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Indoor ventilation Indoor ventilation 
in aircraft cabinsin aircraft cabins
 TheThe biobio--effluentseffluents diffusiondiffusion inin indoorindoor environmentsenvironments isis aa veryvery actualactual
issueissue ofof interestinterest becausebecause ofof thethe potentialpotential riskrisk ofof infectionsinfections transmissiontransmission
betweenbetween peoplepeople sharingsharing thethe samesame atmosphereatmospherebetweenbetween peoplepeople sharingsharing thethe samesame atmosphereatmosphere..

 ThisThis issueissue takestakes toptop relevancerelevance whenwhen consideringconsidering indoorindoor environmentenvironment
characterizedcharacterized byby veryvery highhigh occupantoccupant densitydensity..

OneOne ofof thethe mostmost representativerepresentative ofof thesethese environmentsenvironments isis anan aircraftaircraft OneOne ofof thethe mostmost representativerepresentative ofof thesethese environmentsenvironments isis anan aircraftaircraft
cabincabin..
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Indoor ventilation Indoor ventilation 
in aircraft cabinsin aircraft cabins
 InIn orderorder toto avoidavoid highhigh concentrationconcentration regionsregions ofof anyany airair pollutantpollutant insideinside
thethe cabincabin,, environmentalenvironmental ventilatingventilating systemsystem isis devoteddevoted toto dilutedilute thethe
contaminantcontaminant concentrationconcentration byby introducingintroducing freshfresh airair insideinside thethe cabincabincontaminantcontaminant concentrationconcentration byby introducingintroducing freshfresh airair insideinside thethe cabincabin..

 SinceSince anan aircraftaircraft cabincabin hashas a,a, moremore complexcomplex geometrygeometry andand aa lowerlower
outsideoutside airair supplysupply raterate perper personperson asas comparedcompared toto buildings,buildings, itit isis veryvery
challengingchallenging toto designdesign aa comfortablecomfortable andand healthyhealthy cabincabin environmentenvironment forfor
commercialcommercial airplanesairplanes..pp
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Layout of Layout of yy
ventilating air systemventilating air system

MixingMixing AirAir DistributionDistribution ((MADMAD))
systemssystems areare currentlycurrently usedused toto distributedistribute
airair inin anan aircraftaircraft cabincabin::

 AirAir isis suppliedsupplied atat thethe ceilingceiling levellevel
withwith aa highhigh velocityvelocity andand thenthen mixesmixes
withwith thethe airair inin thethe cabincabin;;

Mixing Air DistributionMixing Air Distribution

withwith thethe airair inin thethe cabincabin;;

 MADMAD systemsystem couldcould easilyeasily spreadspread biobio--
effluentseffluents fromfrom oneone infectedinfected passengerpassenger
toto otherother passengerspassengers becausebecause ofof thethe

Under Floor DisplacementUnder Floor Displacement

toto otherother passengerspassengers becausebecause ofof thethe
highhigh velocityvelocity inletinlet airair jetsjets..

Personalized Air DistributionPersonalized Air Distribution
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Layout of Layout of yy
ventilating air systemventilating air system

UnderUnder FloorFloor DisplacementDisplacement ((UFDUFD))
airair distributiondistribution systemssystems startstart alsoalso toto bebe
usedused::

 CleanClean airair isis suppliedsupplied toto anan indoorindoor
spacespace fromfrom thethe floorfloor;;

 ThenThen contaminatedcontaminated airair isis exhaustedexhausted

Mixing Air DistributionMixing Air Distribution

 ThenThen contaminatedcontaminated airair isis exhaustedexhausted
fromfrom thethe ceilingceiling levellevel..

Under Floor DisplacementUnder Floor Displacement

Personalized Air DistributionPersonalized Air Distribution
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Layout of Layout of 
ventilating air systemventilating air system

AA newnew systemsystem withwith PersonalizedPersonalized AirAir
DistributionDistribution ((PADPAD)) hashas begunbegun toto
emergeemerge::

 AA PADPAD systemsystem suppliessupplies cleanclean airair
directlydirectly toto thethe breathingbreathing areaarea ofof aa
personperson;;

Mixing Air DistributionMixing Air Distribution

personperson;;

 TheThe systemsystem couldcould createcreate aa preferredpreferred
microenvironmentmicroenvironment withwith cleanclean air,air, butbut itit
couldcould causecause aa discomfortdiscomfort perceptionperception

Under Floor DisplacementUnder Floor Displacement

couldcould causecause aa discomfortdiscomfort perceptionperception
(draft(draft effect)effect) onon thethe occupant’soccupant’s faceface..

Personalized Air DistributionPersonalized Air Distribution
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Purpose of the studyPurpose of the study
TheThe presentpresent studystudy dealsdeals withwith aa numericalnumerical investigationinvestigation onon biobio--effluentseffluents
transporttransport andand diffusiondiffusion inin ventilatedventilated aircraftaircraft cabinscabins::

 MADMAD,, UFDUFD andand PADPAD systemssystems areare analyzedanalyzed inin orderorder toto strikestrike aa balancebalance
betweenbetween airair qualityquality degradationdegradation andand comfortcomfort conditionsconditions forfor passengerspassengers..

 AnalysesAnalyses areare basedbased onon biobio--effluenteffluent concentrationsconcentrations monitoringmonitoring insideinside thethe
cabincabin..
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Modelling by Modelling by g yg y
COMSOL MultiphysicsCOMSOL Multiphysics

TheThe geometrygeometry ofof thethe consideredconsidered systemsystem consistsconsists inin aa 22DD representationrepresentation
ofof 55 rowsrows ofof seatsseats standingstanding insideinside anan aircraftaircraft cabincabin..
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Modelling by Modelling by g yg y
COMSOL MultiphysicsCOMSOL Multiphysics

TransientTransient NavierNavier--StokesStokes equationsequations,, assumingassuming NewtonianNewtonian andand
uncompressibleuncompressible fluid,fluid, areare solvedsolved::

  Tu u u pI u u
t

             
 

0u 

PhysicalPhysical propertiesproperties ofof fluidfluid areare consideredconsidered constantconstant:: theythey areare computedcomputedPhysicalPhysical propertiesproperties ofof fluidfluid areare consideredconsidered constantconstant:: theythey areare computedcomputed
atat atmosphericatmospheric pressurepressure ((101325101325 Pa)Pa) andand chosenchosen ambientambient temperaturetemperature
((2020 °°C)C)..
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Modelling by Modelling by g yg y
COMSOL MultiphysicsCOMSOL Multiphysics

TheThe momentummomentum equationsequations areare coupledcoupled withwith aa transporttransport--diffusiondiffusion
equationequation,, basedbased onon thethe concentrationconcentration ofof thethe carboncarbon dioxidedioxide breathedbreathed
outout byby thethe cabincabin occupantsoccupants::

 2

2
2 2CO

CO D CO u CO
t


      


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Modelling by Modelling by g yg y
COMSOL MultiphysicsCOMSOL Multiphysics

MomentumMomentum equationsequations areare solvedsolved withwith thethe followingfollowing boundaryboundary
conditionsconditions::

・Adherence conditions at solid walls;

・Imposed constant velocity for fresh air inlets;

・Symmetry conditions at vertical control volume confinements;

・Atmospheric pressure at recovery grids for air;
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・Atmospheric pressure at recovery grids for air;

・Periodic inlet velocity function at bio-effluent inlet (nose of occupants).



Modelling by Modelling by g yg y
COMSOL MultiphysicsCOMSOL Multiphysics

TransportTransport--diffusiondiffusion equationequation isis solvedsolved withwith thethe followingfollowing boundaryboundary
conditionsconditions::

・Impermeable conditions at solid walls;Impermeable conditions at solid walls;

・Convective flux at recovery grids for air;

・Periodic concentration flux function at bio-effluent inlet (nose of 
occ pants)
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Modelling by Modelling by g yg y
COMSOL MultiphysicsCOMSOL Multiphysics

TheThe periodicperiodic functionsfunctions usedused asas boundaryboundary conditionsconditions simulatesimulate thethe humanhuman
breathingbreathing ofof occupantsoccupants duringduring timetime andand thethe relativerelative massmass raterate ofof carboncarbon
dioxidedioxide introducedintroduced inin thethe cabincabin.. InletInlet velocityvelocity functionfunction isis evaluatedevaluated
consideringconsidering::

 TheThe massmass raterate ofof airair inhaledinhaled byby aa standardstandard personperson everyevery breathebreathe;;

 TheThe airair densitydensity;; TheThe airair densitydensity;;

 TheThe surfacesurface ofof thethe nosenose holesholes;;

 TheThe breathingbreathing frequencyfrequency..
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Modelling by Modelling by g yg y
COMSOL MultiphysicsCOMSOL Multiphysics

TheThe carboncarbon dioxidedioxide massmass raterate incomingincoming inin thethe controlcontrol volumevolume isis asas wellwell
computedcomputed followingfollowing thethe samesame analyticanalytic procedureprocedure.. InIn thisthis casecase thethe
concentrationconcentration fluxflux isis evaluatedevaluated byby consideringconsidering alsoalso::

 TheThe COCO22 molecularmolecular massmass;;

 TheThe raterate ofof COCO22 containedcontained inin airair breathedbreathed outout..
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Modelling by Modelling by g yg y
COMSOL MultiphysicsCOMSOL Multiphysics

InIn orderorder toto simulatesimulate moremore realreal conditionsconditions itit isis supposedsupposed thatthat passengerspassengers
breathebreathe notnot inin phasephase eacheach otherother::

 TheThe phasephase displacementdisplacement isis imposedimposed inin 00..22 secondsecond forfor eacheach passengerpassenger.. TheThe phasephase displacementdisplacement isis imposedimposed inin 00..22 secondsecond forfor eacheach passengerpassenger..
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Modelling by Modelling by g yg y
COMSOL MultiphysicsCOMSOL Multiphysics
 TimeTime integrationintegration lieslies onon aa BDFBDF freefree timetime stepstep schemescheme;;

 LinearLinear systemsystem areare atat eacheach timetime stepstep solvedsolved byby aa directdirect methodmethod;;

 TheThe timetime rangerange usedused forfor computationscomputations isis 120120 secondsseconds ;; TheThe timetime rangerange usedused forfor computationscomputations isis 120120 secondsseconds.;.;

 ReferringReferring toto somesome preliminarypreliminary testtest runs,runs, thisthis timetime rangerange largelylargely
assuresassures aa particleparticle introducedintroduced atat timetime 00 toto joinjoin thethe outletoutlet sectionsection ofof thethe
computationalcomputational domaindomain forfor anyany airair distributiondistribution systemsystem studiedstudied..
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ResultsResultsResultsResults

VelocityVelocity fieldfield atat t=t=120120 [s][s] forfor thethe MAD,MAD, UFDUFD andand PADPAD airair distributiondistribution
systemssystems..

ItIt isis toto noticenotice asas thethe detecteddetected motionmotion
fieldfield inin proximityproximity ofof thethe firstfirst andand thethe
lastlast rowrow ofof seatsseats isis slightlyslightly differentdifferentlastlast rowrow ofof seatsseats isis slightlyslightly differentdifferent
fromfrom othersothers.. ThisThis isis thethe effecteffect ofof thethe
controlcontrol volumevolume confinementconfinement.. Anyway,Anyway, itit
cancan bebe assumedassumed thatthat resultsresults referringreferringcancan bebe assumedassumed thatthat resultsresults referringreferring
toto thethe intermediateintermediate rowsrows areare
representativerepresentative ofof thethe physicalphysical problemproblem..
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ResultsResultsResultsResults

ItIt isis toto remarkremark thethe relativerelative differencedifference inin thethe airair velocityvelocity magnitudemagnitude
occurringoccurring closeclose toto thethe passengerpassenger facesfaces.. WhileWhile thethe MADMAD andand UFDUFD
systemssystems assureassure magnitudemagnitude ofof velocityvelocity lowerlower thanthan 00..1515 m/s,m/s, thethe PADPAD
systemsystem applicationapplication determinatesdeterminates valuesvalues comprisedcomprised betweenbetween 00..33--00..44
m/sm/s..

ThisThis representsrepresents thethe thresholdthreshold valuevalue ofof inducedinduced discomfortdiscomfort inin
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ThisThis representsrepresents thethe thresholdthreshold valuevalue ofof inducedinduced discomfortdiscomfort inin
passengerspassengers duedue toto aa potentialpotential airair draftdraft perceptionperception..



ResultsResultsResultsResults

ConcentrationConcentration levelslevels ofof carboncarbon dioxidedioxide detecteddetected atat t=t=120120 [s][s]..

FromFrom thethe airair qualityquality pointpoint ofof view,view, thethe
bestbest airair distributiondistribution systemsystem appearsappears thetheyy pppp
PADPAD oneone:: itit assuresassures aa goodgood dilutiondilution ofof
thethe biobio--effluenteffluent breathedbreathed outout byby thethe
passengerspassengers determiningdetermining veryvery lowlowpassengers,passengers, determiningdetermining veryvery lowlow
concentrationconcentration ofof itit closeclose toto thethe
occupant’soccupant’s nosenose.. UFDUFD systemsystem isis
characterizedcharacterized byby almostalmost stagnantstagnantcharacterizedcharacterized byby almostalmost stagnantstagnant
conditioncondition inin thatthat region,region, soso thatthat highhigh
levelslevels ofof COCO22 areare detecteddetected.. TheThe MADMAD

tt d t i td t i t i t di ti t di t
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systemsystem determinatesdeterminates intermediateintermediate
conditionsconditions fromfrom thethe previousprevious onesones..



ResultsResultsResultsResults

ImagesImages reportingreporting thethe concentrationconcentration ofof biobio--effluenteffluent alongalong aa completecomplete
breathingbreathing actact closeclose toto thethe passenger’spassenger’s faceface (breathing(breathing frequencyfrequency 00..2525 Hz)Hz)..

COCO22 concentrationconcentration levelslevels [mol/m[mol/m33]] atat t=(t=(6060;; [[11]];; 6363 [s])[s]):: enlargementenlargement
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COCO22 concentrationconcentration levelslevels [mol/m[mol/m33]] atat t=(t=(6060;; [[11]];; 6363 [s])[s]):: enlargementenlargement
closeclose toto thethe 33rdrd rowrow ofof seatsseats forfor MADMAD systemsystem..



ResultsResultsResultsResults

ImagesImages reportingreporting thethe concentrationconcentration ofof biobio--effluenteffluent alongalong aa completecomplete
breathingbreathing actact closeclose toto thethe passenger’spassenger’s faceface (breathing(breathing frequencyfrequency 00..2525 Hz)Hz)..
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COCO22 concentrationconcentration levelslevels [mol/m[mol/m33]] atat t=(t=(6060;; [[11]];; 6363 [s])[s]):: enlargementenlargement
closeclose toto thethe 33rdrd rowrow ofof seatsseats forfor UFDUFD systemsystem..



ResultsResultsResultsResults

ImagesImages reportingreporting thethe concentrationconcentration ofof biobio--effluenteffluent alongalong aa completecomplete
breathingbreathing actact closeclose toto thethe passenger’spassenger’s faceface (breathing(breathing frequencyfrequency 00..2525 Hz)Hz)..

COCO22 concentrationconcentration levelslevels [mol/m[mol/m33]] atat t=(t=(6060;; [[11]];; 6363 [s])[s]):: enlargementenlargement
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COCO22 concentrationconcentration levelslevels [mol/m[mol/m33]] atat t=(t=(6060;; [[11]];; 6363 [s])[s]):: enlargementenlargement
closeclose toto thethe 33rdrd rowrow ofof seatsseats forfor PADPAD systemsystem..



ResultsResultsResultsResults

TracingTracing obtainedobtained byby monitoringmonitoring thethe pathpath ofof aa particleparticle introducedintroduced,, atat thethe
initialinitial timetime ofof simulation,simulation, closeclose toto thethe nosenose ofof thethe passengerpassenger seatedseated inin thethe
thirdthird rowrow.. ThisThis kindkind ofof postpost--processingprocessing allowsallows toto wellwell understandunderstand thethe
transporttransport effecteffect onon aa smallsmall massmass generatedgenerated byby thethe fluidfluid flowflow..

InIn MADMAD systemsystem,, freshfresh airair comingcoming
fromfrom thethe cabincabin ceilingceiling blowsblows thethe
particleparticle downdown asas farfar asas thethe recoveryrecovery
gridsgrids arrangedarranged onon thethe floorfloor.. TheThe timetime
neededneeded isis aboutabout 2323 secondsseconds..
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ResultsResultsResultsResults

TracingTracing obtainedobtained byby monitoringmonitoring thethe pathpath ofof aa particleparticle introducedintroduced,, atat thethe
initialinitial timetime ofof simulation,simulation, closeclose toto thethe nosenose ofof thethe passengerpassenger seatedseated inin thethe
thirdthird rowrow.. ThisThis kindkind ofof postpost--processingprocessing allowsallows toto wellwell understandunderstand thethe
transporttransport effecteffect onon aa smallsmall massmass generatedgenerated byby thethe fluidfluid flowflow..

InIn UFDUFD systemsystem,, freshfresh airair comingcoming
fromfrom thethe bottombottom pushpush upup thethe particleparticle
asas farfar asas thethe gridsgrids,, thisthis timetime locatedlocated
onon thethe roofroof.. TheThe timetime neededneeded isis
aboutabout 2424 secondsseconds..
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ResultsResultsResultsResults

TracingTracing obtainedobtained byby monitoringmonitoring thethe pathpath ofof aa particleparticle introducedintroduced,, atat thethe
initialinitial timetime ofof simulation,simulation, closeclose toto thethe nosenose ofof thethe passengerpassenger seatedseated inin thethe
thirdthird rowrow.. ThisThis kindkind ofof postpost--processingprocessing allowsallows toto wellwell understandunderstand thethe
transporttransport effecteffect onon aa smallsmall massmass generatedgenerated byby thethe fluidfluid flowflow..

InIn thethe PADPAD systemsystem,, freshfresh airair blownblownInIn thethe PADPAD systemsystem,, freshfresh airair blownblown
byby thethe seatseat inin frontfront ofof thethe breathingbreathing
passengerpassenger letlet hishis biobio--effluenteffluent flowflow
towardtoward thethe passengerpassenger lodgedlodged inin thethetowardtoward thethe passengerpassenger lodgedlodged inin thethe
rearrear rowrow.. TheThe particleparticle isis thenthen blownblown
towardtoward thethe outletoutlet sectionsection byby thethe rearrear
airair jetjet TheThe timetime neededneeded isis aboutabout 1010
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airair jetjet.. TheThe timetime neededneeded isis aboutabout 1010
secondsseconds..



OutlinesOutlinesOutlinesOutlines

 Introduction to indoor ventilation in Introduction to indoor ventilation in 
aircraft cabinaircraft cabinaircraft cabinaircraft cabin

 Modelling of studied systems by Modelling of studied systems by 
COMSOL MultiphysicsCOMSOL Multiphysics

R lt & Di iR lt & Di i Results & DiscussionResults & Discussion

 ConclusionsConclusions

-- 3030 --



ConclusionsConclusionsConclusionsConclusions

NumericalNumerical simulationssimulations havehave beenbeen carriedcarried--outout inin orderorder toto strikestrike aa balancebalance
betweenbetween airair qualityquality degradationdegradation andand comfortcomfort conditionsconditions forfor passengerspassengers
standingstanding inin anan aircraftaircraft cabincabin potentiallypotentially equippedequipped byby threethree kindskinds ofof airair
distributiondistribution systemsystem..

 ResultsResults mainlymainly showshow asas fromfrom thethe comfortcomfort conditioncondition thethe mostmost appropriateappropriate
ii hh ff hh ll ll l ll l ll hhsystemsystem isis thethe UFDUFD systemsystem.. InIn factfact itit assureassure thethe lowerlower velocityvelocity levellevel closeclose toto thethe

passenger’spassenger’s faceface..

 FromFrom thethe airair qualityquality pointpoint ofof view,view, thethe PADPAD systemsystem representrepresent insteadinstead
thethe bestbest choicechoice becausebecause itit allowsallows veryvery lowlow levellevel ofof stagnantstagnant biobio--effluenteffluent closeclose toto
thethe passenger’spassenger’s nosenose..
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ConclusionsConclusionsConclusionsConclusions

NumericalNumerical simulationssimulations havehave beenbeen carriedcarried--outout inin orderorder toto strikestrike aa balancebalance
betweenbetween airair qualityquality degradationdegradation andand comfortcomfort conditionsconditions forfor passengerspassengers
standingstanding inin anan aircraftaircraft cabincabin potentiallypotentially equippedequipped byby threethree kindskinds ofof airair
distributiondistribution systemsystem..

 ReferringReferring toto thethe contaminationcontamination riskrisk insideinside thethe cabincabin,, PADPAD systemsystem isis detecteddetected toto
bb hh i i li i l bb ii llll i li l b h db h d bbbebe thethe mostmost criticalcritical becausebecause itit allowsallows particleparticle breathedbreathed outout byby aa
passengerpassenger toto bebe potentiallypotentially inhaledinhaled byby anotheranother..

 GloballyGlobally itit appearsappears thatthat inin absenceabsence ofof relevantrelevant challengeschallenges toto bebe pursuedpursued
inin thethe mostmost recentrecent UFDUFD andand PADPAD systems,systems, thethe classicalclassical MADMAD representrepresent thethe
betterbetter compromisecompromise betweenbetween oppositeopposite requirementsrequirements..
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