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4.1. DESCRIPTION OF THE GAS TURBINE CYCLE AND 

THERMAL ANALYSIS 

The power output of gas turbine can be increased by inter-

cooling. The compressed air from low pressure compressor during 

delivery to high pressure compressor is cooled in the intercooler. 

Therefore the compressionis performed in two stages. The 

compressed cooled air has lesser volume, enabling air to be 

compressed in asmaller compressor with less expenditure of energy.  

Clearly the work required for compression is reduced 

withintercooler. The heat supplied with inter-cooling is more than 

that with the heat supplied in single stagecompression. The net 

output is also increased but thermal efficiency falls due to increased 

heat supply. 

The system diagram, which was analyzed, is depicted in 

fig.4.1. The system consists of a low-pressurecompressor, 

intercooler, high-pressure compressor, combustion chamber and 

turbine. 

Consider fig. 4.2 and assume that the compressor is working 

between the thermodynamic states 1 and 2. If theair is cooled from 

state 2 to 3 the required compressor power is decreased and the net 

cycle power delivered isincreased if the inlet temperature is 

reduced.  

Efficient compression of large volumeof air is essential for a 

successful gas turbine power plant. It is assumed that the turbine 

efficiency (휼푻),compressor efficiency (휼푪) and effectiveness of 

intercooler(휺).  
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4.2 MODEL DESCRIPTION: 
Intercooling is a way to reduce the power consumption for 

compression of an air. Thus, the inlet temperature of the second 

compressor stage can be kept low. For a given compression ratio, 

the power consumed in a compressor is directly proportional to the 

inlet temperature. Consider Figure 4.1 and assume that the 

compressor is working between the thermodynamic states 1 and 2. 

If the air is cooled from state 2 to 3 the required compressor power 

is decreased and the net cycle power delivered is increased if the 

inlet temperature is reduced  Figure 4.2 shows a gas turbine power 

plant with intercooler has a single shaft gas turbine. In this gas 

turbine cycle with intercooler, air after compression in the first 

stage compressor enters into an intercooler where it is cooled. The 

cooled air then enters into second stage compressor to compress to 

required pressure, and then goes to combustion chamber, after 

additional heating to maximum permissible temperature in the 

combustion chamber. The network output of the cycle is thus 

proportional to the temperature drop in the turbine. 

The actual processes and ideal processes arerepresented in 

dashed line and full line, respectively, on the T-S diagram (fig. 4.1). 
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Fig. 4.1: T-s diagram for actual Brayton cycle with intercooler  

 

Fig. 4.2: Schematic diagram for actual Brayton cycle with intercooler 
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To calculate the temperature in any point uses these equations: 

푻ퟐ풔
푻ퟏ

= 풓풑푳

휸풂 ퟏ
휸풂 									…… (ퟒ − ퟏ) 

Where: 

푻ퟐ풔 	≡Theoretical low pressure compressor outlet temperature (K). 

푻ퟏ 	≡ Ambient temperature (K) 

풓풑푳 	≡First stage pressure ratio. 

푻ퟒ풔
푻ퟑ

= 풓풑푯

휸풂 ퟏ
휸풂 				…… (ퟒ − ퟐ) 

Where: 

푻ퟒ풔 ≡Theoretical high pressure compressor outlet temperature (K). 

푻ퟑ ≡Intercooler outlet temperature (K). 

풓풑푯 ≡Second stage pressure ratio. 

푻ퟔ풔
푻ퟓ

=
ퟏ
풓풑푻

휸품 ퟏ
휸품

													…… (ퟒ − ퟑ)				 

푻ퟔ풔 ≡Theoretical turbineoutlet temperature (K). 

푻ퟓ ≡Turbine inlet temperature (K). 

풓풑푻 ≡Total pressure ratio.  
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The effectiveness for intercooler can be defined as: 

휺 =
푻ퟐ − 푻ퟑ
푻ퟐ − 푻ퟏ

											…… (ퟒ − ퟒ) 

After calculate all temperatures and effectiveness of inter cooler we 

can calculate isentropic efficiency of first and second stages of 

compression as following: 

휼푪ퟏ =
푻ퟐ풔 − 푻ퟏ
푻ퟐ − 푻ퟏ

										…… (ퟒ − ퟓ) 

Where: 

휼푪ퟏ ≡Isentropic efficiency of first stage compressor. 

휼푪ퟐ =
푻ퟒ풔 − 푻ퟑ
푻ퟒ − 푻ퟑ

						…… (ퟒ − ퟔ) 

Where: 

휼푪ퟐ ≡Isentropic efficiency of second stage compressor. 

Then the thermal efficiency can be calculated from this formula 

휼푻 =
푻ퟓ − 푻ퟔ
푻ퟓ − 푻ퟔ풔

									…… (ퟒ − ퟖ) 

휼푻 ≡Isentropic efficiency of turbine. 

The work required to run the low pressure compressor is: 

풘푪ퟏ = 푪풑풂ퟏ(푻ퟐ − 푻ퟏ)										…… (ퟒ − ퟗ) 
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The work required to run the high pressure compressor is: 
풘푪ퟐ = 푪풑풂ퟐ(푻ퟒ − 푻ퟑ)							…… (ퟒ − ퟏퟎ) 

The work of gas turbine is: 

풘푻 = 푪풑품(푻ퟓ − 푻ퟔ)								…… (ퟒ − ퟏퟏ) 

The net work can give by:  

풘풏풆풕 = 풘푻 − (풘푪ퟏ + 풘푪ퟐ) 									…… (ퟒ − ퟏퟐ) 

Heat addition: 

풒풂풅풅 = 푪풑품(푻ퟓ − 푻ퟒ)										…… (ퟒ − ퟏퟑ) 

The combustion energy balance equation used: 

풎̇풇 × 푪. 푽 = 	 풎̇풂 × 푪풑품(푻ퟓ − 푻ퟒ)								…… (ퟒ − ퟏퟒ) 

퐶. 푉 ≡Calorific value of fuel (kJ/kg). 

To calculate specific fuel consumption we use the following formula 

푺. 푭. 푪 =
풎̇풇 × ퟑퟔퟎퟎ

풘풏풆풕
									…… (ퟒ − ퟏퟓ) 

Where:  

풎̇풇 ≡Mass flow rate of fuel (kg/sec).  

We assume the specific heat of air is given by 

�푪풑풂ퟏ = ퟏ. ퟎퟏퟖퟗ × ퟏퟎퟑ − ퟎ. ퟏퟑퟕퟖ	푻풂 + ퟏ. ퟗퟖퟒퟑ × ퟏퟎ ퟒ푻풂ퟐ

+ퟒ. ퟐퟑퟗퟗ × ퟏퟎ ퟕ푻풂ퟑ − ퟑ. ퟕퟔퟑퟐ × ퟏퟎ ퟏퟎ푻풂ퟒ
							…… (ퟒ − ퟏퟔ) 
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Where;  

푻풂 ≡The logarithmic mean temperature for compression processes (K).  

 For first stage compression, the logarithmic mean temperature can be 

given as follow: 

푻풂 =
푻ퟐ − 푻ퟏ
퐥퐧 푻ퟐ

푻ퟏ

							…… (ퟒ − ퟏퟕ) 

 Similarly, the logarithmic mean temperature for second stage 

compression can be given as follow:  

푻풂ퟐ =
푻ퟒ − 푻ퟑ
퐥퐧 푻ퟒ

푻ퟑ

									…… (ퟒ − ퟏퟖ) 

The specific heat of gas is given by 

푪풑품 = ퟏ.ퟖퟎퟖퟑ − ퟐ. ퟑퟏퟐퟕ × ퟏퟎ ퟑ푻품 + ퟒ.ퟎퟒퟓ × ퟏퟎ ퟔ푻품ퟐ − ퟏ. ퟕퟑퟔퟑ × ퟏퟎ ퟗ푻품ퟑ 				…… (ퟒ − ퟏퟗ) 

Where;  

푻품 ≡The logarithmic mean temperature for compression processes (K). 

The logarithmic mean temperature for expansion can be given as 

follow: 

푻품 =
푻ퟔ − 푻ퟓ
퐥퐧 푻ퟔ

푻ퟓ

									…… (ퟒ − ퟐퟎ) 

For simplification, we will assume the gas constant for air equal the 

gas constant for exhaust gases and both of them are equal 0.287 kJ/kg.K.  
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 Also we will assume the specific heat ratio (휸) for air is equal 1.4 

and for exhaust gases is equal 1.33.  

4.3 DETERMINING INTERCOOLER PRESSURE FOR 

MINIMUM COMPRESSOR WORK  

For fixed inlet state and exit pressure, use a cold-air standard 

analysis to show that minimum total work input for a two-stage compressor 

is required when the pressure ratio is the same across each stage. Assume 

steady-state operation and the following idealizations: Each compression 

process is isentropic, there is no pressure drop through the intercooler, 

temperature at the inlet to each compressor stage is the same, and kinetic 

and potential energy effects can be ignored. 

Assumptions:   

1. The compressor stages and intercooler are analyzed as control 

volumes at steady state. 

2. The compression processes are isentropic. 

3. There is no pressure drop for flow through the intercooler. 

4. The temperature at the inlet to both compressor stages is the same. 

5. Kinetic and potential energy effects are negligible. 

6. The working fluid is air modeled as an ideal gas. 

7. The specific heat 퐶  and thus the specific heat ratio 훾 are constant. 
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Fig. 4.3: P-v diagram for two stage compression with intercooler 

The total compressor work input per unit of mass flow is 

풘풄 = (풉ퟐ − 풉ퟏ) + (풉ퟒ − 풉ퟑ)						…… (ퟒ − ퟐퟏ) 

Since 퐶  is constant 

풘풄 = 푪풑(푻ퟐ − 푻ퟏ) + 푪풑(푻ퟒ − 푻ퟑ)					…… (ퟒ − ퟐퟐ) 

With 푇 = 푇  (assumption 4), this becomes on rearrangement 

풘풄 = 푪풑푻ퟏ
푻ퟐ
푻ퟏ

+
푻ퟒ
푻ퟏ

− ퟐ 							…… (ퟒ − ퟐퟑ) 

Since the compression processes are isentropic and the specific heat 

ratio 훾 is constant, the pressure and temperature ratios across the 

compressor stages are related, respectively, by 

푻ퟐ
푻ퟏ

=
푷풊
푷ퟏ

휸 ퟏ
휸
											…… (ퟒ − ퟐퟒ) 
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푻ퟒ
푻ퟑ

=
푻ퟒ
푻ퟏ

=
푷ퟐ
푷풊

휸 ퟏ
휸
								…… (ퟒ − ퟐퟓ) 

Substituting in the equation  

풘풄 = 푪풑푻ퟏ
푷풊
푷ퟏ

휸 ퟏ
휸
+

푷ퟐ
푷풊

휸 ퟏ
휸
− ퟐ 										…… (ퟒ − ퟐퟔ) 

Hence, for specified values of 푇 , 푃 , 푃  and 퐶 , the value of the total 

compressor work input varies with the intercooler pressure only. To 

determine the pressure 푃  that minimizes the total work, form the derivative 

흏풘풄

흏푷풊
=

흏
흏푷풊

푪풑푻ퟏ
푷풊
푷ퟏ

휸 ퟏ
휸
+

푷ퟐ
푷풊

휸 ퟏ
휸
− ퟐ 								…… (ퟒ − ퟐퟕ) 

= 푪풑푻ퟏ
휸 − ퟏ
휸

푷풊
푷ퟏ

ퟏ
휸 ퟏ
푷ퟏ

+
푷ퟐ
푷풊

ퟏ
휸
−
푷ퟐ
푷풊ퟐ

						…… (ퟒ − ퟐퟖ) 

= 푪풑푻ퟏ
휸 − ퟏ
휸

ퟏ
푷풊

푷풊
푷ퟏ

휸 ퟏ
휸
−

푷ퟐ
푷풊

휸 ퟏ
휸

									…… (ퟒ − ퟐퟗ) 

When the partial derivative is set to zero, the desired relationship is 

obtained 

푷풊
푷ퟏ

=
푷ퟏ
푷풊
											…… (ퟒ − ퟑퟎ) 

or 

푷풊 = 푷ퟏ푷ퟏ 								…… (ퟒ − ퟑퟏ) 
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4.4 CALCULATIONS METHODOLOGY 

After mention all equation we will use MATLAB program to shows 

the result of effect of parameter in graphics in chapter five. We study the 

changes in inter-cooler effectiveness with other parameter such as ambient 

temperature and turbine inlet temperature.  

 


