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Power plants in the southern regions of the country face significant challenges due to
specific environmental conditions, leading to air pollution entering the gas turbines,
which negatively impacts equipment performance and lifespan. In V94.2 gas
turbines, the incoming air is passed through filters before being directed to the
compressor. However, under conditions such as sudden rainfall or increased
humidity, filter performance is disrupted, allowing pollutants to infiltrate the turbine.
One of the main consequences of this phenomenon is the entry of salt pollutants into
the combustion system. These pollutants dissolve in rainwater and eventually reach
the combustion chamber, mixing with the air-fuel mixture. These pollutants disrupt
the combustion process and accelerate the corrosion and degradation of protective
oxide layers on hot-section alloys. This phenomenon, known as the Washing
Through Effect (WTE), causes corrosive substances to penetrate sensitive turbine
components, such as blades and combustion chamber walls, resulting in reduced
efficiency, increased fuel consumption, and premature failure of components. This
study examines the effects of inlet air pollution on the performance and material
integrity of VV94.2 turbines, focusing on the types and levels of pollutants. It also
provides solutions to improve filtration processes and reduce WTE-related damage.
The results of this study can help extend equipment life and reduce maintenance
costs in power plants located in humid and polluted areas.
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Introduction

The inlet air system of gas turbines is critical for optimal performance and equipment lifespan. This
system is designed to remove pollutants and particulate matter, optimize airflow, reduce pressure drop,
and regulate temperature and humidity. In humid and polluted areas, such as the Behbahan Combined
Cycle Power Plant, dust and environmental pollutants increase the pressure drop across the filters and
reduce the efficiency of the filtration system. With the onset of the rainy season or increased humidity,
the filters become disrupted, allowing water-soluble particles to pass through and enter the compressor
and turbine. These particles, which are often water-soluble pollutants, cause deposits to form on the
turbine blades and other sensitive components. A phenomenon known as Washing Through Effect
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(WTE) occurs in these conditions, where pollutant particles pass through the filters and enter the
system. This phenomenon can lead to reduced turbine efficiency, increased fuel consumption, and
premature failure of turbine components.

Materials and methods

This study investigates the effects of dust and pollutants entering gas turbines, focusing on erosion and
deposition caused by dissolved salt particles in airborne dust. Case studies were conducted at
combined-cycle power plants in desert and semi-desert regions with humid and polluted conditions,
particularly using V94.2 model gas turbines. Data was collected through site visits, maintenance
reports, and operational documentation to assess the filtration system's performance, pollutants'
composition, and their impact on turbine components like blades and cooling systems. Samples of
deposits from turbine blades and filters were analyzed to identify the pollutants' chemical properties.
Additionally, airflow, deposition, and blade wear were modeled to predict the effect of various
pollutants on turbine performance and lifespan. The study also examined the Washing Through Effect
(WTE) during rainy or humid conditions, which allows soluble particles to pass through filters into the
turbine. Based on findings, practical solutions were proposed to enhance filtration systems, improve
filter efficiency, and reduce the damage caused by dust. These measures aim to lower maintenance
costs and extend turbine service life, particularly in regions with high pollution levels.

Results

This research presents operational solutions to improve gas turbine intake air systems in areas with
high humidity and dust pollution. The first proposal was changing the filtration class from F7 to F8 at
the Behshehan combined cycle power plant, enhancing filtration efficiency and reducing dust entering
the turbines. Despite this, cumulative dust effects still appeared gradually over time. To address this,
an offline pulse jet system was designed to clean filters by directing compressed air from active to
inactive units, reducing dust entry and improving performance, especially during high humidity
periods.An anti-icing system was implemented to prevent filter freezing in humid regions by directing
hot compressed air from the compressor. In Behshehan, this system is manually activated if necessary
to prevent ice formation and maintain turbine performance. Additionally, the replacement interval for
G3 static filters was increased before cold seasons to reduce humidity entering the compressor,
thereby improving turbine performance and reducing WTE phenomena. The use of coalescer filters
and droplet separators was suggested to remove moisture from intake air, particularly effective during
rainy conditions. Finally, installing gutters beneath the intake front panel was recommended to prevent
water droplets and moisture from entering the system, improving turbine performance in humid
conditions.These measures, especially at the Neka plant, have effectively eliminated the WTE
phenomenon, improving turbine lifespan and performance in challenging climates through regular
maintenance and moisture control systems.

Discussion and Conclusion

Gas turbines in southern regions, especially in combined cycle power plants, are impacted by pollution
and humidity, leading to the WTE phenomenon, which reduces turbine performance and lifespan. This
occurs when soluble salts bypass filters during high humidity, causing erosion, clogging, and corrosion
of turbine components. Optimization strategies at Behshehan power plant, such as changing filtration
classes, using an offline pulse jet system, and implementing anti-icing measures, have reduced WTE,
though not entirely eliminated it. Effective moisture control, optimized filtration, and regular
maintenance improve turbine performance, reduce fuel consumption, and increase equipment lifespan.
Developing a predictive model for WTE can further enhance efficiency in challenging environmental
conditions.
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1. Thermal Barrier Coating



"y o153 9 58,0 | o y9i (5095 9 9,Klas ,sWashing Through Effect sy g /o (S0 pib (o 10

AR

-

P ‘—R‘"ﬁ‘ .|
Oy Jol sy by (lligr (ad oS g (il ST 51 oled .F UK

Sas Vb slales > ulmoyy (o5 o 5 Sod Slguy o (lemnd slagiiSTy 5 YU slos 1 %3 Jole
Sligwy () Lo oo oxie gdcud plp ) Spslie 5 5ok (plesd LSy S8 4 &5 390 (2l (2STg )l S5 0
9 5ed SSE 39)9 onlplly 245 diblgs j oy aaw ioluyd el oloj ygpe 4 el JWI 5> STy ogMe
5 liosd Comle o & & sl (G35 Cyg 3,80ae [l Lol belse 1 (o Gk bl 3 Seil ()8 g
rya ]y oy ) (ale 5l (ol 8 S8 a8 o0 bl (lbpee lp ]y b ol (el (dae Laulyd
5 il cnl jon kol Jels «s35)9 L 55,5 ofugts oy (g9) liste Sligu) S92 Ap3 o0 (LS ggdgt 9 WS 0
Lol g oo wiu g 03511 glo b 5 oy bame b lao gy wled Bl 4 Sligwy cul sl o] (oo 55
KBS 9 SIS ogw) 383 jobo 4 izmen B Sl 2 oMo Wi oo W0y daw > (Sl inle 5 (5395 dbx]
Slpp by Gl cel IS (e 3 ogw) pl DS Glales 4 58 1) oy (S (Sl e
ot il g oy YL (slod 4 Wlgi oo B pmne cpl (ST Wgd oo (GilSiS i 3)Slas I 5 ouiiS S
Oial3l g oy sk jos (1Al carge ot (LS (RN 1 09 Wmonyy nl i )3 95 i ()l sl
Ol &S iy 539y 9 ez 3 E sl S3)55 dbml g 1S 5 cpizzan A5 Wals (5SS 5 prans (sladizse
A r Ygone b 53)08 9 S 5 (ol il osaliin LB zodga £ S5 5l oled )3 )l oo laoyy (55) SUjkas o s>
Pl 1ol el wlgi o Mo () Al S99 4 ED (o b cusliond bulid g ol sl laled
G b & ol g5 ol Ned e g Sk 3 sdx lagal B ol 4l 3 g Hgd oy ()l L
3l Bl (bciond )3 Al olod Slynis 4 wlg e aSl 0gd e baye il g oy dde jes S
5 S0 69 ol ecplpl catls algs oo & ploj b |y s ol Mo Sl Jlois] yel gl & Lo gtie
29 355 (UKo (i oy 1 55 olr (Sl Aty Leludl g 30 )15 (cw) 3590 (383 H5b 4 b S

Ol pogadar legdS cpl Cunl s J31 4 )LE93)5 3959 5 (BB (g OISe Sl (o Gmy8 slaoy il
Taw ()lgenl 5 (Sl el jgpeds 9 M (0 3)95 5 oy ghaw 4 0bj Copur b S g 08 e odile g S
Pl St cpl (oo b (605 Bblie 3 09800 (295 Olg5 GRS 5 (g5 ey cdl el ggdge cnl 9 oo
03908 gy 1) o o o )S03 3 3)0 0 b g Mo oy (59) Cush) b olyen Sad D)3y e
5 omog By el Wl o o Canlin] Sl g b S5 b d)lge 53 g oy 08 S b ol o S e
sl ()9 00 oy Coumdg plaio () g yld CuiS @ drg (JSbo ol (8IS Gl 098 pesl sladnja il
o] culus (ials 5 Glo el g Glooy 4 085 b jLégS baulo Gl cul gssse ol ol v JSS
g s



VP O 35k oF 3,90 Sl 550 slpiucw dolilad 1A

89 0widlxy] 3y (GBS 5 cywizmod g Ay HUT 3929 .8 UK S yoxin g0y (5 )KE yamno 45 gy 3939 31 (2lod O JSWI
OmyP celiby o3t

Ol Bds b g (iudgy Cuold (IBIS g 515 (o yoF (63959 W0 4 (rlalw Y S

ag&ﬁ éh)l‘b‘) ZSU -r

gl gild WAS gk Y

).wv l: s ul.ua) o3l dy90 L;LE)J».B 4 199.3).0 «.S)‘J.o L)""L“‘ 2 oJ.J.”rnlzv.?‘ L;Lhw)).g ‘OW L{’S)’ va.w ol?9)*3 Pel
s lis cdl & Wb el yum Qﬂ‘ VC IR I ) le):,l,..é foasipass u—.’.l)lf O‘?su" F8 « F7 uwl)..l..e u»)tf
e iS4 3Sles (pl 258 e 3y gt e b T Co b w53 g b GBI S
3 £68 (Jlnl b ool el 1) oye S5 4 jLega,S 3959 Mo pd g 55 SeS o pild g9y abbress jLegd S
il b Jljygl dsge Uohiga (oloj (b @l al (rozs il 5 g Bls LB ol jobo 4 sl 9 (5518 Cgu
Wb o k93,5 I Slodas (150 395 5l @lo ax ST ygmnl s WoMS 15 posS (pl S 0 Sep (B Sy 4 AVl
3l 35 1 5 5, Skas s Gl o o3l )3 5 Bloioe (Bl HLegd)S rem Sl lioren Lol

ST Co Gl i 31 oL YV
wWh9y Ol 2wl osd (Ahb Gayg 4 (63919 R sld o) 3l eSSl co Ll el



14 o153 9 58,0 | o y9i (5095 9 9,Klas ,sWashing Through Effect sy g /o (S0 pib (o 10

plin (T g0 4y s ol D90 Colin ol cuty 4y J3U Fe e Bkl ead s lgn ol b Sl
935 Bl > (e JB 2D «639)9 lop (iSe (GVL o s @ Lol sl L8 (655 slassly ()l o e
12lg 93 (o (P e So 1 Dl (as IS 6 Gl (o5 5 S 0879580 )3 (Jd Ged 4 )8 Sles
Cuol 0ads Z)B Hle oS canly oo ild cuiy 4 Jld asly jl o0 pid clor il lansjl pla U ad sbol 56
Sk i ofag NS (0 wal )3 1) oadandlil S g3)S Bdo g ajild Jol (135" juad Sl g (258 culun
g yo= ORIl e g WS (o S8 g paSng 4 JLegd)S 39)9 A 4 e (pl b G ga Cugh

Db oo iR i 3 Ses

S T ST s 39 55 1 9 2 ¥ ¥
boxo (glsn dyn oS Caghy b bl 13 0,1 (i (loly  osiens 5T Im (5399 s 4 ($39)9 Slon (slod
b yld (55570 4 Ll o ax ) yao i 4 by ials wogbye bl o bl b o (]38l oy ledily wisl 5SS
I Sl sl 90 g o]y Cl sl g A8 o dgaxe |y hgmaS 41 (63909 slgr Lz sl 0] 45 29 e
o 5 (31,5 b dopd WAL 39a5) £ g 0d,id (clon Colun b a8 3945 o o3liin] Sl 51 i I (Site oyl
23 83k ) )55 yob ) e (ol NS (0 (6 xS ole B pld 69y G St I dgn (639)9 s 4 jgus oS Aoy
55 4 jed Loy ST oo sy il b olone (oS y S o950 5 gus o Hlie 3)lg 31,8 Sl d> > -0 U+
& P8 () S o Sl 503 > g |y s 2l oy 1yl A3l e Sl 5T SKlogi 5l

Db oo g Olel) 8l I @le g S 0 S WTE By 5 fo JeSi jl 615 9l> 9 (93959 Cagbo) ials

Sl sl Jld 2583 83b it 91 .F Y

G el G S L (Sl glayild o Jolye nl 5 (o a8 )l jild Al jo pain o5y (63955 slsp i
£955 31 U8 sl ul (g b oy (g e 3 pISn (i il s B Lo gld () BE 2815 (slastans
Ol ceionl &g WS Qe ) oyl cusb) Wilgiee e layld washy Rl g as 585 b b dyw Jua
SaS g8 OSes dgue 4 g 390 WTE By (ials el pl8l ol il oo 10l jow yuaS 4y (639)9 gl
S o

1ol 4308 BALS 1D s § ¥ 1S (5l yild 3 oLkt B
3,lg 1ot 1] it () 53 Dga dlaiwl lot wis (63955 33 1S Cugby wimw jl 0dd dlpiuin 0 Adz ylae 3)lge 4y d g5
5 lylad BaSTus D9 0 43,5 Cugby iol38l g (S)b plKin Iga )3 9390 Ol Cl,d g 3gu5 g0 il ylad 5aiS s i
Jds & ailys oyl gl o0 Y1 «,j Glylad 0 s cel (6399 slon by ey b a8 onds S5 (6318 Slbuao
85 355 o )3 (G2 St Vgans) pullss s S el po ()l 8l B T Sl (g 9 (S (o]
03S Cgin oS5 S slooly 13 00 adge 4 |y s B> 4 3l 3909 31 6 S gl 5 g Cugby il dal
SIS 3ls )5 (B3 odlS) egtae I L (Siitiul i il yo S g 1B (Slio (sloils 5]
loanly (63,5 (Slop s g oo i FT oMl (20 5)8" (sl (o] 5y 2900 (22985 sladlee YO L2
Bl 325 S o )5 Igm s semen > 35 plsS ik Ol BT s Sl sy &8 3> (2559 ptiy B (55
@ Olhlad chosiSlas WS o aldsd ol 4 dg) 5ok ) sadzes @lylad 5 Cogby oS uls sk adss Sy iy
Wy oo )8 BoaiSlia (g9) STS05 S & o8 s (gl yilid Lol aiins (9,5" i BB 5 2555 00 il & j90

Ao o i 1y 15 o8 g, )0 b yidd ol cuad 1 ol A S it (auesd g (gilolis LB oo lya

1. Droplet Separator



G o9 3 prisS (o pilid g 580 4haB o i A JSWG

dos y 1o ySoslad (6odgCund 3l «839)5 Slsp o Sied g 2lsmgcl Llid 4 da g L S Cush) el 5
bl anly 5,818 el 5 Ve 5l s Vgono gdgumd g (6) suad pudleS Liu )3 3945 3lg )] s (ool b 45 ploel
g Silobie JB LI pla 5 soly z95 4 5l g pudlsS slagte & sl ) i cpl Gblie ) (S 055 0
okl cuwl 00y i S o8 gy0 (Sldas )55 (IS job a0y o0 o w9 59y SO dgas Al 8 Cpl s (658 a0l
s (A5 3 Cugby 51 b M il pl sl 03y oy 5l oS jeb s |y WTE 6050y e g9 () )
ool 018t 6 £5ud9es 35 Casloy Gil3il 5 (S5l | 4DCS

"oyl T JES 31990 pwo s F—V

s (2l D)ly maltns yowe So 1 ol Gl b lea o5 0nd (Sl (14565 4 ol y In (039)9 e Slin
w99 Casky by Ol Chlad oliee lon (939)9 Syl i ol 25 ) 56 ceai b liee 1 taigts
(A U)ol Luals” gob5 &

(31000 29 39) 0o,k T JUT (5139 yammo i A JSUS

1. Anti Rain
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