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1. [bookmark: _Toc99722645]Introduction
A request was issued to investigate the application of fins from a historical perspective to date, in a number of engineer applications. This work serves to briefly investigate this and conduct further analytical analysis on a number of engineering problems detailed further in this report.
2. [bookmark: _Toc99722646]Report Aims

[bookmark: _Toc99722647]2.1 Task A 
Investigate the application of fins in automotive design from an historical perspective and how these have changed over the decades.  Also describe how extended surfaces have been incorporated into the design and operation of micro-processors, and discuss some of the most recent advances in extended surfaces design along with the perceived advantages of these.  This task should be limited to approximately 1500 words. 

[bookmark: _Toc99722648]2.2 Task B 
When designing a fin of finite length (i.e. one that exhibits an adiabatic tip boundary condition), it is typically considered that the fin parameter mL should not be any greater than approximately 2.65.  It is possible to plot the ratio of heat transfer for a fin with an adiabatic tip 
Q.finiteQ.finite
with the heat transfer rate for an infinitely long fin 
Q.∞Q.∞
against a function of mL.   
Using either MS Excel or MatLab, produce the plot described above so as to confirm that optimum fin length is generally considered as 
mL ≈2.65mL ≈2.65
for a finite length fin.  Plot the mL parameter as the x-axis and in increments of 0.1 from 0 to 4.

[bookmark: _Toc99722649]2.3 Task C 
A very long rod of diameter 4.76 mm has one end attached to a heated surface which is maintained at a constant temperature of 120 °C.  The surface of the rod is exposed to an ambient air temperature of 20 °C.  For the four materials detailed below; 
 
1. Determine the temperature distribution along the rods by computing and plotting a temperature scale from 0 to 120 °C.  It is suggested that you analyse the ‘very long rods’ up to a length of 400mm in increments of 10 mm.  Plot all four temperature distributions on the same axes for a direct comparison. 
 
2. Determine the corresponding values of heat loss for the four rods analysed above. 
 
3. Determine the length of each of the four rods based on the assumption of an optimum length fin to provide an estimate of the heat loss.  How do these values of heat loss compare with those from part 2) above? 
 
4. Determine the temperature distribution for the four rods for their corresponding optimum lengths. 
 
5. For a more accurate prediction of temperature distribution T(x) for the infinite fin approximation, a larger value of the parameter mL would be required.  From the equation to determine T(x) and recognising a requirement that the tip temperature is very close to the fluid temperature, it can be shown that 
e−mL <0.01e−mL <0.01
.  Using this relationship, determine a more accurate length for each of the four rods.  How do these results compare with the temperature distributions plotted in Part 1 and those determined in Part 4) above? 
 
 
 
Material properties: 
 
2024 Aluminium alloy:	h = 30 W/m2K		and,	k = 186 W/mK 
Brass (70 Cu/30 Zn):		h = 30 W/m2K		and,	k = 99 W/mK 
Copper:			h = 15 W/m2K		and,	k = 398 W/mK 
304 Stainless Steel:		h = 7.5 W/m2K		and,	k = 16 W/mK 

 











3. [bookmark: _Toc99722650]Results and discussion

[bookmark: _Toc99722651]3.1 Task A
The application of extended surfaces has been widely used throughout the automotive design history. From the heat transfer equation ‘Fourier’s Law’   (The Engineering ToolBox, n.d.). The heat transfer or the flow of energy is dependant on the heat transfer coefficient k, the Surface area A and the Temperature difference. The heat transfer can be increased then by improving these three individual value independently or combined.
There are typically constraints within automotive design on the material used, due to its material characteristics i.e. the need for strength & temperature stability etc. The bulk fluid  around the engine can change and it is not always possible to increase the temperature difference. As such commonly, to increase the rate of heat transfer, extended surfaces are used to increase the surface area. 
In the automotive design history, particularly applicable to motorcycles, initial engines were air cooled. To increase the heat transfer over the cylinder head, the engines were designed with a number of fins over their surface. These fins allowed for air to flow over a greater area allowing for a larger value of heat transfer.  
[image: A picture containing engine, typewriter, cooking, projector

Description automatically generated]
Air cooled motorcycle engine (Alamy, n.d.)
These engines, however, have an issue. As the engine requires air to flow over the fins to allow for the transfer of heat, if left to stand still, these engines will overheat and potentially damage themselves. The other issue is due to the efficiency. We know from the Carnot cycle that the efficiency of an engine is (Temp in Kelvin).
[image: Diagram

Description automatically generated]
Carnot Cycle (Theoretical maximum efficiency of a combustion engine) (Hyper Physics, n.d.)
The greater the difference between the temperature and cold sink the greater the potential engine efficiency. As such a greater method for improving the cold sink temperature can be employed. Adding a ‘Water jacket’ around the engine allows for liquid cooling. This improves the bulk fluid transfer coefficient and allows greater heat transfer between the wall and fluid.
In 1970 Suzuki revealed Japan’s first, liquid cooled motorbike (SILIDROME, n.d.). A liquid cooled engine, pumps coolant around the engine outer surface and back to a radiator that acts as a heat exchanger. The design of the radiator improves the surface area by incorporating a huge number of fins that allow air to pass over them and cool the hot liquid before recycling it through the engine as a closed loop system. These advancements allow for greater engine performance/efficiencies and facilitate greater horsepower systems.  
[image: ]
Automotive Cooling System (Blue school of motoring , n.d.)
In a automobile as above, this coolant is also used to heat the heater core which warms the vehicle cabin. This heater core is a small radiator unit mounted behind the console. The hot fluid from the engine passes through the heater core and a fan blows air over the fins to warm the cabin. The temperature can be controlled by limiting the amount of coolant that is allowed to travel through the heater core. 
Another typical application for heat exchangers are within computers, namely within the application of microprocessors or a computers CPU (central processing unit). Prior to 1971, engineers created computers with many individual components such as transistors wired one by one. (HowStuffWorks, 2021). In 1971 intel released it’s first central processing unit the Intel 4004. This intel 4004 was the central unit in one of the first portable calculators. (HowStuffWorks, 2021). The Intel 4004 was a passively cooled CPU, meaning the unit itself was capable of dissipating its heat to the surrounding environment without any additional cooling methodologies. (Cheung, 2020). 
Moore’s law denotes an observation Gordan Moore made in 1965 that stated that the number of transistor doubles in an integrated circuit around every two years. (Gianfagna, 2021). 
During the operation of a computer, heat is produced due to resistance and integrated circuit inefficiencies. The addition of these transistors and increasing processing power meant that by 1989 some of the Intel 80486 CPU models were shipped with a form of passive cooling (Cheung, 2020). 
[image: ]
Diagram of passive cooling (ONLogic, 2020)
Passive cooling does not rely upon forced air flow, instead the fins or pins dissipate heat to the surrounding fluid (air). 
To further increase the transfer of heat the introduction of fans allow for cool air to be passed over then fins and increase the heat transfer. Consequently by 1993 almost all CPUs produced relied upon forced cooling. (Cheung, 2020).
Further methodologies of cooling are typically seen in larger systems where the CPU can be cooled using a heat exchanger to cool fluid flowing to a plate connected to the CPU. 
Emerging Technologies and research
A greater level of cooling for the circuits can be achieved with ‘microfluid cooling’. Essentially, liquid flows to a heat exchanger, the liquid is cooled, by means of a fan etc as in a radiator. However, in this system the liquid is then allowed to flow through the integrated circuit allowing for a greater surface area to be cooled. 
[image: A picture containing text

Description automatically generated]
DARPA’s concept ICECool intrachip (Cheung, 2020)
Liquid cooling however is not always practical, especially with the number of portable devices. 
Further work has been conducted on improving the efficiencies of the forced air-cooled extended surfaces such as in the work of (George Oguntala, 2018), in which the study of heat transfer enhancements of micro fin heat sinks with varying surface roughness was analysed. It was found that by varying the surface roughness with a comparison to smooth fins enhances the thermal performance. (George Oguntala, 2018). It could be theorised that this increase in thermal performance is likely due to the increased surface area that would be as a result of surface roughness. 
3.3 [bookmark: _Toc99722652]Task B
For an infinite length fin we know that 
For an finite length fin we know that 


At ML = 2.65 the ratio between Q finite and Q infinite = 99%
As shown in the above graph we can see that at ML = 2.65 (the considered optimum length) the ratio of Q finite is 99% of Q infinite. The graph rises rapidly and begins to plateau. 
[bookmark: _Toc99722653]3.3 Task C


Part 1






[image: ]


As shown in the above temperature distributions, copper with the highest k value transfers the most amount of heat through the pin, followed by aluminium, brass and then stainless steel. 

Part 2
To determine the heat loss through these pins the below equation was used.

	
	 (W)

	Aluminium
	3.853429

	Brass
	2.811309

	Copper
	3.985818

	304 Stainless
	0.565094


As expected copper has the highest value followed by, aluminium, brass and stainless
Part 3


	
	Optimum Length (m)
	(mm)

	Aluminium
	0.227622505
	227.6225

	Brass
	0.166064317
	166.0643

	Copper
	0.470885439
	470.8854

	304 stainless
	0.133520735
	133.5207




	
	Adiabatic

	
	 (W)

	Aluminium
	3.815151

	Brass
	2.783382

	Copper
	3.946225

	304 Stainless
	0.559481



	
	Adiabatic Heat loss (W)
	Infinite Heat loss
(W)
	Percentage Difference


	Aluminium
	3.815150953
	3.853429392
	0.990066

	Brass
	2.783382237
	2.811308662
	0.990066

	Copper
	3.946224534
	3.985818069
	0.990066

	304 Stainless
	0.559480881
	0.565094303
	0.990066



When we compare the results with Part 2 and as shown in Task B at optimum length mL=2.65 the heat loss of the adiabatic pin is 99% of the infinite length.
Part 4

At optimum length mL = 2.65 the heat loss is at 99% of the infinite length rod. Although there is still a delta between the tip temperature and the fluid temperature, the rod length would have to increase drastically to meet this. Copper with the greatest k value is the longest. This is expected as it can allow a higher temperature along it’s length and thus transfer more heat.
Part 5
For the tip temperature to be very close to the fluid temp we can use the below formular


As shown below, the largest k values will be the longest due to the greater heat transfer.

	
	e^(-mL)=0.01 Heat loss (W)
	Infinite Heat loss (W)
	Percent Diff

	Aluminium
	3.852658783
	3.853429392
	0.9998

	Brass
	2.810746457
	2.811308662
	0.9998

	Copper
	3.985020986
	3.985818069
	0.9998

	304 Stainless
	0.564981296
	0.565094303
	0.9998



When we compare the results to the infinite length and optimum (ML = 2.65) distributions we can see that this e^-mL=0.01 is in fact closer to the ambient values. This does come at a greatly increased length over ‘optimum value’ and only increases the heat transfer by 0.98% or 0.0098 decimals
[bookmark: _Toc99722654]Conclusion
For the above examples it does not seem practical to determine optimum length using e^-ml=0.01 as the increase in heat loss would not be worth the additional lengths. As the heat loss is greatest closer to the fluid temperature it is more realistic to user smaller fins especially when considering size, manufacturability, space constraints, etc. It could be argued that optimum length should be defined as mL = 1.5 as this is 90% of the Q infinte. In the case of the Copper rod when compared to the ML=2.65 length. The lengths are 470.88mm vs 266.9mm. This 1.5mL length is 56.7% of the optimum but still retains 90% of the heat loss. These pins in reality however, are typically very small but formed in arrays due to the constraints mentioned above. 
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Temperature (Celcius)




Temperature Distrubution at e^mL = 0.01

Aluminium	T(x)	0	0.01	0.02	0.03	0.04	0.05	0.06	0.07	0.08	0.09	0.1	0.11	0.12	0.13	0.14	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28	0.29	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	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	0.55	0.56	0.57	0.58	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	120	109.01239018811022	99.232600567284123	90.527927956049908	82.780257569328342	75.884460304226906	69.746966230170045	64.284494926875681	59.422925441976552	55.096290534600783	51.245881557677507	47.819451833004351	44.770507709574119	42.05767768544284	39.64415103267541	37.497178308000805	35.587626971544012	33.889586083769856	32.380014716722464	31.038429308808666	29.84662572080369	28.788432221622326	27.849490052088868	27.017058589148409	26.279842466768297	25.627838307711865	25.052198986468817	24.545113581509035	24.099701387917058	23.709918552251477	23.370476062746043	23.076767982051322	22.824808948698063	22.611180099231845	22.432982677229731	22.287798699713896	22.173658147239948	22.089012232458106	22.032712384425064	22.003994663502027	22.002469395362777	Brass	T(x)	0	0.01	0.02	0.03	0.04	0.05	0.06	0.07	0.08	0.09	0.1	0.11	0.12	0.13	0.14	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28	0.29	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	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	0.55	0.56	0.57	0.58	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	120	105.25366037454359	92.682893131855209	81.966907188909829	72.832243283440292	65.045795617627391	58.408863274382199	52.752079605412696	47.931090195067576	43.822869106716261	40.322579406638141	37.340897849711311	34.801735456049613	32.640295810405377	30.801421534439374	29.238186735789917	27.910699514909446	26.785083971062001	25.832615729481155	25.028988929365806	24.35369596711628	23.789504166593002	23.322016021643037	22.939301788804855	22.631595054392559	22.391043507192315	22.211508556785585	22.088408683996171	22.018602525950197	22.000308712218231	Copper	T(x)	0	0.01	0.02	0.03	0.04	0.05	0.06	0.07	0.08	0.09	0.1	0.11	0.12	0.13	0.14	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28	0.29	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	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	0.55	0.56	0.57	0.58	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	120	114.52885578787358	109.35717255792211	104.46856676962106	99.847551652516685	95.479488145191553	91.350538519713709	87.447622544656539	83.75837604781583	80.271111747353231	76.974782227283484	73.858944940011639	70.913729125053351	68.129804539137226	65.498351898629167	63.01103494064202	60.659974014321968	58.437721118650842	56.337236307685956	54.351865388490147	52.475318841101647	50.701651893762701	49.025245690287321	47.440789489907161	45.943263843206225	44.527924690846675	43.190288334711788	41.926117233855322	40.731406580260227	39.602371611879448	38.535435622767224	37.527218632318096	36.574526677718438	35.674341695689478	34.823811961468344	34.020243054738017	33.261089323887155	32.543945821559028	31.866540685941935	31.226727943665608	30.622480711503627	30.051884775345268	29.513132526095475	29.004517233292272	28.524427638300786	28.07134284995562	27.643827526480919	27.240527328425628	26.860164628208029	26.501534462678624	26.163500715878829	25.844992519902952	25.545000862461542	25.262575390399121	24.996821399040066	24.746896997825075	24.512010443259168	24.291417630722197	24.084419737196018	23.890361007440738	23.708626676606755	23.53864102270153	23.379865542741502	23.23179724681129	23.093967064625861	22.965938359547788	22.847305545352114	22.737692801356765	22.636752881848231	22.544166016030761	22.459638895014244	22.382903742631619	22.313717467142187	22.251860891133518	22.197138057182336	22.149375607074731	22.108422232619134	22.074148196312265	22.046444920339553	22.025224642608002	22.010420138721859	22.001984509020303	21.999891030002512	304 Stainless	T(x)	0	0.01	0.02	0.03	0.04	0.05	0.06	0.07	0.08	0.09	0.1	0.11	0.12	0.13	0.14	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28	0.29	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	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	0.55	0.56	0.57	0.58	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	120	102.00234631070373	87.245444113006769	75.146097255089472	65.226136780314931	57.093523580638369	50.426854921343029	44.962662531414423	40.485000277177917	36.816909921678757	33.813427694662579	31.355855291201451	29.347068887520201	27.707680785255086	26.372901991447353	25.289981742715213	24.41612278301352	23.716790006281158	23.164345621146495	22.736956899087744	22.417733340005601	22.194059155794083	22.057094691507594	22.001427080174619	Length (m)


Temperature (Celcius)
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Automotive Cooling System
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Fanless PC Heat Transfer Process

Chassis dissipates heat into
surrounding air

Heatsink pulls heat away & transfers
to chassis

Heat generating components (CPU,
RAM, wireless card)
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h k m = Pin condition

Aluminium 30 186 11.64208255

Brass 30 99 15.95767256

Copper 15 398 5.627695784

304 Stainless 7.5 16 19.84710465

Dia =  4.76mm

Dia =  0.00476

Perimeter = 0.014953981

Area Ac =  1.77952E-05

Tb =  120

T∞ = 20
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