Extended Surface with various Boundary Conditions

Objectives
The objective of the Rectangular Fin Lab is to illustrate the heat transfer by conduction through an extended surface. The lab creates a method to measure the temperature gradient across the extended surface and hence the heat transfer. Both heat transfer by free air and forced convection was implemented in the lab. The temperature data, along with optimal boundary conditions, allows the calculation of the heat transfer coefficient. The data collected form the experiment can then be used to test theoretical models of conduction through an extended surface for accuracy.

Introduction
The principal tested within the experiment are heat transfer by conduction through an extended surface and differences between free air and forces convection. The use of an extended surface is to conduct heat away from a source of higher energy. This principal is used throughout many everyday applications to cool down parts that generate large amounts of heat. The setup of the lab allows the removal of energy from a heating element by a large aluminum fin. This setup is similar to heatsinks placed on heat generation sources. Because the fin was heated on one side and just insulated on the other side to a steady state, a temperature gradient existed across the length of the fin. Using a fan to force more air across the fin to remove more energy, further tested heat transfer theories. The forced air allows more convection to take place by removing the air heated by the fin and replacing with cooler surrounding air. Because theoretical models involve steady state heat transfer, the system must reach steady state before measurements are taken. Once steady state is reached, data can be collected to the calculate heat transfer through the extended surface.

Experimental Setup
The setup of the lab consisted of a rectangular aluminum 6061 fin, 30.48cm long, 10.16cm wide, and .88cm thick, elevated on a stand. The right end of the fin contained a heater that provided 26W to the fin. Along the length of the fin contained six thermal probes spaced evenly apart that measure temperature. Spaced 5.08cm apart, the purpose of the thermal probes is to collect a temperature profile along the fin. The left end of the fin is insulated. A fan is placed under the fin in order to provide forced air convection. Note that temperature from thermal probe 6 is sufficiently close enough to the heater to be used as our base temperature.
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Experimental Results

Data:

	Fin Dimensions
	Length
	.3048m

	 
	
	Height
	.1016m

	 
	
	Width
	.0088m

	Temp. Probe Spacing
	.0508m


Ambient temperature
18 degrees Celsius

Heater Wattage

26W

	Temperature Probe
	T1
	T2
	T3
	T4
	T5
	T6

	Temp. Free Air (deg C)
	45.5
	47.3
	50.1
	53.5
	57.8
	63.7

	Temp. Forced Air (deg C)
	22.6
	23.3
	24.8
	27.1
	30.6
	36.8


Graph of Temperature gradient:
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Equations Used:

Q=(hPkA)^1/2
     *      (Tbase- Tambient)
     *     tanh(mL)     
 EQ 1


Heat transfer equation for fin with insulated tip

m=(hP/kA)^1/2


Definition equation for “M”
(T-Tambient) 

cosh[m(L-x)]

----------------- 
=
----------------




EQ 2


(Tbase-Tambient)  
     cosh mL


Equation for temperature distribution for a fin with insulated tip

Definition for Variables:
Q = Heat from heater = 26W

h = Convection heat transfer coefficient

P = Perimeter Fin = .2208m

k = Thermal conductivity = 167 W/m*C

A = Area Fin = 8.94*10^-4 m^2
Tbase = Temperature at probe 6

Tambient = Air Temperature = 18 C
L = Length of fin = .3048m

x = probe distance away from base
T = Temperature at probe

In order to calculate the coefficient for heat transfer we must utilize EQ 1. All the variables except h can be measure and/or calculated. We input all the values in to the equation and are left with:


0 = 8.2978(h^.5) * tanh(.3603(h^.5))  -26

for free air convection


0 = 3.4135(h^.5) * tanh(.3603(h^.5))  -26

for forced air convection

Solving these equations for h gives us:

h = 13.05 W/m^2 C




for free air convection


h = 58.8 W/m^2 C




for forced air convection
Then to solve for the predicted temperature profile, we can used EQ 2 and solve for T. Note that x is the distance away from the base to where T is calculated.

	Temperature Probe
	T1
	T2
	T3
	T4
	T5
	T6

	Experimental Temp. Free Air (deg C)
	45.5
	47.3
	50.1
	53.5
	57.8
	63.7

	Theoretical Temp. Free Air (deg C)
	45.9
	47.6
	50
	53.4
	57.5
	63.3

	Error
	-0.00871
	-0.0063
	0.002
	0.001873
	0.005217
	0.006319

	 
	
	
	
	
	
	 

	Experimental Temp. Forced Air (deg C)
	22.6
	23.3
	24.8
	27.1
	30.6
	36.8

	Theoretical Temp. Forced Air (deg C)
	22.7
	23.5
	24.7
	26.9
	30.1
	36.4

	Error
	-0.00441
	-0.00851
	0.004049
	0.007435
	0.016611
	0.010989


Discussion
Looking at the experimental data compared with the theoretical data, we can see that the values are very similar. The much higher calculated value of h makes sense for the forced convection. The fan causes rapid movement of air over the surface of the fin thereby removing a lot more heat. It is actually very impressive to see such a large difference in the temperature of the fin, it comparing both methods of convection. This would explain why so many commercial heatsinks are aided actively by a fan to produce forced convection. 

In looking at the temperature distribution across the fin, there is a exponential slope of the temperature gradient, with a higher slope on the heated end. This gentile curve follows laws of cooling and gives a good indication that the fin was at steady state when measurements were taken.

Conclusions

The Rectangular Fin Conduction Lab achieved very good results. The experimental data matched very well with the theoretical data. Although this is not the most important aspect of the lab, it gives students assurance that their calculated work really does apply to real life conditions. Again, it is very impressive how much forced convection improved the cooling of the fin. A difference of more than 20 degrees Celsius was obtained by using the fan and causing forced convection. It would be interesting to see further variations of the lab with different fins and different boundary conditions. If the end of the fin was changed from insulated to free air or maybe water cooled, would the lab yield just as good results?

Comments

Good, simple, straightforward lab that yielded great results. If only students were able to use more boundary conditions, it would be better. But that may no be possible due to limited time constraints and the long time it takes for the fin to reach steady state.
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