Because no engine can be 100% efficient, we can say that

no device is possible whose sole effect is to transform a given amount of
heat completely into work.

This is known as the Kelvin-Planck statement of the second law of thermo-
dynamics. Figure 15-15 diagrams the ideal perfect heat engine, which does not
exist.

If the second law were not true, so that a perfect engine could be built,
rather remarkable things could happen. For example, if the engine of a ship did
not need a low-temperature reservoir to exhaust heat into, the ship could sail
across the ocean using the vast resources of the internal energy of the ocean
water. Indeed, we would have no fuel problems at all!

Refrigerators, Air Conditioners,
and Heat Pumps

The operating principle of refrigerators, air conditioners, and heal pumps is just
the reverse of a heat engine. Each operates to transfer heat our of a cool envi-
ronment into a warm environment. As diagrammed in Fig. 15-16, by doing
work W, heat is taken from a low-temperature region, 7 (such as inside a
refrigerator), and a greater amount of heat is exhausted at a high temperature,
Ty (the room). You can often feel this heat blowing out beneath a refrigerator.
The work W is usually done by an electric compressor motor which compresses
a fluid, as illustrated in Fig. 15-17.
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FIGURE 15-17 (a) Typical refrigerator system. The electric compressor motor forces
a gas al high pressure through a heat exchanger (condenser) on the rear outside wall of
the refrigerator, where Qy is given off, and the gas cools to become liquid. The liquid
passes from a high-pressure region. via a valve, to low-pressure tubes on the inside
walls of the refrigerator; the liquid evaporates at this lower pressure and thus absorbs
heat (QL] from the inside of the refrigerator. The fluid returns to the compressor, where
the cvele begins again. (b) Schematic diagram. like Fig, 15-16.

SECTION 15-6 Refrigerators, Air Conditioners, and Heat Pumps

SECOND LAW OF THERMODYNAMICS
(Kelvin-Planck statement)
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FIGURE 15-15 Diagram of an
impossible perfect heat engine in which
all heat input is used to do work.

FIGURE 15-16 Schematic
diagram of energy transfers for a
refrigerator or air conditioner.
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