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[bookmark: _Toc227412383]Introduction 
[bookmark: _Toc1397615713]Extended surfaces, commonly referred to as fins, are widely used in engineering applications to enhance convective heat transfer by increasing the effective surface area available for heat dissipation, to enhance convective heat transfer by increasing effective surfaces area for heat dissipation in engineering systems. 
This report aims to investigate the evolution and application of extended surfaces (Task A), analyse fin performance using computational methods (Task B), and evaluate the thermal behaviour of a practical fin system in the form of a saucepan handle (Task C). 
[bookmark: _Toc227412384]Task A – Extended Surfaces in Engineering 
[bookmark: _Toc227412385]Introduction to Extended Surfaces 
Extended surfaces, or fins, increase a system’s total surface area to enhance the rate of heat transfer across the boundary to the surrounding fluid. By maximising the area exposed to the convective boundary layer, they increase energy transfer () without breaching the system boundary. For example, fins on an air-cooled engine block allow it cool effectively without needing to alter the internal air-fuel mixture or the mass trapped within the cylinders (Bergamn & Lavine, 2017; Kannao & Bhagwat, 2022). 
Heat transfer in this context occurs between a solid surface and a moving fluid, typically air. For example, when cooling a hot engine block, thermal energy is first transferred from the solid to adjacent fluid layer by conduction. This heated layer is then carried away by the bulk motion of the fluid transferring energy through convection (Cengel, et al., 2020). 
Heat is transferred from a solid surface to the surrounding fluid by conduction at the interface and removed via convection as the fluid moves away, maintaining the temperature gradient (Cengel, et al., 2020). 
[image: ]
[bookmark: _Toc227414348]Figure 1 – Heat transfer from hot surface to air by convection. Adapted from (Cengel, et al., 2020).
[bookmark: _Toc227412386]Historical Development of Fins in Automotive Applications 
Fins in automotive applications originate from early air-cooled engines, where finned surfaces dissipated heat directly to the surrounding air. Over time, advances in materials and manufacturing have significantly shaped fin design and performance.
Early air-cooled engines used crude cast iron finned cylinders, as simple manufacturing and small engine sizes made modest heat rejection sufficient (Sahu & Dewangan, 2024). 
[image: 1899 De Dion-Bouton Engine-on-stand — Audrain Auto Museum]
[bookmark: _Toc227414349]Figure 2 - De Dion-Buton single cylinder engine introduced in 1895. Example of early finned, air-cooled cast iron engine. Source https://www.audrainautomuseum.org/aircooled-keep-it-simple/1899-de-dion-bouton-engine-on-stand.
As outputs rose, especially in early aircraft work, designers learned that cooling performance depended not just on having fins, but on fin depth, spacing, orientation, airflow direction and material. Early twentieth-century development work on air-cooled cylinders increasingly moved toward aluminium heads and finned aluminium sections combined with steel or cast-iron wear surfaces, because this gave a better path for heat to escape while preserving durability where the piston and rings ran (Lawrance, 1922).
Evolution in design of this period can be categorised as the move away from cast iron finned cylinders to hybrid construction. Shallow and poorly arranged fins to deeper, better-directed fins. The move from passive air exposure to managed airflow using shrouds, ducts and fans (Genevro, 2002). 
[image: Air-Cooled Flat Six Twin Plug 3.4L Porsche 911 Engine ...]
[bookmark: _Toc227414350]Figure 3 - Porsche 911 boxer motors utilising a rear mounted fan and high oil volume to manage heat through cooling fins rather than water jackets. These engines known for being lightweight and with a high durability. Source: (Jones, 2019). 
[bookmark: _Toc227412387]Impact and Persistence of Cooling fins on small two-stroke and Utility Engines
Finned air cooling remained very successful on small engines, especially compact two-strokes and simple utility four-stokes, because those machines benefited heavily from low weight, low cost, low part count and mechanical simplicity. Air-cooled engines avoid coolant, water pumps, radiators, hoses, thermostat houses and many other failure modes associated with liquid systems. They also come up to operating temperature very quickly (Pulkrabek, 2014). 
Air-cooled finned design remain common in small engines such as motorcycles and handheld tools, where simplicity, low weight and cost are prioritised (Blair, 1990). This simplified arrangement can be seen in figure 4 a finned engine head and block with a shroud and a flywheel fan to the bottom right-hand side of the image. For smaller two-strokes in particular, air cooling also fits the design philosophy. Two-strokes used in small portable tools and lightweight motorcycles were prized for their power-to-weight ratio and compactness, and adding a water-cooling circuit would undermine those advantages (Heywood, 2018). 
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[bookmark: _Toc227414351]Figure 4 – Briggs & Stratton O&M Manual Source: https://www.briggsandstratton.com/hubfs/briggsandstratton/FAQs/pdfs/23A_23A-B_23A-FB_23A-R6_23A-R6D_27760-domestic.pdf
[bookmark: _Toc227412388]The main limitations of extended surfaces on engines 
Finned engines disappeared from larger engines design because their limitations became dominant design constraints for larger engine size, capacity, power density and packaging demand. 
Fins rely on Newton’s law of cooling which states that the rate of heat loss of a body is directly proportional to the difference in temperature between the body and its surroundings (ambient air) (Lienhard, 2011). 
[bookmark: _Toc227399135]Equation 1 – Newtons Law of Cooling

The convective heat transfer coefficient  is the critical variable here. As shown in table 1, air’s poor thermodynamic properties result in low cooling efficiency compared to water. In high-duty engines where heat builds up rapidly, this inefficiency leads to thermal degradation and eventual failure. Consequently, designers often move away from direct air cooling in favour of liquid-to-air heat exchangers. This doesn’t bypass the need for extended surfaces; rather, it provides the flexibility to move those surfaces (the radiator) away from the cramped engine block to an optimised location, such as the front bumper, where airflow is most effective (Prudhvi, et al., 2013).
[bookmark: _Toc227399171]Table 1 – Convective Heat Transfer Coefficient of Air and Water under different conditions. Adapted from (Xiao, et al., 2018)
	Condition 
	
	Conductive Heat Transfer Coefficient (W/m2·k)

	Natural Convection 
	Air 
Water
	1-10
200-1000

	Forced Convection 
	Air
Water
	20-100
1000-15000


Table 1 demonstrates that water is 10-200x more thermally efficient in heat transfer, but as stated the system still relies on extended surface radiators making use of fins between the tubes which allow natural convection and forced convection to reject heat from the system and example of such a system can be seen below in figure 5.
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[bookmark: _Toc227414352]Figure 5 – Automobile Engine Water Cooling Circuit Setup. Source: (Lipnicky, et al., 2024)
A significant limitation of finned air-cooled engines is their inherent isothermal instability. Unlike liquid systems, air cannot provide unform cooling; consequently, high-heat regions particularly around the exhaust values and combustion chamber roof experience steep thermal gradients and localised hot spots when compared to water cooled designed (Heywood, 2018), as shown in figure 6. 
Liquid cooling addresses this by routing coolant through water jackets surrounding the cylinder and head, enabling precise targeting of critical zones such as valve bridges and spark plug bosses (Robert Bosch GmbH, 2007). 
Beyond heat rejection, modern engines require precise thermal management to optimise fuel vaporisation, oil viscosity, and mechanical wear. A thermostat-governed liquid system ensures engines reach and maintain their ideal operating temperature regardless of load or ambient conditions this superior local control is why liquid cooling dominates engine blocks, while fins are relegated to heat rejection within the thermodynamic circuit (Heywood, 2018).
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[bookmark: _Toc227414353]Figure 6 – Comparison between thermal gradient map of air-cooled finned engines and water-cooled engines. Source: (Mitsubishi Heavy Industries - VST Diesel Engines , 2026)
[bookmark: _Toc227412389]Recent Advances in Fin Design 
Recent developments in extended surface design have focused on maximising heat transfer performance while minimising weight and volume. These innovations are driven by advancements in manufacturing process and computational optimisations techniques. Rather than relying only on traditional straight rectangular fins, current research explores micro and nano structured surfaces, additively manufactured geometries, alternative fin topologies such as pin-fin and lattice arrangements and algorithm-driven optimisation methods (Rahman, et al., 2024; Deng & Korvink, 2025). 
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[bookmark: _Toc227414354]Figure 7 – 3D Printed / Additive Manufactured Extended Surface Heat Exchanger Designs. Source: (Goguelin, 2021).
Additive manufacturing (AM) removes the "design-for-manufacture" constraints that traditionally limited heat sinks to simple geometries like straight plates or extruded fins (Batikh, et al., 2025). By enabling complex internal cooling passages, lattice structures, and topology-optimised branching, AM allows engineers to prioritise thermal performance over tooling limitations (Batikh, et al., 2025).
While traditional plate fins remain a cost-effective choice for predictable, low-resistance airflow, pin-fin and lattice arrangements are increasingly favoured in electronics cooling (Omran & Chahrour, 2025) these complex geometries promote better flow mixing and multi-directional heat spreading features that are now physically and economically viable through AM (Batikh, et al., 2025; Omran & Chahrour, 2025).
[bookmark: _Toc227412390]Extended Surfaces in Microprocessors 
In modern electronics, rising power densities have made thermal management critical. As transistor counts and clock speeds increase, heat generated per unit area rises significantly, making heat sink design a key constraint in CPUs, GPUs, and power electronics (Hassan, et al., 2025). 
[bookmark: _Toc227412391]Heat Sinks and Extended Surfaces 
Heat sinks are the primary implementation of extended surfaces in microprocessor cooling systems. Their function is to increase the effective surfaces area available for heat transfer from the processor to the surrounding air. A typical Heat Sink consists of:
· A base plate (in contact with the processor)
· An array of fins (the extended surface)
· And often integration with heat pipes or vapor chambers.
Heat is conducted from the processor into the base and then spread through the fins, where it is dissipated via convection. Modern designs often use closely space plate fins or pins fins, depending on airflow conditions and space constraints (Chang, 2026). 
Design performance is still fundamentally routed in Newton’s Law of Cooling which states that rate of heat loss () is proportional to the surface area () and the temperature difference (): 
[bookmark: _Toc227396235][bookmark: _Toc227399136]Equation 2 – Convective heat transfer rate equation between a surface and surrounding fluid.

Because of these designers still must balance surface area, fin density, thermal conductivity of materials and convection coefficient to provide a robust design (Ahmed, et al., 2018).
[bookmark: _Toc227412392]Forced Convection (Fans)
Most microprocessors cooling systems rely on force convection, typically using fans to drive air across the finned heat sink. This significantly enhances heat transfer compared to natural convection by: 
· Increasing air velocity 
· Reducing thermal boundary layer thickness 
· Improving overall heat transfer coefficient. 
Without forced convection, passive heat sinks would require much larger surface areas to achieve the same cooling performance, which is impractical for compact devices like laptops or high-performance desktops.
However, the use of forced convection introduces several trade-offs. It increases overall energy consumption due to the power required to drive fans, generates additional noise, and introduces moving components into an otherwise static system. These components are subject to wear and potential failure, making reliability and maintenance key design considerations in thermal management systems (BOYD, 2017). 
[bookmark: _Toc227412393]Materials 
Material selection is a fundamental design consideration for heat transfer design, with aluminium and copper being the two most widely used materials due to their favourable thermal properties. Aluminium offers moderate thermal conductivity, low density and excellent manufacturability, particularly for extrusion which enable low-cost complex fin geometries (Steinberg, 1991). A full comparison between the material properties can be seen below in table 2.  
[bookmark: _Toc227399172]Table 2 – Comparison of Aluminium and Copper for Heat Sink Applications. Data adapted from: (Aluminium components Heatsinks ABL, n.d.; Semiconductor For You , 2021; Kingka, 2025)
	Feature 
	Aluminium Alloys (AI) (e.g. 6061/6063)
	Copper (Cu)

	Thermal Conductivity 
	~160-235 W/mk
	~380-400 W/mK

	Density (Weight)
	~2.7 g/cm3 (Lightweight)
	~8.9 g/cm3 (Heavy)

	Manufacturing 
	Best for Extrusion 
	Requires Machining / Skiving

	Common Use 
	Cooling fans for convection 
	Base plates for rapid heat absorption 



As a result of these trade-offs, modern heat sink designs often adopt a hybrid configuration, where copper is used for the base plate to maximise heat absorption and spreading, while aluminium is used for the fins to provide a lightweight and cost-effective means of increasing surface area for convective heat transfer. Balancing between thermal performance and economic viability, making it suitable for large scale application such as for microprocessor and consumer electronic (Incropera, et al., 2022). 
[bookmark: _Toc227412394]Task B – Fin Performance Analysis 
[bookmark: _Toc227412395]Theoretical Background 
Heat transfer rate equations for a uniform cross-section fin under steady-state conditions depend on the specific boundary conditions at the tip. For all cases, the common parameter  is defined as (Incropera, et al., 2017):
[bookmark: _Toc227399137]Equation 3 – Fin Parameter definition for a uniform cross-section fin equation.

·  is the convection heat transfer coefficient. 
·  is the perimeter of the fin. 
·  is the thermal conductivity of the fin material. 
·  is the cross-sectional area. 



The temperature distribution within the fin is governed by: 
[bookmark: _Toc227399138]Equation 4 – Governing differential equation for one-dimensional heat conduction in a fin.

Where  represents the temperature excess relative to the ambient temperature. This equation describes the balance between conduction along the fin and convection to the surrounding fluid. 
The general solution to this equation consists of exponential terms:
[bookmark: _Toc227399139]Equation 5 – General solution to the governing differential equation for fin temperature distribution.

which are more conveniently expressed using hyperbolic functions (Cengel & Ghajar, 2020): 

These forms simplify the application of boundary conditions and lead to standard expressions for fin heat transfer. 
[bookmark: _Toc227412396]Adiabatic Tip Condition and Heat Transfer Ratio 
For a fin with an adiabatic (insulated) tip, the boundary condition is:

Under this condition, the heat transfer rate is:
[bookmark: _Toc227399140]Equation 6 – Heat transfer rate for a finite-length fin with an adiabatic tip.

Where: 

For an infinitely long fin, the heat transfer rate approaches:

Since the temperature along the fin converges on ambient temperature, eliminating the driving force for further heat transfer. Combining these expression gives (Incropera, et al., 2017):

This shows that fin performance is governed entirely by the dimensionless parameter  which incorporates geometry, materials and convective conditions.
[bookmark: _Toc227412397]Graphical Interpretation 

When plotting  /  against  a hyperbolic (tanh) curve is obtained, as shown in Figure 8. 
[image: ]
[bookmark: _Toc227414355]Figure 8 – Plot of against fin parameter , demonstrating that heat transfer converges on the infinite fin condition, with  achieving ~99% effectiveness. Created by document owner.

The curve shows a rapid increase in heat transfer ratio at low values of  where each incremental increase in fin length produces a significant improvement in performance. However,  increases, the curve begins to level off, indicating diminishing returns and the hyperbolic (tanh) curve. 
At , the fin achieves around 99% of the heat transfer of an infinitely long fin. Beyond this point, further increase in fin length result in only marginal gains in heat transfer, as the temperature along the fin has already decayed close to the ambient temperature. 
This demonstrates that although increasing fin length increases surfaces area, the effectiveness of that additional area is limited by the reduction in temperature difference along the fin. As a result,  is widely accepted as an optimal design limit, beyond which additional material is thermally inefficient.




[bookmark: _Toc227412398]Task C – Thermal Analysis of Saucepan Handle 
[bookmark: _Toc227412399]Problem Definition 
The saucepan handle can be modelled as a rectangular fin subjected to convective heat loss along its surfaces, with an adiabatic tip condition. The objective is to evaluate temperature distribution and heat loss for different materials. 
Base Temperature 					
Ambient Temperature					
Convection coefficient 					
Handle Length (fin length)				
Handle width (fin width)				
Handle thickness 					
Thermal Conductivity of Copper 			
Thermal Conductivity of 2024 Aluminium Alloy 		
Thermal Conductivity of Brass (70 Cu/30 Zn) 		
Thermal Conductivity of 304 Stainless Steel 		
For a rectangular fin:
Cross-sectional area				
Perimeter					
Excess temperature 				
Excess temperature at the base 			
[bookmark: _Toc227412400]Key Assumptions 
The analysis is based on the following assumption:
1. Its assumed that the saucepan has being boiling the water for some time and handle (fin) has reached a steady-state heat transfer state where temperature at every point within a system remains constant over time.
2.  Its assumed in this scenario that one-dimensional convection applies where temperature change occurs along a single axis perpendicular to the surface, the temperature of handle (fin) and the bulk fluid are uniform, and heat moves through a thin “boundary layer” at the interface. 
3. Heat loss due to radiation is assumed to be negligible compared to convection. 
4. It’s assumed that the handle (fin) is of uniform cross section and thickness.
5. It’s also assumed in these scenarios that the materials being analysed are of constant material properties, there is no change along the length of the handle (fin) nor due to the heating of the material. 
6. It’s also assumed that temperature above 50-60°C are too hot for comfortable bare-hand contact this will be a governing criterion to assess the material efficacy (ASTM International , 2020).
[bookmark: _Toc227412401]Fin Parameter 
The thermal performance of the fins is dictated by the constant  already shown in this report. This value determines how rapidly the temperature decays form the base to the tip. A higher  indicates that convection is dominant, leading to a steeper temperature gradient along the fin length:
                                                                        
[bookmark: _Toc227399173]Table 3 – Fin parameter results table. Created by document owner.
	Material
	Fin Parameter in m-1

	Copper
	3.015

	2024 Aluminium
	4.132

	Brass (70 Cu/30 Zn)
	5.946

	304 Stainless Steel
	15.275



[bookmark: _Toc227412402]Temperature distribution along the Handle (fin)
As the tip is insulated the boundary conditions are assumed as adiabatic at the tip of the handle the temperature distribution along an adiabatic tip fin therefore is used:
[bookmark: _Toc227399141]Equation 7 – Temperature distribution along a finite-length fin with an adiabatic tip.


So, the temperature at any distance  from the pan is: 


For the free-end temperature  is set to  therefore:


Of the four materials analysed, only the 304 stainless steel handle gives a sufficiently low-free-end temperature to be considered reasonable safe for direct handling. Copper, aluminium and brass all remain too hot at the free end due to their relatively high thermal conductivities. This is illustrated in Figure 9 and the result table shown in appendix A. 

[bookmark: _Toc227414356]Figure 9 – Predicted temperature profiles along the length of saucepan handles fabricated from copper, aluminium, brass and stainless steel, modelled as straight fins with insulated tips. Created by document owner.
[bookmark: _Toc227412403]Heat Loss for a 200mm Handle 
To analyse the potential heat loss from each of the materials the below equation is used:
[bookmark: _Toc227399142]Equation 8 – Heat transfer rate for a finite-length fin with an adiabatic tip.

[bookmark: _Toc227399174]Table 4 – Estimate Heat Loss for Each of the Material results. Created by document owner.
	Material
	Estimated Heat Loss in w

	Copper
	7.32

	2024 Aluminium
	6.74

	Brass (70 Cu/30 Zn)
	5.72

	304 Stainless Steel
	2.67



[bookmark: _Toc227412404]Optimum Handle Length 
To determine the optimum handle length of each of the materials the variable  as shown in figure 8 this gives 99% heat transfer efficiency for a fin. The below equation is then used to calculate that optimum length:

[bookmark: _Toc227399175]Table 5 – Optimum Handle Length Results. Created by document owner.
	Material
	Optimum Handle Length in mm

	Copper
	879

	2024 Aluminium
	641

	Brass (70 Cu/30 Zn)
	446

	304 Stainless Steel
	173


The values show that in the proposed design and geometry only the stainless steel would be at or exceeding it’s optimum length for the other materials to have an optimum heat transfer the handle would have be much more than double the length.  
[bookmark: _Toc227412405]Estimate heat loss at optimum handle length
The same equation used in section 4.5 is then used to analyse the heat loss for the materials at their optimum lengths and shown in the below table. 
[bookmark: _Toc227399176]Table 6 – Estimate Heat Loss Results at optimum length and Comparison Table. Created by Document Owner.
	Material
	Estimated Heat Loss at optimal length in w
	Heat Loss at 200mm length in w
	Delta between optimal and actual

	Copper
	13.45
	7.32
	54.4%

	2024 Aluminium
	9.81
	6.74
	68.7%

	Brass (70 Cu/30 Zn)
	6.82
	5.72
	83.8%

	304 Stainless Steel
	2.65
	2.67
	99.2%



The results show that stainless steel already behaved very close to the optimum condition while other materials had a between ~17-45% delta between optimum and current condition. 
[bookmark: _Toc227412406]Temperature distribution along the handle out to optimum length
The temperature distribution was then replotted for each material using an extended handle length, such that the total length approached or exceeded the practical optimum fin length for each case.

[bookmark: _Toc227414357]Figure 10 – Predicted temperature profiles along the length of saucepan handles out to optimum lengths fabricated from copper, aluminium, brass and stainless steel, modelled as straight fins with insulated tips. Created by document owner.
The figure shows that as handle length increases; tip temperature progressively approaches ambient. This illustrates diminishing returns beyond the optimum fin length, where further extension yields only marginal temperature reduction.
Compared with part 2, the figure highlights the strong influence of thermal conductivity on handle length needed to reach a safe handling temperature. Stainless steel achieves this over the shortest length (~100mm), brass requires ~250mm, while copper and aluminium need substantially more (~550mm and ~400mm respectively). This confirms that low-conductivity materials are preferable for handles, while high-conductivity materials are better suited to the pan body where efficient heat transfer is desirable.
[bookmark: _Toc227412407]Conclusion
This report has demonstrated the importance of extended surface design in understanding and developing a design for the application of heat transfer such as a saucepan. Through both theoretical and computational analysis, it has been shown that efficient design is about understand key aspects and requirements of intended application and that fin performance itself is highly dependent on geometry, material properties and assumption made on boundary conditions. 
The findings highlight the necessity of optimising fin length and materials selection to balance performance, efficiency and practical considerations such as user safety. 
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Temperature Distribution Along Saucepan Handle at 200mm for Different Materials (Adiabatic Tip)

Green 	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	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	Amber 	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	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	Red	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	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	T(L)_Copper	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	99.964561545268978	99.858407016478751	99.682017142048295	99.436187246521541	99.122018542807965	98.740906190006584	98.294524355774868	97.784808577102325	97.213935759088486	96.584302186765186	95.898499949458511	95.159292190420544	94.369587596688305	93.532414535955269	92.650895229630322	91.728220325440589	90.767624200338588	89.772361286646571	88.745683672892767	87.690820187219899	T(L)_Alu	99.933460982577174	99.734410391199432	99.404535882330791	98.946611578974739	98.364441660063761	97.662784381060291	96.847259304441039	95.92424102425035	94.900742992642648	93.784295191198879	92.582819342511243	91.304505146813923	89.957690682235963	88.550749659413867	87.091987708024504	85.589549329884477	84.05133661289976	82.48494028945214	80.897583262626753	79.296076328248262	T(L)_Brass	99.862318656117552	99.451694648660407	98.775284994578968	97.844682623953105	96.675440531138136	95.28645673943042	93.699263816833152	91.93727002747552	90.024997849353511	87.987360276122729	85.849007212702247	83.633764702944134	81.364179956378479	79.061176194051654	76.743813904607194	74.429149541793194	72.132179056072687	69.865851767549231	67.641139651722227	65.467147763244839	T(L)_SS	99.098793544852285	96.496490044960154	92.470455922215947	87.406596276928113	81.719187244020759	75.784951753369015	69.904785106529388	64.292363379028387	59.081135672596325	54.340162226446814	50.091784927657983	46.327297790472812	43.019198470165747	40.129986099907534	37.618071625161342	35.441511401748357	33.560207661580577	31.937082751353671	30.538595891506681	29.334857017459278	Length in (m)


Temperature in °C




Temperature Distribution Along Saucepan Handles for Different Materials (Adiabatic Tip)

Green 	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	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	Amber 	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	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	Red	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	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	50	T(L)_Copper	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	99.964561545268978	99.858407016478751	99.682017142048295	99.436187246521541	99.122018542807965	98.740906190006584	98.294524355774868	97.784808577102325	97.213935759088486	96.584302186765186	95.898499949458511	95.159292190420544	94.369587596688305	93.532414535955269	92.650895229630322	91.728220325440589	90.767624200338588	89.772361286646571	88.745683672892767	87.690820187219899	86.610957127026282	85.509220754950917	84.388661639568582	83.252240880152172	82.102818219311558	80.94314201574673	79.77584102207264	78.603417889824726	77.42824430531445	76.252557645825391	75.078459035465031	73.907912673481917	72.742746304638928	71.58465270087774	70.435192025596635	69.295794955960659	68.167766444373683	67.052290007177334	65.95043243646623	64.863148839308082	63.791287917371577	62.735597408759922	61.696729622544929	60.675247004935869	59.671627684088172	58.686270948168378	57.719502618383885	56.771580285221184	55.842698382094113	54.932993075982509	54.042546959449624	53.171393532683197	52.319521467937072	51.486878651989031	50.6733760050111	49.878891076608852	49.103271421762699	48.34633776103604	47.607886930737052	46.887694629769932	46.185517970718436	45.501097843302524	44.834161098764206	44.18442256399932	43.551586894379525	42.935350274226103	42.335401973822123	41.751425771699274	41.183101250724633	40.630104976254259	40.092111564324924	39.568794647533238	39.059827745910155	38.564885049745797	38.083642120960157	37.615776519255078	37.160968358924805	36.718900801850538	36.289260491861072	35.871737935308488	35.46602783238697	35.071829363414459	34.688846434003381	34.316787882766235	33.955367654936822	33.604304945037178	33.263324311483835	32.93215576580485	32.610534838930953	32.298202626828868	T(L)_Alu	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	99.933460982577174	99.734410391199432	99.404535882330791	98.946611578974739	98.364441660063761	97.662784381060291	96.847259304441039	95.92424102425035	94.900742992642648	93.784295191198879	92.582819342511243	91.304505146813923	89.957690682235963	88.550749659413867	87.091987708024504	85.589549329884477	84.05133661289976	82.48494028945214	80.897583262626753	79.296076328248262	77.686785497887854	76.075610080087174	74.467970501664638	72.868804742297669	71.282572205445092	69.713263847625115	68.164417426205631	66.639136793569691	65.140114253918426	63.669655100261537	62.229703556750081	60.821869460124731	59.447455119603212	58.107481894048306	56.802716116742701	55.533694080364356	54.300745867272148	53.104017872944851	51.943493923708104	50.819014934329232	49.730297087417952	48.676948545686614	47.658484730874775	46.67434222039013	45.723891325285848	44.806447421841114	43.921281114427487	43.067627310139244	42.244693286375941	41.451665831649223	40.687717537734748	39.952012318229308	39.243710224874107	38.561971628886923	37.905960830185201	37.27484915291916	36.667817581276388	36.084058985149923	35.522779981040415	34.983202469532991	34.464564886879302	33.966123204642557	33.487151708035988	33.026943580505936	32.584811319274124	32.160087003954942	31.752122437989616	31.360289180480905	30.983978484054234	30.622601152601746	30.275587331170108	29.942386238817701	29.622465853978962	29.31531256071997	29.020430763238362	28.737342475040798	28.465586888411679	28.204719929058403	27.95431380017153	27.713956519565009	27.483251453054145	27.261816846780665	27.049285360798663	26.845303605886631	26.649531685244359	26.461642742464246	26.28132251693075	26.108268907595157	25.942191545892722	25.782811378412053	T(L)_Brass	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	99.862318656117552	99.451694648660407	98.775284994578968	97.844682623953105	96.675440531138136	95.28645673943042	93.699263816833152	91.93727002747552	90.024997849353511	87.987360276122729	85.849007212702247	83.633764702944134	81.364179956378479	79.061176194051654	76.743813904607194	74.429149541793194	72.132179056072687	69.865851767549231	67.641139651722227	65.467147763244839	63.351252908164639	61.29925947614889	59.315563306868064	57.40331640218502	55.56458708391483	53.800511764236383	52.111435811614129	50.497042057524496	48.956466315289831	47.488399899383971	46.091179573729775	44.762865653250572	43.50130916464628	42.304209066906594	41.169160562234502	40.093695512499892	39.075315929913799	38.111521444778461	37.199831576547979	36.337803553315538	35.523046343657548	34.75323148649877	34.026101231208877	33.339474432581596	32.691250584180821	32.079412318854317	31.502026656829905	30.957245239364745	30.443303748956438	29.958520685138851	29.501295637356815	29.070107172835538	28.663510437252565	28.280134548939284	27.918679852882029	27.577915088598331	27.256674515711243	26.953855032452367	26.668413315145926	26.399363000748743	26.145771929560546	25.906759461116582	25.681493872895807	25.46918984870636	25.269106061348246	25.080542852317336	24.902840009834538	24.735374645299956	24.577559167333536	24.428839351829073	24.28869250588216	24.156625723024678	24.032174226884113	23.914899800164669	23.804389295701025	23.700253226250776	23.602124429655699	23.5096568060053	23.422524123470115	23.34041888953055	23.263051284403527	23.190148153559846	23.121452056325616	23.056720367668824	22.995724430384133	22.938248755003769	22.884090264877809	22.833057583982491	22.784970365128938	22.739658656356383	T(L)_SS	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	99.098793544852285	96.496490044960154	92.470455922215947	87.406596276928113	81.719187244020759	75.784951753369015	69.904785106529388	64.292363379028387	59.081135672596325	54.340162226446814	50.091784927657983	46.327297790472812	43.019198470165747	40.129986099907534	37.618071625161342	35.441511401748357	33.560207661580577	31.937082751353671	30.538595891506681	29.334857017459278	28.299506785643786	27.409471511781735	26.644660902224061	25.987649491487851	25.423365362498846	24.938798812937936	24.522736917991942	24.165525924849355	23.858861105422548	23.595602446501417	23.369613957615798	23.175624164428292	23.009105365435744	22.866169360655796	22.743477551046997	22.638163519864921	22.547766420770884	22.470173700664592	22.40357187212674	22.346404218730708	22.297334466027259	22.255215582544448	22.219062990060678	22.188031562317573	22.161395877899832	22.138533267816751	22.118909262852274	22.102065101344998	22.087607005907344	22.075196978744355	22.064544900606226	22.055401748803636	22.047553775825218	22.040817512520867	22.035035479070817	22.030072503493955	22.025812561643722	22.022156064826099	22.019017531635274	22.016323589582889	22.01401125980524	22.012026484749821	22.010322864422424	22.008860571651365	22.007605421010336	22.006528069633365	22.005603331238746	22.004809587325301	22.004128281775966	22.003543487053662	22.003041531847934	22.002610681467601	22.002240863507552	22.001923432376447	22.001650967180396	22.001417098237553	22.001216358167934	22.001044054077184	22.000896157846277	22.000769211962286	22.000660248688757	22.000566720686074	22.000486441459852	22.000417534245138	22.00035838813146	22.000307620403039	22.000264044213687	22.000226640840765	22.000194535869525	22.000166978751068	Length in (m)


Temperature in °C




image1.png
Prifysgol Cymru
£ Y Drindod Dewi Sant
& University of Wales
Trinity Saint David

3




image2.png
Velocity

variation T
of air f
\% T
Alr Temperature
flow variation
- of air
QCOHV
F A
s T,

Hot block




image3.jpeg




image4.jpeg




image5.png




image6.png
(290 mm—2040 RPM) (345 mm—1530 RPM) (400 mm~—2130 RPM)




image7.png
Air-Cooled Diesel Engine (Under Load)

s0°C

0

c

150°C.

Max Tomp >220'C.

ThermalStess

Locaiized

(HotSpot)

Nax Tomp 220:C

200°C

250

Water-Cooled Diesel Engine (Under Load)
Max Temp. <130°C

- Uniform Heat.

Rejection
ﬁ:\wa Cooling)

v Tomp <130°C
—
svo 10070 Eat





image8.png




image9.png
Variation of Fine Heat Transfer Ratio (Q_finite/Q_o0) with Fin ParametermL
120.0%

0.6% 0.4% 0.3% 0.1% 0.2% 0.1% 0.1% 0.0% 0.0% 0.0% 0.

.0% 0.0%
RGN NN
EE R

<0 QU N®Q O™
NN&NNN

100.0% 1.

0.9%
2.0% 2%
2.8%.
.9%
80.0%
60.0%
40.0%
20.0%
0
O.O%I
HTNOMYTNON®B O A N® TN QN DO N o
SC S oSSO0 00 Heddddddd o

R
NN

e'/Q

Normalised Heat Transfer Rate, Q _"

R
o IE R R

Fin Parameter, mL

W Q Finite/ Q_f ™ Delta




image10.emf
Length in m mL_Copper mL_Alu mL_Brass mL_SS COSH(Ml)_Copper COSH(Ml)_Alu COSH(Ml)_Brass COSH(Ml)_SS T(L)_Copper T(L)_Alu

T(L)_Brass

T(L)_SS

0.01 0.03 0.04 0.06 0.15 1.00 1.00 1.00 1.01 100 100 100 99

0.02 0.06 0.08 0.12 0.31 1.00 1.00 1.01 1.05 100 100 99 96

0.03 0.09 0.12 0.18 0.46 1.00 1.01 1.02 1.11 100 99 99 92

0.04 0.12 0.17 0.24 0.61 1.01 1.01 1.03 1.19 99 99 98 87

0.05 0.15 0.21 0.30 0.76 1.01 1.02 1.04 1.31 99 98 97 82

0.06 0.18 0.25 0.36 0.92 1.02 1.03 1.06 1.45 99 98 95 76

0.07 0.21 0.29 0.42 1.07 1.02 1.04 1.09 1.63 98 97 94 70

0.08 0.24 0.33 0.48 1.22 1.03 1.06 1.12 1.84 98 96 92 64

0.09 0.27 0.37 0.54 1.37 1.04 1.07 1.15 2.10 97 95 90 59

0.1 0.30 0.41 0.59 1.53 1.05 1.09 1.18 2.41 97 94 88 54

0.11 0.33 0.45 0.65 1.68 1.06 1.11 1.22 2.78 96 93 86 50

0.12 0.36 0.50 0.71 1.83 1.07 1.13 1.27 3.21 95 91 84 46

0.13 0.39 0.54 0.77 1.99 1.08 1.15 1.31 3.71 94 90 81 43

0.14 0.42 0.58 0.83 2.14 1.09 1.17 1.37 4.30 94 89 79 40

0.15 0.45 0.62 0.89 2.29 1.10 1.20 1.42 4.99 93 87 77 38

0.16 0.48 0.66 0.95 2.44 1.12 1.23 1.49 5.80 92 86 74 35

0.17 0.51 0.70 1.01 2.60 1.13 1.26 1.56 6.75 91 84 72 34

0.18 0.54 0.74 1.07 2.75 1.15 1.29 1.63 7.85 90 82 70 32

0.19 0.57 0.79 1.13 2.90 1.17 1.32 1.71 9.13 89 81 68 31

0.2 0.60 0.83 1.19 3.06 1.19 1.36 1.79 10.63 88 79 65 29
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Length in m mL_Copper mL_Alu mL_Brass mL_SS COSH(Ml)_Copper COSH(Ml)_Alu COSH(Ml)_Brass COSH(Ml)_SS T(L)_Copper T(L)_Alu

T(L)_Brass

T(L)_SS

0.01 0.03 0.04 0.06 0.15 1.00 1.00 1.00 1.01 100 100 100 99

0.02 0.06 0.08 0.12 0.31 1.00 1.00 1.01 1.05 100 100 99 96

0.03 0.09 0.12 0.18 0.46 1.00 1.01 1.02 1.11 100 99 99 92

0.04 0.12 0.17 0.24 0.61 1.01 1.01 1.03 1.19 99 99 98 87

0.05 0.15 0.21 0.30 0.76 1.01 1.02 1.04 1.31 99 98 97 82

0.06 0.18 0.25 0.36 0.92 1.02 1.03 1.06 1.45 99 98 95 76

0.07 0.21 0.29 0.42 1.07 1.02 1.04 1.09 1.63 98 97 94 70

0.08 0.24 0.33 0.48 1.22 1.03 1.06 1.12 1.84 98 96 92 64

0.09 0.27 0.37 0.54 1.37 1.04 1.07 1.15 2.10 97 95 90 59

0.1 0.30 0.41 0.59 1.53 1.05 1.09 1.18 2.41 97 94 88 54

0.11 0.33 0.45 0.65 1.68 1.06 1.11 1.22 2.78 96 93 86 50

0.12 0.36 0.50 0.71 1.83 1.07 1.13 1.27 3.21 95 91 84 46

0.13 0.39 0.54 0.77 1.99 1.08 1.15 1.31 3.71 94 90 81 43

0.14 0.42 0.58 0.83 2.14 1.09 1.17 1.37 4.30 94 89 79 40

0.15 0.45 0.62 0.89 2.29 1.10 1.20 1.42 4.99 93 87 77 38

0.16 0.48 0.66 0.95 2.44 1.12 1.23 1.49 5.80 92 86 74 35

0.17 0.51 0.70 1.01 2.60 1.13 1.26 1.56 6.75 91 84 72 34

0.18 0.54 0.74 1.07 2.75 1.15 1.29 1.63 7.85 90 82 70 32

0.19 0.57 0.79 1.13 2.90 1.17 1.32 1.71 9.13 89 81 68 31

0.2 0.60300 0.83 1.19 3.06 1.19 1.36 1.79 10.63 88 79 65 29

0.21 0.63 0.87 1.25 3.21 1.21 1.40 1.89 12.38 87 78 63 28

0.22 0.66 0.91 1.31 3.36 1.23 1.44 1.98 14.42 86 76 61 27

0.23 0.69 0.95 1.37 3.51 1.25 1.49 2.09 16.79 84 74 59 27

0.24 0.72 0.99 1.43 3.67 1.27 1.53 2.20 19.56 83 73 57 26

0.25 0.75 1.03 1.49 3.82 1.30 1.58 2.32 22.78 82 71 56 25

0.26 0.78 1.07 1.55 3.97 1.32 1.63 2.45 26.54 81 70 54 25

0.27 0.81 1.12 1.61 4.12 1.35 1.69 2.59 30.92 80 68 52 25

0.28 0.84 1.16 1.66 4.28 1.38 1.75 2.74 36.02 79 67 50 24

0.29 0.87 1.20 1.72 4.43 1.41 1.81 2.89 41.96 77 65 49 24

0.3 0.90 1.24 1.78 4.58 1.44 1.87 3.06 48.88 76 64 47 24

0.31 0.93 1.28 1.84 4.74 1.47 1.94 3.24 56.95 75 62 46 23

0.32 0.96 1.32 1.90 4.89 1.50 2.01 3.43 66.35 74 61 45 23

0.33 0.99 1.36 1.96 5.04 1.54 2.08 3.63 77.30 73 59 44 23

0.34 1.03 1.40 2.02 5.19 1.57 2.16 3.84 90.05 72 58 42 23

0.35 1.06 1.45 2.08 5.35 1.61 2.24 4.07 104.91 70 57 41 23

0.36 1.09 1.49 2.14 5.50 1.65 2.33 4.31 122.23 69 56 40 23

0.37 1.12 1.53 2.20 5.65 1.69 2.41 4.57 142.40 68 54 39 23

0.38 1.15 1.57 2.26 5.80 1.73 2.51 4.84 165.90 67 53 38 22

0.39 1.18 1.61 2.32 5.96 1.77 2.60 5.13 193.27 66 52 37 22

0.4 1.21 1.65 2.38 6.11 1.82 2.71 5.44 225.17 65 51 36 22

0.41 1.24 1.69 2.44 6.26 1.87 2.81 5.77 262.33 64 50 36 22

0.42 1.27 1.74 2.50 6.42 1.91 2.92 6.12 305.62 63 49 35 22

0.43 1.30 1.78 2.56 6.57 1.96 3.04 6.49 356.06 62 48 34 22

0.44 1.33 1.82 2.62 6.72 2.02 3.16 6.88 414.82 61 47 33 22

0.45 1.36 1.86 2.68 6.87 2.07 3.29 7.30 483.28 60 46 33 22

0.46 1.39 1.90 2.74 7.03 2.13 3.42 7.74 563.04 59 45 32 22

0.47 1.42 1.94 2.79 7.18 2.18 3.56 8.21 655.96 58 44 32 22

0.48 1.45 1.98 2.85 7.33 2.24 3.70 8.71 764.22 57 43 31 22

0.49 1.48 2.02 2.91 7.48 2.30 3.85 9.24 890.34 56 42 30 22

0.5 1.51 2.07 2.97 7.64 2.37 4.01 9.80 1037.28 55 41 30 22

0.51 1.54 2.11 3.03 7.79 2.43 4.17 10.40 1208.46 54 41 30 22

0.52 1.57 2.15 3.09 7.94 2.50 4.34 11.03 1407.90 53 40 29 22

0.53 1.60 2.19 3.15 8.10 2.57 4.52 11.71 1640.25 52 39 29 22

0.54 1.63 2.23 3.21 8.25 2.65 4.71 12.42 1910.94 51 39 28 22

0.55 1.66 2.27 3.27 8.40 2.72 4.90 13.18 2226.31 51 38 28 22

0.56 1.69 2.31 3.33 8.55 2.80 5.11 13.98 2593.73 50 37 28 22

0.57 1.72 2.36 3.39 8.71 2.88 5.32 14.84 3021.78 49 37 27 22

0.58 1.75 2.40 3.45 8.86 2.96 5.54 15.75 3520.48 48 36 27 22

0.59 1.78 2.44 3.51 9.01 3.05 5.77 16.71 4101.48 48 36 27 22

0.6 1.81 2.48 3.57 9.17 3.13 6.01 17.73 4778.36 47 35 26 22

0.61 1.84 2.52 3.63 9.32 3.23 6.26 18.81 5566.95 46 34 26 22

0.62 1.87 2.56 3.69 9.47 3.32 6.52 19.97 6485.69 46 34 26 22

0.63 1.90 2.60 3.75 9.62 3.42 6.79 21.19 7556.04 45 33 26 22

0.64 1.93 2.64 3.81 9.78 3.52 7.07 22.48 8803.04 44 33 25 22

0.65 1.96 2.69 3.86 9.93 3.62 7.37 23.86 10255.84 44 33 25 22

0.66 1.99 2.73 3.92 10.08 3.73 7.68 25.32 11948.40 43 32 25 22

0.67 2.02 2.77 3.98 10.23 3.84 8.00 26.87 13920.29 42 32 25 22

0.68 2.05 2.81 4.04 10.39 3.95 8.33 28.52 16217.61 42 31 25 22

0.69 2.08 2.85 4.10 10.54 4.07 8.68 30.26 18894.06 41 31 25 22

0.7 2.11 2.89 4.16 10.69 4.19 9.05 32.11 22012.22 41 31 24 22

0.71 2.14 2.93 4.22 10.85 4.31 9.43 34.08 25644.97 40 30 24 22

0.72 2.17 2.98 4.28 11.00 4.44 9.82 36.17 29877.26 40 30 24 22

0.73 2.20 3.02 4.34 11.15 4.57 10.23 38.38 34808.01 39 30 24 22

0.74 2.23 3.06 4.40 11.30 4.71 10.66 40.73 40552.50 39 29 24 22

0.75 2.26 3.10 4.46 11.46 4.85 11.11 43.23 47245.03 38 29 24 22

0.76 2.29 3.14 4.52 11.61 4.99 11.58 45.88 55042.06 38 29 24 22

0.77 2.32 3.18 4.58 11.76 5.14 12.06 48.69 64125.85 37 28 24 22

0.78 2.35 3.22 4.64 11.91 5.30 12.57 51.67 74708.77 37 28 24 22

0.79 2.38 3.26 4.70 12.07 5.46 13.10 54.83 87038.24 36 28 23 22

0.8 2.41 3.31 4.76 12.22 5.62 13.65 58.19 101402.48 36 28 23 22

0.81 2.44 3.35 4.82 12.37 5.79 14.23 61.76 118137.30 35 27 23 22

0.82 2.47 3.39 4.88 12.53 5.97 14.82 65.54 137633.94 35 27 23 22

0.83 2.50 3.43 4.94 12.68 6.15 15.45 69.55 160348.17 35 27 23 22

0.84 2.53 3.47 4.99 12.83 6.33 16.10 73.81 186811.02 34 27 23 22

0.85 2.56 3.51 5.05 12.98 6.52 16.78 78.33 217641.14 34 27 23 22

0.86 2.59 3.55 5.11 13.14 6.72 17.48 83.13 253559.25 34 26 23 22

0.87 2.62 3.59 5.17 13.29 6.93 18.22 88.23 295405.07 33 26 23 22

0.88 2.65 3.64 5.23 13.44 7.13 18.99 93.63 344156.86 33 26 23 22

0.89 2.68 3.68 5.29 13.59 7.35 19.79 99.37 400954.33 33 26 23 22

0.9 2.71 3.72 5.35 13.75 7.57 20.62 105.45 467125.30 32 26 23 22


