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11.3: The Stirling Cycle

This takes place between two isotherms and two isochors. Note that, provided the working substance is an ideal gas, there is no
change in the internal energy along the isotherms, and that the work done by or on the gas is equal to the heat gained by or lost
from it. No work is done along the isochors. I show the cycle in the PV plane in figure XI.3, and an imaginary schematic engine in
figure XI.4.
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FIGURE X14
The gas is supposed to be held in a cylinder between two pistons. The cylinder is divided into two sections by a porous partition.
One section is kept at a hot temperature T, and the other is kept at a cold temperature T;.

In stage a, the cold gas is compressed isothermally. The work done on a mole of the gas is RT; In(Vy/V7); this is converted into
heat, Qq, which is lost from the gas to the cold reservoir.

In stage b, the gas, held at constant volume, is transferred to the hot reservoir. No work is done on or by the gas, but a quantity of
heat Q, = Ci(T, — T;) per mole is supplied to the gas.

In stage c, the hot gas is expanded isothermally to its original volume. The work done by a mole of the gas is RT, In(V»/V7); in
order to prevent the gas from cooling down, it has to absorb an equal amount of heat, Q. from the hot reservoir. Note that Q. > Q,.

In stage d, the gas, held at constant volume, is transferred back to the cold reservoir. No work is done on or by the gas, but the gas
loses a quantity of heat Qq = Cy/(T> — T1) to the cold reservoir. Note that Q4 = Q.

Exercise: Show that the efficiency is

="cy, (T —Th) + RT3 In(Va/ V1)

(11.3.1)

If the gas is an ideal diatomic gas (to which air is an approximation), then Cy = %R, and then
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e (T =) In(Va/ V1)

T 25 (T -T)+ T in(Va/Vh) (11.3.2)

If helium were used as an ideal gas, the efficiency would be greater, because for helium, Cy = %R.
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