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Implementation of an adaptive thermodynamic fault model to compensate the
gas turbine degradation
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ABSTRAC

In this research, a thermodynamic model has been developed to simulate the effects of fouling and erosion of the
compressor blades of a V94.2 gas turbine. The novel approach of this study involves considering the influence of
ambient temperature and humidity on the performance of a faulty turbine as well as using the turbine control system
under full load conditions, referred to as Outlet Temperature Control (OTC). In this approach, maintaining a corrected
turbine outlet temperature is employed to keep the turbine inlet temperature within a safe range for the blades. This
model has been validated using real-world data of a gas turbine. The results demonstrate that by adjusting the OTC
control setpoint and taking into account the turbine inlet temperature, a portion of the performance losses can be
compensated for. The findings indicate that compressor fouling has a greater impact on parameters such as power
output, turbine inlet temperature, and gas turbine efficiency compared to blade erosion. Furthermore, deviation from
healthy performance varies with environmental conditions. The results also show that by increasing the control setpoint
of a degraded turbine by 6 degrees, considering ambient temperature, power can be increased by 1%, and turbine inlet
temperature can be increased by 0.8%.

Keywords: Gas turbine, Compressor fouling , Thermodynamic model , Outlet temperature control
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Gas Path Analysis (GPA) "
Gas Path Diagnosis (GPD) :

Influence Coefficient Matrix (ICM) °
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Inlet Guiding Vane (IGV) T

Outlet Temperature Control (OTC) :
Rotor Inlet Temperature (RIT) °
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Determined parameters:
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_ i
Cp,wa I bO + A_‘ biTm,Comp ’
i=1
Check if
Tout.comp=T out.comp
2896
WAR,, = WAR, geg X ———— )
Assume a Tp,r and calculate
Mpyer and Moo e, from Eq15
& Eq18 to extract Pry,,,and
N from map and calculate
R Rma R )] Prywactual from P, (\ . )
md — -
Rda Mw,ma * Rda
No Check if
Prurn,map= PFurm,actua
My ma & av
' (WARmaSS 1-WA #‘E&ss)
18.015 28:96

Assume a To,. . and Calculate y
and T, rurb USing Eq20 to Eq22

Alp e 5 a YARP 4

O olael VY 51 SYoleo 4o
Check if
el S gheh 5 of (J9SIse 09

il abiao 4y lsa 055

L aslol o a5 loady ghial s (sloen lesis

TC

ST alhazs ) (>9,5 55 ol

:f/_
f.
4

WP g 10 SYoleo 3l ool Ll 4 G g Cand g

S5 B e U ogspr e ] o anlge cuw
55 355 sn dsline VY ol (6,055 &y 5 Cgr LS 3

st 4 CaLHV S FAR e h sl sl lasT 5o
G931 ¢ It 4y C g Cad (3l il alaime a3l ¢ U
wilboe 6 )5SEE Slgp woys g e b (Sl
abizes 5 (Spas Cogw Silo iy 4 CC o f uging
gl [¥Y] 51 a8 st oles WG g asl o Gl
aladsme 4y (69,9 g (glod a5 el ouls 58 Lasleal

el o5 ol a0 V0 il

il o oY U

k-1
k

Tout,comp = Tin,comp 1+ nisen,comp (Prcomp

Pout,comp = Pin,comp X Prcomp

\p)

M



VY pETIAY Glas G,Lo)@‘s u:’)]: ........ s ;;JIJS'I ouals &ly )limb 4§|)| )B.Iad.aa);mdﬂlm Gi,,nhia}o): JJAA&A&)‘LJOJL:.&

min,cc = (1 - Ccl) X min,comp lmcl = Ccl X (\Y)
min,comp
min,cc X hout,comp + mf X hin,f + LHV % Nee X mf (\\N)
- (min,cc + mf) X hout,cc =0
mout,cc X hout,cc + mcl X hout,comp (\ f)
- (mout,cc + mcl) X hin,turb =0
mf = (hin,turb * min,comp - min,cc X hout,comp
- mcl X hout,comp)/(LHV 00
X Nee — hin,turb)
m
FAR =—~ 0%
Min,cc
av)

i=5
hf = CO +ZCi X Tiin,f
i=1

Pout,curb = Pinturn/Pleurn )
1_
. _r 5t ()
out,turb = linturp X 1- nisen,turb(1 - PT;:urb)
Y= Cp,exh/(Cp,exh - Rexh) YY)
Cp,exh = (1.0001 + 0.9248 x FAR — 2.2078
X FARZ)
i=5
x | do + Z AT o+ — 2R
0", . Fmexh T 1+ FAR (YY)
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=7
X1 eg + Z eiTrin,exh
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SFLsen eff — = Nisen comp,clean X

ANisen 2]
a 100 )

SFflow capacity = mcomp,clean X ( - 100) (YV)
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