gas, or nuclear energy. In the so-called reciprocating type, Fig. 15-12a, the
heated steam passes through the intake valve and expands against a piston,
forcing it to move. As the piston returns to its original position, it forces the
gases oul the exhaust valve. In a steam turbine, Fig. [5-12b, everything is essen-
tially the same, except that the reciprocating piston is replaced by a rotating
turbine that resembles a paddlewheel with many sets ol blades. Most of our
electricity today is generated using steam turbines.” The material that is heated
and cooled, steam in this case, is called the working substance. In a steam
engine, the high temperature is obtained by burning coal, oil, or other fuel to
heat the steam.

In an internal combustion engine (used in most automobiles), the high
temperature is achieved by burning the gasoline—air mixture in the cylinder itself
(ignited by the spark plug), as described in Fig. 15-13.

Intake Exhaust Both valves Both valves Both valves Exhaust
valve valve closed “los valve
(open) (closed) {open})
y i - | To exhaust

pipe
Gas-air
mixture from
carburetor

Crankshalt

(a) Intake (b) Compression (c) Ignition {(d) Expansion (e) Exhaust
{power stroke)

FIGURE 15-13 Four-stroke-cvele internal combustion engine: (a) the gasoline-air
mixture flows into the cylinder as the piston moves down: (b) the piston moves upward
and compresses the gas: (¢) the brief instant when firing of the spark plug ignites the
highly compressed gasoline—air mixture, raising it to a high temperature; (d) the gases, now
at high temperature and pressure. expand against the piston in this, the power stroke;

(e) the burned gases are pushed out to the exhaust pipe; when the piston reaches the top,
the exhaust valve closes and the intake valve opens, and the whole cyvcle repeats.

(a), (b). (d). and (e) are the four strokes of the eycle.

Why a AT Is Needed to Drive a Heat Engine

To see why a temperature difference is required to run an engine, let us
examine the steam engine. In the reciprocating engine, for example, suppose there
were no condenser or pump (Fig. 15-12a), and that the steam was at the same
temperature throughout the system. This would mean that the pressure of the
gas being exhausted would be the same as that on intake. Thus, although work
would be done by the gas on the piston when it expanded, an equal amount of
work would have to be done by the piston to force the steam out the exhaust;
hence, no net work would be done. In a real engine, the exhausted gas is cooled
to a lower temperature and condensed so that the exhaust pressure is less than
the intake pressure. Thus, although the piston must do work on the gas to expel
it on the exhaust stroke, it is less than the work done by the gas on the piston
during the intake. So a net amount of work can be obtained—but only if there
is a difference of temperature. Similarly, in the gas turbine if the gas isn’t
cooled, the pressure on each side of the blades would be the same. By cooling
the gas on the exhaust side, the pressure on the back side of the blade is less
and hence the turbine turns.

"Even nuclear power plants utilize steam turbines; the nuclear fuel—uranium—merely serves as
tuel to heat the steam.
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