Arup UsesCFD Visualizationto Breathe
FreshAir Into Historical LondonColiseum

by Erin Hatfield

LONDON, March 29, 2001 - During its nearly100+yearhistory, the LondonColiseumhasplayedhostto
manyforms of entertainmentincluding horseracesmusicals, varietieg;inemaandfinally the English
National Opera.But while the Coliseumcontinuallyreinventedtself asa venue,its infrastructurefell behind
the times.

Comingto the rescueof the venerablanstitutionis
Arup, a Londonrbasedengineeringirm. Arup is

usingcomputationafluid dynamics(CFD) and ,,/’ B\
high-endvisualizationto help ensurethat modern ' 3 g N
day operabuffs no longemeedto sufferfor their | e .
art. Thecompany'snasterplan for the Coliseum 0 & .
will improvethe standard®f support facilities, | ¥
providebetterdisabledaccesandegressand , A h'f".;,jT Hl 1
upgradethe appealof the building. | o NP

A majorcomponenbf Arup'swork is improving air \I'L

circulationwithin the auditorium.Minor

adjustmentdavealreadybeenmadeto improvethe

existingsystemandentirelynewventilationwill be _ _ o
installedduringthe EnglishNational Opera'soff-  Fig. 1: Views of the CFD meshandventilationboundary

seasoroverthe nextthreeyears. conditions
From Seatdo Ceiling

The LondonColiseumwascompletedn late 1904. Theoriginal plenumstyle ventilationsystemwasreversed
in 1932, withair suppliedat the seatinglevelsandextractedat the ceiling. The currentair handling unitsand
horizontalductworkdistributingair to theriserswere installed50 yeardaterin 1982. In2000, thesystemwas
broughtbackto full working orderat a lower air volume andhe additionof coolingsupplyair.

Arup'snewdesignis a directinverseof the 1932
systemAir is suppliedvia nozzlebanksin thedomed
ceiling. This createsa swirling airflow within the
auditoriumthat doesn'affectthe quality of acoustics.
Air is extractedat the backof the seatingregions,
creatingproperventilationof the entirespace.

Arup's CFD studytook approximatelyfive weeksto
complete STAR-CD softwarefrom Computational
DynamicsLtd. (London,UK) wasusedfor CFD testing
and EnSightsoftwarefrom CEI (Apex, N.C., USA) was
. : — . usedfor 3D visualization.STAR-CD solvedthe

Fig. 2: Occupledzone:~‘,(andventllatlonboundarles)momemummasS anénergyequationsieededo

predictdetailedtemperaturalistributionandair

movementwithin the auditorium.Animation capabilitieswithin EnSightenabledengineergo seetheinvisible
forcesof airflow andconductexperimentghat wouldbe too costly anddifficult to do intherealworld.

Making the Casefor BetterAir



The computationalomain forArup'sventilationstudycontainedapproximately550,000 cellandrepresented
the main auditoriunwith seatingin the stalls,dresscircle, uppercircle andbalcony,orchestrait andboxes.

Arup usedthreeCFD casescenariogo measureair velocity andtemperaturgradients Resultsfrom STAR-
CD wereloadedinto EnSight,whereanimatedparticletracepathswere usedto visualizeair flow within the
auditorium.Predictedair velocitieswere plottedon boundingsurfacedor the audienceoccupiedzonesand
alonga streamlinefor particletraces.

"The air movements very complex,"saysDarren
Woolf, fluid dynamicistat Arup.

"It's drivenby jet momentumair temperature
differentials(buoyancy)and wall-to-air
temperatureaifferentialsthat varyspatiallyandin
magnitudeWe neededo understandhll of these
thesefactorsandtheir variousinfluencesn orderto
improvethe designof the system We alsoneeded
to communicateur results EnSightenabledusto
createlive demonstratiomaterialsand animations
that conveytheinformationin a way that'seasyto
understand.”

Fig. 3: Views of air movemenwith temperaturefrom
thedome
(Caseld)

In all threecasesair producedrom the nozzlesvassetat 17%@63%F)A convectiveheatload equivalento
35W per personfor the total 2,364 personoccupancywasapplied,giving engineers feel for the atmosphere
of the Coliseumunderpeakconditions.Lighting and otherstageeffectswere not takeninto considerationasa
neutralboundarywasassumedetweenhe stageand audienceareas Separateonsiderationsvere madefor
the orchestrapit aswell.

CoolerHeadsPrevail

In thefirst case air wasextractedn equalvolumes,33.3percentfrom eachof thethreesections CFD testing
revealedthatairflow in the balconyareawas"shortcircuited”;that is,the air producedoy thenozzleswvas
extractedbeforeit hada chanceo effectively cool the occupantsLikewise, air in the dresscircle centerstalls
and seatingareasvasnot drawnoff forcefully enoughto cool occupantstesulting instagnangirflow and
highertemperatures.

Using thesefindings, engineersrariedthe amount ofair beingdrawn
from eachsectionof the auditorium.The secondcaseextractedb0-
percentof the air volume atdresscircle (the mostpopulatedsection),
30-percentat uppercircle, and 20percentin the balcony.Particle
traceanalysisshowedthe new percentagesicreasedhe scopeof the
swirling air flow, allowing itto reachthe dresscircle occupants.

Unfortunately the increasegercentag®vercompensatetbr the
shallowreachof theair in thefirst case andthe flow wasdrawntoo
low. Temperaturewere moreevenlyspreadhroughoutthe audience,
however,eliminatingthe cold andhot zonesseenin thefirst case.

Extractionvolumeswerefurtheradjustedn case3, with 40-percent
Fig. 4: Air temperaturalistributionon a 90ing to the dresscircle, 33-percentto the uppercircle, and 27-
surfaceboundingthe Occupiedzones perC.enttO the balcony.A|rﬂ0W pathsvvere agalntl‘acedWIthl_n
(Case3) Ensight.Engineersawthat theswirling air penetratedower in the
seatingarea,resulting incoolertemperatures the mostdensely
populatedareasThis scenariovasdeterminedo be the optimumchoicefor the ventilationsystem.



The Final Act

STAR-CD CFD andEnSightvisualizationsoftwarehavehelpedflow engineersat Arup designa new
ventilationsystemthat harmonizewith the LondonColiseum'sacousticsand historicalcharacterThanksto
thesenew engineeringechnologiespperaenthusiastganenjoy their favorite ariasin comfort,asthe anguish
takesplaceon thestage nhotin the seats.
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