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Task A
The application of fins as extended surfaces to enhance heat transfer has been fundamental to automotive thermal management since the early development of internal combustion engines (Motor Equipment News, 2020). In heat transfer engineering, fins are used to increase the rate of heat dissipation from a surface by expanding the available surface area, thereby promoting more effective convective heat transfer (Massachusetts Institute of Technology, 2007).
Emergence of the Automotive Industry and the Introduction of Heat Transfer Applications (Early 1900s)
Fins have been incorporated as heat transfer surfaces in automotive engineering since the earliest stages of the industry, primarily to regulate the thermal loads generated by internal combustion engines. A significant milestone occurred when Wilhelm Maybach patented one of the first closed-circuit water-cooling systems incorporating a radiator in September 1900 (Motor Equipment News, 2020; Autoradiators, n.d.). Subsequently, early vehicle manufacturers continued to refine thermal management strategies; for example, the British company Morgan introduced the Morgan Runabout in 1910, which employed finned heat sinks surrounding its twin-cylinder engine to enhance heat dissipation from the cylinder heads (Mooney, 2024). This design relied on convective heat transfer, allowing ambient air to remove heat directly from the engine surfaces and thereby improving cooling efficiency.

Figure 1 - Morgan Runabout at the Olympia Show, November 1910 (Mooney, 2024)
The design philosophy of the finned systems developed by both Maybach and Morgan was based on the fundamental principle of increasing the surface area available for heat transfer; however, each applied this concept through distinct cooling strategies. Morgan employed direct air cooling, whereby fins surrounding the cylinder facilitated convective heat transfer from the engine surfaces directly to the ambient air. In contrast, Maybach utilised an indirect cooling approach, in which air passed over finned radiator surfaces to remove heat from circulating coolant water, which was then recirculated throughout the engine to regulate operating temperature. These two configurations—air-cooled and liquid-cooled systems—represent the primary cooling methods employed in automotive engineering, both of which rely on finned surfaces to improve convective heat transfer. (Demon Tweeks, 2019).
Refinement of Design (Mid – Late 20th Century)
As the twentieth century progressed and manufacturers began producing higher-power, more efficient engines, it became increasingly evident that water-cooled systems provided superior thermal regulation compared with conventional air-cooled designs as shown in figure 2.

Figure 2 - Thermal imaging of water cooled vs air cooled generator (Mitsubishi Heavy Industries, 2026)
Although some vehicles achieved notable success with air-cooled engines, such as early Porsche 911 models (Dick Lovett, 2020) and the original Volkswagen Beetle (Uttarakhand, 2023), these applications remained relatively limited in comparison with the widespread adoption of liquid-cooled systems. For example, companies such as Chrysler attempted to develop an air-cooled flat-six engine during the 1930s; however, persistent cooling efficiency challenges ultimately led to the adoption of water-cooled configurations (Holley, 2025).
Concurrent advances in thermodynamics and manufacturing techniques towards the late 20th century enabled the development of more sophisticated fin geometries. Engineers began to optimise fin spacing, thickness, and orientation and employing louvered designs to enhance heat transfer performance and improve overall cooling efficiency (Holley, 2025). During this period, new materials such as aluminium and plastics were gradually introduced into radiator construction. Although these materials possess lower thermal conductivity than traditional copper and brass, their use resulted in lighter, more durable, and more cost-effective cooling systems (FTH Industries, 2025).
Furthermore, mechanical water pumps and engine-driven fans became standard components within automotive cooling systems, as illustrated in Figure 2, enabling increased airflow through fin arrays and supporting the development of more compact and efficient radiator designs.

Figure 3 - Typical gasoline engine cooling system (Britannica, 2026)
Modern Day Design
The advancement of computer technologies has significantly influenced the design and optimisation of automotive cooling systems, particularly through the development of computational tools such as Computational Fluid Dynamics (CFD). These tools enable engineers to simulate and analyse thermal and fluid flow behaviour under a wide range of operating conditions without the need for physical prototypes. Parameters such as airflow velocity, temperature gradients, turbulence characteristics, and material properties can be systematically evaluated within a virtual environment, allowing designers to predict heat transfer performance with a high degree of accuracy as illustrated in Figures 4 and 5.

Figure 4 - CFD analysis of air passing through radiator with temperature and velocity gradients (Araiz, 2021).

Figure 5 - CFD analysis of water travelling through radiator with temperature and velocity gradients (Araiz, 2021).
Consequently, radiator geometries, fin configurations, and material selections can be optimised to meet specific performance requirements prior to manufacturing, reducing development time and cost while improving thermal efficiency and reliability. This approach also supports iterative design processes, where multiple design variations can be assessed rapidly to identify the most effective configuration. The application of CFD in radiator development therefore enables manufacturers to maximise cooling efficiency and ensure system performance before production.
Modern Day Manufacturing 
Modern manufacturing processes have advanced significantly in recent decades, enabling the production of automotive radiators with greater precision, efficiency, and performance. Radiator components are now commonly fabricated using computer numerical control (CNC) machining and automated production systems (Abreu, 2026), which allow for consistent dimensional accuracy and high-quality surface finishes. In addition, bespoke or performance-oriented radiator units can be produced using additive manufacturing techniques, enabling the creation of asymmetrical and highly complex geometries that would be difficult or impossible to achieve through traditional manufacturing methods.
These technologies allow for the incorporation of tightly spaced fin structures and optimised internal flow channels, improving heat transfer efficiency while maintaining structural integrity. As a result, modern manufacturing methods support the development of compact, lightweight, and high-performance radiator systems tailored to specific operating requirements, ultimately enhancing thermal management and overall vehicle performance, as illustrated in Figure 6.

Figure 6 - PWR Tube and Fin Heat Exchanger (PWR Corporate, 2024).
Furthermore, advancements in manufacturing technologies have enabled the production of microtube radiators, also referred to as micro-matrix heat exchangers. These systems incorporate hundreds of small-diameter tubes arranged within a compact matrix configuration, often reducing or eliminating the need for traditional fin structures. The design typically utilises hollow tubes with diameters ranging from approximately 0.3 mm to 1 mm, positioned in a closely spaced grid pattern that allows airflow to pass between the channels. This configuration provides a substantially increased surface area relative to conventional designs, making microtube radiators particularly effective for maximising heat transfer efficiency and improving overall thermal performance (PWR Corporate, 2024; B Sport, 2020).

Figure 7 - Microtube Radiator (Kelly, 2020)
Microprocessors and Extended Surfaces
Extended surfaces (fins) are widely incorporated into the design and operation of microprocessors to enhance heat dissipation from high-power electronic components (Trick, 2022). As microprocessor performance has increased, heat generation has risen significantly, making efficient thermal management vital for maintaining reliability, preventing overheating, and sustaining processing speed. Extended surfaces increase the effective surface area available for heat transfer, thereby enhancing convection to the surrounding air or liquid. An example of a basic heat sink is shown in Figure 8; however, for high-power processors, additional cooling methods are often required. These systems frequently incorporate forced convection using fans or liquid cooling systems to maintain safe operating temperatures during periods of high computational demand, as illustrated in Figure 9.


Figure 9 - My home computer using a large heat sink directly attached to the processor, along with intake and exhaust fans to promote airflow.
Microprocessors have increasingly benefited from the integration of CNC machining, machine learning, and additive manufacturing in collaborative design processes, enabling the production of highly complex and optimised thermal management components (3D Printing Industry, 2019). One example of this is the use of additive manufacturing to produce triply periodic minimal surface (TPMS) structures, as illustrated in Figure 10. These advanced geometries offer exceptionally high surface-area-to-volume ratios, which significantly enhance heat transfer performance compared with conventional fin designs while maintaining structural strength. Such intricate shapes are generally not feasible to manufacture using traditional CNC methods; however, laser sintering and other additive manufacturing techniques allow the creation of a wide range of complex geometries that were previously impractical to produce.

Figure 10 - Gyroid TPMS structure with a water inlet velocity of 0.2 m/s and a heat flux of 1 kW/m² applied from the bottom surface.
In summary, extended surfaces are essential for managing heat in modern microprocessors by increasing surface area and improving heat dissipation. As processor power increases, advanced cooling methods and innovative designs, including additive-manufactured TPMS structures may become increasingly important. These technologies enhance thermal performance, reliability, and efficiency, supporting the continued development of high-performance computing systems.















Task B
Figure 11 illustrates the heat transfer ratio of a finite-length fin to that of an infinitely long fin as a function of the fin parameter mL. The equations used are given below.

Finite length fin: 

Infinite length fin: 

When the heat transfer equations are divided () and simplified, the resulting ratio simplifies to tanh(mL).

Figure 11 - Heat Transfer Ratio as a function of fin parameter (mL)
From the data, it can be observed that when the fin parameter is 2.65 illustrated by the red line in Figure 11, the fin reaches approximately 99% of the heat transfer of an infinitely long fin, further increases in fin length result in negligible additional heat transfer. Beyond mL≈2.65, only about 1% additional heat transfer can be achieved as the fin length approaches infinity.
Task C
Part 1 
Figure 12 presents the calculated temperature at the free end of the pan handles, determined using the following equations:
Fin Parameter:         
Adiabatic Tip Boundary Condition: 


Figure 12 - Temperature of materials at free end of 200mm handle.
From the results it can be concluded that with the current handle configuration Copper, 2024 Aluminium alloy and Brass (70 Cu/30 Zn) would be unsuitable as above 60°C can cause 3rd degree burns in 5 seconds (Antiscald Inc., n.d.). The only suitable material with this handle configuration is 304 stainless steel. 









Part 2 
The temperature distribution along the length of the 200 mm pan handle was calculated for each material, as illustrated in Figure 13. The results confirm that, with this handle configuration, the three materials identified in Part 1 remain within the red shaded region, indicating temperatures capable of causing 2nd & 3rd degree burns (Zaydon, 2024).

Figure 13 - Temperature distribution of materials across 200mm handles.
Part 3
Figure 14 illustrates the corresponding heat loss for the four handle materials analysed in Part 2. The equation used to determine the heat loss is given below.
Rate of heat transfer from adiabatic tip fin:

Figure 14 - Rate of heat loss of 200mm handles.

Part 4
The assumed optimum length when is when mL ≈ 2.65, results shows in Figure 15 with their respective heat loss. 

Figure 15 - Optimal length handle and rate of heat loss at optimal length.
Figure 16 shows the actual heat loss from the handles compared with the heat loss at the nominal fin length, indicating the proportion of heat dissipated along the fin relative to the nominal length determined from mL≈2.65. The results demonstrate that copper achieves only 54.5% of its nominal heat loss rate at a length of 200 mm. However, because heat loss from a fin is not a linear function of length, achieving the remaining 44.5% of the nominal heat loss would require a length of approximately 879 mm, rather than the additional ~180 mm that would be expected if the relationship were linear. The same principle applies to aluminium and brass, with heat loss values of 68.5% and 83.9% of their respective nominal heat losses. However, to achieve the nominal heat loss, fin lengths of approximately 641 mm and 446 mm would be required, respectively. As the value for 304 stainless steel exceeds 100%, this indicates that mL>2.65, meaning the fin length has surpassed its nominal length. This is consistent with Figure 15, which shows the nominal length to be approximately 173 mm. Consequently, the remaining 27 mm of the 200 mm pan handle contributes only a marginal increase in heat loss, of approximately 0.5%.

Figure 16 - Rate of heat loss for 200mm handle vs optimal length handle.



Part 5
Figure 17 shows the temperature distribution along the four handles when they are at their optimum lengths for maximum heat loss. 

Figure 17 - Temperature distribution along handles of optimal length for heat loss.
From the results, it can be observed that the temperature at which the fins fall below the safe handling threshold of 50 °C occurs at a shorter distance along the fin compared with the previously analysed 200 mm fins. This difference arises because the tip of the 200 mm fin was modelled as adiabatic, meaning the end of the fin was perfectly insulated and therefore lost heat only through the lateral surface area rather than through the tip itself. An example of this effect can be demonstrated by recalculating a specific point along the optimal-length shafts. Taking copper as an example, the temperature at the end of the 200 mm handle can be compared with the temperature at a position 200 mm from the base of the 879 mm handle. The results of this comparison are presented below in Figures 18 & 19.

Figure 18 - Copper temperature at 200mm end of adiabatic tip handle.

Figure 19 - Copper temperature at 200mm from base of optimal length handle for heat loss.
From the results, a significant variation in temperature can be observed, with the 200 mm fin reaching 87.7 °C at its tip, compared with 65.2 °C at the corresponding 200 mm position on the optimal-length fin. This difference provides further evidence of the increased rate of heat loss along the longer fin, as illustrated in Figure X.
The following section will analyse each fin individually to assess its suitability for use as a pan handle.
Copper 
Copper has an optimal fin length of 879 mm, at which the tip temperature is approximately 32 °C. However, the temperature does not fall below the safe handling threshold until approximately 360 mm from the base, as shown in Figure 20. This location represents the point at which the surface temperature becomes safe to handle. To ensure safe and comfortable use, an additional allowance equivalent to the average width of a human hand, approximately 90 mm, must be considered (Zelman, 2019). This results in a required nominal handle length of approximately 450 mm for copper. Such a length is impractical for a typical pan handle; therefore, the use of copper is not recommended for this application.

Figure 20 - Copper safe temperature distance from base.
2024 Aluminium Alloy
Aluminium has an optimal fin length of 641 mm, at which the tip temperature is approximately 32 °C. However, the temperature does not fall below the safe handling threshold until approximately 263 mm from the base, as illustrated in Figure 21. This point represents the location at which the surface temperature becomes safe to handle. As with the previous case, an additional allowance of 90 mm, representing the average width of a human hand, must be included to ensure safe and practical handling. This results in a required nominal handle length of approximately 353 mm. While this length remains relatively large for a typical handle, it is more manageable than the equivalent length required for copper.

Figure 21 - 2024 Aluminium alloy safe temperature distance from base.
Brass
Brass has an optimal fin length of 446 mm, with the tip temperature again reaching approximately 32 °C. The temperature falls below the safe handling threshold at approximately 183 mm from the base, as shown in Figure 22. This observation is notable because, in Figure Y, the shorter 200 mm handle remained unsafe to handle at this same distance. The difference in temperature arises because the original 200 mm fin was modelled with an adiabatic tip located at that position, meaning the temperature gradient was forced to approach zero at the end of the fin. In contrast, the longer fin has its adiabatic tip located further from the base, allowing heat to continue to be conducted and dissipated beyond the same position, resulting in a lower temperature. Allowing an additional 90 mm to accommodate the average width of a human hand results in a required nominal handle length of approximately 273 mm. This length is considered relatively suitable for use as a pan handle.

Figure 22 -  Brass (70 Cu/30 Zn) safe temperature distance from base.
304 Stainless Steel
Stainless steel has an optimal fin length of 173 mm, with the temperature falling below the safe handling threshold at approximately 71 mm from the base, as shown in Figure 23. Allowing an additional 90 mm to account for the average width of a human hand results in a required nominal handle length of approximately 161 mm. This length would be suitable for use as a pan handle; however, increasing the handle length to 200 mm would provide greater flexibility in hand positioning and an additional margin of safety.

Figure 23 - 304 Stainless steel safe temperature distance from base.
Overall, stainless steel provides the most practical solution for a pan handle, as it achieves safe handling temperatures at a significantly shorter length than the other materials. In contrast, copper, aluminium, and brass require substantially longer handles to reach safe temperatures, making them less suitable for this application due to reduced practicality and ergonomics.
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0	4.4568646891220351E-3	8.9137293782440702E-3	1.3370594067366105E-2	1.782745875648814E-2	2.2284323445610179E-2	2.6741188134732211E-2	3.1198052823854249E-2	3.5654917512976281E-2	4.0111782202098316E-2	4.4568646891220358E-2	4.9025511580342386E-2	5.3482376269464421E-2	5.7939240958586463E-2	6.2396105647708498E-2	6.6852970336830533E-2	7.1309835025952562E-2	7.5766699715074604E-2	8.0223564404196632E-2	8.4680429093318674E-2	8.9137293782440716E-2	9.3594158471562744E-2	9.8051023160684772E-2	0.10250788784980681	0.10696475253892884	0.11142161722805088	0.11587848191717293	0.12033534660629497	0.124792211295417	0.12924907598453902	0.13370594067366107	0.13816280536278311	0.14261967005190512	0.14707653474102717	0.15153339943014921	0.15599026411927122	0.16044712880839326	0.16490399349751531	0.16936085818663735	0.17381772287575939	0.17827458756488143	0.18273145225400345	0.18718831694312549	0.19164518163224753	0.19610204632136954	0.20055891101049159	0.20501577569961363	0.20947264038873564	0.21392950507785768	0.21838636976697973	0.22284323445610177	0.22730009914522381	0.23175696383434585	0.23621382852346789	0.24067069321258994	0.24512755790171198	0.24958442259083399	0.25404128727995601	0.25849815196907805	0.26295501665820009	0.26741188134732213	0.27186874603644418	0.27632561072556622	0.2807824754146882	0.28523934010381025	0.28969620479293229	0.29415306948205433	0.29860993417117637	0.30306679886029841	0.3075236635494204	0.31198052823854244	0.31643739292766448	0.32089425761678653	0.32535112230590857	0.32980798699503061	0.33426485168415265	0.33872171637327514	0.34317858106239718	0.34763544575151922	0.35209231044064127	0.35654917512976331	0.36100603981888535	0.36546290450800734	0.36991976919712938	0.37437663388625142	0.37883349857537346	0.3832903632644955	0.38774722795361755	0.39220409264273953	0.39666095733186157	0.40111782202098362	0.40557468671010566	0.4100315513992277	0.41448841608834974	0.41894528077747173	0.42340214546659377	0.42785901015571581	0.43231587484483786	0.4367727395339599	0.44122960422308194	0.44568646891220354	100	97.980682580465668	96.014725717868103	94.100748738205169	92.23740747248371	90.423393312721885	88.657432292924923	86.938284194390675	85.264741674714656	83.635629419884566	82.049803318867447	80.506149660110822	79.003584349392952	77.541052148473099	76.117525934007205	74.7320059762082	73.383519236744689	72.071118685384818	70.79388263490543	69.55091409379915	68.341340136325528	67.164311289462773	66.019000936330514	64.90460473566425	63.820340056933453	62.76544543070726	61.739180013881139	60.740823069389478	59.769673460038319	58.825049156102942	57.906286756344493	57.01274102210914	56.143784424182797	55.298806702082857	54.477214435477741	53.678430627433087	52.901894299191873	52.147060096204157	51.413397905129251	50.700392481542039	50.007543088081242	49.334363142786152	48.680379877374335	48.045134005220774	47.4281793988049	46.829082776399247	46.247423397779542	45.682792768742544	45.134794354224283	44.603043299816932	44.087166161489066	43.586800643319165	43.10159534305847	42.631209505344287	42.175312782390534	41.733585001987421	41.305715942647382	40.891405115739275	40.490361554457877	40.102303609480501	39.726958751167182	39.364063378165547	39.013362632285919	38.674610219516666	38.347568237054148	38.032007006225662	37.727704911188169	37.434448243289467	37.152031050982494	36.880254995187379	36.618929209999706	36.367870168647066	36.12690155459984	35.895854137745673	35.674565655540668	35.462880699053869	35.260650603824885	35.067733345458301	34.883993439881046	34.709301848193221	34.54353588604522	34.386579137477625	34.238321373163252	34.098658472994138	33.967492352958871	33.844730896259108	33.730287888616729	33.624082957726309	33.526041516810423	33.436094712237939	33.354179375168798	33.280237977191042	33.214218589919163	33.156074848525229	33.105765919177308	33.063256470362198	33.028516648072454	33.001522054840173	32.982253732602835	32.970698149389285	32.966847189816313	Copper	Temperature (°C)	
0	8.7890556944418084E-3	1.7578111388883617E-2	2.6367167083325423E-2	3.5156222777767233E-2	4.3945278472209047E-2	5.2734334166650847E-2	6.1523389861092667E-2	7.0312445555534467E-2	7.910150124997628E-2	8.7890556944418094E-2	9.6679612638859894E-2	0.10546866833330169	0.11425772402774352	0.12304677972218533	0.13183583541662713	0.14062489111106893	0.14941394680551076	0.15820300249995256	0.16699205819439436	0.17578111388883619	0.18457016958327796	0.19335922527771979	0.20214828097216161	0.21093733666660339	0.21972639236104521	0.22851544805548704	0.23730450374992884	0.24609355944437067	0.25488261513881244	0.26367167083325427	0.27246072652769604	0.28124978222213787	0.29003883791657969	0.29882789361102152	0.30761694930546329	0.31640600499990512	0.32519506069434689	0.33398411638878872	0.34277317208323055	0.35156222777767238	0.36035128347211415	0.36914033916655592	0.37792939486099775	0.38671845055543957	0.3955075062498814	0.40429656194432323	0.413085617638765	0.42187467333320677	0.4306637290276486	0.43945278472209043	0.44824184041653226	0.45703089611097408	0.46581995180541585	0.47460900749985768	0.48339806319429951	0.49218711888874134	0.500976174583183	0.50976523027762488	0.51855428597206665	0.52734334166650854	0.53613239736095031	0.54492145305539208	0.55371050874983396	0.56249956444427573	0.57128862013871762	0.58007767583315939	0.58886673152760116	0.59765578722204304	0.60644484291648471	0.61523389861092659	0.62402295430536836	0.63281200999981024	0.64160106569425202	0.65039012138869379	0.65917917708313567	0.66796823277757833	0.6767572884720201	0.68554634416646199	0.69433539986090376	0.70312445555534564	0.71191351124978741	0.72070256694422918	0.72949162263867096	0.73828067833311273	0.74706973402755461	0.75585878972199638	0.76464784541643827	0.77343690111088004	0.78222595680532181	0.79101501249976369	0.79980406819420546	0.80859312388864735	0.81738217958308912	0.82617123527753089	0.83496029097197266	0.84374934666641443	0.85253840236085632	0.86132745805529809	0.87011651374973997	0.87890556944418086	100	97.980682580465668	96.014725717868103	94.100748738205169	92.237407472483753	90.423393312721842	88.657432292924923	86.938284194390675	85.264741674714656	83.635629419884566	82.049803318867461	80.506149660110822	79.003584349392924	77.541052148473099	76.117525934007205	74.7320059762082	73.383519236744689	72.071118685384818	70.79388263490543	69.550914093799179	68.341340136325528	67.164311289462773	66.019000936330514	64.904604735664236	63.820340056933453	62.76544543070726	61.739180013881139	60.740823069389478	59.769673460038327	58.825049156102942	57.906286756344493	57.012741022109147	56.14378442418279	55.298806702082857	54.477214435477741	53.67843062743308	52.901894299191888	52.147060096204157	51.413397905129251	50.700392481542039	50.007543088081263	49.334363142786152	48.680379877374335	48.045134005220774	47.4281793988049	46.829082776399247	46.247423397779528	45.682792768742544	45.134794354224283	44.603043299816932	44.087166161489066	43.586800643319165	43.10159534305847	42.631209505344287	42.175312782390534	41.733585001987421	41.305715942647382	40.891405115739282	40.490361554457877	40.102303609480501	39.726958751167182	39.364063378165554	39.013362632285919	38.674610219516666	38.347568237054148	38.032007006225655	37.727704911188169	37.434448243289474	37.152031050982487	36.880254995187379	36.618929209999706	36.367870168647066	36.12690155459984	35.895854137745673	35.674565655540668	35.462880699053869	35.260650603824885	35.067733345458308	34.883993439881046	34.709301848193221	34.54353588604522	34.386579137477625	34.238321373163252	34.098658472994138	33.967492352958871	33.844730896259108	33.730287888616729	33.624082957726309	33.526041516810416	33.436094712237939	33.354179375168798	33.280237977191042	33.214218589919163	33.156074848525229	33.105765919177308	33.063256470362198	33.028516648072461	33.001522054840166	32.982253732602835	32.970698149389285	32.966847189816313	2024 Aluminium alloy	Temperature (°C)	
0	6.4134067167368781E-3	1.2826813433473756E-2	1.9240220150210634E-2	2.5653626866947513E-2	3.2067033583684394E-2	3.8480440300421269E-2	4.4893847017158151E-2	5.1307253733895025E-2	5.77206604506319E-2	6.4134067167368788E-2	7.0547473884105663E-2	7.6960880600842538E-2	8.3374287317579412E-2	8.9787694034316301E-2	9.6201100751053162E-2	0.10261450746779005	0.10902791418452694	0.1154413209012638	0.12185472761800069	0.12826813433473758	0.13468154105147442	0.14109494776821133	0.1475083544849482	0.15392176120168508	0.16033516791842195	0.16674857463515882	0.17316198135189573	0.1795753880686326	0.18598879478536945	0.19240220150210632	0.19881560821884323	0.2052290149355801	0.21164242165231698	0.21805582836905388	0.22446923508579072	0.2308826418025276	0.23729604851926447	0.24370945523600138	0.25012286195273825	0.25653626866947515	0.262949675386212	0.26936308210294885	0.27577648881968575	0.28218989553642265	0.2886033022531595	0.2950167089698964	0.30143011568663325	0.30784352240337015	0.314256929120107	0.3206703358368439	0.3270837425535808	0.33349714927031765	0.33991055598705455	0.34632396270379145	0.3527373694205283	0.3591507761372652	0.365564182854002	0.3719775895707389	0.3783909962874758	0.38480440300421265	0.39121780972094955	0.39763121643768645	0.4040446231544233	0.4104580298711602	0.4168714365878971	0.42328484330463395	0.42969825002137085	0.43611165673810776	0.44252506345484455	0.44893847017158145	0.4553518768883183	0.4617652836050552	0.4681786903217921	0.47459209703852895	0.48100550375526585	0.48741891047200336	0.49383231718874027	0.50024572390547717	0.50665913062221402	0.51307253733895086	0.51948594405568782	0.52589935077242456	0.53231275748916151	0.53872616420589836	0.54513957092263521	0.55155297763937217	0.55796638435610901	0.56437979107284586	0.57079319778958282	0.57720660450631966	0.58362001122305651	0.59003341793979347	0.59644682465653032	0.60286023137326716	0.60927363809000401	0.61568704480674086	0.62210045152347782	0.62851385824021466	0.63492726495695151	0.6413406716736878	100	97.980682580465711	96.014725717868103	94.100748738205169	92.237407472483753	90.423393312721885	88.657432292924923	86.938284194390675	85.264741674714685	83.635629419884566	82.049803318867447	80.506149660110822	79.003584349392952	77.541052148473099	76.117525934007205	74.7320059762082	73.383519236744704	72.071118685384818	70.79388263490543	69.550914093799179	68.341340136325528	67.164311289462773	66.019000936330514	64.90460473566425	63.820340056933453	62.76544543070726	61.739180013881146	60.740823069389478	59.769673460038319	58.825049156102956	57.9062867563445	57.01274102210914	56.143784424182797	55.298806702082857	54.477214435477741	53.67843062743308	52.901894299191895	52.147060096204157	51.413397905129251	50.700392481542039	50.007543088081249	49.33436314278616	48.680379877374335	48.045134005220774	47.4281793988049	46.829082776399247	46.247423397779542	45.682792768742544	45.134794354224283	44.603043299816932	44.087166161489066	43.586800643319165	43.10159534305847	42.631209505344287	42.175312782390534	41.733585001987421	41.305715942647382	40.891405115739282	40.490361554457877	40.102303609480501	39.726958751167189	39.364063378165554	39.013362632285919	38.674610219516666	38.347568237054148	38.032007006225662	37.727704911188169	37.434448243289467	37.152031050982487	36.880254995187379	36.618929209999706	36.367870168647066	36.12690155459984	35.895854137745673	35.674565655540668	35.462880699053869	35.260650603824885	35.067733345458301	34.883993439881046	34.709301848193221	34.543535886045227	34.386579137477625	34.238321373163252	34.098658472994138	33.967492352958878	33.844730896259108	33.730287888616729	33.624082957726309	33.526041516810423	33.436094712237939	33.354179375168798	33.280237977191042	33.214218589919163	33.156074848525236	33.105765919177308	33.063256470362198	33.028516648072454	33.001522054840166	32.982253732602842	32.970698149389285	32.966847189816313	Length (m)
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Material

Length 

(m)

Cross Sectional 

Area (m^2)

Perimeter 

(m)

Thermal 

Conductivity 

(W/m K)

Heat Transfer 

Coefficient 

(W/m^2 K)

M 

(m^-1)

Ambient 

Temperature 

(°C)

Base 

Temperature 

(°C)

Temperature 

at Free end 

(°C) 

Copper 0.2 0.00015 0.07 385 7.5 3.01511 22 100 87.690

2024 Aluminium alloy 0.2 0.00015 0.07 205 7.5 4.13197 22 100 79.296

Brass (70 Cu/30 Zn) 0.2 0.00015 0.07 99 7.5 5.94588 22 100 65.468

304 Stainless Steel 0.2 0.00015 0.07 15 7.5 15.27525 22 100 29.334
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Material

Length 

(m)

Cross 

Sectional Area 

(m^2)

Perimeter 

(m)

Thermal 

Conductivity 

(W/m K)

Heat Transfer 

Coefficient 

(W/m^2 K)

M 

(m^-1)

Ambient 

Temperature 

(°C)

Base 

Temperature 

(°C)

Rate of 

Heat Loss 

(W)

Copper 0.2 0.00015 0.07 385 7.5 3.01511 22 100 7.323

2024 Aluminium alloy 0.2 0.00015 0.07 205 7.5 4.13197 22 100 6.725

Brass (70 Cu/30 Zn) 0.2 0.00015 0.07 99 7.5 5.94588 22 100 5.719

304 Stainless Steel 0.2 0.00015 0.07 15 7.5 15.27525 22 100 2.669
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Material

Nominal Length 

(m)

Rate of Heat Loss at optimal 

handle length (W)

Copper 0.879 13.447

2024 Aluminium alloy 0.641 9.812

Brass (70 Cu/30 Zn) 0.446 6.819

304 Stainless Steel 0.173 2.654
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Material

Rate of Heat Loss at 200mm 

handle length (W)

Rate of Heat Loss at optimal 

handle length (W)

Percentage Heat 

Loss Relative to 

Nominal Heat Loss

Copper 7.323 13.447 54.461%

2024 Aluminium alloy 6.725 9.812 68.534%

Brass (70 Cu/30 Zn) 5.719 6.819 83.865%

304 Stainless Steel 2.669 2.654 100.556%
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Material

Length 

(m)

Length 

Along Fin 

(m)

Cross Sectional 

Area (m^2)

Perimeter 

(m)

Thermal 

Conductivity 

(W/m K)

Heat Transfer 

Coefficient 

(W/m^2 K)

M 

(m^-1)

Ambient 

Temperature 

(°C)

Base 

Temperature 

(°C)

Temperature 
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(200mm) (°C) 

Copper 0.2 0.2 0.00015 0.07 385 7.5 3.01511 22 100 87.690
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(°C) 

Copper 0.878906 0.2 0.00015 0.07 385 7.5 3.01511 22 100 65.174
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Length (m)

Temperature 

(°C)

0.360 49.33436314

Copper
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0.263 49.33436314

2024 Aluminium alloy
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0.183 49.33436

Brass (70 Cu/30 Zn)
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0.071 49.33436

304 Stainless Steel
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