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IntroductionIntroductionIntroductionIntroduction
Why are Flow Characteristics Important to APCWhy are Flow Characteristics Important to APCWhy are Flow Characteristics Important to APCWhy are Flow Characteristics Important to APCWhy are Flow Characteristics Important to APC Why are Flow Characteristics Important to APC 
Equipment?Equipment?
•• Performance Performance 

Why are Flow Characteristics Important to APC Why are Flow Characteristics Important to APC 
Equipment?Equipment?
•• Performance Performance 

Flow uniformityFlow uniformity
Chemical species or particulate injectionChemical species or particulate injection
Ash capture / buildAsh capture / build upup

Flow uniformityFlow uniformity
Chemical species or particulate injectionChemical species or particulate injection
Ash capture / buildAsh capture / build upupAsh capture / buildAsh capture / build--upup

•• Operating costsOperating costs
Pressure dropPressure drop

Ash capture / buildAsh capture / build--upup

•• Operating costsOperating costs
Pressure dropPressure drop
Injected chemical or solids costInjected chemical or solids cost

•• Maintenance issuesMaintenance issues
E iE i

Injected chemical or solids costInjected chemical or solids cost

•• Maintenance issuesMaintenance issues
E iE iErosionErosion
CorrosionCorrosion
PluggagePluggage

ErosionErosion
CorrosionCorrosion
PluggagePluggage
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Flow Modeling and Field Testing ApplicationsFlow Modeling and Field Testing ApplicationsFlow Modeling and Field Testing ApplicationsFlow Modeling and Field Testing ApplicationsFlow Modeling and Field Testing ApplicationsFlow Modeling and Field Testing Applications
•• Design of new equipmentDesign of new equipment
•• Retrofit of existing equipmentRetrofit of existing equipment

Flow Modeling and Field Testing ApplicationsFlow Modeling and Field Testing Applications
•• Design of new equipmentDesign of new equipment
•• Retrofit of existing equipmentRetrofit of existing equipmentg q pg q p
•• Solving operational or maintenance issuesSolving operational or maintenance issues

g q pg q p
•• Solving operational or maintenance issuesSolving operational or maintenance issues
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Flow distributionFlow distribution

Flow balanceFlow balance

Flow distributionFlow distribution

Flow balanceFlow balanceFlow balanceFlow balance

Pressure lossPressure loss

Flow balanceFlow balance

Pressure lossPressure loss

Thermal mixingThermal mixing

Sorbent injectionSorbent injection

Thermal mixingThermal mixing

Sorbent injectionSorbent injectionSorbent injectionSorbent injection

Particle depositionParticle deposition

Sorbent injectionSorbent injection

Particle depositionParticle deposition
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Fabric Filter Velocity DistributionFabric Filter Velocity DistributionFabric Filter Velocity DistributionFabric Filter Velocity Distribution

Uniform velocity at plenum inlet flange (7 5% RMS)Uniform velocity at plenum inlet flange (7 5% RMS)Uniform velocity at plenum inlet flange (7 5% RMS)Uniform velocity at plenum inlet flange (7 5% RMS)Uniform velocity at plenum inlet flange (7.5% RMS)Uniform velocity at plenum inlet flange (7.5% RMS)

Avoid high velocities impinging bagsAvoid high velocities impinging bags

Uniform velocity at plenum inlet flange (7.5% RMS)Uniform velocity at plenum inlet flange (7.5% RMS)

Avoid high velocities impinging bagsAvoid high velocities impinging bags
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Fabric Filter Flow BalanceFabric Filter Flow BalanceFabric Filter Flow BalanceFabric Filter Flow Balance

Equal balance to compartments (each within 10%)Equal balance to compartments (each within 10%)Equal balance to compartments (each within 10%)Equal balance to compartments (each within 10%)Equal balance to compartments (each within 10%)Equal balance to compartments (each within 10%)

Equal particulate balance to compartmentsEqual particulate balance to compartments

Equal balance to compartments (each within 10%)Equal balance to compartments (each within 10%)

Equal particulate balance to compartmentsEqual particulate balance to compartments
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Pressure DropPressure DropPressure DropPressure Drop
General goal: General goal: General goal: General goal: 
•• Minimize DPMinimize DP

MethodsMethods

•• Minimize DPMinimize DP

MethodsMethods
•• VanesVanes
•• Duct contouringDuct contouring
•• VanesVanes
•• Duct contouringDuct contouring
•• Area managementArea management•• Area managementArea management
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Fabric Filter Temperature StratificationFabric Filter Temperature StratificationFabric Filter Temperature StratificationFabric Filter Temperature Stratification
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Particulate InjectionParticulate InjectionParticulate InjectionParticulate Injection

M b iM b iM b iM b iMercury absorptionMercury absorption
•• Activated carbonActivated carbon

hh

Mercury absorptionMercury absorption
•• Activated carbonActivated carbon

hh•• OtherOther

SOxSOx mitigationmitigation

•• OtherOther

SOxSOx mitigationmitigation
•• LimestoneLimestone
•• SBSSBS
•• LimestoneLimestone
•• SBSSBS
•• SBCSBC
•• TronaTrona
•• SBCSBC
•• TronaTrona
•• Etc.Etc.•• Etc.Etc.
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Ash DepositionAsh DepositionAsh DepositionAsh Deposition

DDDDDrop outDrop out

ReRe--entrainmententrainment

Drop outDrop out

ReRe--entrainmententrainment
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CFDCFD BackgroundBackgroundCFD CFD –– BackgroundBackground

Developed in the aerospace industry c 1970 (with the adventDeveloped in the aerospace industry c 1970 (with the adventDeveloped in the aerospace industry c 1970 (with the adventDeveloped in the aerospace industry c 1970 (with the adventDeveloped in the aerospace industry c.1970 (with the advent Developed in the aerospace industry c.1970 (with the advent 
of “high speed” computers)of “high speed” computers)
Used in the power industry for > 25 yearsUsed in the power industry for > 25 years

Developed in the aerospace industry c.1970 (with the advent Developed in the aerospace industry c.1970 (with the advent 
of “high speed” computers)of “high speed” computers)
Used in the power industry for > 25 yearsUsed in the power industry for > 25 yearsp y yp y y
As computing power and software have progressed, As computing power and software have progressed, 
accuracy has improved and more complicated problems accuracy has improved and more complicated problems 

p y yp y y
As computing power and software have progressed, As computing power and software have progressed, 
accuracy has improved and more complicated problems accuracy has improved and more complicated problems 
have been analyzedhave been analyzedhave been analyzedhave been analyzed
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CFDCFD MethodologyMethodologyCFD CFD –– MethodologyMethodology
Control Volume ApproachControl Volume ApproachControl Volume ApproachControl Volume ApproachControl Volume ApproachControl Volume Approach
•• Divide the flow domain into distinct control volumesDivide the flow domain into distinct control volumes
•• Solve the NavierSolve the Navier--Stokes equations (Conservation of Mass, Stokes equations (Conservation of Mass, 

Control Volume ApproachControl Volume Approach
•• Divide the flow domain into distinct control volumesDivide the flow domain into distinct control volumes
•• Solve the NavierSolve the Navier--Stokes equations (Conservation of Mass, Stokes equations (Conservation of Mass, q ( ,q ( ,

Momentum, Energy) in each control volumeMomentum, Energy) in each control volume
q ( ,q ( ,

Momentum, Energy) in each control volumeMomentum, Energy) in each control volume

Inflow Outflow

Control Volume orControl Volume or 
“Cell”
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CFDCFD MethodologyMethodologyCFD CFD –– MethodologyMethodology
Additional physics can be Additional physics can be Additional physics can be Additional physics can be p yp y
implemented into the implemented into the 
simulationsimulation

p yp y
implemented into the implemented into the 
simulationsimulation
•• Chemical reactionChemical reaction
•• Mass transferMass transfer

EvaporationEvaporation

•• Chemical reactionChemical reaction
•• Mass transferMass transfer

EvaporationEvaporationEvaporationEvaporation
DryingDrying

•• Particulate trackingParticulate tracking

EvaporationEvaporation
DryingDrying

•• Particulate trackingParticulate tracking
LPA t ki•• TwoTwo--phase momentum phase momentum 

exchangeexchange
•• Species diffusionSpecies diffusion

•• TwoTwo--phase momentum phase momentum 
exchangeexchange

•• Species diffusionSpecies diffusion

LPA tracking

•• Species diffusionSpecies diffusion
•• Radiative heat transferRadiative heat transfer
•• Mechanical motionMechanical motion

•• Species diffusionSpecies diffusion
•• Radiative heat transferRadiative heat transfer
•• Mechanical motionMechanical motion

Time dependent 
simulation of clothes 
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CFDCFD Results AnalysisResults AnalysisCFD CFD –– Results AnalysisResults Analysis
Simulation results provide Simulation results provide 

tit ti d t t ll t ltit ti d t t ll t l
Simulation results provide Simulation results provide 

tit ti d t t ll t ltit ti d t t ll t lquantitative data at all control quantitative data at all control 
volumesvolumes

V l it it d di ti litV l it it d di ti lit

quantitative data at all control quantitative data at all control 
volumesvolumes

V l it it d di ti litV l it it d di ti lit•• Velocity magnitude, directionalityVelocity magnitude, directionality
•• TemperatureTemperature
•• PressurePressure

•• Velocity magnitude, directionalityVelocity magnitude, directionality
•• TemperatureTemperature
•• PressurePressurePressurePressure
•• TurbulenceTurbulence
•• Chemical species Chemical species 

PressurePressure
•• TurbulenceTurbulence
•• Chemical species Chemical species pp

concentrationsconcentrations
•• Particle trajectoriesParticle trajectories

pp
concentrationsconcentrations

•• Particle trajectoriesParticle trajectories
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Physical Flow ModelingPhysical Flow ModelingPhysical Flow ModelingPhysical Flow Modeling

Utilized for fluid flow analysis for a century … or more?Utilized for fluid flow analysis for a century … or more?

Applied to power plant equipment for decadesApplied to power plant equipment for decades

Utilized for fluid flow analysis for a century … or more?Utilized for fluid flow analysis for a century … or more?

Applied to power plant equipment for decadesApplied to power plant equipment for decades

Underlying principle is to reproduce fluid flow behavior in a Underlying principle is to reproduce fluid flow behavior in a 
controlled, laboratory environmentcontrolled, laboratory environment
Underlying principle is to reproduce fluid flow behavior in a Underlying principle is to reproduce fluid flow behavior in a 
controlled, laboratory environmentcontrolled, laboratory environment
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Physical ModelsPhysical Models MethodologyMethodologyPhysical Models Physical Models –– MethodologyMethodology

Key criteria is to generate “Similarity” between theKey criteria is to generate “Similarity” between theKey criteria is to generate “Similarity” between theKey criteria is to generate “Similarity” between theKey criteria is to generate Similarity  between the Key criteria is to generate Similarity  between the 
scale model and the realscale model and the real--world objectworld object
Key criteria is to generate Similarity  between the Key criteria is to generate Similarity  between the 
scale model and the realscale model and the real--world objectworld object

•• Geometric similarityGeometric similarity
Accurate scale representation of geometryAccurate scale representation of geometry

•• Geometric similarityGeometric similarity
Accurate scale representation of geometryAccurate scale representation of geometryAccurate scale representation of geometryAccurate scale representation of geometry
Inclusion of all influencing geometryInclusion of all influencing geometry
Selection of scale can be importantSelection of scale can be important

Accurate scale representation of geometryAccurate scale representation of geometry
Inclusion of all influencing geometryInclusion of all influencing geometry
Selection of scale can be importantSelection of scale can be important

•• Fluid dynamic similarityFluid dynamic similarity
Precise Reynolds Number (Re) matching is not feasiblePrecise Reynolds Number (Re) matching is not feasible

•• Fluid dynamic similarityFluid dynamic similarity
Precise Reynolds Number (Re) matching is not feasiblePrecise Reynolds Number (Re) matching is not feasiblePrecise Reynolds Number (Re) matching is not feasiblePrecise Reynolds Number (Re) matching is not feasible
General practice is to match full scale velocity or velocity head but ensure General practice is to match full scale velocity or velocity head but ensure 
that Re remains in the turbulent range throughout the modelthat Re remains in the turbulent range throughout the model

Precise Reynolds Number (Re) matching is not feasiblePrecise Reynolds Number (Re) matching is not feasible
General practice is to match full scale velocity or velocity head but ensure General practice is to match full scale velocity or velocity head but ensure 
that Re remains in the turbulent range throughout the modelthat Re remains in the turbulent range throughout the model

ρ v D

1919
Airflow Sciences Corporation  

Re = ρ v Dh
μ



Physical ModelsPhysical Models –– MethodologyMethodologyPhysical Models Physical Models MethodologyMethodology
External fan provides flow to modelExternal fan provides flow to modelExternal fan provides flow to modelExternal fan provides flow to modelExternal fan provides flow to modelExternal fan provides flow to model

Velocities, pressures                                            Velocities, pressures                                            
measured at selectmeasured at select

External fan provides flow to modelExternal fan provides flow to model

Velocities, pressures                                            Velocities, pressures                                            
measured at selectmeasured at selectmeasured at select                                           measured at select                                           
locationslocations
measured at select                                           measured at select                                           
locationslocations
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Physical ModelsPhysical Models MethodologyMethodologyPhysical Models Physical Models –– MethodologyMethodology
Chemical injection, species and thermal gradientsChemical injection, species and thermal gradientsChemical injection, species and thermal gradientsChemical injection, species and thermal gradientsChemical injection, species and thermal gradients Chemical injection, species and thermal gradients 
simulated using a tracer gassimulated using a tracer gas

Particulate deposition and travelParticulate deposition and travel

Chemical injection, species and thermal gradients Chemical injection, species and thermal gradients 
simulated using a tracer gassimulated using a tracer gas

Particulate deposition and travelParticulate deposition and travelParticulate deposition and travel                        Particulate deposition and travel                        
represented via various dusts                                                represented via various dusts                                                
(cork salt glass beads etc )(cork salt glass beads etc )

Particulate deposition and travel                        Particulate deposition and travel                        
represented via various dusts                                                represented via various dusts                                                
(cork salt glass beads etc )(cork salt glass beads etc )(cork, salt, glass beads, etc.)(cork, salt, glass beads, etc.)(cork, salt, glass beads, etc.)(cork, salt, glass beads, etc.)
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Physical ModelingPhysical Modeling Results AnalysisResults AnalysisPhysical Modeling Physical Modeling –– Results AnalysisResults Analysis
Velocity magnitude, directionalityVelocity magnitude, directionalityVelocity magnitude, directionalityVelocity magnitude, directionality

Pressure, forcesPressure, forces

Chemical species distributionChemical species distribution

Pressure, forcesPressure, forces

Chemical species distributionChemical species distributionpp

Particle tracking, buildParticle tracking, build--up patternsup patterns

TT

pp

Particle tracking, buildParticle tracking, build--up patternsup patterns

TTTemperatureTemperatureTemperatureTemperature
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CFD / Physical ComparisonCFD / Physical Comparison
ComparisonComparison CFDCFD PhysicalPhysical
Technical accuracyTechnical accuracy Very goodVery good Very goodVery good

Include complicated physics Include complicated physics 
(evaporation, combustion, (evaporation, combustion, 
particle tracking, …)particle tracking, …)

YesYes Some, with inherent Some, with inherent 
assumptionsassumptionsp g, )p g, )

Quantity of measurement pointsQuantity of measurement points MillionsMillions Tens or HundredsTens or Hundreds

Predict particulate build upPredict particulate build up LimitedLimited GoodGood

Flow visualizationFlow visualization Good (2d planes and 3d Good (2d planes and 3d 
animation)animation)

Excellent (smoke, string, Excellent (smoke, string, 
bubbles, …)bubbles, …)

Industry experience comfortIndustry experience comfort Very GoodVery Good StrongStrongIndustry experience, comfortIndustry experience, comfort Very GoodVery Good StrongStrong

ScheduleSchedule Generally faster (can run Generally faster (can run 
parallel designs)parallel designs)

CostCost Dependent on work scopeDependent on work scope

Model archiveModel archive SimpleSimple Space consumingSpace consuming
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FF Model Results ComparisonFF Model Results ComparisonFF Model Results ComparisonFF Model Results Comparison
CFD and 1/12 scale physical modelCFD and 1/12 scale physical modelCFD and 1/12 scale physical modelCFD and 1/12 scale physical model Test plane 21CFD and 1/12 scale physical model CFD and 1/12 scale physical model 
comparisoncomparison
•• Velocity profiles in ductwork very similarVelocity profiles in ductwork very similar

CFD and 1/12 scale physical model CFD and 1/12 scale physical model 
comparisoncomparison
•• Velocity profiles in ductwork very similarVelocity profiles in ductwork very similary p yy p y
•• Flow balance to compartments within 3% Flow balance to compartments within 3% 

pointspoints

y p yy p y
•• Flow balance to compartments within 3% Flow balance to compartments within 3% 

pointspoints

CFD Physical
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Field Testing ObjectivesField Testing ObjectivesField Testing ObjectivesField Testing Objectives

Inlet / Exit DuctworkInlet / Exit Ductwork
•• Velocity, temperature, pressureVelocity, temperature, pressure

Inlet / Exit DuctworkInlet / Exit Ductwork
•• Velocity, temperature, pressureVelocity, temperature, pressure
•• Particulate samplingParticulate sampling
•• Species concentrationSpecies concentration
•• Particulate samplingParticulate sampling
•• Species concentrationSpecies concentration

Fabric Filter CompartmentsFabric Filter Compartments
•• Flow balance, peak velocitiesFlow balance, peak velocities

Fabric Filter CompartmentsFabric Filter Compartments
•• Flow balance, peak velocitiesFlow balance, peak velocitiesFlow balance, peak velocitiesFlow balance, peak velocitiesFlow balance, peak velocitiesFlow balance, peak velocities
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EPA Testing Methods (40 CFR 60)EPA Testing Methods (40 CFR 60)EPA Testing Methods (40 CFR 60)EPA Testing Methods (40 CFR 60)
Method 1Method 1Method 1Method 1Method 1Method 1
•• Test port installation adviceTest port installation advice

Method 2 2FMethod 2 2F

Method 1Method 1
•• Test port installation adviceTest port installation advice

Method 2 2FMethod 2 2FMethod 2, 2FMethod 2, 2F
•• Velocity, temperature, pressure, flow rateVelocity, temperature, pressure, flow rate
•• SS probe or 3D probeprobe or 3D probe

Method 2, 2FMethod 2, 2F
•• Velocity, temperature, pressure, flow rateVelocity, temperature, pressure, flow rate
•• SS probe or 3D probeprobe or 3D probe•• SS--probe or 3D probeprobe or 3D probe

Method 5, 17Method 5, 17

•• SS--probe or 3D probeprobe or 3D probe

Method 5, 17Method 5, 17
•• Isokinetic particulate samplingIsokinetic particulate sampling
•• SS--probe, nozzle, vacuum, sample trainprobe, nozzle, vacuum, sample train
•• Isokinetic particulate samplingIsokinetic particulate sampling
•• SS--probe, nozzle, vacuum, sample trainprobe, nozzle, vacuum, sample train
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Case StudyCase StudyCase StudyCase Study

MidMid--sized US plantsized US plant

Two new PJFFTwo new PJFF

MidMid--sized US plantsized US plant

Two new PJFFTwo new PJFFTwo new PJFFTwo new PJFF

Activated Carbon InjectionActivated Carbon Injection

Two new PJFFTwo new PJFF

Activated Carbon InjectionActivated Carbon Injection

Trona InjectionTrona InjectionTrona InjectionTrona Injection

2929
Airflow Sciences Corporation  



GeometryGeometryGeometryGeometry

AH to FFAH to FF

FF to I D fanFF to I D fan

AH to FFAH to FF

FF to I D fanFF to I D fanFF to I.D. fanFF to I.D. fan

I.D. fan to stackI.D. fan to stack

FF to I.D. fanFF to I.D. fan

I.D. fan to stackI.D. fan to stack
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ResultsResultsResultsResults

Velocity uniformity goalsVelocity uniformity goalsVelocity uniformity goalsVelocity uniformity goals
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Velocity Distribution Under BagsVelocity Distribution Under BagsVelocity Distribution Under BagsVelocity Distribution Under Bags
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ResultsResultsResultsResults

Activated carbon distributionActivated carbon distributionActivated carbon distributionActivated carbon distribution
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Activated Carbon InjectionActivated Carbon InjectionActivated Carbon InjectionActivated Carbon Injection
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Baseline Carbon per CompartmentBaseline Carbon per CompartmentBaseline Carbon per CompartmentBaseline Carbon per Compartment
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Final Design Carbon DistributionFinal Design Carbon DistributionFinal Design Carbon DistributionFinal Design Carbon Distribution
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Trona ResultsTrona ResultsTrona ResultsTrona Results
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Trona InjectionTrona InjectionTrona InjectionTrona Injection
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Baseline Trona DistributionBaseline Trona DistributionBaseline Trona DistributionBaseline Trona Distribution
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Final Design TronaFinal Design TronaFinal Design TronaFinal Design Trona
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ConclusionsConclusionsConclusionsConclusions

Flow models (CFD and physical) are widely Flow models (CFD and physical) are widely 
employed for pollution control equipment original employed for pollution control equipment original 
Flow models (CFD and physical) are widely Flow models (CFD and physical) are widely 
employed for pollution control equipment original employed for pollution control equipment original 
design and retrofitdesign and retrofit
•• Each method has advantages and disadvantagesEach method has advantages and disadvantages

design and retrofitdesign and retrofit
•• Each method has advantages and disadvantagesEach method has advantages and disadvantages
•• Provide accurate results to within typical engineering Provide accurate results to within typical engineering 

tolerances when used correctlytolerances when used correctly
Sh ld b l t d t fi ld d t h ibl tSh ld b l t d t fi ld d t h ibl t

•• Provide accurate results to within typical engineering Provide accurate results to within typical engineering 
tolerances when used correctlytolerances when used correctly
Sh ld b l t d t fi ld d t h ibl tSh ld b l t d t fi ld d t h ibl t•• Should be correlated to field data when possible to Should be correlated to field data when possible to 
maximize accuracymaximize accuracy

Fi ld i f fl i id l dFi ld i f fl i id l d

•• Should be correlated to field data when possible to Should be correlated to field data when possible to 
maximize accuracymaximize accuracy

Fi ld i f fl i id l dFi ld i f fl i id l dField testing of flow parameters is widely used to Field testing of flow parameters is widely used to 
diagnose problems and confirm design performancediagnose problems and confirm design performance
Field testing of flow parameters is widely used to Field testing of flow parameters is widely used to 
diagnose problems and confirm design performancediagnose problems and confirm design performance
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Questions?Questions?Questions?Questions?

crood@airflowsciences.com

734 525 0300 x 225
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