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CHAPTER 3 

ENGINE CYCLES 
 

 

3.1 AIR - STANDARD CYCLES 

 

The cycle experienced in the cylinder of an internal combustion engine is 

very complex. First, air (CI engine) or air mixed with fuel (SI engine) is 

ingested and mixed with the slight amount of exhaust residual remaining 

from the previous cycle. This mixture is then compressed and combusted, 

changing the composition to exhaust products consisting largely of CO2, 

H2O, and N2 with many other lesser components. Then, after an expansion 

process, the exhaust valve is opened and this gas mixture is expelled to the 

surroundings. Thus, it is an open cycle with changing composition, a 

difficult system to analyze. To make the analysis of the engine cycle much 

more manageable, 

 

The real cycle is approximated with an ideal air-standard cycle which 

differs from the actual by some simplifying assumptions: 

 

 

1. Cylinder contains constant amount of air and it is treated as ideal gas. 

2. The specific heats and other physical and chemical properties remain 

unchanged during the cycle. 

3. Instead of heat generation by combustion, heat is added from external 

heat source 𝑄𝑖𝑛. 

4. The process of heat removal in the exhaust gases is represented by 

heat transfer from the cycle to external heat sink 𝑄𝑜𝑢𝑡. 

5. There is neither friction nor turbulence; all processes are assumed to 

be reversible. 

6. No heat loss from the working fluid to the surroundings. 

7. Cycles can be presented on any diagram of properties. 

 

 

In air-standard cycles, air is considered an ideal gas such that the 

following ideal gas relationships can be used: 
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For thermodynamic analysis the specific heats of air can be treated as 

functions of temperature. A constant specific heat analysis will be used. 

Because of the high temperatures and large temperature range experienced 

during an engine cycle, the specific heats and ratio of specific heats k do 

vary by a fair amount. At the low-temperature end of a cycle during intake 

and start of compression, a value of k = 1.4 is correct. However, at the end 

of combustion the temperature has risen such that k = 1.3 would be more 

accurate. A constant average value between these extremes is found to give 

better results than a standard condition (25°C) value, as is often used in 

elementary thermodynamics textbooks. When analyzing what occurs 

within engines during the operating cycle and exhaust flow, here will 

use the following air property values: 
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3.1.1 OTTO CYCLE 
 

The cycle of a four-stroke, SI, naturally aspirated engine at WOT. This is the 

cycle of most automobile engines and other four-stroke SI engines. For 

analysis, this cycle is approximated by the air-standard cycle shown in Fig. 

3-l. This ideal air-standard cycle is called an Otto cycle, named after one of 

the early developers of this type of engine.  
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The thermal efficiency of Otto cycle: 

               (𝜂𝑡)𝑂𝑡𝑡𝑜 =
𝑤𝑛𝑒𝑡

𝑞𝑖𝑛
= 1 −

𝑞𝑜𝑢𝑡

𝑞𝑖𝑛
                                              (3.25) 

                                = 1 −
𝑐𝑣(𝑇4 − 𝑇1)

𝑐𝑣(𝑇3 − 𝑇2
                                                               

                        = 1 −
(𝑇4 − 𝑇1)

(𝑇3 − 𝑇2
                                                          

𝑇2

𝑇1
= (

𝑣1

𝑣2
)

𝑘−1

   → 𝑇2 = 𝑇1(𝑟𝑐)𝑘−1                                  (3.26) 

𝑇3

𝑇4
= (

𝑣4

𝑣3
)

𝑘−1

= (
𝑣1

𝑣2
)

𝑘−1

   →   𝑇3 = 𝑇4(𝑟𝑐)𝑘−1                   (3.27) 

By substitution equations (3.26) and (3.27) in eq.(3.25) we get: 

               (𝜂𝑡)𝑂𝑡𝑡𝑜 = 1 −
1

(𝑟𝑐)𝑘−1
                                                         (3.28) 

(𝑟𝑐)𝑘−1 =
𝑇2

𝑇1
                                             

         (𝜂𝑡)𝑂𝑡𝑡𝑜 = 1 −
𝑇1

𝑇2
                                                             (3.29) 
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