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Why Lab Exhaust Fans ?Why Lab Exhaust Fans ?

Prevents RePrevents Re--entrainment of the entrainment of the 
Hazardous or Noxious ExhaustHazardous or Noxious Exhaust
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Mixed FlowMixed Flow Centrifugal BlowersCentrifugal Blowers

High Plume Induced / DilutionHigh Plume Induced / Dilution

Lab Exhaust Fan Systems Lab Exhaust Fan Systems 



Cook VariCook Vari--PlumePlume

Entrainment CharacteristicsEntrainment Characteristics

Lab ExhaustLab Exhaust Entrainment AirEntrainment Air

Dilution AirDilution Air



Lab Exhaust Fan Systems Lab Exhaust Fan Systems 

••Bifurcated Nozzles Bifurcated Nozzles 

••Bifurcated Housing Bifurcated Housing 

••Concentric NozzlesConcentric Nozzles



Bifurcated Nozzle StudyBifurcated Nozzle Study

Bifurcated Bifurcated 

Dividing the Air Stream into         Dividing the Air Stream into         
Two BranchesTwo Branches



Bifurcated Nozzle StudyBifurcated Nozzle Study



Bifurcated Housing StudyBifurcated Housing Study

Bifurcated Bifurcated 

Dividing the Air Stream into         Dividing the Air Stream into         
Two BranchesTwo Branches



Bifurcated Housing StudyBifurcated Housing Study



Cook VariCook Vari--PlumePlume

Concentric Nozzle DesignConcentric Nozzle Design



VariVari--Plume Plume –– MPMP

NW MP

Discharge ProfileDischarge Profile



Lab Exhaust Design GuidelinesLab Exhaust Design Guidelines
AMCA STANDARD 260AMCA STANDARD 260--0707

““Laboratory Methods of Testing Induced Laboratory Methods of Testing Induced 
Flow Fans for RatingFlow Fans for Rating””



AMCA Review CommitteeAMCA Review Committee
Induced Flow CertificationInduced Flow Certification



Certification ofCertification of……

••Discharge Wind Band Discharge Wind Band 
VelocityVelocity

••Dilution / EntrainmentDilution / Entrainment

••Total Fan Total Fan 
PerformancePerformance

Induced Flow CertificationInduced Flow Certification



Discharge velocities varyDischarge velocities vary……....

Induced Flow CertificationInduced Flow Certification



Bifurcated Housing StudyBifurcated Housing Study
Discharge velocities varyDischarge velocities vary……....



Discharge velocities varyDischarge velocities vary……....
Induced Flow CertificationInduced Flow Certification

NW MP

Discharge ProfileDischarge Profile



Certification ofCertification of……

••Dilution / EntrainmentDilution / Entrainment

Induced Flow CertificationInduced Flow Certification



••Determines Outlet Velocity Determines Outlet Velocity 

•• Entrainment RatioEntrainment Ratio

Induced Flow CertificationInduced Flow Certification

Outlet AreaOutlet Area



Discharge Outlet CharacteristicsDischarge Outlet Characteristics

••Reduced AreaReduced Area

••70 Foot Plume70 Foot Plume
••1.7 Entrainment1.7 Entrainment

Induced Flow CertificationInduced Flow Certification



Discharge Outlet CharacteristicsDischarge Outlet Characteristics

••Increased AreaIncreased Area
••45 Foot Plume45 Foot Plume

••3.0 Entrainment3.0 Entrainment

Induced Flow CertificationInduced Flow Certification



Induced Flow CertificationInduced Flow Certification

Certification ofCertification of……

••Total Fan Performance    Total Fan Performance    
with the Nozzlewith the Nozzle



Induced Flow CertificationInduced Flow Certification

••Two Part Test Two Part Test 

Inlet CFM TestInlet CFM Test Wind Band EntrainmentWind Band Entrainment



Induced Flow CertificationInduced Flow Certification

••Understanding the Fan TestUnderstanding the Fan Test

Control FanControl Fan Test FanTest FanFan Test ChamberFan Test Chamber



Induced Flow CertificationInduced Flow Certification

••Fans Are Tested on Either Side Fans Are Tested on Either Side 
of Test Chamberof Test Chamber

Control FanControl Fan Test FanTest FanFan Test ChamberFan Test Chamber



Induced Flow CertificationInduced Flow Certification

••Fan Inlet CFM / SP TestFan Inlet CFM / SP Test

Control FanControl Fan Test FanTest FanFan Test ChamberFan Test Chamber



Induced Flow CertificationInduced Flow Certification

••Fan Outlet CFM / SP TestFan Outlet CFM / SP Test

Control FanControl FanTest FanTest Fan Fan Test ChamberFan Test Chamber



Induced Flow CertificationInduced Flow Certification

••Test 1) Total Lab Fan Performance Test 1) Total Lab Fan Performance 

Control FanControl Fan Fan Test ChamberFan Test Chamber Test FanTest Fan



Induced Flow CertificationInduced Flow Certification

••Test 1) Total Lab Fan Performance Test 1) Total Lab Fan Performance 

Control FanControl Fan Fan Test ChamberFan Test Chamber Test FanTest Fan

Measure Inlet PerformanceMeasure Inlet Performance



Induced Flow CertificationInduced Flow Certification

••Test 1) Total Fan PerformanceTest 1) Total Fan Performance



Induced Flow CertificationInduced Flow Certification

••Test 2)  Measure Fan EntrainmentTest 2)  Measure Fan Entrainment

Fan Test Fan Test 
ChamberChamber



Induced Flow CertificationInduced Flow Certification

••Test 2)  Measure Fan Entrainment Test 2)  Measure Fan Entrainment 



Induced Flow CertificationInduced Flow Certification

Fan Test Fan Test 
ChamberChamber

Pressure Modulation 
Chamber

••Test 2)  Measure Fan EntrainmentTest 2)  Measure Fan Entrainment



Induced Flow CertificationInduced Flow Certification

Fan Test Fan Test 
ChamberChamber

Entrainment Air

Pressure Modulation 
Chamber

••Test 2)  Measure Fan EntrainmentTest 2)  Measure Fan Entrainment



Induced Flow CertificationInduced Flow Certification

Fan Test Fan Test 
ChamberChamber

Pressure Modulation 
Chamber

Entrainment Air

Discharge Velocity 
and CFM

••Test 2)  Measure Fan EntrainmentTest 2)  Measure Fan Entrainment



Induced Flow CertificationInduced Flow Certification

Fan Test Fan Test 
ChamberChamber

Pressure Modulation 
Chamber

Entrainment Air

Discharge Velocity 
and CFM

Determine Wind Band 
Entrainment Rating

••Test 2)  Measure Fan EntrainmentTest 2)  Measure Fan Entrainment



Exhaust Air = Exhaust Air = 
5,000 CFM5,000 CFM

Entrainment = Entrainment = 
1.66 Ratio1.66 Ratio

(2,000 CFM)(2,000 CFM)

Primary Air = Primary Air = 
3,000 CFM3,000 CFM

Induced Flow CertificationInduced Flow Certification



Induced Flow CertificationInduced Flow Certification

Induce Flow 
Certification



Induced Flow CertificationInduced Flow Certification

Induce Flow 
Certification

Disregarding induce 
flow above the fan.



Induced Flow CertificationInduced Flow Certification

Bypass Air

Disregarding Bypass

Induce Flow 
Certification

Disregarding induce 
flow above the fan.
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Some Common Guidelines       Some Common Guidelines       
to Knowto Know……

Some Common Guidelines       Some Common Guidelines       
to Knowto Know……



Induced Flow FansInduced Flow Fans

History, Codes, Standards and GuidelinesHistory, Codes, Standards and Guidelines



ANSI / AIHA Z9.5ANSI / AIHA Z9.5
Covers:Covers:

••Exhaust System ReliabilityExhaust System Reliability

••Exhaust Fan LocationExhaust Fan Location

••Exhaust Stack DischargeExhaust Stack Discharge
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NFPANFPA OSHAOSHA

Title 29 CFR Title 29 CFR 
Section 1910Section 1910

Occupational Exposure to Occupational Exposure to 
Hazardous                    Hazardous                    

Chemicals in LaboratoriesChemicals in Laboratories
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ASHRAE ASHRAE 
Standard 110Standard 110
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ASHRAE ASHRAE 

••HVAC Applications HVAC Applications 
(Handbook Series)(Handbook Series)

••Laboratory ExhaustLaboratory Exhaust

••Design CalculationsDesign Calculations

••Multiple StandardsMultiple Standards
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ASHRAE ASHRAE 

Laboratory Design Laboratory Design 
GuideGuide



Effective Stack HeightEffective Stack Height

www.cppwind.comwww.cppwind.com

Wind ConsultantsWind Consultants
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Some Common Guidelines       Some Common Guidelines       
to Knowto Know……

Some Common Guidelines       Some Common Guidelines       
to Knowto Know……
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••3000 FPM Discharge3000 FPM Discharge

••10 Foot System Height10 Foot System Height

••Dilution RatesDilution Rates

••Effective Stack HeightEffective Stack Height



American American 
Industrial Hygiene Industrial Hygiene 

AssociationAssociation

ANSI / AIHA      ANSI / AIHA      
Z9.5Z9.5--2003 2003 
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ANSI / AIHA Z9.5ANSI / AIHA Z9.5--2003 2003 

3000 FRM 
Discharge

Lab Exhaust Design GuidelinesLab Exhaust Design Guidelines



Concentric NozzleConcentric Nozzle

Entrainment CharacteristicsEntrainment Characteristics

Nozzle Nozzle 
VelocityVelocity

Discharge Discharge 
VelocityVelocity



Bifurcated Nozzle StudyBifurcated Nozzle Study

Nozzle Nozzle 
VelocityVelocity

Discharge Discharge 
VelocityVelocity



Bifurcated Housing StudyBifurcated Housing Study

Nozzle Nozzle 
VelocityVelocity

Discharge Discharge 
VelocityVelocity



10 Feet above 
roof line.

Lab Exhaust Design GuidelinesLab Exhaust Design Guidelines

ANSI / AIHA Z9.5ANSI / AIHA Z9.5--2003 2003 



10 Feet above 
roof line.
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ANSI / AIHA Z9.5ANSI / AIHA Z9.5--2003 2003 

Breathing 
Zone
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Dilution RatesDilution Rates

ANSI / AIHA Z9.5ANSI / AIHA Z9.5--2003 2003 



Stack Height and Plume RiseStack Height and Plume Rise
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Calculating Plume RiseCalculating Plume Rise

Nozzle Flow 
Area

Velocity Flow
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(Briggs) Plume Rise , h(Briggs) Plume Rise , hr r equationequation

hr = 3Vd
U

hr = plume rise, feet

V = discharge velocity, fpm

d = nozzle diameter, feet

U = wind speed, ft/min
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hr = 3Vd
U

(Briggs) Plume Rise , h(Briggs) Plume Rise , hr r equationequation
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Effective Stack HeightEffective Stack Height

hr Plume Rise

hf Fan Height

he Effective Stack Height 
(he = hr + hf) 
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