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Radial Flow HEPA FiltersRadial Flow HEPA Filters

European Experience with Radial Flow FiltersEuropean Experience with Radial Flow Filters
New New Standard (2008), AGStandard (2008), AG--1 Section FK Radial 1 Section FK Radial 
Flow FiltersFlow Filters
Absence of Qualified FiltersAbsence of Qualified Filters
Existing DataExisting Data
–– Dated (1990)Dated (1990)
–– Limited Particle Size DistributionLimited Particle Size Distribution
–– Limited CharacterizationLimited Characterization

DOE 1066 Fire Protection GuidanceDOE 1066 Fire Protection Guidance
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Project Test Plan DevelopmentProject Test Plan Development
ORP PersonnelORP Personnel
DOEDOE--HQ PersonnelHQ Personnel
HanfordHanford--RL PersonnelRL Personnel
Bechtel PersonnelBechtel Personnel
Dr. Vern BergmanDr. Vern Bergman
Sharon Steele, NNSASharon Steele, NNSA
Carter Shuffler, DNFSBCarter Shuffler, DNFSB
ATIATI--FTF PersonnelFTF Personnel
Flanders PersonnelFlanders Personnel
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Testing of Unqualified FiltersTesting of Unqualified Filters

Remote Change Filters Deemed Most Remote Change Filters Deemed Most 
Sensitive to Failure During Upset Sensitive to Failure During Upset 
ConditionsConditions
Filter Pack ParametersFilter Pack Parameters

Wet Overpressure TestingWet Overpressure Testing
ATI FTF TestingATI FTF Testing 4
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Remote Change FK FiltersRemote Change FK Filters
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Filter HousingFilter Housing
Modified to Accept Modified to Accept 
Either Safe Change or Either Safe Change or 
Remote Change FK Remote Change FK 
FiltersFilters
Houses One or Two Houses One or Two 
FiltersFilters
Sampling PortsSampling Ports

Aerosol MeasurementAerosol Measurement
VelocityVelocity
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Single FK Radial Filter Airflow Single FK Radial Filter Airflow 
During TestingDuring Testing
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Aerosol InjectionAerosol Injection
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Aerosol Measurement InstrumentsAerosol Measurement Instruments

UpstreamUpstream
–– TSI SMPSTSI SMPS
–– TSI APSTSI APS
DownstreamDownstream
–– TSI Laser Aerosol SpectrometerTSI Laser Aerosol Spectrometer
–– ATI Aerosol PhotometerATI Aerosol Photometer
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Aerosol Challenge Agents
Literature Values of PSDs
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AluminaAlumina-- Al(OH)Al(OH)33
–– MMD 0.3 MMD 0.3 µµmm
–– Used in previous studies on Used in previous studies on 

filter clogging filter clogging 
–– Represents loading by smallRepresents loading by small
–– particlesparticles

Carbon BlackCarbon Black
–– MMD 1 MMD 1 –– 5 5 μμmm
–– Similar to aerosols used in UKSimilar to aerosols used in UK
–– studiesstudies
–– Represents soot from firesRepresents soot from fires

Arizona Road DustArizona Road Dust
–– MMD 5 MMD 5 µµmm
–– Represents loading by large particles.Represents loading by large particles.
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Aerosol NeutralizationAerosol Neutralization
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Remote Change Test MatrixRemote Change Test Matrix
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Test Parameters and Guidelines:
Aerosol #1

0.25 µm
(Alumina)

Aerosol #2
2.0 µm

(Carbon Black)

Aerosol #3
5 µm

(AZ Road Dust)

Remote 
Change 

HEPA Filter
Data Set 1

Test Set 1:
2000 cfm (56.6 m3/min) 
70-750F  (21.1-23.90C)
40-50% RH
Max dP and/or failure

Filter 1 Filter 2 Filter 3

Test Set 2:
2000 cfm (56.6 m3/min) 
165-1700F (73.9-76.70C)
95-100% RH
Max dP and/or failure

Filter 4 Filter 5 Filter 6

Remote 
Change 

HEPA Filter
Data Set 2

Test Set 1:
2000 cfm (56.6 m3/min) 
70-750F (21.1-23.90C)
40-50% RH
Max dP and/or failure

Filter 7 Filter 8 Filter 9

Test Set 2:
2000 cfm (56.6 m3/min) 
165-1700F (73.9-76.70C)
95-100%  RH
Max dP and/or failure

Filter 10 Filter 11 Filter 12
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Carbon Black Loaded Safe ChangeCarbon Black Loaded Safe Change
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Filter Housing Photos while LoadingFilter Housing Photos while Loading

3 in dP 10 in dP

20 in dP Rupture dP
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Ruptured Safe Change FilterRuptured Safe Change Filter
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CB Loaded Safe Change FiltersCB Loaded Safe Change Filters
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Pleat CollapsePleat Collapse
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CB Loaded Remote Change FiltersCB Loaded Remote Change Filters
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CB Loaded FiltersCB Loaded Filters
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CB and ARD Loading CurvesCB and ARD Loading Curves
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Differential Pressure vs. TimeDifferential Pressure vs. Time
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FE, FE mass, FE, FE mass, dPdP vs. Timevs. Time
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Filtering Efficiency and Differential Filtering Efficiency and Differential 
Pressure vs. TimePressure vs. Time
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Mass Efficiency and Differential Mass Efficiency and Differential 
Pressure vs. TimePressure vs. Time
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Stability as Stability as FcnFcn of of dPdP
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dPdP Slope Without Aerosol ChallengeSlope Without Aerosol Challenge
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Vokes FiltersVokes Filters
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Filter Pack SectioningFilter Pack Sectioning
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Equation for Calculation of Particle Equation for Calculation of Particle 
DensityDensity

Concentration of mass can be found by the following Concentration of mass can be found by the following 
equation :equation :

Which, when rearranged, yields the equation to find Which, when rearranged, yields the equation to find 
particle density when the aerodynamic particle particle density when the aerodynamic particle 
diameter is known, such as from an APS.diameter is known, such as from an APS.
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Empirical Correlations for Particle Empirical Correlations for Particle 
Density as a Function of Differential Density as a Function of Differential 

PressurePressure
The following correlation was arrived at by utilizing The following correlation was arrived at by utilizing 

experimental data collected from the filter that was experimental data collected from the filter that was 
loaded with carbon black and weighed at intervals of loaded with carbon black and weighed at intervals of 
interest.interest.

This equation allows one to determine the This equation allows one to determine the ““effectiveeffective””
particle density of carbon black based on the current particle density of carbon black based on the current 
differential pressure. It presents the equation as a differential pressure. It presents the equation as a 
function of the function of the ““effectiveeffective”” density that was found for density that was found for 
carbon black, carbon black, ρρ=0.939g/cm=0.939g/cm3.3.

Where Where dPdP is in inches is in inches w.cw.c. and . and ρρ is in g/cmis in g/cm33
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Data for Optimization of Data for Optimization of 
Uninterrupted Mass Loading Uninterrupted Mass Loading 

CurvesCurves
Difference in Actual Mass Gained and Predicted (Calculated) Difference in Actual Mass Gained and Predicted (Calculated) 

Mass Gained using Mass Gained using ρρ=0.939g/cm=0.939g/cm33

Filter # Mass Gained 
(Δm)

Predicted Gain % Error

1 (Adjusted) 1066g 1056g 0.93%

2  874g 879g 0.55%

3 1036g 1030g 0.58%

4 1211g 1196g 1.26%

5 1068g 1070g 0.17%
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Filter DisassemblyFilter Disassembly
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5 x 5 Grid Coupon Dissection5 x 5 Grid Coupon Dissection

 ~ 3 – 4 mm was trimmed from the front and back edges of 
each sheet..
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Photomicrographs of Media Photomicrographs of Media 
CrossCross--sectionsection
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