Carnot Engine

To see how to increase efficiency, the French scientist Sadi Carnot (1796-1832)
examined the characteristics of an ideal engine (now called a Carnot engine).
No Carnot engine actually exists, but as a theoretical idea it played an impor-
tant role in the development of thermodynamics.

The idealized Carnot engine consisted of four processes done in a cycle, two
of which are adiabatic (Q = 0) and two are isothermal (AT = 0). This idealized
cycle is shown in Fig. 15-14. Each of the processes was considered to be done
reversibly. That is, each of the processes (say, during expansion of the gases
against a piston) was done so slowly that the process could be considered a
series of equilibrium states, and the whole process could be done in reverse
with no change in the magnitude of work done or heat exchanged. A real
process, on the other hand, would occur more quickly; there would be turbu-
lence in the gas, friction would be present, and so on. Because of these factors,
a real process cannot be done precisely in reverse—the turbulence would be
different and the heat lost to friction would not reverse itself. Thus, real
processes are irreversible.

FIGURE 15-14 The Carnot cvcle. Heat engines work in a cvele, and the cycele for
the Carnot engine begins at point a on this PV diagram. (1) The gas is first expanded
isothermally, with the addition of heat Oy, . along the path ab at temperature Tj;.

(2) Next the gas expands adiabatically from b to c—no heat is exchanged, but the
temperature drops to 7} . (3) The gas is then compressed at constant temperature 7} .
path cd. and heat O flows out. (4) Finally, the gas is compressed adiabatically,
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