation problem balancing geometry, material, and flow conditions.

[bookmark: _Toc227072723]4. Extended Surfaces in Microprocessor Cooling 
[bookmark: _Toc227072724]4.1 Heat Transfer Challenges 
Microprocessors operate under high heat flux densities due to continued miniaturisation and increasing computational demand (Li, et al., 2025), producing steep gradients and localised hotspots, particularly at microscale where reduced lengths increase thermal resistance.
Insufficient heat dissipation degrades reliability and performance. Elevated temperatures reduce electrical efficiency, accelerate material degradation, and shorten lifespan (Shi, et al., 2025).
Thermal management must therefore prioritise uniform temperature control rather than simple heat removal. This has driven micro-scale strategies such as micro-fin heat sinks and microchannels, which enhance convection within limited volumes. Effective design therefore balances heat transfer, spatial constraints, and reliability.
[bookmark: _Toc227072725]4.2 Cooling Technologies 
Microprocessor cooling uses heat sinks with active and passive methods. Plate and pin fins are common, each with distinct characteristics. Plate fins provide high surface area and perform well under directed airflow but degrade under non-uniform flow due to boundary layer development (Pandley, et al., 2025). Pin fins promote more uniform airflow and turbulence, enhancing heat transfer in multidirectional flow, but with higher pressure drop (Sarosi, et al., 2024).
Forced convection, typically via fans, increases the convective heat transfer coefficient by maintaining airflow across fin surfaces (Kirchhofer, et al., 2025), improving performance but adding energy consumption, noise, and reliability concerns.
Heat pipes and vapour chambers enhance cooling by transporting heat via phase change, achieving high effective thermal conductivity (Zhao, et al., 2025). Their performance depends on orientation, complexity, and cost, requiring careful integration.
[bookmark: _Toc227072726]4.3 Critical Comparison 
Microscale fins differ from automotive applications due to scale-dependent flow and thermal behaviour (Zhan, et al., 2023). Boundary layers develop rapidly and dominate heat transfer, so fin spacing and geometry directly control performance. Laminar flow is more prevalent, limiting mixing and requiring designs that enhance local turbulence without excessive pressure loss (Li, et al., 2023).
Material constraints are also tighter, as high-conductivity materials must be balanced against weight, cost, and manufacturability (Yang, et al., 2026). Consequently, fin geometry is strongly coupled to performance, where small geometric changes significantly affect thermal resistance, flow behaviour, and cooling effectiveness in compact systems. This sensitivity has driven optimisation techniques and additive manufacturing, enabling geometries beyond conventional fabrication limits (Careri, et al., 2023).

[bookmark: _Toc227072727]5. Recent Advances in Extended Surface Design 
[bookmark: _Toc227072728]5.1 Advanced Geometries 
Advanced fin geometries address limitations of conventional designs by increasing surface area and enhancing flow interaction within constrained volumes (Kamkari, et al., 2026). Fractal fins increase surface area and improve heat distribution but introduce manufacturing complexity (Li, et al., 2026).
Porous fins enhance heat transfer by allowing fluid permeation through the structure, increasing solid–fluid contact area and promoting mixing (Abdollahzadehsangroudi, et al., 2024). While this significantly improves convective performance, it also increases pressure drop, requiring greater pumping power and reducing overall system efficiency.
Lattice structures, enabled by additive manufacturing, provide a balance between structural integrity and thermal performance (Aider & Singh, 2025) . Their interconnected geometries promote turbulence and heat spreading while maintaining low weight. However, performance is highly dependent on geometric precision, as excessive complexity can lead to flow blockage or manufacturing defects (Ráž, et al., 2024).
[bookmark: _Toc227072729]5.2 Manufacturing Advances 
AM has enabled a step change in fin design by allowing complex geometries unattainable with conventional methods (Zhang, et al., 2025). Unlike casting or machining, AM produces intricate internal structures, including lattice networks and integrated cooling channels, without assembly. This enables geometry to be tailored to thermal and flow requirements, increasing surface area and promoting controlled fluid interaction.
A key advantage is the integration of internal cooling paths, improving heat removal from otherwise inaccessible regions and reducing thermal resistance, leading to more uniform temperature distribution (Wilson, et al., 2024).
These benefits introduce trade-offs. AM surface roughness increases pressure losses, and material properties may differ from wrought forms, affecting thermal conductivity and structural reliability (Alabdaly, 2025). Higher cost and production time also limit adoption, requiring optimisation against economic and practical constraints. Geometric complexity alone does not guarantee improved system-level efficiency.
[bookmark: _Toc227072730]5.3 Performance Evaluation 
Advanced fin designs improve thermal performance by enhancing fluid interaction (Aider & Singh, 2025). Geometries such as lattices and porous structures promote turbulence and disrupt boundary layers, increasing convective heat transfer and enabling higher heat fluxes within compact volumes (Alabdaly, 2025).
These benefits introduce limitations. Increased complexity raises manufacturing cost and challenges repeatability and quality control, particularly in additive manufacturing (Aider & Singh, 2025). Fine structures are also more susceptible to fouling and blockage, degrading performance and increasing maintenance. Enhanced turbulence also increases pressure drop, reducing overall efficiency (Qu, et al., 2025).
Future development will focus on multi-objective optimisation, integrating computational design with advanced manufacturing to balance thermal performance, energy use, cost, and long-term reliability.



[bookmark: _Toc227072731]TASK B – Fin Optimisation via  Analysis 

[bookmark: _Toc227072732]6. Computational Analysis of Fin Performance 
[bookmark: _Toc227072733]6.1 Methodology 
The analysis was conducted in Microsoft Excel to evaluate fin performance as a function of the dimensionless parameter , which defines the balance between conductive heat transfer along the fin and convective losses to the surrounding fluid.
Values of  were varied from 0 to 4 in increments of 0.1, capturing behaviour from short fins to conditions approaching thermally infinite length, including the region of diminishing returns.
The heat transfer ratio for a finite fin with an adiabatic tip relative to an infinitely long fin was calculated using:

This expression is derived under the assumptions of steady-state, one-dimensional heat conduction, constant material properties, uniform convective heat transfer coefficient, and negligible radiation. These assumptions enable direct comparison of fin performance, although they limit applicability to real systems with variable conditions.
[bookmark: _Toc227072734]6.2 Results 

[bookmark: _Ref227001884][bookmark: _Ref227001880][bookmark: _Toc227072422]Figure 1: Variation of heat transfer ratio  with fin parameter mL for an adiabatic tip condition
Figure 1 shows the variation of heat transfer ratio with . At low values , the ratio remains close to unity, indicating short fins transfer heat nearly as effectively as an infinitely long fin due to minimal temperature decay.
As  increases, the ratio decreases rapidly:  at  and  at  with minimal change beyond . This demonstrates most heat transfer occurs at relatively short fin lengths.
The curve exhibits clear asymptotic behaviour, indicating that extending the fin beyond  provides diminishing returns relative to additional material usage and geometric extension.
[bookmark: _Toc227072735]6.3 Critical Interpretation 
The observed behaviour arises from the exponential decay of temperature along the fin. As distance from the base increases, convective losses reduce the local temperature, diminishing the temperature gradient that drives conduction. Consequently, each incremental increase in length contributes less to overall heat transfer.
The commonly cited optimum condition of  corresponds to a point where additional fin length yields minimal improvement in thermal performance. At this condition, the fin achieves approximately 90–95% of the maximum practical heat transfer, indicating that further extension is inefficient in terms of material utilisation and weight.
However, this optimum is not universal and depends on system parameters. In practice:
· increasing the convective coefficient  increases , reducing the required optimal length 
· lower thermal conductivity  accelerates temperature decay, also reducing optimal length 
· deviations from one-dimensional behaviour or uniform geometry can shift the optimal condition 
Additionally, the assumption of an adiabatic tip neglects heat loss at the fin end, which may become significant in short or highly conductive fins. As a result, the  criterion should be interpreted as a design guideline rather than a strict limit.
Optimal fin design must consider balancing thermal performance against material usage, space constraints, and system efficiency. In many applications, selecting a shorter fin with slightly reduced performance is preferable if it offers substantial reductions in weight, cost, or manufacturing complexity (MIT, 2002). 



[bookmark: _Toc227072736]TASK C – Applied Fin Analysis 

[bookmark: _Toc227072737]7. Temperature Distribution in Saucepan Handles 
[bookmark: _Toc227072738]7.1 Model Setup 
The saucepan handle was modelled as a straight rectangular fin of length , width , and thickness . One-dimensional heat transfer was assumed along the fin length, with the base at 100°C. All surfaces were exposed to ambient air at  with a convective heat transfer coefficient of , and the tip was assumed adiabatic. This enabled evaluation of temperature distribution and heat loss for each material.
[bookmark: _Toc227072739]7.2 Results 

[bookmark: _Toc227072423]Figure 2: Temperature distribution along a 200 mm saucepan handle for different materials under convective cooling conditions
Figure 2 shows the temperature distribution along the handle for each material. All materials exhibit a decrease in temperature from the base  toward the tip. Copper maintains the highest temperature along the length, while stainless steel shows the lowest temperatures, with aluminium and brass exhibiting intermediate behaviour.
[bookmark: _Toc227072740]8. Heat Loss Analysis 
Heat transfer for each material was calculated using the standard fin equation. Copper shows the highest heat loss due to high thermal conductivity, while stainless steel shows the lowest due to restricted conduction; aluminium and brass are intermediate.
Higher conductivity increases heat transfer but raises tip temperature, reinforcing that maximising heat transfer is not always desirable. Material selection must therefore balance thermal performance with safety and usability.

[bookmark: _Toc227072741]9. Safety Assessment 
Calculated tip temperatures were compared with safe handling limits of (Springborg, et al., 2021; ASTM, 2020). Copper and aluminium exceed safe limits due to high conductivity, posing a burn risk. Brass approaches the threshold, while stainless steel remains within or closer to safe limits due to reduced conduction.
Lower conductivity materials therefore improve user safety despite reduced thermal efficiency, confirming that optimal design is application-dependent rather than performance-maximising.

[bookmark: _Toc227072742]10. Optimum Fin Length Analysis 
[bookmark: _Toc227072743]10.1 Recalculate lengths using mL ≈ 2.65
[image: ]
[bookmark: _Toc227072433]Table 2: Calculated optimal fin lengths for each material based on the condition mL ≈ 2.65
The optimum fin length for each material was determined using the condition mL ≈ 2.65 (MIT, 2002). Rearranging gives:

where  is the fin parameter dependent on material properties and convective conditions. Using the calculated values of , the corresponding optimal lengths were obtained for each material.
Table 3 shows the calculated optimal fin lengths for each material. Materials with higher thermal conductivity exhibit lower values of , and therefore require longer fin lengths to satisfy the optimum condition. Conversely, lower conductivity materials reach optimal performance at shorter lengths.
The results show that copper yields the longest optimal handle, followed by aluminium and brass, while stainless steel produces the shortest, demonstrating that optimal fin geometry is strongly dependent on material properties.
[bookmark: _Toc227072744]10.2 Compare heat loss
[image: ]
[bookmark: _Toc227072434]Table 3: Comparison of heat loss for the original 200 mm handle and optimised fin lengths, highlighting the effect of fin optimisation based on mL ≈ 2.65
Table 3 shows that optimisation produces only minor changes in heat loss for most materials. However, for high-conductivity materials, the optimal length exceeds , leading to increased heat transfer and demonstrating that optimal fin length is material dependent.
[bookmark: _Toc227072745]10.3 Engineering judgement
Engineering judgement balances thermal performance with usability and safety rather than maximising heat transfer. High-conductivity materials such as copper and aluminium increase heat transfer but produce high tip temperatures; for example, copper reaches  compared to  for stainless steel.
Such temperatures exceed safe handling limits, posing a burn risk. Brass shows moderate performance but remains near the upper safety threshold. Stainless steel limits conduction, maintaining lower temperatures with only a modest reduction in heat transfer.
Optimal design is therefore application-dependent. For a saucepan handle, minimising heat transfer ensures safe handling, favouring lower conductivity materials despite reduced efficiency.

[bookmark: _Toc227072746]11. Temperature Distribution for Optimised Lengths 

[bookmark: _Ref227001804][bookmark: _Toc227072424]Figure 3: Temperature distribution along optimised saucepan handle lengths for different materials based on mL ≈ 2.65
Temperature distributions were recalculated using lengths based on . Materials with shorter optimal lengths (brass, stainless steel) show steeper decay and lower tip temperatures, while higher-conductivity materials (copper, aluminium) require longer lengths, producing more gradual decay and higher temperatures.
Despite these differences, overall behaviour is similar as heat transfer plateaus beyond the optimum. The optimised designs therefore maintain comparable performance while reflecting material-dependent geometry.

[bookmark: _Toc227072747]12. Design Recommendations 
The optimal design uses stainless steel at . Although copper and aluminium provide higher thermal performance, their conductivity produces unsafe tip temperatures. Stainless steel maintains lower temperatures, ensuring safe operation.
The reduced optimal length minimises material use with negligible performance loss beyond the optimum, providing a balanced solution that prioritises safety and usability while maintaining adequate thermal performance.

[bookmark: _Toc227072748]13. Conclusion 
This report examined extended surfaces, showing fin performance is governed by coupled conduction and convection. Task A demonstrated the transition from simple automotive fins to optimised modern and microscale designs driven by performance and spatial constraints. Task B confirmed diminishing returns, with an optimum at . Task C showed material selection governs temperature distribution and usability, where high conductivity improves heat transfer but increases safety risk.
Overall, fin design requires balancing thermal performance, material use, safety, and practicality through optimisation.
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A. [bookmark: _Ref227001839][bookmark: _Ref227001935][bookmark: _Ref227001938][bookmark: _Toc227072751] Graphical Data for Figure 1
The calculated values of  and corresponding heat transfer ratios used to generate the plot in Figure 1.
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	mL
	

	0.0
	1.0000

	0.1
	0.9967

	0.2
	0.9869

	0.3
	0.9710

	0.4
	0.9499

	0.5
	0.9242

	0.6
	0.8951

	0.7
	0.8634

	0.8
	0.8300

	0.9
	0.7959

	1.0
	0.7616

	1.1
	0.7277

	1.2
	0.6947

	1.3
	0.6629

	1.4
	0.6324

	1.5
	0.6034

	1.6
	0.5760

	1.7
	0.5502

	1.8
	0.5260

	1.9
	0.5033

	2.0
	0.4820

	2.1
	0.4621

	2.2
	0.4435

	2.3
	0.4261

	2.4
	0.4099

	2.5
	0.3946

	2.6
	0.3804

	2.7
	0.3670

	2.8
	0.3545

	2.9
	0.3427

	3.0
	0.3317

	3.1
	0.3213

	3.2
	0.3115

	3.3
	0.3022

	3.4
	0.2935

	3.5
	0.2852

	3.6
	0.2774

	3.7
	0.2699

	3.8
	0.2629

	3.9
	0.2562

	4.0
	0.2498



[bookmark: _Toc227072435]Table 4 Calculated Values of mL and corresponding heat transfer ratios used to generate Figure 1



B. [bookmark: _Toc227072752]Graphical Data for Figure 2
The temperature distribution data used to generate Figure 2 are provided in the appendix for reference.
	x (m)
	Copper 
	Aluminium 
	Brass 
	Steel 

	0.00
	100.000
	100.000
	100.000
	100.000

	0.01
	98.767
	97.879
	96.285
	89.004

	0.02
	97.604
	95.888
	92.832
	79.574

	0.03
	96.510
	94.023
	89.630
	71.490

	0.04
	95.483
	92.280
	86.667
	64.563

	0.05
	94.524
	90.658
	83.933
	58.631

	0.06
	93.630
	89.153
	81.418
	53.556

	0.07
	92.801
	87.763
	79.113
	49.218

	0.08
	92.037
	86.485
	77.010
	45.517

	0.09
	91.336
	85.317
	75.101
	42.366

	0.10
	90.699
	84.257
	73.381
	39.690

	0.11
	90.123
	83.304
	71.842
	37.428

	0.12
	89.610
	82.455
	70.479
	35.527

	0.13
	89.159
	81.710
	69.288
	33.942

	0.14
	88.768
	81.066
	68.264
	32.637

	0.15
	88.438
	80.523
	67.403
	31.580

	0.16
	88.168
	80.081
	66.703
	30.747

	0.17
	87.959
	79.737
	66.161
	30.118

	0.18
	87.809
	79.492
	65.776
	29.679

	0.19
	87.720
	79.345
	65.545
	29.420

	0.20
	87.690
	79.296
	65.468
	29.334


[bookmark: _Toc227072436]Table 5: Temperature distribution data along a 200 mm saucepan handle for different materials used to generate Figure 2


C. [bookmark: _Toc227072753]Graphical Data for Figure 3 
The temperature distribution data used to generate Figure 3, corresponding to the optimised handle lengths based on mL ≈ 2.65. 
	x_opt
	copper 
	Aluminium 
	Brass
	Steel

	0
	100
	100
	100
	100

	0.01
	97.683
	96.843
	95.497
	88.951

	0.02
	95.435
	93.813
	91.255
	79.467

	0.03
	93.254
	90.906
	87.257
	71.326

	0.04
	91.138
	88.117
	83.490
	64.339

	0.05
	89.085
	85.441
	79.940
	58.341

	0.06
	87.092
	82.873
	76.596
	53.193

	0.07
	85.159
	80.409
	73.444
	48.774

	0.08
	83.283
	78.045
	70.475
	44.981

	0.09
	81.463
	75.776
	67.676
	41.726

	0.1
	79.697
	73.599
	65.040
	38.932

	0.11
	77.983
	71.511
	62.555
	36.533

	0.12
	76.320
	69.507
	60.214
	34.474

	0.13
	74.707
	67.584
	58.008
	32.707

	0.14
	73.141
	65.739
	55.930
	31.191

	0.15
	71.622
	63.968
	53.971
	29.889

	0.16
	70.149
	62.269
	52.125
	28.771

	0.17
	68.718
	60.639
	50.386
	27.812

	0.18
	67.331
	59.075
	48.748
	

	0.19
	65.985
	57.575
	47.204
	

	0.2
	64.678
	56.135
	45.749
	

	0.21
	63.411
	54.753
	44.378
	

	0.22
	62.181
	53.427
	43.086
	

	0.23
	60.987
	52.155
	41.869
	

	0.24
	59.829
	50.935
	40.722
	

	0.25
	58.706
	49.763
	39.641
	

	0.26
	57.615
	48.640
	38.623
	

	0.27
	56.558
	47.561
	37.663
	

	0.28
	55.531
	46.527
	36.759
	

	0.29
	54.535
	45.534
	35.907
	

	0.3
	53.569
	44.581
	35.104
	

	0.31
	52.631
	43.667
	34.348
	

	0.32
	51.722
	42.790
	33.635
	

	0.33
	50.839
	41.949
	32.963
	

	0.34
	49.982
	41.141
	32.331
	

	0.35
	49.151
	40.366
	31.734
	

	0.36
	48.345
	39.623
	31.172
	

	0.37
	47.562
	38.910
	30.643
	

	0.38
	46.803
	38.225
	30.144
	

	0.39
	46.066
	37.568
	29.674
	

	0.4
	45.352
	36.938
	29.231
	

	0.41
	44.658
	36.334
	28.813
	

	0.42
	43.985
	35.753
	28.420
	

	0.43
	43.332
	35.197
	28.050
	

	0.44
	42.698
	34.662
	27.700
	

	0.45
	42.084
	34.150
	
	

	0.46
	41.487
	33.658
	
	

	0.47
	40.908
	33.186
	
	

	0.48
	40.347
	32.733
	
	

	0.49
	39.802
	32.299
	
	

	0.5
	39.273
	31.882
	
	

	0.51
	38.760
	31.482
	
	

	0.52
	38.262
	31.098
	
	

	0.53
	37.779
	30.730
	
	

	0.54
	37.311
	30.377
	
	

	0.55
	36.856
	30.038
	
	

	0.56
	36.415
	29.712
	
	

	0.57
	35.987
	29.400
	
	

	0.58
	35.571
	29.101
	
	

	0.59
	35.168
	28.813
	
	

	0.6
	34.777
	28.537
	
	

	0.61
	34.397
	28.273
	
	

	0.62
	34.029
	28.019
	
	

	0.63
	33.672
	27.775
	
	

	0.64
	33.325
	27.541
	
	

	0.65
	32.989
	
	
	

	0.66
	32.663
	
	
	

	0.67
	32.346
	
	
	

	0.68
	32.039
	
	
	

	0.69
	31.740
	
	
	

	0.7
	31.451
	
	
	

	0.71
	31.170
	
	
	

	0.72
	30.898
	
	
	

	0.73
	30.634
	
	
	

	0.74
	30.377
	
	
	

	0.75
	30.128
	
	
	

	0.76
	29.887
	
	
	

	0.77
	29.653
	
	
	

	0.78
	29.426
	
	
	

	0.79
	29.205
	
	
	

	0.8
	28.991
	
	
	

	0.81
	28.783
	
	
	

	0.82
	28.582
	
	
	

	0.83
	28.386
	
	
	

	0.84
	28.197
	
	
	

	0.85
	28.013
	
	
	

	0.86
	27.834
	
	
	

	0.87
	27.661
	
	
	

	0.88
	27.493
	
	
	



[bookmark: _Toc227072437]Table 6: Temperature distribution data for optimised saucepan handle lengths used to generate Figure 3 (mL ≈ 2.65)
Heat Transfer Ratio vs Fin Parameter (mL)

q_fin / q_inf	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	1	0.99667994624955825	0.98687660112452014	0.97104204150530327	0.94987240563806219	0.92423431452001958	0.8950826116633922	0.86338253873880522	0.83004596283481125	0.79588652244336044	0.76159415595576496	0.7277263834187544	0.6947121725101294	0.66286396870254338	0.63239403443018749	0.60343216909657749	0.57604284650404436	0.55024062976652877	0.52600334047014885	0.50328287269880978	0.4820137900379084	0.4621199698159304	0.44351960455975059	0.4261288679418222	0.40986452403903334	0.39464571926057201	0.38039515469273039	0.36703979765856204	0.3545112572146884	0.34274591977606295	0.33168491789557669	0.32127398684577413	0.31146324932489083	0.30220695760580052	0.29346321409831733	0.28519368503177089	0.27736331731453506	0.26994006521111641	0.26289463099627375	0.25620022196667375	0.24983232493476662	Optimum mL	mL ≈ 2.65 (optimum fin length)


2.65	2.65	0	1.1000000000000001	mL


q_fin / q_inf



Temperature Distribution Along Saucepan Handle for Different Materials

Copper (k = 385 W/m·K)	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	100	98.767187903362128	97.604169446520316	96.509887259868194	95.483346466051856	94.523613775467268	93.629816637750977	92.801142448492371	92.036837810446443	91.336207848575327	90.698615578295829	90.123481326358643	89.610282203832881	89.158551630716318	88.767878911739714	88.437908862979185	88.168341488937202	87.958931709798861	87.809489138615035	87.71987790821035	87.690016547658146	Aluminium (k = 205 W/m·K)	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	100	97.879097782950907	95.887763677957352	94.022597362559068	92.280413953366349	90.658238567680556	89.153301243703368	87.763032210660995	86.48505750076616	85.31719489552583	84.257450199472231	83.304013834954304	82.45525775217537	81.709732649200475	81.066165497186319	80.523457366608113	80.080681550771502	79.73708198340529	79.492071947632951	79.345233074118283	79.296314626674729	Brass (k = 99 W/m·K)	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	100	96.284784971966744	92.832270302314853	89.630246534674797	86.667390047505194	83.933223009291765	81.418076324794015	79.113055441303075	77.010008893988058	75.101499479094798	73.380777953054007	71.841759164488636	70.479000534713663	69.287682810626762	68.263593021924805	67.403109582375691	66.703189482458242	66.161357528077758	65.775697587301551	65.544845814159117	65.467985825543721	Steel (k = 15 W/m·K)	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	100	89.003682360129005	79.573826322628349	71.489973744328594	64.563134345634893	58.631367356105443	53.555995543444723	49.218363114683733	45.517061693364454	42.365559519573551	39.690178446511631	37.428371438328703	35.527260299297446	33.942399448276134	32.636736837067161	31.579747720252552	30.746721025137624	30.118181638031849	29.679435100648792	29.420224072200984	29.334488525706735	Position along handle, x (m)


Temperature (°C)




Temperature Distribution Along Optimised Handle Lengths for Different Materials

Copper (k = 385 W/m·K)	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	0.61000000000000032	0.62000000000000033	0.63000000000000034	0.64000000000000035	0.65000000000000036	0.66000000000000036	0.67000000000000037	0.68000000000000038	0.69000000000000039	0.7000000000000004	0.71000000000000041	0.72000000000000042	0.73000000000000043	0.74000000000000044	0.75000000000000044	0.76000000000000045	0.77000000000000046	0.78000000000000047	0.79000000000000048	0.80000000000000049	0.8100000000000005	0.82000000000000051	0.83000000000000052	0.84000000000000052	0.85000000000000053	0.86000000000000054	0.87000000000000055	0.88000000000000056	100	97.683312455728753	95.435433135288193	93.254318357206188	91.137985139646844	89.084509397564574	87.0920241934015	85.158718039744826	83.282833252393601	81.462664352344149	79.696556515236651	77.982904066855482	76.320149023314741	74.706779674602018	73.141329210192424	71.622374385483511	70.148534227838383	68.718468781061176	67.330877887162202	65.98450000430762	64.678111059875036	63.410523337577224	62.180584397637006	60.987176029036505	59.829213232883653	58.705643235975543	57.615444533659065	56.557625961119996	55.53122579225586	54.535310865313193	53.568975734494416	52.63134184676295	51.721556743098098	50.838793283473677	49.982248894855296	49.151144841533771	48.34472551712922	47.562257757624899	46.803030174803226	46.066352509480851	45.351555003952299	44.657987793073573	43.985020313430567	43.332040730056434	42.698455380175652	42.0836882334699	41.487180368374212	40.908389463928245	40.346789306719586	39.801869312471993	39.273134061842377	38.760102850005737	38.262309249617502	37.779300686756585	37.310638029463433	36.855895188498891	36.414658729960891	35.98652749940711	35.571112257141451	35.168035324332962	34.776930239645367	34.397441426065249	34.029223867625703	33.671942795731709	33.325273384801903	32.988900456950333	32.662518195439326	32.345829866643292	32.038547550270337	31.740391877596757	31.451091777476307	31.170384229893124	30.898014026834502	30.633733540266093	30.377302496998404	30.128487760240152	29.88706311763956	29.652809075621253	29.425512659831547	29.204967221510671	28.990972249616078	28.783333188525823	28.581861261156444	28.386373297334462	28.196691567265347	28.012643619948783	27.834062126393189	27.660784727486863	27.492653886387632	Aluminium (k = 205 W/m·K)	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	0.61000000000000032	0.62000000000000033	0.63000000000000034	0.64000000000000035	0.65000000000000036	0.66000000000000036	0.67000000000000037	0.68000000000000038	0.69000000000000039	0.7000000000000004	0.71000000000000041	0.72000000000000042	0.73000000000000043	0.74000000000000044	0.75000000000000044	0.76000000000000045	0.77000000000000046	0.78000000000000047	0.79000000000000048	0.80000000000000049	0.8100000000000005	0.82000000000000051	0.83000000000000052	0.84000000000000052	0.85000000000000053	0.86000000000000054	0.87000000000000055	0.88000000000000056	100	96.842741570880776	93.813281613405721	90.906447142935505	88.117274565208703	85.441001200703653	82.873057152079269	80.409057500801396	78.044794819630681	75.776231988187732	73.599495299329078	71.510867844558334	69.506783167183301	67.583819172376536	65.738692283742651	63.968251836415753	62.269474697108933	60.639460101933807	59.075424703171677	57.574697816539981	56.134716860839369	54.753022982192164	53.427256855401531	52.155154655262947	50.934544190945914	49.763341196848664	48.639545773588807	47.561238973055829	46.526579521691517	45.533800676405306	44.581207207754112	43.66717250523655	42.790135799757813	41.948599498522988	41.141126627807118	40.366338379236836	39.622911755391954	38.909577310708173	38.225116983822559	37.568362017660789	36.938190963714156	36.333527767099064	35.753339929128707	35.196636744259735	34.662467608402849	34.149920395709557	33.658119901062399	33.186226345609725	32.733433942792935	32.298969522417636	31.882091210419048	31.482087162067543	31.098274346451166	30.729997380159297	30.376627408176077	30.037561030072865	29.712219269665795	29.400046586379105	29.100509926626369	28.813097813589451	28.537319473841226	28.272703999320427	28.018799543227914	27.775172548471165	27.541407007339494	Brass (k = 99 W/m·K)	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	0.61000000000000032	0.62000000000000033	0.63000000000000034	0.64000000000000035	0.65000000000000036	0.66000000000000036	0.67000000000000037	0.68000000000000038	0.69000000000000039	0.7000000000000004	0.71000000000000041	0.72000000000000042	0.73000000000000043	0.74000000000000044	0.75000000000000044	0.76000000000000045	0.77000000000000046	0.78000000000000047	0.79000000000000048	0.80000000000000049	0.8100000000000005	0.82000000000000051	0.83000000000000052	0.84000000000000052	0.85000000000000053	0.86000000000000054	0.87000000000000055	0.88000000000000056	100	95.497396784127787	91.254709410814314	87.256934060718606	83.489933020208525	79.940384684816749	76.595736448781764	73.444160314073741	70.474511061919628	67.67628683890382	65.039592018263434	62.555102205041848	60.214031261343528	58.008100235077279	55.929508082309226	53.9709040796889	52.125361829386769	50.386354764613543	48.747733069100235	47.203701928917724	45.748801039724853	44.377885296973901	43.086106600787048	41.868896711159621	40.721951092858205	39.641213692882488	38.622862596658621	37.663296512239057	36.759122034711169	35.907141645776022	35.10434240605985	34.347885300169814	33.635095196813843	32.963451388478468	32.33057867721152	31.734238974982816	31.172323388920937	30.642844763434013	30.143930652842698	29.67381669967175	29.230840395185133	28.813435200097661	28.420125004673341	28.04951890861761	27.700306302304515	Steel (k = 15 W/m·K)	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	0.61000000000000032	0.62000000000000033	0.63000000000000034	0.64000000000000035	0.65000000000000036	0.66000000000000036	0.67000000000000037	0.68000000000000038	0.69000000000000039	0.7000000000000004	0.71000000000000041	0.72000000000000042	0.73000000000000043	0.74000000000000044	0.75000000000000044	0.76000000000000045	0.77000000000000046	0.78000000000000047	0.79000000000000048	0.80000000000000049	0.8100000000000005	0.82000000000000051	0.83000000000000052	0.84000000000000052	0.85000000000000053	0.86000000000000054	0.87000000000000055	0.88000000000000056	100	88.950684994878571	79.466592580557148	71.325996635768036	64.338580292560849	58.340986567917106	53.192999283483736	48.774264988128103	44.981479246020136	41.725971509187048	38.931632111917068	36.53313292274526	34.474400055120725	32.707302930646918	31.190529046852333	29.888618142975542	28.771133183785121	27.811948780076495	Position along handle, x (m)
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mL ratio h(w/m’K) | Air velocity (m/s) h (w/m’ K)
1.50 173 0.00 162
1.82 180 020 175
2.00 199 028 182
221 205 037 194
265 194 057 185
288 176 0.67 177
313 170
350 167
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MATERIAL M OPTIMALLENGTH (M)  OPTIMAL LENGTH (MM)

COPPER 3015 0879 878.906
ALUMINIUM | 4.132 0641 641.341
BRASS 5.946 0.446 445,686

STEEL 15275 0173 173.483
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MATERIAL  HEATLOSS (200 MM)  HEATLOSS (OPTIMISED)  CHANGE (%)
COPPER 7323 13582 85.461
ALUMINIUM 6725 9911 85.461
BRASS 5719 6.887 47.376
STEEL 2669 2681 20.435
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