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Abstract

Degradation due to the long time operation at the gas turbine may cause Received: 12 April 2023
a fall in the combustor and compressor efficiency and characteristics, Accepted: 4 July 2023
which makes a decrease in total efficiency and, an increase in fuel Page Number: 54-68

consumption with growth in the production of the pollutants. These
phenomena are not distinguishable by conventional diagnostic systems.
Although instrumental protection of gas turbine may be profited by
the control system but, it depends to components damage result
revealation. So, in this research, a special method using the Multiple
Model approach, based on multi-operating points is developed to
continuously estimation these kinds of faults, to sustain the major defects
in an industrial gas turbine. The object is done by defining the main
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components health indicator variables. First nonlinear thermodynamic Keywor_ds.

static and dynamic models are constructed and linearized. By Gas Turbine,

a combination of those in a dynamic convex set the alternate adaptive Combustion Chamber,
model is developed that, could cover the dynamic of the gas turbine. By Fault Detection,
decoupling the adaptive filter residuals, estimation of the faults and Multiple Models,
operating point determination are executed. Finally, the efficiency of Kalman Filters

the proposed approach is demonstrated in a simulation environment.
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Figure 1. Schematic of an industrial twin shaft gas turbine with simple cycle.
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Figure 2. A plan of cam combustor.
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Table 1. Gas turbine initial data at the selected operating point.

Rarameter Aigy Angv
%span %span
Point 1 50 62 5525 87.4 58 1.047 0.29
Point2 55 84 6600 50 79.3 60 1.053 0.39
Point3 54.7 95 7500 50 88.6 61 1.058 0.46
Point 4 71 94.8 7150 50 885 1068 049 |
Parameter T, T, T, T, T,
"----IIIII-I
Point 1 35 9938 0.83 5.79 0.81
Point2 39.5 10275 -1 338 0.83 9.2 826 8.7 762 6.12 388 0.81
Point3 44 10462 3 360 0.83 12 876 11.4 808 7.98 412 0.81
Point 4 50 11000 29 420 0.81 11.7 905 111 835 7.78 480 0.79

1. Linear Matrices Inequality 2. Euler and Range Kutta
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Figure 5. Filter Residuals in conventional MM-FDI.
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Figure 8. Final estimated Faults via Produced Faults.
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General Electric- GT10/2 Gas turbine with standard maps and with the following coeificients and constants:

Jji = 2500 kg.m?. j, = 330 kg.m?.K=0.98.T=.25.V, = 0.04 m3.V, = 0.039 m®.V; = 0.023 m?
Cpg = 1.013 kj/kg. Cyq = 1.042kj/kg. Cpy = 175 Kj/kg. Hyp = 1

Linear state space and fault distribution matrices in discreet time at the selected operating points as the table 1 operating points

are:

- 9998 0 0 1 -2 0 0 ~111 0
1 9995 0 3 73 254 [ 8 6 129 ]
= 0 9999 0 0 0 _4 0322 3 0
4= _632 0 95 9058 -529 —9 [*107° . Bi=1] "gg —43 76 |
332 -7 4 898 9982 348 |l—3585 1809 —2842J|
7 —384 —15 18 382 9225 -32 32 3014
- 8 -129 2 [9998 0 0 01 -2 0
9 0 5 | 1 9994 0 4 79 274
£ | —98 0 94 | 4o P 0 9999 0 0 0
1= 75726 00004 45785 2= 711 0 108 8950 -588 —12
3627 -2 1295 367 -9 5 995 9977 387
L 84 0 29 8  —423 —14 22 421 9163
1 -123 0 —160 3
4 8 141 1 |[ 8 ]
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Linear Models Gap metric matrix
0 602 1964 2329
Gp= | 601 0 1715 2053| ..

1964 0.1715 0 771
2328 0.2053 771 0
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