An adiabatic process is one in which no heat is allowed to flow into or out  Adiabatic process (O = ()
of the system: Q = 0. This situation can occur if the system is extremely well
insulated, or the process happens so quickly that heat—which flows slowly—
has no time to flow in or out. The very rapid expansion of gases in an internal
combustion engine is one example of a process that is very nearly adiabatic. A A
slow adiabatic expansion of an ideal gas follows a curve like that labeled AC in
Fig. 15-3. Since ©Q = 0, we have from Eq. 15-1 that AU = —W. That is, the P
internal energy decreases if the gas expands; hence the temperature decreases
as well (because AU = 3nR AT). This is evident in Fig, 15-3 where the product
PV (= nRT) is less at point C than at point B (curve AB is for an isothermal
process, for which AU = 0 and AT = 0). In the reverse operation, an adia- 0 v
batic compression (going from C to A, for example), work is done on
the gas, and hence the internal energy increases and the temperature rises,
In a diesel engine, the fuel-air mixture is rapidly compressed adiabatically
by a factor of 15 or more; the temperature rise is so great that the mixture
ignites spontaneously.

Isothermal and adiabatic processes are just two possible processes that can
occur. Two other simple thermodynamic processes are illustrated on the
PV diagrams of Fig. 15-4: (a) an isobaric process is one in which the pressure is  Jsobaric process:
kept constant, so the process is represented by a straight horizontal line on the = constant, W= P AV
PV diagram (Fig. 15-4a); (b) an isovolumetric or isochoric process is one in  Isovolumetric process:
which the volume does not change (Fig. 15-4b). In these, and in all other V = constani, W =10
processes, the first law of thermodynamics holds.
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FIGURE 15-3 PV diagram for
adiabatic (AC) and isothermal (AB)
processes on an ideal gas.

FIGURE 15-4 (a) Isobaric (“same pressure™) process. FIGURE 15-5 Work is done on the
(b) Isovolumetric (“same volume™) process. piston when the gas expands, moving
the piston a distance d.
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[t is often valuable to calculate the work done in a process. If the pressure is
kept constant during a process (isobaric), the work done is easily calculated. For
example, if the gas in Fig. 15-5 expands slowly against the piston, the work done
by the gas to raise the piston is the force F times the distance d. But the force is
just the pressure P of the gas times the area A of the piston, F = PA. Thus,

W = Fd = PAd.

Because Ad = AV, the change in volume of the gas, then

Work done in
W = PAV. [constant pressure] (15-3)  wolwne changes

Equation 15-3 also holds if the gas is compressed at constant pressure, in
which case AV is negative (since V decreases); W is then negative, which
indicates that work is done on the gas. Equation 15-3 is also valid for liquids
and solids, as long as the pressure is constant during the process.

In an isovolumetric process (Fig. 15-4b) the volume does not change, so
no work is done, W = 0.
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