
Analyzing the behavior of a Reheat Gas Turbine cycle by using 

Adaptive Neuro-Fuzzy Inference System

a*Prince Kumar

1. Introduction

The gas turbines are enormously used for Power 

generation which is one of an important issue today. 

Demand is outweighing supply because of lack of 

initiatives by the industries to build their own Co-

generation plants for their energy needs. As such the 

current power plants can be used for their full strength 

by predicting the need of power utilization and 

optimizing the current power production systems. 

Electronic revolutions in the fields of computers 

equipped with the intelligent techniques can prove to 

be role changer to overcome the problems of the 

power needs.The power requirements can only be 

met by optimizing the existing power plants so that 

the power generation can be increased to its fullest 

strength. Due to this the thermodynamics engineers 

especially in the fields of power generation and those 

who are well well acquainted with the gas turbine 

cycles such as Brayton Cycle, will be in high 

demand.It is the backbone of power generation. 
1Tsujikawa et al. devoted their study to the analysis 

and optimization of simple and sophisticated cycles, 

particularly for various gas turbines engines and aero-

engines (including ramjet engine) to achieve 

maximum performance. The optimization of factors 

such as thermal efficiency, specific output and total 

performance for gas turbine engines and overall 

efficiency, non-dimensional thrust and specific 

impulse for aero-engines has been performed by 

optimization procedure with the multiplier method. 

Mallinsonet al. investigated the part load 

performance of various gas turbine engine schemes 
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and conventional three group notation given by them 

has been adopted here also.In the present study the 

optimization of Reheat Cycle of gas turbine is done 

using the intelligent technique Adaptive Neuro Fuzzy 

Inference System (ANFIS). The architecture and 

learning procedure of ANFIS (Adaptive Neuro Fuzzy 

Inference System), which is a fuzzy inference system 

implemented in the framework of adaptive networks 

is explained in the study of (JyhShing Roger Jang). In 

this technique firstly learning of the Neural system of 

the technique is done so that the technique gets 

adapted to the behaviour of the system to be 
3

optimized.Maryam et al.  used the ANFIS technique 

for calculating the demand of biological oxygen 

(BOD) for the Surma River of Bangladesh. 
4

Abdorreza et al.  used the ANFIS technique is used 

for calculating the soil properties like Pedotransfer 

functions, geometric mean diameter and mean weight 
5

diameter.Amir et al.  estimated the placement of well 

for oil and gas production in the reservoir is estimated 

by using the ANFIS. The technique used genetic 

algorithms for populating the ANFIS.  ANFIS is used 

for evaluating the discharge co-efficient of triangular 

labyrinths weirs. The results were compared with 

those of Multilayer Perceptron (MLP) methods, 

which showed that the ANFIS results are more 

optimal. As far from the above said researches this 

technique is used for every field like economics for 
6analysing the exchange rate and GDP,  
7meteorologyfor predicting the wind speed ,  

8
automobile for fault diagnostics in the gearbox.

2. Mathematical modelling of the problem

As the area of application of gas turbine is extended, 

the thermodynamic cycle of gas turbine becomes 

more sophisticated. The gas turbine basically consists 

of compressor, combustor and a turbine. By the 

inclusion of heat exchangers such as regenerator the 

amount of fuel required can be reduced which 

increases the thermal efficiency. The increase in the 

number of components, however, requires more 

elaborate analysis to determine the conditions for the 

cycle. In the present study, the cycle is divided into a 

number of sub-system or components. The operating 

state is expressed by parameters that govern such sub-

systems. Thefactor of optimization are thermal 

efficiency and specific work done. The optimization 

of above mentioned criteria is done with the help of 

Adaptive Neuro Fuzzy Inference System. This 

method can be employed for simple and sophisticated 

cycles as well as for giving the optimum values of 

parameters in short time. This is an artificial 

intelligent method which can further predict the 

values of optimum parameters for different 

configurations. This is one of the latest technique 

developed recently.

The arrangement and block diagram for the 1/LP is 

shown in Figure 4.5 and Figure 4.6 respectively. 

There occurs a pressure loss in the combustion 

chamber only. The configuration has a compressor, 

combustion chamber and two turbines, one 

designated as HP (high pressure) turbine and other as 

LP (low pressure) turbine. High pressure turbine 

drives the compressor and low pressure turbine gives 

network output.

Figure 1. Schematic Diagram of 1/LP Configuration
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Figure 3. Result for Specific Work Done for 1/LP Configuration

Figure 2.Result for Efficiency for 1/LP Configuration
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Table 1.Comparison of the Results Obtained with those of Multiplier Method for 1/LP Configuration

Figure 4. Surface for 1/LP Configuration for Efficiency

Figure 5.Surface for 1/LP Configuration for Specific Work Done

From the Figure 4 and Figure 5 it is clear that the specific work output increases as     falls because 

much more work will be obtained from the turbine. In addition , work input required for the 

compressor also increases; however, the former predominates over the latter, resulting in increasing 

the work output. The thermal efficiency falls due to increased value of work input to the compressor, 

less heat is transferred to the air going to the combustion chamber from regenerator as indicated by fall 

in the value of        and lower value of turbine exhaust temperature resulting in more fuel consumption.
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4. Conclusion

The solution of the optimization problem has been obtained with help of Adaptive Neuro Fuzzy Inference 

System (ANFIS) in Matlab Software. The training data which is used to train the network is given in Appendix- 

A. The conclusion drawn from the thesis work is given in the following points:

1. The gas turbine system is considered to be made up of a number of sub-systems and the operating state 

is expressed by design variables that control such subsystems. These design variables are temperature 

ratios across the compressor, turbine and regenerator which are used to optimize to achieve maximum 

performance. These temperature ratios are given certain initial values which should satisfy the 

constraints.

2. The criteria for optimization are thermal efficiency and non-dimensional specific output. The 

temperature ratio that gives maximum specific output and thermal efficiency are different. 

3. The problem of optimization of various gas turbine configurations has been treated as constrained 

optimization problem with differentiable objective and constraint functions which fully justifies the 

use of Artificial Neural Networks.

4. The optimum results are obtained with the help of data obtained from the results of Y. Tsujikawa and M. 
1

Nagaoka.

5. In the design procedure of various gas turbine schemes, an optimum working cycle can be determined 

by the ANFIS in a short duration of time.

6. The results obtained by ANFIS technique are compared with those obtained by Multiplier Method to 

show the validity of ANFIS.

Nomenclature

Data assumed

θ = Maximum temperature ratio of cycle = 5

η  = Burner efficiency = 0.98B

C  = Specific heat = 1.114 KJ/Kg KP

T  = Ambient temperature = 288.15 Kin

T  = Temperature of water = 288.15 KW

List of symbols

B = Combustion chamber

C = Compressor

C  = Specific heat (KJ/kg K)P

l = Specific output (KW/Kg sec)

I = Non-dimensional specific output

P  = Pressure at inlet of the combustion chamberout

T  = Maximum temperature of the cyclemax

T  = Temperature at inlet to the compressorin

T  = Temperature at outlet to the compressorout

T  = Temperature at outlet of the turbineE

T  = Temperature at outlet of the regeneratorEX
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T  = Temperature at outlet of the low pressure turbinee

T  = Temperature of the waterW

θ = Cycle maximum temperature ratio
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