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““fhe air-standard Otto cycle is an ideal cycle that approximates a spark-ignition in-
ternal-combustion engine. This cycle is shown on the P-v affd/Z#diagrams of Fig. 9.28.
Process 1-2 is an isentropic compression of the air as the piston moves from crank-end
dead center to head-end dead center. Heat is then added at constant volume while the pis-
ton is momentarily at rest at head-end dead center. (This process corresponds to the igni-
tion of the fuel-air mixture by the spark and the subsequent burning in the actual en-
gine.) Process 34 is an isentropic expansion, and process 4-1 is the rejection of heat

from the air while the piston is at crank-end dead center.
The thermal efficiency of this cycle is found as follows, assuming constant specific

heat of air.
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The important thing to note is that the efficiency of the air-standard Otto cycle is a
function only of the compression ratio, and that the efficiency is increased by increasing
the compression ratio. Figure 9.29 shows a plot of the air-standard cycle thermal effi-
ciency versus compression ratio. It is also true of an actual spark-ignition engine that the
efficiency can be increased by increasing the compression ratio. The trend toward higher
compression ratios is prompted by the effort to obtain higher thermal efficiency. In the
actual engine there is an increased tendency for the fuel to detonate as the compression
ratio is increased. After detonation the fuel burns rapidly, and strong pressure waves pre-
sent in the engine cylinder give rise to the so-called spark knock. Therefore, the maxi-
mum compression ratio that can be used is fixed by the fact that detonation must be
avoided. The advance in compression ratios over the years in the actual engine was origi-
nally made possible by developing fuels with better antiknock characteristics, primarily
through the addition of tetraethyl lead. More recently, however, nonleaded gasolines with
good antiknock characteristics have been developed in an effort to reduce atmospheric
contamination.

Some of the most important ways in which the actual open-cycle spark-ignition en-
gine deviates from the air-standard cycle are as follows.

1. The specific heats of the actual gases increase with an increase in temperature.

2. The combustion process replaces the heat-transfer process at high temperature, and
combustion may be incomplete.

3. Each mechanical cycle of the engine involves an inlet and an exhaust process and,
because of the pressure drop through the valves, a certain amount of work is re-
quired to charge the cylinder with air and exhaust the products of combustion.
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