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5 Chapter Five 

Gas power cycles 

5.1 Introduction  

The objective of this chapter is to  

 Evaluate the performance of gas power cycles using gas as a working fluid. 

 Develop simplifying assumptions applicable to gas power cycles. 

 Analyze both closed and open gas power cycles. 

 Identify simplifying assumptions for second-law analysis of gas power cycles. 

 Perform second-law analysis of gas power cycles. 

 

5.2 Basic considerations in the analysis of power cycles 

The idealizations and simplifications commonly employed in the analysis of power 

cycles can be summarized as follows: 

1. The cycle does not involve any friction. Therefore, the working fluid does not 

experience any pressure drop as it flows in pipes or devices such as heat exchangers. 

2. All expansion and compression processes take place in a quasi-equilibrium 

manner. 

3. The pipes connecting the various components of a system are well insulated, and 

heat transfer through them is negligible. 

The area under the process curve on a T-s diagram represents the heat transfer for 

that process. Exactly, the area under the heat addition process is a geometric measure 

of the total heat supplied during the cycle qin, and the area under the heat rejection 

process is a measure of the total heat rejected qout. The difference between these two 
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(the area enclosed by the cyclic curve) is the net heat transfer, which is also the net 

work produced during the cycle. On a T-s diagram, a heat-addition process proceeds 

in the direction of increasing entropy, a heat-rejection process proceeds in the 

direction of decreasing entropy, and an adiabatic process proceeds at constant 

entropy. 

An ideal power cycle does not involve any internal irreversibilities, and so the only 

effect that can change the entropy of the working fluid during a process is heat 

transfer. 

 

5.3 The Carnot cycle and its value in engineering 

The Carnot cycle can be executed in a closed 

system (a piston–cylinder device) or a 

steady-flow system (utilizing two turbines 

and two compressors), and either a gas or a 

vapor can be utilized as the working fluid. 

Reversible isothermal heat transfer is very difficult to achieve in reality because it 

would require very large heat exchangers and it would take a very long time. 

Therefore, it is not practical to build an engine that would operate on a cycle that 

closely approximates the Carnot cycle. 

Thermal efficiency increases with an increase in the average temperature at which 

heat is supplied to the system or with a decrease in the average temperature at which 

heat is rejected from the system. The highest temperature in the cycle is limited by 

the maximum temperature that the components of the heat engine, such as the piston 

or the turbine blades, can withstand. The lowest temperature is limited by the 
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temperature of the cooling medium utilized in the cycle such as a lake, a river, or the 

atmospheric air. 

 

5.4 Air-standard assumptions 

We utilize the following approximations, commonly known as the air-standard 

assumptions: 

1. The working fluid is air, which continuously circulates in a closed loop and always 

behaves as an ideal gas. 

2. All the processes that make up the cycle are internally reversible. 

3. The combustion process is replaced by a heat-addition 

process from an external source. 

4. The exhaust process is replaced by a heat-rejection process 

that restores the working fluid to its initial state. 

Another assumption that is often utilized to simplify the 

analysis even more is that air has constant specific heats 

whose values are determined at room temperature.  

When this assumption is utilized, the air-standard assumptions are called the cold-

air-standard assumptions. A cycle for which the air-standard assumptions are 

applicable is frequently referred to as an air-standard cycle. 

 

5.5 An overview of reciprocating engines 

The basic components of a reciprocating engine are shown in Figure. The piston 

reciprocates in the cylinder between two fixed positions called the top dead center 

(TDC). The position of the piston when it forms the smallest volume in the cylinder 

Figure 5-1. The combustion process is 

replaced by a heat-addition process in 

ideal cycles. 
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and the bottom dead center (BDC) the position of the piston when it forms the 

largest volume in the cylinder. The distance between the 

TDC and the BDC is the largest distance that the piston can 

travel in one direction, and it is called the stroke of the 

engine. The diameter of the piston is called the bore. The air 

or air–fuel mixture is drawn into the cylinder through the 

intake valve, and the combustion products are expelled 

from the cylinder through the exhaust valve. 

The minimum volume formed in the cylinder when the piston is at TDC is called the 

clearance volume. The volume displaced by the piston as it moves between TDC 

and BDC is called the displacement volume. The ratio of the maximum volume 

formed in the cylinder to the minimum (clearance) volume is called the compression 

ratio r of the engine: 

 

The mean effective pressure (MEP) which is, if it acted on the piston during the 

entire power stroke, would produce the same amount of net work as that produced 

during the actual cycle. That is, 

Wnet = MEP × Piston area ×Stroke = MEP × Displacement volume 

 

The MEP can be used as a parameter to compare the performances of reciprocating 

engines of equal size. The engine with a larger value of MEP delivers more net work 

per cycle and thus performs better. 
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Reciprocating engines are classified as spark-ignition (SI) engines or compression-

ignition (CI) engines, depending on how the combustion process in the cylinder is 

initiated. 

 

5.6 Otto cycle: the ideal cycle for spark-ignition engines 

Nikolaus A. Otto, who built a successful four-stroke engine in 1876 in Germany. In 

most spark-ignition engines, the piston executes four complete strokes (two 

mechanical cycles) within the cylinder, and the crankshaft completes two 

revolutions for each thermodynamic cycle. These engines are called four-stroke 

internal combustion engines. 
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(a) (b) 

 

(c) 

Figure. P-v diagram of the (a) actual, (b) ideal cycles in spark-ignition engines, and 

(c) T-s diagram of the ideal Otto cycle. 

Two-stroke engines are commonly used in motorcycles. 

 

Where; 
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The thermal efficiency of the ideal Otto cycle under the cold air standard 

assumptions becomes 

 

But, V2 = V3 and V4 =V1 

 

Thus,  

 
Where;  

 

The thermal efficiency of an ideal Otto cycle depends on the compression ratio of 

the engine and the specific heat ratio of the working fluid. 

 

5.7 Diesel cycle: the ideal cycle for compression-ignition engines 

The Diesel cycle is the ideal cycle for CI reciprocating engines. The CI engine, first 

proposed by Rudolph Diesel in the 1890s, is very similar to the SI engine, differing 

in the method of initiating combustion. In spark-ignition engines (gasoline engines), 

the air-fuel mixture is compressed (r  7) to a temperature below the auto-ignition 

temperature of the fuel, and the combustion process is initiated by firing a spark 

plug. In CI engines (diesel engines), the air is 

compressed (12 < r < 24) to a temperature above the 

auto-ignition temperature of the fuel (only air is 

compressed during the compression stroke), and 

combustion starts on contact as the fuel is injected into 
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this hot air. Therefore, the spark plug and carburetor are replaced by a fuel injector 

in diesel engines. 

  

The amount of heat transferred to the working fluid at constant pressure and rejected 

from it at constant volume can be expressed as 

 

And 

 

Then the thermal efficiency of the ideal Diesel cycle is 

 

The cutoff ratio rc, is the ratio of the cylinder volumes after and before the 

combustion process: 

 
>> 
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As the cutoff ratio decreases, the efficiency of the Diesel cycle increases.  

 

5.8 Brayton cycle: the ideal cycle for gas-turbine engines 

The Brayton cycle was first proposed by George Brayton for use in the reciprocating 

oil-burning engine that he developed around 1870. Today, it is used for gas turbines 

only where both the compression and expansion processes take place in rotating 

machinery. Fresh air at ambient conditions is drawn into the compressor, where its 

temperature and pressure are raised. The high-pressure air proceeds into the 

combustion chamber, where the fuel is burned at constant pressure. The resulting 

high-temperature gases then enter the turbine, where they expand to the atmospheric 

pressure while producing power. The exhaust gases leaving the turbine are thrown 

out (not recirculated), causing the cycle to be classified as an open cycle. 

The open gas-turbine cycle can be modeled as a closed cycle by utilizing the air-

standard assumptions. The compression and expansion processes remain the same, 

but the combustion process is replaced by a constant-pressure heat-addition process 

from an external source, and the exhaust process is replaced by a constant pressure 

heat-rejection process to the ambient air. The ideal cycle that the working fluid 

undergoes in this closed loop is the Brayton cycle, which is made up of four 

internally reversible processes: 

1-2 Isentropic compression (in a compressor) 

2-3 Constant-pressure heat addition 

3-4 Isentropic expansion (in a turbine) 

4-1 Constant-pressure heat rejection 
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An open-cycle gas-turbine engine A closed-cycle gas-turbine engine 

 

  

 

P2 = P3, P4 = P1 

 

Thus,  

 

 

Pressure ratio 
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5.9 The Brayton cycle with regeneration 

In gas-turbine engines, the temperature of the exhaust gas leaving the turbine is often 

considerably higher than the temperature of the air leaving the compressor. 

Therefore, the high-pressure air leaving the compressor can be heated by transferring 

heat to it from the hot exhaust gases in a counter-flow heat exchanger, which is also 

known as a regenerator. 

 

The thermal efficiency of the Brayton cycle increases as a result of regeneration 

since the portion of energy of the exhaust gases that is normally rejected to the 

surroundings is now used to preheat the air entering the combustion chamber. This 

decreases the heat input (thus fuel) requirements for the same net work output. Note 

that the use of a regenerator is recommended only when the turbine exhaust 

temperature is higher than the compressor exit temperature. This situation is 

encountered in gas-turbine engines operating at very high pressure ratios. 
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Under the cold-air-standard assumptions, the thermal efficiency of an ideal Brayton 

cycle with regeneration is: 

 

Therefore, the thermal efficiency of an ideal Brayton cycle with regeneration 

depends on the ratio of the minimum to maximum temperatures as well as the 

pressure ratio. 

 

The above figure shows that regeneration is most effective at lower pressure ratios 

and low minimum-to-maximum temperature ratios. 
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The extent to which a regenerator approaches an ideal regenerator is called the 

effectiveness and is defined as 

 

or 
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