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[bookmark: _Toc194851056]Introduction
Efficient heat dissipation through fins and extended surfaces is critical for thermal management systems (Shabany, 2009). automotive engineering and electronics, these technologies play a vital role in preventing overheating and maintaining optimal operating conditions. In land vehicles, fins have historically enhanced cooling in engines, radiators, and other key components. Similarly, extended surfaces in microprocessors enable high-quality thermal management, ensuring consistent performance as processing speeds continue to rise (Song et al., 2018). The report explores the historical evolution of fin design in automotive systems, the application of extended surfaces in microprocessors, and recent innovations in extended surface technologies to see the advanced evolution of heat dissipation and heat sinks in historical and modern technologies. 














1. [bookmark: _Toc194851057]Historical applications of fins and microprocessors
[bookmark: _Toc194851058]1.1 Applications of Fins
Fins have been an application of automobile heat generation and management for decades. It was first introduced as a part of a cooling system for engines, which later, after engineering advancements led to the progression of more sophisticated systems of radiators and intercoolers. It has been a key application of engineering accomplishments to help maintain and manage thermal systems. Fins and extended surfaces are an essential part of thermal management systems in the automotive industry. Extended surfaces have also changed throughout their production years, from a simple heat sink capacity to cooling technology in microprocessors (Kandlikar, 2012).  
Since the 1900s the involvement of fins in car designs has evolved with the industry. Air-cooled engines were the very first use of fins to be adapted into the 20th century. This was introduced for heat dissipation. At this stage, fins were predominantly external, and the air-cooled used to increase surface area, allowing the heat to transfer through convection (Gardner, 1945). This was also notable in early motorcycles with strategically placed fins that optimised airflow to keep the engine cool. This adaptation had its positives and negatives outside the scope of the report; however, notable setbacks came as low-speed ambient airflow did not allow enough cooling. Wilhelm Maybach's engineering innovations during this period were instrumental in developing high-performance engine cooling (Benz, 2019). Their precisely machined, finned radiators and intercoolers became the high standard in thermal efficiency. From there, advancements continued to evolve, effectively setting the stage for modern automotive cooling today and incorporating internal benefits, optimising the fin design for overall cooling for internal combustion engines and electrical vehicle domains for battery cooling (Ferguson & Kirkpatrick, 2015).
In the mid-20th century, most notably post-war, the new liquid cooling system emerged, overtaking the air cooling systems. Liquid cooling offered better thermal consistency. Radiators with fins became central to these systems; they increased the radiator's surface area, which was available for heat transfer between the circulating air and liquid. Material choice also became apparent, with many manufacturers choosing lightweight aluminium, which boasted high thermal conductivity and further pushed heat transfer performance (Dhumal et al., 2024). The Volkswagen Beetle was one of the first iconic automobiles that used an air-cooled engine, utilising extensive fins to maximise airflow and maintain optimal temperatures without liquid cooling. After this period, more technological advancements redefined fin designs and applications where they could be utilised elsewhere to help heat dissipation (Song et al., 2018). Current automobile radiators use dense-packed fins to maximise heat dissipation (Srinivasan & Shah, 1997). Automobiles were also equipped with aerodynamic cooling fins, which increased airflow over the car and optimised the thermal performance of both the engine and battery, which have been a recurring feature of high-performance road and racing cars. 
Furthermore, another significant advance in fin technology, particularly in radiators and heat exchangers, is the innovation of louvred fins. Instead of the standard straight fins, louvred fins incorporate little, precisely angled slits that agitate the airflow that moves across the radiator which acts as turbulent flow. That turbulence disrupts the boundary layer, enhancing heat transfer by maximising the contact between the cooling air and the finned surface (Shariff, Abdullahi & Abubakar., 2018) (Dhumal et al., 2024). Louvred fins, which were also developed in the mid-20th century, became a staple of automotive radiators because they improved cooling performance without contributing much to size and weight. They found high-performance and heavy-duty applications, ranging from racing cars to industrial cooling systems. Fins are now far more optimised through computational fluid dynamics (CFD) to be more efficient with less airflow resistance (Lorenzini & Moretti, 2007). These components work in tandem to ensure that the engine remains within a safe temperature range, a critical function for vehicles operating in high-thermal environments.
[bookmark: _Toc194851059]1.2 Microprocessors 
Microprocessors were introduced in the 1970s, most notably with the launch of Intel 4004. The early microprocessor had low power and generated small amounts of heat that could be dispersed through natural convection. This process was sufficient for thermal management to negate any amounts of mass heat that could be generated. However, with the advancement of technology and its rapid growth through the 1980s and 1990s, thermal heat sinks were a primary requirement for keeping up with the development of powerful microprocessors (Mazor, 1995; Baig et al., 2021). Metallic structure designs became favourable as they increased surface area and improved heat dissipation through simple fin structures. Revolutionary microprocessors were being invented, and with that came new heat sinks that could displace heat quickly. Force air-cooled thermal dissipation created alongside natural convection were beginning to be incorporated into all designs. A material property shift from aluminium to copper was key due to the higher thermal conductivity and low weight properties. As microprocessor power requirements grew, traditional air-cooled heat sinks became less effective (Mahajan, Chiu & Chrysler. 2006). This brought about the need for sophisticated thermal solutions, such as heat pipes and vapor chambers that used phase-change principles to move heat away from processor cores at a high speed. Heat pipes operate on the principle of liquid-vapour transition, where water passes through a heat pipe and evaporates at the heat source, which is then pushed through to the cooler end where it condenses and releases the absorbed heat (Bowman et al., 2000). This continuous cycle of heat transfer enables rapid and efficient heat redistribution. 
Vapour chambers function similarly to heat pipes. However, they are primarily two-dimensional, allowing uniform heat spread across the surface area. These systems are heavily inspired by automotive engineering, including elements such as louvres and micro-finned surfaces to interrupt air flow and increase area to transfer heat. High-performance computing systems and gaming PCs quickly embraced liquid cooling solutions that channel coolant flows through finned radiators to remove heat from CPUs efficiently. New technologies like phase-change materials and thermoelectric cooling modules have proved promising for further improving thermal management. Today's cooling of microprocessors goes far beyond personal computers (Kenny et al., 2006).
With the advancements of AI (Artificial Intelligence), Additive manufacturing, and composite materials, the advancements of microprocessors and extended surfaces can greatly be enhanced. Custom optimisation shows significant heat dissipation for internal compact electronics, and higher thermal conductivity materials can be cost-effective.  





2. [bookmark: _Toc194851060]Heat transfer for an adiabatic tip
The objective for this task was to examine the efficiency of a finite-length fin compared to an infinitely long fin by plotting their ratio against the dimensionless fin parameter. Fin efficiency is a critical factor in fin design, as it quantifies a fin's ability to dissipate heat relative to its maximum potential to identify optimal performance. The dimensionless parameter mL combines material and geometric properties (Eqn 0-1.) and is crucial in evaluating heat dissipation and determining the optimal performance. For a fin with an adiabatic tip boundary condition, where no heat is lost at the tip, the heat transfer ratio is governed by the heat transfer equation, which involves the hyperbolic tangent function (Eqn 0.2). This provides insight into how heat dissipation diminishes as mL increases. Using Excel, this ratio was calculated and plotted for mL values from 0 to 4 in increments of 0.1 (Incropera et al., 1996; Naterer, 2021).
Figure 1 shows that as mL increases, the heat transfer ratio initially decreases before levelling off at approximately mL = 2.65mL. This point is considered optimal, as further increases in mL yield negligible improvements in heat transfer due to the diminishing temperature gradient at greater distances from the base. By identifying this optimal mL, fin designers can ensure a balance between material efficiency and thermal performance, forming a foundation for the analysis of temperature distribution and heat loss. Additional observations from the plot underscore the importance of tailoring fin design to the specific application, as material properties like conductivity and geometry directly impact performance outcomes (Bowman et al., 2000). 

[bookmark: _Toc194851087]Equation 2‑1: Adiabatic tip heat transfer (Incropera et al., 1996; Naterer 2021).


[bookmark: _Toc194851088]Equation 2‑2: Heat loss, mL = 2.65

[bookmark: _Toc194851706]Figure 1: Graph showing heat transfer rate

3. [bookmark: _Toc194851061]Temperature distribution along a very long rod
[bookmark: _Toc194851062]3.1 Length of up to 0.4 
Computing the temperature distribution along a very long rod determines and evaluates the heat loss along a set fin parameter, then determines the optimum fin length. Several equations must be made using the set values given and different heat transfer equations then used for finite and infinite fin tips. 

Four materials with h + k values
	Material 
	
	

	2024 Aluminium alloy

	

	


	Brass (70 Cu/30 Zn)
	

	


	Copper
	

	


	304 Stainless Steel
	

	



[bookmark: _Toc194851089]Equation 3‑1: Material Values

[bookmark: _Toc194851090]Equation 3‑2: Rod diameter


[bookmark: _Toc194851091]Equation 3‑3: Cross section Area


[bookmark: _Toc194851092]Equation 3‑4: Perimeter

[bookmark: _Toc194851093]Equation 3‑5: Temperature at base

[bookmark: _Toc194851094]Equation 3‑6: Ambient temperature

[bookmark: _Toc194851095]Equation 3‑7: Fin parameter

[bookmark: _Toc194851096]Equation 3‑8: Adiabatic tip temperature distribution (incropera et al., 1996; Naterer 2021).	
For the equation stipulated for a finite adiabatic fin temperature distribution, the equation (Eqn 0-8) was used to calculate and stipulate the temperature distribution along a length and up to 0 to 0.4m. M was calculated using the fin parameter as seen in (Eqn 3-6). Figure 2 highlights the values that have been calculated for (m).


[image: ]
[bookmark: _Toc194851707]Figure 2: Material values and m value after calculation

After calculating all parameters, the temperature distribution was calculated using Microsoft Excel.

[bookmark: _Toc194851708]Figure 3: Temperature distribution for finite length, 0-0.4m
Figure 3 shows that significant temperature drops occur along the very long rod with Aluminium Alloy, Brass and Stainless Steel. Copper is highlighted by maintaining a high temperature further along its length. This is due to the material properties in copper's high thermal conductivity (k), which lowers the parameter's value (Eqn 3-6). Where (P) is the perimeter and (Ac) is the cross-sectional area. A lower (m) value gives a slower exponential decay of temperature along the very long rod, meaning that copper retains much of its initial heat and does not dissipate it very quickly. Stainless steel, however, has a much lower thermal conductivity and dissipates heat very quickly, resulting in a steep decline of temperature gradient near the base. The convective heat transfer coefficient (h) determines how effectively the fin surface can dissipate heat into the ambient air (Eqn 3-6). Although copper benefits from a high thermal conductivity (k), it has a relatively low convective heat transfer coefficient (h) compared to materials like aluminium or brass. This means that the convective removal of heat is less steep, as seen in Figure 3 (Mathiazhagan & Jayabharathy, 2012).
[bookmark: _Toc194851063]3.2 Corresponding heat loss values for the four rods.
The heat transfer was determined using the infinite heat transfer (Eqn 3-9). This equation can be used to calculate the heat transfer for each material. Since the materials have different properties, the heat loss (Q) must be calculated to reflect each material's thermal performance. The heat transfer graph was plotted through the calculations used and the results have been tabled below (Figure 4).

[bookmark: _Toc194851097]Equation 3‑9: Infinite heat transfer (Incropera et al., 1996; Naterer 2021).

[bookmark: _Toc194851709]Figure 4: Heat transfer graph
As shown in Figure 4, Stainless Steel dissipates its heat very quickly due to its low thermal conductivity. Its given material properties allow it to lose heat rapidly rather than the heat flowing through the material. 




3.3 [bookmark: _Toc194851064]Optimum length
The optimal length of each rod was determined using the equation (Eqn 3-10). 


[bookmark: _Toc194851098]Equation 3‑10: Optimum length equation 
Transposing the formula allows the calculation of the optimal lengths of each material. This calculation ensures that the rod length provides maximum heat dissipation efficiency. The heat loss at the calculated optimal length was compared to the heat loss values obtained in section 3.2 and also (Figure 4) for each material. While the heat loss at the optimal length was slightly lower due to reduced surface area, the difference was minimal for high-conductivity materials such as copper. However, the difference incurred a more noticeable heat loss for low-conductivity materials like stainless steel. 

The heat loss was calculated by using the adiabatic heat tip transfer.


[bookmark: _Toc194851099]Equation 3‑11: Adiabatic tip heat transfer (Incropera et al., 1996; Naterer 2021).
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[bookmark: _Toc194851710]Figure 5: Optimal length 
	A comparison chart was then used to identify the relationship between heat transfer and heat loss for each material.

[bookmark: _Toc194851711]Figure 6: Heat loss comparison chart
Figure 6 shows very minimal change in heat loss in its comparison with the below (Figure 7) showing the exact percentage difference.
[image: ]
[bookmark: _Toc194851712]Figure 7: Percentage difference of heat loss
The infinite length allows for a longer length, whereas the finite length is a set parameter and, therefore, will stop short of the optimal length. This is not practical if the maximum heat transfer from a specific material is required. It is noticeable in Figure 7 that copper is the only material with an increased percentage. This is due to the optimal length being shorter, and therefore, it is not as efficient for maximum heat transfer. 

[bookmark: _Toc194851065]3.4 Temperature distribution along the optimum length
By using the set parameters outline and the calculated values already given. The mL value shown in (Eqn, 3-10), must be re-calculated.  The heat distribution was utilised so that the model would use the optimal fin length. A final steady state temperature of 30.935, as seen in Figure 8, was given for all materials. This result was due to the parameters set out and the mL value being set at 2.65.   
	
	Temp Distribution

	Aluminium Alloy
	30.93525566

	Brass
	30.93525566

	Copper
	30.93525566

	Stainless Steel 
	30.93525566

	
	



[bookmark: _Toc194851713]Figure 8: Temperature distribution table 
Figure 9 shows the length required for the base materials to reach this temperature. The graph was created to show the difference in length before reaching 30.9°. This is important to visualise as it shows the difference in (h) and (k) values of thermal conductivity along the material. 

[bookmark: _Toc194851714]Figure 9: Graph showing temperature distribution for optimal length.
Figure 9 illustrates the fin design efficiency in heat distribution among the different base materials. The varied thermal conductivity and convective properties validate why the heat transfer process is needed to ensure optimal results. 

3.4 [bookmark: _Toc194851066]Comparison of Finite, optimum and accurate length
The infinite fin temperature distribution equation was used to signify the accurate length of the fin needed for a precise temperature distribution to get as close as possible to the ambient temperature.


[bookmark: _Toc194851100]Equation 3‑12: Infinite fin temperature distribution equation (incropera et al., 1996; Naterer 2021).
Using the equation (Eqn 3-13) allows the calculation to be within 2% of the base ambient temperature. The accurate length was then calculated using both parts of the equation resulting in Figure 10 to present this. 

[bookmark: _Toc194851101]Equation 3‑13: Infinite fin approximation
Using the formulas above (Eqn 3-12), the fin length can be calculated to within 98% accuracy for the ambient temperature. 
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[bookmark: _Toc194851715]Figure 10: Accurate fin length 






	The accurate fin length was then plotted against the temperature distribution to compare the results to previous results using the optimal and finite length methods. 


[bookmark: _Toc194851716]Figure 11: Temperature distribution graph for accurate length fin.
The temperature distribution for the accurate length of fin showed results with the closest material length within 2% of ambient temperature. Due to its high thermal conductivity, copper had an exceptionally long fin compared to previous, as this is the length needed for ambient temperature. 
By analysing all respective graphs, each material has been compared against its finite, optimum, and accurate length. This shows accurate heat distribution percentages for the calculations and equations that have been used to see specific results. 


[bookmark: _Toc194851717]Figure 12: Temperature distribution percentage graph for Aluminium Alloy
The temperature distribution percentage for aluminium alloy. The more accurate percentage is derived from using the infinite fin approximation (Eqn 3-13). The results show the close temperature difference to the ambient temperature. 

[bookmark: _Toc194851718]Figure 13: Temperature distribution percentage graph for Brass

[bookmark: _Toc194851719]Figure 14: Temperature distribution percentage graph for Copper
Coppers first approximation using the finite method was only 67%. This is due to the length stopping at 0.4, having it be allowed to continue the percentage level would have increased. 

[bookmark: _Toc194851720]Figure 15: Temperature distribution percentage graph for Stainless Steel
The temperature distribution percentage graphs show the distinguished differences between having a finite-length fin and having an optimal and accurate length. Each graph shows the heat distribution percentage alongside its fin length. This gives the results needed to work out how long the fin would need to be for ample heat dissipation and to reach its ambient temperature. 





















[bookmark: _Toc194851067]Conclusion
Fins are essential components in engineering applications, designed to enhance heat dissipation by increasing surface area and improving convective heat transfer. They play a critical role in automobiles, electronic cooling, and industrial heat exchangers, where effective thermal management is essential. 
The accuracy of various fin models depends on the assumptions made during the analysis and the parameters set. The infinite fin approximation represents a theoretical ideal, while calculating an optimum fin length identifies where extending the fin further yields negligible improvements in heat dissipation. Defining the fin length using specific conditions ensures optimal heat transfer performance while maintaining efficiency (Lamberg & Sirén, 2003).
It was found that material properties have a significant influence on performance. High thermal conductivity materials, such as copper and aluminium, ensure efficient heat spreading with minimal temperature gradients, making them ideal for applications requiring rapid heat dissipation. Materials like stainless steel, which have lower conductivity exhibit steeper temperature gradients that reduce their efficiency. The choice of material impacts the balance between thermal performance, weight, cost, and manufacturability (Mathiazhagan & Jayabharathy, 2012). 
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[bookmark: _Toc194851721]Figure 16: Excel spreadsheet of temperature distribution for finite length
[image: A blue background with numbers

AI-generated content may be incorrect.]
[bookmark: _Toc194851722]Figure 17: Excel spreadsheet of heat loss for finite length
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Heat Transfer - C2

Q - Al Alloy	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	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	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0	0.64845138590659523	1.285904356493784	1.902094230165716	2.4881221680449723	3.0369074942350096	3.5434209911425243	4.0047020543621512	4.4196965543057924	4.7889715213047044	5.114366662878794	5.3986349024952744	5.6451100379145025	5.8574242381628761	6.0392847783749772	6.1943096889654417	6.3259160242513177	6.4372516056469218	6.531160457321886	6.6101728599444982	6.6765123206295742	6.7321133324542295	6.7786453014909762	6.8175393183598709	6.8500154997547904	6.8771094296144675	6.8996968208683169	6.9185159367679727	6.934187594900699	6.9472327613669531	6.9580878552587491	6.9671179462226798	6.9746280567973944	6.9808727881973498	6.9860644816326749	6.9903801128717884	6.9939670994360599	6.9969481800774744	6.9994255065993887	7.0014840695595026	7.003194562433289	Q - Brass	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	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	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0	0.6468288282264405	1.2732987983210367	1.861536008711588	2.3980185560908964	2.8744581139305514	3.2876832649249859	3.6387919450876467	3.9319501804258006	4.1731698210165158	4.3692761182915385	4.5271507614037247	4.6532469738313837	4.7533273670995433	4.8323620500976965	4.8945298263084895	4.9432780262111464	4.9814100157459809	5.011180720495612	5.034388824637162	5.0524599049273	5.0665182578050745	5.0774471998980344	5.0859386802486091	5.0925335079170457	5.097653621797928	5.1016277702422448	5.1047118233182207	5.1071047661003872	5.1089612473829495	5.1104013993756432	5.1115185060893822	5.1123849822529248	5.1130570292922028	5.1135782576799746	5.1139825030704991	5.1142960144231555	5.1145391534233369	5.1147277139037381	5.1148739459681591	5.1149873507469099	Q - Copper	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	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	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0	0.3249371554782724	0.64857239281988222	0.96962457608100161	1.2868534327032846	1.5990782729964406	1.9051947642739686	2.2041892832747552	2.4951504990914382	2.7772779785859369	3.0498877468871006	3.3124148675747436	3.5644132227746779	3.80555276704745	4.0356145975055311	4.2544842252493309	4.4621434512245006	4.6586612458031285	4.8441840096554385	5.0189255581998999	5.1831571275457371	5.3371976505109666	5.4814045005901688	5.6161648525404715	5.7418877626903368	5.858997031581568	5.9679248769264932	6.0691064163735282	6.162974937096255	6.2499579123368676	6.3304737131443307	6.4049289559533582	6.4737164226254649	6.5372134884116191	6.5957809943444987	6.6497625032479428	6.6994838823654694	6.7452531601469259	6.7873606096608947	6.8260790161621907	6.861664091344414	Q - Stainless	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	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	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0	0.16123602039060597	0.31473302013915821	0.45416976054659519	0.57554213956597378	0.67732740171908812	0.76005351838148427	0.82559387454181077	0.8764758984615868	0.91535931677099558	0.94471660040286465	0.96667995585003963	0.98299953761417802	0.9950640216092268	1.0039493436301281	1.0104751264337719	1.0152581964952796	1.018758710351902	1.0213177778480238	1.0231871005959416	1.0245517876018841	1.0255476435762798	1.0262741254638577	1.0268039772491639	1.0271903549586652	1.0274720746846093	1.0276774670016671	1.0278272019714751	1.0279363565483588	1.0280159259035098	1.0280739273628579	1.0281162063063729	1.0281470242453246	1.0281694878200967	1.0281858616810415	1.0281977966447449	1.028206496048476	1.0282128370329391	1.0282174589593926	1.028220827864236	1.0282232834437437	Length of rod (m)


Q-Finite (Watts)




Heat loss comparison

Heat Loss (C2)	Alloy	Brass	 Copper	 Stainless	7.003194562433289	5.1149873507469099	6.861664091344414	1.0282232834437437	Heat Transfer (C3)	Alloy	Brass	 Copper	 Stainless	6.9419426190394962	5.0645649460630509	7.1804404640263275	1.0180158577259197	Alloy	Brass	 Copper	 Stainless	0	0	0	0	T(x)


Heat Loss (Q)




Temperature Distrubition C4

Q - Al Alloy	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	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	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	110	101.9358312990075	94.594208986050518	87.911934036321014	81.831483297262324	76.300514310937857	71.271414733470721	66.700892472812328	62.54960301661599	58.78181074213461	55.365081292590382	52.270002371894066	49.469930554225897	46.940761928934322	44.660724606390602	42.610191298623789	40.771510361370062	39.12885384309314	37.668081232932551	36.376617734679357	35.243346018922502	34.258510521533886	33.413633464663036	32.701441877323333	32.115804987339672	31.651681445707595	31.305075929054251	31.073004746621407	30.953470155704451	30.945443164446431	Q - Brass	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	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	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	110	99.133593767599024	89.580204480400369	81.185225871927727	73.812798692569828	67.343612045764019	61.67297253270349	56.709109957776015	52.371692175295962	48.590525042709643	45.304416441103264	42.460185979009864	40.011804353160969	37.919648438118926	36.149860049611462	34.673798004182693	33.467574607625842	32.511669071007091	31.790611598039742	31.29273303126994	31.009976005499567	30.937764552267581	Q - Copper	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	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	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	110	106.00739289019438	102.19171469593604	98.545294427518186	95.060801369161879	91.731230341440707	88.54988761815936	85.510377469373665	82.606589303498509	79.832685382654248	77.183089086554432	74.652473701341151	72.235751710828879	69.928064568628315	67.724772930587974	65.621447327917224	63.613859262239927	61.697972704676445	59.869935981863797	58.126074032601693	56.46288101955745	54.877013281176303	53.365282609627734	51.924649841274118	50.552218746775644	49.245230208548691	48.001056673871744	46.817196872487685	45.691270788082662	44.621014873532303	43.604277500296078	42.639014632811325	41.723285719190862	40.855249789962656	40.03316175700887	39.255368905263452	38.520307570115264	37.82649999383716	37.172551354721151	36.557146962946923	35.979049617546664	35.437097119152305	34.930199933525074	34.457339001170055	34.017563688632272	33.609989877355595	33.233798186262284	32.888232324479993	32.572597570904399	32.286259377541029	32.028642093818164	31.799227809306487	31.597555312518679	31.423219163695869	31.275868879716825	31.15520822949124	31.060994638420649	30.993038700729564	30.95120379868662	30.935405827950035	Q - Stainless	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	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	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	110	96.690336230367151	85.352032738409861	75.701040907855273	67.49558286804816	60.53009444408837	54.630075337064959	49.647717520448964	45.458202334677281	41.956573514271895	39.055107810173325	36.681117335785792	34.775128580828593	33.289392473417998	32.186688164265952	31.439390565245745	31.028778282182643	30.944564604113989	



Temperature Distribution - C5

Temp Distribution - Part 5	T(x)- Al Alloy	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	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	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	110	101.85094831765264	94.423712323583189	87.654356003129649	81.484606579541321	75.861352883343812	70.736188154464372	66.064993341413029	61.807557310425452	57.927230695207513	54.390610407509122	51.167252092694348	48.229408055033367	45.551788396693865	43.111343314239988	40.887064678577929	38.859805190284902	37.012113553553057	35.328084249873058	33.793220618261259	32.394310063381639	31.119310317313932	29.957245775873233	28.898113017111051	27.932794688670828	27.052981022712959	26.251098302784726	25.520243666855144	24.854125685278532	24.247010202162894	23.693670973928363	23.189344680136806	22.729689919311269	22.310749836768391	21.928918062752128	21.580907667653488	21.263722867072811	20.974633233152861	20.71115019018557	20.47100559215918	20.252132197834456	20.052645875273246	19.870829382630216	19.70511758558774	Temp Distribution - Part 5	T(x) - Brass	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	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	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	110	99.017099053198493	89.34532977169323	80.828170098873727	73.327783480778876	66.722788202784585	60.906293021445762	55.784167301348155	51.273517661912472	47.301346481125137	43.803370546232657	40.722980733157783	38.010325878719186	35.621506019597533	33.517861941915946	31.665349543935477	30.033988886930452	28.597379018016674	27.332270713118962	26.218190225608936	25.237107951588989	24.373146649701908	23.612324493472389	22.942328797895051	22.352316758397158	21.832739977456072	21.375189939116439	20.972261930660384	20.617435209221341	20.304967474030594	20.029801936499322	19.78748548421456	Temp Distribution - Part 5	T(x) - Copper	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	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	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	110	105.96640613104293	102.10965877838682	98.422004387424082	94.896029345833284	91.524645079349625	88.301073800987581	85.218834885066258	82.271731838644072	79.453839844170076	76.759493848307969	74.183277172986692	71.720010625781555	69.364742087733049	67.112736557671724	64.959466633033387	62.900603408027976	60.932007770863905	59.049722082531581	57.249962220417551	55.529109970753716	53.883705754607547	52.310441672789665	50.806154855696477	49.367821104718288	47.992548812429874	46.677573149340603	45.420250505517252	44.218053175905055	43.06856427866245	41.969472896293212	40.918569429808208	39.913741156576236	38.952967982934076	38.034318383016505	37.155945515641847	36.316083511446536	35.5130439228044	34.745212329393532	34.011045092586727	33.309066252140497	32.637864558943853	31.996090637861464	31.382454274967486	30.79572182371632	30.234713724835643	29.698302134955842	29.185408659208392	28.695002183234891	28.226096800248165	27.777749828978138	27.349059918517675	26.939165236258489	26.547241735274074	26.172501497666513	25.81419115054662	25.471590351462886	25.144010340234416	24.830792554276421	24.531307304634609	24.244952510066685	23.971152486626107	23.709356790314558	23.4590391104765	23.219696211711121	22.99084692217442	22.772031166237614	22.562809039557095	22.362759924696448	22.171481645522675	21.98858965867651	21.813716280491477	21.646509947807431	21.48663451119257	21.333768559153	21.187604771971248	21.047849303874706	20.914221192291947	20.786451793009189	20.664284240091511	20.547472929482904	20.435783025247073	20.328989987456353	20.226879120779543	20.12924514286123	20.035891771624801	19.946631330669518	19.861284371968338	19.779679315107938	Temp Distribution - Part 5	T(x) - Stainless	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	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	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	110	96.54523446414332	85.058194098122271	75.251104110641805	66.878276040233033	59.729952736774159	53.627053498777677	48.416687720957285	43.968324659404558	40.170523358847021	36.928140819710926	34.159948463636056	31.796597184834418	29.77888000750173	28.056248825154711	26.585548063060248	25.329933539306943	24.257949439689693	23.342740282665016	22.561378132423336	21.89428820533486	21.324758479988855	20.838521025514929	20.42339455957033	20.068979281310664	19.766396334260879	



Temp Distrubution Percentage


Percentage	
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Percentage
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