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5.5 COMPARISONOFREFLECTKINBOUNDARYCONDITIONSFORLANGEVIN

EOUATKINMODELINGOFCONVECTIVEBOUNDARYLAYERDISPERSION

JohnS.Nasstrom’andDonaldL,Ermak
LamnceaLivermo~NW%m.dXmtCMY. .
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1. INTRODUCTION

Lagrangianstochastic modeling based on the Langevin
equation has been shown to be useful for simulatingvertical
de of tram materialin theconvdvaboundwyfayer orcBL
(e.g.,Luhar&Brittar,1989).ThismodeCngqqxoachm ~t for
the effectsof the bng vafocitycorrelationtime scafea(asaockted
with large-scab turbulent structures),skewed vertical vebcity
d@riiions, and vartfcaflyinhomogenaousturbulentproperties
foundin the CBL. It has beanrecognizedthat Langevinequation
modelsassumingskewedbut homogeneousvebcity statisticscan
c+ture the importantaspedsof diffusionfromsourcesin theCBL,
-[y ~~~ aOurCSS(tfurfayandPhysick1993),

We comparethree reflectionboundaryconditionsusingtwo
differentLangevin-equatbn-basadnumericalmodelsfor vertical
dispersion in skewed, homogeneousturbulence. One model,
dewibad by ErmakW Nasatrom(1995),is basedon a Langevin
equationwith a skewedrandomforce and a Iiiaar deterministic
force.The secondmodal,usedby Hurfeyand Physick(1993),is
basadonaLan@vinaquatbnwitha Gaussianrandomforcaanda
non-lineardetarministiiforce.Thsreffadionbwndarycoddionsare
all basedon the q.ymach describedby Thomson&Montgomery
(1994).

2. REFLECTIONBOUNDARYCONDITIONS

Thomson ad Montgomery(1994)basedtheir apprd 10
particfereflactbnat boundar”bson the conca@that a wall-mixed
spatialandvebcity daributionawiffbe maintainedif eachparticle
thatencounters,for exanp!e,thebwar bourdaryis reflactedwitha
vabcity that is chosenso that the ensemble-averageupwardand
downwardparticleflux is the sameas if therewarean imaginary
r~ofWdti*@~.Sn@ti@fixdtbh*
mustbezero,thiscriterii reducesto

‘jwipf(wi)tii ‘jwrpf(wr)dwr (1)

where Yf(j--isthefluid v*O diatribuhn attheboundary,w
is the“kwdant(downward)vabcityand w, is therefieciwl(upww$
vebcity (the same relationshipwith wi and w, interchanged
appfiesat the upper boundary.)The probabilitydistributionof
rellactti (posihw)velocitii is proportionalto the flux 01particles
withamPwardvafocdywandis

P+(w)= AwPJw), W>0,

where A is a positive normalizationconstant.The analogous
distributionforrnddant(negative)vebcitii is

P_(w)= -AwPf(w), W< O.

Thecriteriagivenby Eq.(1) providesa retationshpbetween
the ensemble01incidentvebciiies andthe ensembleof reflected
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valodtias, butdoesnotprovidethe relatbnsh~betweena specific
Wi andthe resultantw,. Thus,anyralationahiibetweenWj md
w, tha meals the Eq. (1) criteria wifl maintainthe welf-mixed
conditii. (we wiffthen@y theserelatiish@a underwall-mixed
andnon-wallmixedconditions.)

One method(methodI) of i@ment@ Eq.(1),thatresultsin
apOSitiVe~bSt~tfWm@tUdIBSOf wiarldwr, kto
choose wrsucfrthat

~~+(w)dw= ~~-(w)dw.
o

Wfwn rf (w) is GauAan (orly otherfunctionsymmetriiabout
w = O), thismethodrealms to thewaif-knownreflerlii boundary
cddii W, = -wi. Andhw tihd (methodII) thd resultsin a
negativecwrelatibnbetweenths rM@tuds d ~i ~d W,, is to
ChoeaWr suchthat

w. w,

p+(ww= p-(w)dw.
o -00

Athirdmethod(methodIII) is to randomtyselecta reflectedWocity
valuefromthe d~tributbn f’+ at the lowerboundary( f’_ at the
upperboundary).

We implementedthesemethodsby constructingtablesof w
versus cumulative probability using 256 bins from
w = -120W to 120W withevenfyspacedintervalsof w, and
linearlyinterpolatingbetweenvalues.

3. COMPARISONOFREFLECTIONMETHODS

Wefirsttestedeachof thethreeraflec+ii methodswitheach
Langevinequationmodalto determinethe time step requiredto
maintaina well-mixeddwributii. Wepdonned simufatibnswitha
velocityskawnessofl, LagrangiantimescaJa t=o.5(h/c7w),
and an initial uniform spatial distriition of particles between
boundariiat z= Oandz=h. Dapariurestroma uniformspatial
d~tributionof less than approximately5% wereobtainedusinga
timestep Ar=0.05r, andI%usingatims step Ar=O. OIT.
(Positbndistributionswerecalculatedusing500,000partidasand
40binsbetweenthetop andbottomboundary,andwereaveraged
from r/t=l to 4.)

We then compared the three refledion methods using
simulationsofdispamii hornacontinuouspointsourcein theCEIL.
UsingdatafromW* andDaardodf’s(1981)laboratoryexperiment
(saaFigc1) froma sourceat nondiianaional height <S = U.4Y,
we compared non-dimensional cross-wind-integrated
concentrations, C(X, Z), versus non-dimensional height,
Z=z/h, and downwind distance, X =XW. /#h, where h is
the boundary layer depth, w. is tfw convectivevefocityscab, and
U is the mean horizontal wind speed. We used average vabcity
statistbsfor the lowerhatfof the mixed-layerdeterminedfromthe
vertical velody distributionspubfishedby Deardorffand Willis
(1985): variance u; = U.35W: and skewness
s = W; / u; = u. m (zero mean). A Lagrangian time scale 01



r=u.9(h/ w.), a time step of AI= O.02?, 20 vetlical
$@@@ til ~ 500,000psstideawareused.

F@.2md3crnnpwe naar-groundcancentrAonverausXtor
aimubtii usingthe Ennek-NasstromandHurlr@hyaickmodels,
reepectivefy,andthe three reffadii methods.For both Langevin
modeb, reflactbn methodII (negdvaly correlatedinddent and
reffected speeds) resuhs in a larger peak near-ground
ooncantraione,wkhthe peakconcentrationcloserto theobaawed
peek(G1.8). MethodI (poeitiily oorratated)raeukain thebweat
peak near~roundconmotrations.MethodIII (uncorretated) is
intermediatebetweenthe othertwo. MethodII dso movesha
downwind bcatii of the peak near-ground concentration stightly
towardthe sourcein better agreementwith the observations.FaIIhar
*e the surfaoe, the diffefent reflectbn methodshave teasof an
effect,as expaded.

These initii raauks suggest that qplbafii of the negatively
comdated inckkd emdrdfected speed kundary condiibn (method
II) within a kmqenem Langevin equation model FNovideaa
better rqxesentation of the disprsive behavbr witlim the CBLthan
eitharoftheotherfwomethoda.WespacubtethatmethodJIdfows
theh~ vatodtydaamdhg patides to remaincloserto theground
after rettedion untit sbwer descending particles ~oach the
ground, resukii in a targerpeak near-groundconoantration.
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FrG.1. CWtours of nondnw-skna! concentr$hn VWSUS

ncmdiiiond height and downwinddistancefrom WWs
& krdorff (1981) Ieboratoryexpehent.
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FIG. 2. Near-groundnond~aional concentrationversus
nondiisional downwinddistalw for Simulatbnsosirrgthe
Ermak-Nasstrommodel and the three re~lon methods
methodI (solkf lie), methodII (dottedline),methodIII
(dashedIiie).C~ctasare data from W* S Deardorff(1981).
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FIG.3.Sameas F~. 2,but@“k Hurtay-Phyeickrnrxiel.
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