Heat and Thermodynamics 3b
3. Energy cannot be created or destroyed although in many processes energy is transferred to the environment as heat.   As a basis for understanding this concept:

b. Students know the work done by a heat engine that is working in a cycle is the difference between the heat flow into the engine at high temperature and the heat flow out at a lower temperature (First Law of Thermodynamics) and that this is an example of the law of conservation of energy.

Models of the kind of engines used in automobiles.
This standard seems to be approaching the first law of thermodynamics with a specific intent to discuss heat engines.  Students would probably appreciate this more if they could learn about practical heat engines like the internal combustion engines they encounter every day in their cars. Since auto shops are less common in today’s schools, working models of such engines are hard to find.  The least expensive I have found can be had from Cynmar Scientific  (www.cynmar.com).   Go to their webpage and in the search window type:  022-39329 for a “Petrol Engine Model” and/or 022-39327 for a “Diesel Engine Model”.  Students can learn a lot by turning the crank on these models and coming to a better understanding of what is going on under the hood of their car. 
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The problem with the water wheel analogy and a suggested solution.
If, as the Framework suggests, it is important that students do not get the idea that heat is a fluid, the problem with the above water wheel analogy should be obvious.  It is good at suggesting how the difference between the energy in and out of the wheel should correspond to the energy obtained by the wheel but it definitely suggest that something material (water) had to flow through the wheel.  It is perfectly fine if students understand that heat “flows” as long as they don’t think heat is a fluid like water or air.  Heat energy can flow without necessarily having any material flow.  Here is a thought experiment that should be computer animated but no such animation has been found by us yet: 


Imagine a long horizontal tube with a partition in the middle.  On the left side of the partition are rapidly moving molecules.  On the right side of the partition are slow moving molecules.  The partition is removed and the resulting collisions, particularly near the interface between the rapidly and slowly moving molecules, result in having the fast ones slow down and the slow ones speed up.  After many such collisions, the tube is now filled with molecules moving at a speed that, on average, represents a kinetic energy that is the mean between the original two different kinetic energies.  The concept to stress is that even though there has been no overall flow of the molecules in either direction, there has been a flow of kinetic energy from the left side of the tube to the right side of the tube.

The waterwheel analogy together with the image of the molecules in the tube might help students to understand how a heat engine extracts heat energy from the high temperature source, converts the energy from this heat into work, and then exhausts much of this energy to the low temperature source.

The flow of heat and the basics of heat engines.


The Framework is very careful to caution against any instruction that might give students the idea that heat is a fluid.  (The fact that this was a common misconception with early scientists suggests that the idea must be quite compelling.)  In order to help students understand the basics of how heat engines work, we suggest beginning with an analogy to how a water wheel extracts energy from a waterfall.  The water strikes the wheel at a high energy state, transfers some of this energy to turning the wheel and then passes water out from the wheel at a lower energy state.  The maximum energy that the wheel can extract in this process is the difference between the energy of the water that initially struck the wheel and the lower energy water that is exhausted from the wheel.
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