Heat engines and pumps

Select LEARNING OBJECTIVES:

¢ Understand that heat can be used to do work (heat engine).
¢ Understand that you can do work to transfer heat from a cold reservoir to a hot reservoir (heat pump).
¢ |dentify heat engines that are not possible.

e Giancoli (Physics Principles with Applications 7t) :: 15-5, 15-6
e Knight (College Physics : A strategic approach 3) :: 11.4,11.5,11.6
e BoxSand :: Processes and PV-Diagrams

WARM UP: Which object would you expect to have a larger emissivity, a white T-shirt or a black T-shirt both
made from the same material?

Recall that heat is the general term we use for describing the different mechanisms for transferring thermal energy
between systems. Perhaps we can tap into some of the energy that is being transferred between systems and use
it to do work. As it turns out, this is possible and the devices that accomplish such tasks are referred to as heat
engines and heat pumps. This lecture will explore the qualitative nature of heat engines and pumps as well as a
guantitative exploration of efficiency. We will defer a more thorough analysis of heat engines and pumps in a later
lecture containing thermodynamic cycles.

We will begin our heat engine/pump (system) discussion by drawing diagrams which help visualize the heat
transfers into and out of the system. These will also help indicate the work being done on or by the system. At this
moment we do not concern ourselves with the thermodynamic cycle that is occurring within the system, if it helps
you can think of these diagrams as an actual car engine (a thermodynamic cycle is occurring within each cylinder
producing work). Our diagrams will just be an overview of where energy is being transferred to and from and what
work is done.

The diagrams below depict both a heat engine and a heat pump. Both the engine and pump operate between hot
(Tw) and cold (T¢) reservoirs. Notice the difference between an engine and a pump; an engine allows heat to flow
naturally from the hot to cold side and extracts some of that energy to do work on the environment (Wout), a heat
pump uses work (Wi,) to move energy from the cold side to the hot side.
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Note that the efficiency is always less than 1, indicating that you can never get more energy out than what
you put in. This would be a violation of the 1st law of thermodynamics if the efficiency is greater than 1.

PRACTICE: A heat engine does 10J of work and exhausts 15 J of waste heat during each cycle. What is the

engine's thermal efficiency?

PRACTICE: You wish to produce a heat engine that has a 50% efficiency. You can access runoff water at
350 K from the local factory. What is the maximum temperature your cold reservoir could be and

possibly achieve this kind of efficiency?



PRACTICE: A 60% efficient device uses chemical energy to generate 600 J of electric energy. A second
device uses twice as much chemical energy to generate half as much electric energy. What is the
second devices efficiency?

PRACTICE: A heat pump has a COP of 3 and is rated to do work at 1500 W. How much heat can this
heat pump add to a room per minute?

If the heat pump were turned around to act as an air conditioner in the summer, what would you expect
its COP to be, assuming all else stays the same?

PRACTICE: On a particularly hot day you leave the door to your refrigerator open. Sketch what the
temperature of the room will be over the next couple hours. Assume your kitchen is perfectly isolated.



Questions for discussion:

(1) Arefrigerator operates for a certain amount of time, during which the amount of work done by
the electrical energy supplied to the refrigerator is 800 J. How much heat is delivered to the room
containing the refrigerator?

a. More than 800
b. Lessthan 800
c. 800)J



