Walking on glowing coal, only for fakirs?
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The problem of heat conduction is a time-dynamic one. We all know that energy flows from hot to cool. The hot part cools while the cool part warms up. Eventually the system will enter a state of equilibrium. That is, when the temperature of all parts doesn't change anymore and the flows of energy balance each other. How long time does such a process take and what will the final state look like? Depending on the starting state of the system and how the outside world inter​feres with the system this question might be impossible to answer directly. One way to obtain an answer is to use a computer, equipped with an appropriate tool.

This paper is the story of a computer lab on heat conduction given at Lund University. In the lab we use Excel [1] as the tool for solving our problems. The students will start with making their own model and in the process learn how to handle Excel. The students will then use a finished worksheet to study more interesting problems that will make them learn some physics. The lab turned out to be most successful. The students liked being able to solve complex problems without concerning too much about the computer. They were very creative and came up with solutions that I hadn't considered.

1 Background

For some time our department has run a computer lab on heat conduction. The stu​dents were supposed to write a DOS Pascal program to simulate a simple case: the heating of a concrete wall. Although the physics was fairly simple the programming was a mess to most students. Especially plotting the desired results on the screen and getting a hard copy. And still it wasn't possible to study more complex problems during the lab. 

The lab turned out be concentrating more on programming techniques than on the physics of heat conduction. When the students finally got their programs to work they were to tired to evaluate the results. The lab certainly needed a refreshment.

 2 An Excel worksheet as a tool for studying heat conduction

To make the lab more attractive I chose to use Excel. Then it is possible to avoid much of the trouble with program​ming and get all the graphing and printing possibilities for free.

I have written a worksheet that is ready to use directly. The user only has to define the problem.

2.1 The model

The worksheet works only for one-dimensional problems. That is, it is possible to study the heat conduction in a rod but not in a plate or a cube. It only considers heat conduction, ra​diative and convective energy transfer are ignored.* The worksheet divides the rod into approxi​mately 20 segments. The user can define a system by assigning material to and specifying the initial temperature of each of the segments. The properties of the segments can be set inde​pendent of each other. The outside world is allowed to interfere with the rod through its two ends.

Knowing the initial state of the system, it is possible to calculate the energy flow between each pair of neighboring segments.**  This gives the energy change in each of the segments. Because energy is related to temperature a new temperature can be calculated. The pro​cedure is then repeated as long as the user wishes. Eventually the system will reach a final equilibrium. At every stage the current state of the system is dis​played both graphically and numerically. There is also an option to store intermediate results in a file for later analysis.


Figure 1. The working environment of the heat conduction worksheet.

3 Ideas for the lab

Just putting the worksheet in the hands of the students would not take care of all possibilities available. It is a computer lab and should accordingly also teach something about the tools that are available on the computer. In this case it was natural to introduce the students to Excel, which they can use later on. So, we start with an empty worksheet. The students are now supposed to design their own model for solving a simple problem (e.g., the heating of the concrete wall mentioned earlier) using the straight​forward Euler method. During the design they will learn a bit about operating Excel. It is also possible to include a discussion about numerical computation.

In the next part we used the completed worksheet to study more interesting problems. It is now they learn about the physics of heat conduction. We focused on three problems during the lab.

3.1 The problem of insulating a house

How does insulation affect the energy loss through a wall? What properties should a good insulator have? This problem is a straightforward extension to what the students previously made themselves. In solving this problem it is not only the thermodynamical properties of the insulation that are important (in that case we should have built our houses with vacuum in the walls). They should also consider and discuss economical, practical and environmental issues.

3.2 The problem of a freezing lake

How does a lake freeze? How thick is the ice after a certain amount of time? This is a prob​lem that can be solved by more than one approach. Before starting the exercise all stu​dents should make a rough estimate without the computer. Say, of how long time it takes to get 10 cm of ice. During this calculation they should become aware of how they should set up the problem on the computer. Because of the gaseous nature of air, convection above the surface of the lake is more important than conduction. The worksheet includes the possibility to simulate convection at the ends of the system. That is, at the lake's surface. If the student neglects the convection, all energy must be transported by conduction through the air. This is a slow process and it takes extremely long time for the lake to freeze. The students tried all possibilities in the lab.




Figure 2. The temperature in the outer layer of the foot and in the upper layer of the coal. The temperature values of the coal are divided by 6 in order to get a convenient scale.

3.3 The problem of walking on glowing coal

What happens during a walk on glowing coal? How long time can a human stay on the glowing coal? This problem is an example of how we experience temperature and the differ​ence between temperature and heat. Another example could have been why the nails in a sauna always feel so hot. The students have to figure out that it is the low heat capacity* of the coal compared to the high heat capacity of the foot that makes it possible to walk on the coal. When they have done that they are ready to make a model. They make their own esti​mates of the various properties of the coal and foot respectively. This way they learned more about the importance of the various parameters than they would have done if they were pre​sented with a complete model.

4 Results

The results from using the lab are mostly positive. Comments from the students include:

SYMBOL 183 \f "Symbol" \s 12 \h
Interesting problems

SYMBOL 183 \f "Symbol" \s 12 \h
Too much programming

SYMBOL 183 \f "Symbol" \s 12 \h
Too little programming

SYMBOL 183 \f "Symbol" \s 12 \h
Too much material for a one-day exercise

The students were very creative and came up with new and different solutions. One of them even made a worksheet for two-dimensional models. With Excel it was possible to colour code the temperature patterns or make a three-dimensional graph. 

The aim of getting rid of most of the special programming techniques was reached. Many students had, however, problems with the Windows environment. Opening, closing and resizing windows, switching between applications, using the menus, were operations that many students found difficult. Though this should not be as serious as the programming problem. In the future it is expected that students will be more used to working with com​puters before they enter the university. It is worth mentioning that none of the problems were connected to Excel or the worksheet, but merely to Windows in general.

5 In the future

Since this experiment turned out to be successful I hope to expand this material in the future. One possible project is developing a hypertext/multimedia application describing the theory of heat conduction. Much of the material needed is already available in electronic form (text documents). Some work is needed to arrange the material in a useful manner. The work will probably be done in Toolbook [2] and in cooperation with the CUPLE [3] project.

Also, some bugs and inconsistencies in my worksheet needs to be fixed. Natural extensions to the worksheet should be some sort of computer based tutorial for the worksheet.
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* Heat energy can be transported by three mechanisms. Conduction occurs between bodies in contact with each other because of melecular motions. Convection not only transfers energy, but also the material itself (i.e., water and air currents). Radiation is the transport by photons.


** Every material has a property called conductivity. This property tells you how easy energy is transported through the material. A material with high conductivity will heat up and cool quickly. 


* The heat capacity tells you how much energy is required to raise the temperature of a body with one Kelvin. The larger the value the more energy is needed. A body with low heat capacity cools faster than one with high heat capacity.





