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i Filter Pressure Loss

Thermodynamics SIEMENS

Data for Deviations from Design Conditions Power Generation
Gas turbine
1 Conversion of thermodynamic design curves plotted as a function of the individual ambient
data for other ambient conditions conditions. Data calculated with these correction factors

. . . . must not be used as guarantee data. Guarantee data for
The thermodynamic design data given in table H.2.1 were B thmglso i asilitans st ke

calculated under ISO conditions (see Sheet H.1). These T | R NG ST TR o i

design data can be approximately converted to other fi
ambient condtions using approprate correction factors. DYOCEREL I RSSETY S s Cormepan g ope .
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Doburranim, Verwartung und M teluyg senm Inhudt snd varbaten, sowal
ersatz Me Rachie Nir 0 Rl dor Pavrieta by, Getrauchamuster oder

nicht ausdrichkich getatot wdoatunduygen veplciten 2u Shadn

¢ Diagrams H.2.3 to H.2.10 depict these correction factors as

g a) Output at generator terminals

§ Parcorm = Pgr+*P*1:P'2:P*3:P4:P'5-P'6-P'7-P'10
: g where
{ E Par.conr Corrected output at generator terminals
!. g Par Output at generator terminals under |SO conditions per Sheet H.2.1
‘8e50 P'1 Correction factor for ambient pressure per Sheet H.2.3

P2 Correction factor intake pressure drop per Sheet H.2.6
Y P*3 Correction factor for exhaust pressure drop per Sheet H.2.6
| §§ 1;,; P4 Correction factor for lower heating value per Sheet H2.7
133 3 P'5 Correction factor fur humidity per Sheet H2.5
l»% é % P'6 Correction factor for speed per Sheet H.2.9
Add 3 fo E Eggg ::o 2necn.on factor for urfbent temperature per Sheet H2.4 4

a2l rrection factor for aging per Sheet H.2.10
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pressure drop vs turbine Efficiency

High
efficient
filter

* For example if there is a 40 MW gas
turbine and AP=1kPa then get loss at
least 400 KW.
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AE=1%-1.5%
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Air quality in gas turbine
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GE * Particulate
With micron size of < 10 micron
Gas turbine SIEMENS * GE : In 95% of the time,<0.0076 ppm
manufacturer * Siemens: <0.08 ppm
* Ansaldo : <0.08 ppm
ANSALDO -

e Water: 0.5% of the inlet air flow
e Salt :<0.0015

ZORIA
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Air quality in gas turbine
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W <0.65
0.65-1.1
1.1-2.2

m2.2-3.3

m3.3-4.7
m4.7-7
m7/.0-11

m>11
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mg/sc m
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0
<4.7 micron

B sodium 255.1
potassium 156.8
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six common consequences of poor inlet air filtration

Foreign
Object
Damage
(FOD

Erosion

Corrosion

Particle Cooling Passage
Fusion Plugging
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Foreign Object Damage (FOD

* External FOD hazards include bird
strikes, hail, ice, sandstorms, ash-
clouds or objects left on the
runway.
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Erosion
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e Erosion occurs when solid or liquid
particles approximately 10 um and
larger impact rotating or stationary
surfaces in the gas turbine.

However, particles 10 um and larger are

easily removed by commercial filters.

Add a footer 12



Air quality

Fouling

Fouling is caused by the adherence of particles
to airfoils and annulus surfaces. Particles that
cause fouling are typically smaller than 2 to 10
um. Smoke, oil mists, carbon, and sea salts are
common examples. Fouling can be controlled by
an appropriate air filtration system and often
reversed to some degree by detergent washing
of components.
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Erosion & Fouling

W

Dry Salt Particles

Fouling Range

>
>

< Erosion Range >

Typical Atmospheric Dust Distribution >

70%
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Cooling Passage Plugging

e Contaminants and particles
reduce this cooling efficiency
leading to an over-heated
engine and engine failure
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Particle Fusion

* the particles will melt and stick
to turbine’s internal surfaces; a
condition called particle fusion.
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Corrosion

Cold corrosion
Hot corrosion
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Solution
Air filtration
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bird screen
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Straining
nertia
nterception
Diffusion
Electrostatic
Bridge
Gravity
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Coarse dust
filters

Fine dust
filters

Gross

Medium

Fine

Gl
G2
G3
G4
M5
Mb
F7
F&
F9

Air intake filtration
EN 779

S50%<Aa<B5%

B5% <Aa<B0%

B0 % < Aa <50 %
90% < Aa

40 % < Ae <60 %
60 % < Ae <80 %
80 % < Ae <90 %
90% <Ae <95 %
95 % < Ae

35%
35 %
70 %
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Fractional filter efficiency (%)
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0.1 1 10
Particle size (pum)

-m- High eff filter, clean, 3.5m/s

—&— High eff filter, dirty, 3.5m/s

- &~ High velocity filter, clean, 9.85m/s
—»— High velocity filter, dirty, 9.85m/s
-B- F6 filter, clean, 3.2 m/s

—=— Fé filter, dirty, 3.2m/s

23
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0y intake filtration

Air in

Weather protection Prefilter
Snow, rain, birds, large Particles 2-5 microns
debris

e

Inertial separator
Particles =10 microns

'

Coalescer
Remove moisture

e

High-efficiency filter
Particles < 2 microns

Gas turbine




Cooling Air & Anti-lcing System
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Pressure drop in system
= energy loss = higher operational costs

Energy costs from Air intake
Components in a Ducts
Ventilation system Heat recovery

Cooling baffles
Sound reduction

70 %

Pressure drop of filter

Energy consumption Air flowe

for filter with “typical” 30 % — Media type-
average pressure . .
drop J Filter constructione
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1Y Pressure drop
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* media pressure drop (Ap.,)
* construction pressure drop (Ap,)

Apt Filter

A

Apﬁlter = Apc"' Apm 7]
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Media pressure drop, Ap,,

Low Ap,, by:
e High porosity
e Low media velocity (airflow)

Good efficiency and low pressure
drop => fine fibres.

Higher efficiency typically gives
higher dP therefore it is important
to optimise media

W

High porosity
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