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In this study, the dynamic behavior of the performance parameters of an industrial gas turbine used in natural gas
compressor stations is modeled using an optimized Nonlinear Autoregressive network with exogenous inputs (NARX).
The modeled performance parameters include the turbine fuel flow rate, compressor air mass flow rate, compressor
pressure ratio, generator turbine speed, gas temperature at the generator turbine inlet, and exhaust gas temperature at
the power turbine outlet. For each target parameter, an independent neural network was developed with two time-
varying feedback inputs—namely:the turbine speed and the generated power—and two time-invariant external inputs
includes ambient temperature and installation altitude. To determine the optimal architecture of each network, a grid-
search-based approach was employed to'ebtain the most efficient combination of neurons and delays. The training data
for the neural networks were generated using a thermodynamic model of the gas turbine implemented in MATLAB
Simulink. To validate thefdeveloped models, their simulated outputs were compared with experimental and
thermodynamieymodel resultsssThe obtained correlation coefficients (R) for compressor air flow, fuel flow rate,
compressonpressure ratie, generator turbine speed, turbine inlet gas temperature, and turbine exhaust gas temperature
were 0.981, 0,994, 0.979,70.934, 0.987, and 0.968, respectively. Furthermore, comparison of the obtained optimal
architectures withya similar previous study demonstrated that the proposed models exhibit lower structural complexity
and therefore achieve faster computational performance.
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Fig.2 Schematic of the Gas Turbine IGT25 [24]
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Table 1 Specifications of the IGT25 Gas Turbine [24]

Exhaust Gas Flow 83 kg/s
Compressor Pressure Ratio 14:1
(PR_AC)
Turbine Speed 7700 rpm

Produced Mechanical Power 25.4 MW
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Fig. 4 Simulation results of the neural network model for gas turbine
parameters under standard conditions (15 °C ambient temperature and
sea level altitude); (a) Fuel mass flow rate, (b) Compressor pressure
ratio, (c) Compressor inlet air mass flow rate, (d) Gas temperature at
the generator turbine inlet, () Gas temperature at the power turbine
outlet, (f) Generator turbine speed.
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Fig. 3 Dynamic inputs of neural network models; (a) Gas turbine
output power, (b) Gas turbine operating speed
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Table 4 Architecture of gas turbine performance parameter models
presented in [14], with four input variables including compressor outlet
temperature and pressure, inlet air valve opening percentage, and fuel
valve opening percentage.

No. Hidden Leyer Feedback
Output Parameter
Neurons Delay
Turbine Speed 115} 25
Exhaust Gas Temperature 20 30
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Table 5 Optimized architectures of the models corresponding to the
generator turbine speed andgfexhaustiygas temperature (EGT)
performance parameters for the present study:

No. of No. of Neurons
. A Feedback
Output Parameter Neurons in in Hidden Dela
Hidden Leyer 1 Leyer 2 y
Turbine Speed 5 5 1
Exhaust Gas Temperature 5 4 1
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Table 6 Comparison of model complexities for the generator turbine
speed and:exhaust gas temperature (EGT) performance parameters
between the present study and [14].

No. of Tanh
Output Parameter Article No. of Weight activation
function
T Present Study 66 10
urbine Spee:
5 study [14] 466 15
Present Study 59 9
Exhaust Gas Temperature
study [14] 721 20
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