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1 INTRODUCTION

Theaim of this studyis to demonstrat¢hat avail-

able calculation procedurescan be usedto im-

prove buffeting analysisof bluff bodies. The
presentesearcliocusontwo-dimensionaherody-
namicfunctions,commonlyusedto improve two-

dimensionaformulationsfor wind forceson elon-

gatedbodies,suchas bridge decks. CFD calcu-
lationsof Kuissneitypeindicial functionsarepre-

sentedand limitations of the existing quasi-static
formulationarepointedout.

2 BACKGROUND THEORY

Scanlan[1, 2] recalledthat “buffeting forcesact-
ing on elongatedbodies like long-spanbridges
have beendescribedy theoriesandanalyticalfor-
matsstronglyinfluencedby analogougxpressions
foundin two-dimensionnadirfoil theory”. There-
fore, currenttheoriedor predictionof incidenttur-
bulentexitationsarebasedipona quasi-statidor-
mulationwhich relatesthe buffeting forcesto the
incomingwind velocity components.In this for-
matthelift is givenby
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Where s is a dimensionlesstime, Ci(0p) and
C{(ap) arethesteadylift coeficientandlift slope,
C isthestructurechordlength,p is air densityand
U is crossflow velocity. Indicial functionshave
beenusedto improve this formulation. Following,
asa guide method,the thin airfoil theory the lift

may bewrittenin thefrequeny domainas
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Where Lp(k) is the Fourier transformof Lp(s),
k is a reducedfrequeny, @, (k) and W, (k) are
Wagnertype andKiissneitype indicial functions.
Thespectraform of (2) is
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This expressionrepresents simplificationof the
completeequation,sincethe crosspower spectral
densitief wind turbulencecomponents, ,, and
S,,u, have beenassumedo be negligible (this is
a commonlyusedassumption).In theseformula-
tions, x? (k) andx? (k) areso-called‘aerodynamic
admittance’relatedto theindicial functions

Xk =LK xE =W, K
Theseequationgjuantitatvely definex? (k) (i =
X,z) asfrequeng-basedtransferfunctions, relat-
ing the spectrumof incidentgustingvelocitiesto
that of associatedift. In the past,the Seardunc-
tion wasuseasadmittancebut mary authorshave
shawvn that this assumptiorwas not appropriate,
evenfor streamlinedbridge decksections.More-
over, in the context of bluff bodies,turbulenceis
inducedby the structureitself (signatureturbu-
lence) and aifoil-type theoriesare unableto de-
pict wind actions. In this casea CFD acquisition
of indicial and/oradmittancefunctionscould be
a steptowardpredictingthe cross-windexcitation
inducedby theincidentwind.

3 OUTLINE OF NUMERICAL PROCE-
DURE

The presentresearchnvestigateonly indicial lift
response®f structuregpenetratingior erveloped
by) a sharpedgedgust. To that, the wind flows



acrosgherespectie sectionshave beencomputed
usingafinite-elementlow solver, CASTEM 2000.
The wind has beenassumedas an incompress-
ible turbulent flow governed,in the atmospheric
boundarylayer, by the Navier-Stokesequations.
CASTEM solwved the Reynolds AverageNavier-
Stokes(RANS) equations.Throughoutthis study
the RNG k — € turbulencemodel hasbeenused
with aReynoldsnumberof 8.10° (apreviousstudy
has shovn that this model was more adaptedto
unsteadyflows, with organisedvortices,thanthe
standardk — € model). The variableswere ren-
derednondimensionaWith regardsto the section
chordC andtheinlet flow velocity Upg. Thecom-
putationaldomainsusedwere 4C long upstream
from the leading edge of the section,12C long
dowstreamof the sectionand 4C wide on each
side of the section. The calculationshave been
carriedout on a 154 x 92 grid. The flow with
0° angleof attackhas beenfirst computedwith
Dirichlet conditionsimposedat the inflow bound-
ary (freestreantonditionswith a turbulencelevel
of 2 %), stressfree conditionsautomaticallyim-
posedon the other boundarieqinherentlyby the
finite elementformulation) and nearwall model
on the wall boundary Next, the vertical veloc-
ity of the flow field upstreamof the airfoil was
changedo 2 = 0,0875(5° angleof attack). The
indicial lift responsevas obtainedby integrating
the pressuraalongthe boundaryof the sectionas
the gustcorvectswith the freestream.The corre-
spondingaerodynami@dmittancewvere obtained,
by a fourier transformrelationship. The method
hasbeenestedor aNACAO0012airfoil andcarried
outfor rectangulabluff section(8 = 0.12)andfor
streamlinedridgedeck(NormandieBridge).

4 COMPUTED RESULTS

For the airfoil, after a critical periodof time, the
lift reachsts quasi-steadyalue. Theaerodynamic
functionsobtainedarein goodagreemenivith the
exactKiissnemandSearssolution.

For therectangulasectionstheindicial responses
arequitedifferentfrom the previousone.A strong
“overshoot”in lift occurs. An examination of

theaerodynamidlowfieldsindicateghatthis over-

shootis dueto the flow separatingrom the lead-
ing edge. Notesthat, as the lift approachests

guasi-statizalue,aperiodicvortex sheddingakes
place.Theform of theassociatederodynami@d-
mittanceis stronglydependenon the form of the
indicial function.

For the bridgedecks theresultsaredifferentfrom
bothairfoil andrectangulasectionsones.A small
overshootoccursand the admittanceis close to
unity.

Thelimitations of the quasi-statidormulationare

identified. In the airfoil case,this formulation

canbeusedwith the Seardunctionasadmittance.
In the caseof streamlineddeck sectionswherea

smallovershooin theindicial respons@eccursthe

valueof theadmittancecanbeexpectedo beclose
to unity. For bluff sectionswith strongovershoot,
theuseof thisformulationmaynotbeappropriate.
In this case,the signatureturbulencecontributes
largely to the buffeting forcesandhasto be taken
into account.

5 CONCLUSION

CFD resultsprovide an alternatve to experimen-
tal datafor deriving aerodynamidunctionsuseful
in buffeting analysis.Theform of theindicial and
admittancdunctionsis stronglydependenon the
creationof separatiorbubblesand on the forma-
tion of vorticesin thewakeof thebody. Therefore,
the form of thesefunctionsprovidesa simpleyet
effective way to determinethe limitations of the
existing quasi-statidormulation,commonlyused
in buffeting analysis.
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