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. Fibeand Media Choices

Subject Slide Relevant decision
Contributor

Overview of Media Mcllvaine What factors should be considered in selecting the
Options filter media?

EfficiencyLevels  Mcilvaine Whatare EPA, HEPA and ULPA filters?

Efficiency Levels Gore What are the differencdsetween high and very high

efficiency filters? (2 slides)

Air Filter Standards Freudenberg What arethe EN779, Ashrae and ISO standards
applicable to air intake filters? (2 slides)

Media Selection  Hollingsworth \What factors should be considered in selecting the

& Vose filter media?(6 slides)
Combovs Midwesco How does the performanad a synthetic/glass
Synthetic or Glass combo filter compare to other media?
Expanded Metal & Dexmet How can expanded metal and plastic mdéxdiaised in
Plastic gas turbine applications?

Nanofibers Lydall What are the benefits of nanofibers?



Overview of Filter Media Options

Two primary types of media are available:

A Synthetic, typically with coarser fibers
A 3.0 to 4.0 pm diameter
A Glass, typically extruded to a smaller fiber diameter

A 1.0to 1.3 pm diameter
A Higher dust holding capacity
A Stiffer fibers, able to resist higher pressure drops and last longer

Fiber selection criteria:

A Efficiency rating

A Fiber size, diameter

A If synthetic, which resins

Glass Media



Three Levels of High Efficiency

The three common types of high efficiency filters are EPA, HEPA, and ULPA, defined as
follows:

A EPA filters have a minimum efficiency of 85% for removal of 0.3 um diameter or
larger particles

A HEPA (High Efficiency Particulate Air) filters have a minimum efficiency of 99.97% for
removal of 0.3 um diameter or larger particles

A ULPA (Ultra Low Penetration Air) filters have a minimum efficiency of 99.9995% for
removal of 0.12um diameter or larger particles



Differences Between High and Very High Efficiency Filters (Gore)
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Make Sure to Use Relevant HEPA Rating (Gore)

There Are Different HEPA Ratings For a

Reason
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AIr Filtration Standards ( Freudenberg)

EN779: 2012 supersedes 2002.

Europe use EN779 (Fine filters) & EN1822 (EPA)
North America: Ashrae 52:2 (MERV) & DOP
Rest of the World is a mixture of both standards.
Japan: JIC

New ISO test protocol dedicated to rotating equipment is a worldwide standard. (Different
to old EN779 which was based on HVAC filter testing).

Footer

Dr. HManstein- 21.05.2015



AIr Filtration Standards (Freudenberg)

ISO / FDIS 29461 -1:2011 (E) ISO/TC 142/SC WG9
Alir intake filter systems for rotary machinery

C Part 1. Test method and classification for static filter elementsoduction of a discharge test

,minimum 04.um percentages & higher final differential pressure limits).

C Part 2: Test method and classification for cleanable (Pulse Jetsfitgams
(draft being reviewed)

C Part 3: Integrity testing (environmental conditions, mechanical strength).

C Part 4: InSitu testingg real operating performance.

C Part 5: Marine and O#hore- (draft being compiled)

C Part 6: Cartridge testing method for individual cartridgesit being compilell

Footer

Dr. HManstein- 21.05.2015



Media Selection = f(Filter System, Element type)
(Hollingsworth & Vose)
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Test Standard to be Considered
(Hollingsworth & Vose)

AMechanical vs Charged Media

AThere are major differences in the tesaind classification systems
of standards and their revision

A ASHRAE 52.2 : 2007 or 2015, Appendix J
A Discharging is not mandatory and has no effect on classification

A EN779 : 2002 or 2012
A 2002: discharged value is reported but has no effect on classification
A 2012: discharging is mandatory for €79 and influences classification



HVAGQ; Discharge Impact of Charged Media
(Hollingsworth & Vose)
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Discharge Characteristic of Mechanidatlia
Wet laid glass and NanoWave
(Hollingsworth & Vose)

Nanowave Synthetic Mechanical Media
(Various discharge Techniques)
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Evolution of Filter Performance

(Hollingsworth & Vose)

Rapid Loss of 0.4um Efficiency

Increased AilResistancan 2 weeks
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A Charged media can rapidly lose all
performance
A IPA discharge simulates real life

A Charged synthetic media quickly increases air

resistance

A High air resistance and energy usage

24




H&V Media Selection for GT
(Hollingsworth & Vose)
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Polymer Group Gas Turbine Media
OPSNAaUun KAIK STFFAOASYyOe

outperforms traditional mechanical and synthetic composite media

meets all demands put forward by gas turbine manufacturers
x Nanofiberbased technology
x Enhanced Efficiency

A Everist media provides a higher initial efficiency and the same mechanical efficiency
as glass, while providing the same initial efficiency and a higher discharge efficiency
vs. synthetics

x Low Pressure Drops

A The nanofibetbased technology in Everist media provides half the pressure drop of
glass media and is similar to electrostaticalharged synthetics.

x Excellent Dirt Holding Capacity

A PGI's Everist media doubles the dirt holding capacity of synthetic composites and
has a similar capacity to glass

x Bestin-Class Processing
A Everist media pleats on both rotary and blade pleaters and can be sonically welded
x High Durability and Sustainability

A This new technology is both more durable than glass and greener than traditional
media



TurboWeBMFilter Compared to Other Media (Midwesco)

TurboWebBMis a 3 layer ultrdnigh efficiency media.

A Layer 1: Proprietary high efficiency laminate

A Layer 2: Special treatment to resist moisture and salt from entering the media
A Layer 3: 100% synthetic

ASHRAE 52.2-2007 Initial Efficiency Comparision
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Nanofibers (Lydall)
Nanofibers: Energy Reduction Possibilities

UHMWPE Membrane versus MicroGlass HEPA Media
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Lydall Gas Turbine Filter Media Simplified
Decision Matrix

Filtration Cleaning Filtration
Efficiency Mode Mechanism ]
. Water o]]
Soltion Technology Resistance Management
MERV 1415 MERYV 1¢ .
F6ES F9 E10 E12 | Pulse Static| Mech. Charged
AriosoComposites Membrane Composites + + + + + 4 +++ 4+
LydAirMG ASHRAE | MicroGlass + + + + 2 s
LydAirMG HEPA MicroGlass + + + + ++ 4t
LydAirsC Synthetic Composite + + + + + + ++
LydAirMB Meltblown + + + + + ++

Note: Lydall Laminatioffechnologiesind multiple Functional Support Layers are available for use with all product families.




Gas Turbine Air Inlet Filtration: Membrane Composite Considerations

Mechanical Filtration Efficiency
Tests at design velocity to prove E10 to E12 performan

Resistance vs MPPS Efficiency, 3 cm/s
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Oil & Hydrocarbon Management

ce Oil loading to simulate oily/hydrocarbon environments

Resistance versus DOP Oil Loading
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Designs for Pulse or Static Operation
Pulse testing to validate durability and dust release

Arioso Composite 10,000 Pulse Cycles
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Thin ePTFE membranes capture particles only on the surface,
blinding off against more air flow, causing very high pressure drop.

Thick, tortuous path UHMWPE membranes capture particles within
their structure, allowing more air to pass , and longer filter life.



Decision Route Fibers and Media

Webinar: Recording Title Search Key Words 5
February 5, Gas Turbine Regulatory Category

2015 Drivers 120minutes By Product  Air Filter
May 15, Gas Intake Filters: Air Intake House
2014 HEPA or Medium _
Efficiency By Company Dexmet, Hollingsworth &
101 minutes Vose, Lydall, Midwesco
InterWebView8" (Free) US| SilEEE)

owe —Tope



Filter Choices
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Il. Filter Choices #Performance

Subject Slide Relevant decision
Contributor

Performance Criteria
Pressurd.osses

Problems with
Particulates

Problems with
Particulates

Problems with
Moisture

Problems with
Moisture

Options for Snow
and Ice

Southwest

Mcilvaine
Clarcor
Nederman
Freudenberg

GE

What filter designs provide acceptable pressure
losses?

Howcan air inlet systems be designectiress
corrosion, erosion or fouling issues?

How can air inlet systems address fouling? (4 slide¢

How shouldh filter house be designed to address
moisture issues?

How can air inlesystems be designed to address
moisture issues? (3 slides)

What options are most effective in dealing with snc
and ice?



High Efficiency Filter Pressure Losses (Southwest)

A In order to achieve the high filtration efficiency, the flow through the filter fiber is
highly restricted which creates a high pressure loss, unless the face velocity is kept
low.

A The initial pressure loss on high efficiency filters can be upito B,0 (250 Pa) with
a final pressure loss in the range of -th5H,0 (625 Pa) for rectangular filters and 4
in. HO (2000 Pa) for cartridge filters.

A High efficiency filters used with gas turbines have pleated media that increase the
surface area and reduce the pressure loss.



Filter Performance: Problems with Particulates

Corrosion

A Loss of material caused by a chemical reaction between machine components and contaminants, which can
enter the gas turbine through the gas stream, fuel system or water/steam injection system.

A Salts, mineral acids, elements such as sodium, vanadium, and gas, inchidimge and sulphur oxides in
combination with water, can cause corrosion.

Erosion

A Erosion is the abrasive removal of material by hard particles suspended in the gas stream.

A Particles causing erosion are normally 10 microns or larger in diameter. Particles with diameters between 5
and 10 microns fall in a transition zone between fouling and erosion.

A Erosion damage increases with increasing particle diameter and density, flow turning and gas velocity, and
with decreasing blade size.

A Turbine and compressor manufacturers minimize erosion by increasing trailing edge thickness, installing
field replaceable shields and using improved alloys.

A Nevertheless, they all recommend fine inlet filtration to prevent hard particles from entering the turbines.

Fouling

A Fouling is the adherence of particles and droplets to the surface of the turbomachine blading. This
degrades flow capacity and reduces efficiency in a short period of time.

A Fouling can normally be reversed by cleaning, but it often requires downtime. Fouling is a serious problem,
particularly in the oil and gas industry where sticky hydrocarbon aerosols are universally present.

A Traditionally, no accommodation has been made in designing turbines to tolerate deposition tendencies of
particulateladen gas streams. Although the deposition trajectories can be predicted for some turbine
blades, the actual fouling is very much dependent on inlet gas cleanliness which varies unless it is
controlled.



Two waysto stop foulingg

PRESSURE LOSS (INWG)

1. Stop fine (<1 micron) particulate reaching the GT
.
'
'|'

Use of high efficiency filters, typically E10 or above
EPA/ HEPA alone only addresses dry contaminants
Filter likely to be more sensitive to moisture

Fouling

Significant investment needed to
upgrade unit to cope with moisture due
to high Dp

1T

TIME



Two waysto stop fouling¢

2. Stop contaminants from sticking to the compressor blades

i Sticky contaminants such as, salts and hydrocarbons etc. are
much more likely to cause fouling by making the blades sticky
which then enable them to foul with dry inert particulate.

I Use of hydrophobic and advanced fibre coated filters can
significantly reduce sticky contaminants getting to the GT
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