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５万

NumericalStudyonMountainWavesGenerated 

byaHWo-DimensionalMountainandTheirE仇ct

ontheHansportorYCllowSand＊ 

ＹＯｉｃｈｉＵＴＡＮＯＨＡＲＡ**,ＳｈｉｇｅｏＫＩＭＵＲＡ…andTnkahiromW1AIrA*… 

Wehavestudiedtheeffectofgroundtopography,fOcusingonmountainwaves,onthe 
transportofYeHowSandbytwo‐dimensionalnumericalsimulation、Anadvection-diifusion

equationfOrscalarconcentrationissolvedtosimulatethetransportofYellowSandTWo 

difT1elcntmodelsareemployed:ｔｈｅfirstisaone-layermodelinwhichthedensitygradientis 
constantintheentiredomain,andtheotherisatwo-layermodelinwhichthedensitygradient 
changesａｔａｎａｌｔｉｔｕｄｅｏｆｌｌｋｍｌｎｔｈｅｂｏｔｈｍｏｄelsstreamlinesathighaltitudedescend 
greatlytowardthegroundalongtheleesideofthemountainastheatmosphericstability 
increases・However,inthetwo-1ayermodeLtrappedmountainwavesbecomestrongerthan
thoseintheone-layermodel，androtorsarealsogeneratedonthegroundThesebecome 
strongerfOrlargermountainwidth，andthescalarconcentrationrapidlydiffUsesthere・Ｉｔ
ｉｓｆＯｕｎｄthatthegroundscalarconcentrationsfOrthetwo-layermodelaregenerallymuch 
lalger,especiallyintherotors,comparedwiththoseintheone-layermodeL 

膨yWbMs：MountainWaves,Rotor,TrappedLeeWaves,StratifiedFlow,YellowSand，
ComputationalFluidDynamics 

talyheatbalanceisstillnotwellunderstood LcuylLuLuulancelss[111notwellunderstood・Ithas,how-

eveEalsopositiveeffects，suchasneutralizationofacid 
rainandnourishmentofphytoplanktoninthesea・Hence
understandingthemechanismofthetransportandthede-
positｉｏｎｏｆＹｅｌｌｏｗＳａｎｄｉｓｉｍｐｏｒｔａｎｔｆＯｒｅvaluatingthe 
environmentaleffectsmentionedabove 

Numericalmodelingplaysanimportantroleinana-
lyzingthetransportmechanismofYellowSandSevE；､h 
workshaveconsideredthelong-rangetransportprocesses 
ofYellowSandfromtheAsiancontinenttoJapan(2)-(4) 
Ｔｈｅｒｅｓｅｅｍｔｏｂｅ，however，nosmall-scalesimulations 
thatdealwithIocalmeteorologyandtopographyina 
rangefromseveralkilometerstoseveraltensofkilome-

ters,whichis,ｗｅthink,largelyresponsiblefOrthedepo-
sitionmechanismofdustathighaltitudeintroposphere・

MountainwavesareatypicalsmaU-scalemeteoro-
logicalphenomenoｎＴｈｅｙaregeneratedontheleeward 
sideofamountainwhentheatmosphereisstablystrati‐ 
tie｡；theygrowstrongerasthestabilityincreasesandofL 
tencausestrongdownslopewindstonns(5)．Withmoun-
tainwaves,Howsathighaltitudesareoftendrawndown-
wardbehindthemountainHence，thereisapossibility 
thatmountainwavespulltheYellowSandathighaltitudes 
downtotheground・Themainpurposeofthisstudyisto

１．Introduction 

YellowSandisasandtransportphenomenoninEast 
Asia,whichoriginatesfromtheTaklaMakanDesertand 
theGobiDesertinChinａＴｈｅｓｏｉｌｉｎｔｈｅｄｅｓｅｒｔｉｓｏｆｔｅｎ 
ｂｌｏｗnupintothetropospherebystrongsurfacewindsand 
thentransportedbywesterlywindstobedepositedover 
EastAsiaYellowSandphenomenaarefrequentlyob-
servedduringthespringseasoninJapan,ａｎｄｉｔｉｓｋｎｏｗｎ 
ｔｈａｔｔｈｅｄｕｓｔｃｏｍｅｓｉｎlayersatheightsbetweenseveral 
hundredsmetersand5km(1)．ＯｆｃｏｎｃｅｍｉｓｔｈａｔＹｅｌ－ 
ｌｏｗＳａｎｄｄｅpositionmaycausedamagetoagricultureand 
stock-breedingandthatitsradiativeeffectontheplane‐ 
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5７７ 

(Symnetry6／Ｏｙ＝０，V＝０） applyanumericalsimulationmethodologytoexamineour 

hypothesisthatmountainwavesareresponsiblefOrYellow 

Sanddeposition、

２．MathematicalFormunU2tion 

＝0 

TTansienttwo-dimensionalcomputationsareper‐ 

fOnnedusingthecommercialCFDsofｔｗａｒｅＦＬＵＥＮＴ・

Thegovemingequationsarethecontinuityequation,the 

Navier-Stokesequation,andtransportequationsfOrden‐ 

sitydisturbanceandscalarconcentrationTheBoussinesq 

approximationisappliedtocalculateadensity-stratified 

How(6)｡(7)．Theequationsare 

dl2竺上Ｏ （１） 
Oxノ

2121411+212竺122
仇βxノ

ー総{岬(篝+蓑)}Ⅶ〃の
dL22L1+生旦辿=－１｡U坐 （３） 
OrOxi。ｙ

￥+梺臺急幟）（の
wheretheMiisthevelocity，especiallyuisthey-

componentvelocity,ﾉu〃istheefTectiveviscositywhich
isthesumofthemolecularviscositW1mandtheeddyvis-

cositM,,JjAisKronecker，sdelta(6ﾉﾊｰ１ifノーAandzero

otherwise,andAindicateW-direction),９istheaccelera-

tionduetogravity,Cisthescalarconcentration,ｐＢａｎｄ 

ｐ'arethebackgrounddensityandtheperturbationdensity 

respectively,ａｎｄβ＝/ＯＢ＋ｐ′isusedfbrtheatmospheric 

density､TheproHleofthebackgrounddensityisassumed 

tobelinearandgivenby 

処＝-Ｎ2匹， （５） 
ｄｙ９ 

whereNistbeBrunt-ViiMliifrequencyofanairparcel 

oscillatingadiabaticallyinstratifiedHuid，andpoisthe 

referencedensity・InthispaperﾉｏＢａｔｙ＝0.5ho,whereho

isthemountainheight(seeEq.(7)),isusedaspo、
Weuseastandardlc-Eturbulencemodeltoevaluate 

theeddyviscosity､However,itshouldbeemphasizedthat 

themaiｎｐｕｒｐｏｓｅｏｆｔｈｉｓｓｔｕｄｙｉｓｔｏｋｎｏｗｈｏｗｌｏｗＹｅｌ－ 

ｌｏｗＳａｎｄｉｓｐｕｌｌｅｄｄｏｗｎｂｙｍountainwaves・Turbulence

isgenerallyamuchsmallerscalephenomenonandhas 

onlyasecondaIyeffectonthemountainwavesinthetro-

pospherelnfact,vigorousturbulencecannotdevelopin 

stableatmosphereOnthecontrary,oncethedustcomes 

intotheatmosphericboundarylayer,turbulentHowgreatly 

promptsthedifTUsionprocessthere 

TheFroudenumber,丹,ｇｉｖｅｎｂｙ

Ｄ＝_ＬＬ （６） 
MDO， 

isintroducedasaparametertoindicatetheatmospheric 

stabilityTheatmospherebecomesmorestableasⅣｉｎ－ 

-45k画XWallFunction(log-1aw）４５m

FiglComputationaldomainandboundaryconditions 

creases，ｔｈａｔｉｓ，Ddecreases・Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,ｔｈｅａｔ‐

mosphereapproachesaneutralstateasDincreases 

Figurelshowsthecomputationaldomamandthe 

boundaryconditions・Ｉｔｃｏｖｅｒｓａｓｐａｃｅ－４５ｋｍ~４５ｋｍｉｎ

ｔｈｅｘ－ｄｉｒｅｃｔｉｏｎａｎｄｕｐｔｏ２７ｋminthey-directionGen-

erallyitisknownthattheheightoftroPopauseisabout 

llkmandthecomputationaldomainweusehereismuch 

higherthanthat・Ｔｈｅｒｅａｓｏｎｆｂｒｔｈｉｓｉｓｔｏｍｉｎｉｍｉｚｅｔｈe

inHuenceofnumericaldisturbancesgeneratedbywavere‐ 

Hectionsfromthetopboundary・Abell-shapedmountain

knownas“WitchofAgnesi，，,ｗｈｏｓｅｐｒｏｆｉｌｅｉｓｇｉｖｅｎｂｙ 

ｈｏ 

ｈ(x)＝，＋(x/α)２ （７） 

issetatgroundlevelinthemiddleofthedomain;ｈｅｒｅｈｏ＝ 

900[ｍ]istheheightofthemountainandα＝１０００[ｍ]is 

thehalfLwidthInsectio、３．３α＝Ｓ００ａｎｄ２０００[ｍ]are

assignedfOrthehalfLwidthinordertoinvestigatetheefL 

fectofthemountainshapeonHowpattems・Theoriginof

thex-andy-axesｉｓsetonthegroundatthecenterofthe 

mountain251×Ｚ０１ｇｒｉｄｐｏｉｎｔｓｉｎ汁ａｎｄlﾉｰdirectionsa1℃

employedｗｈｅｎα＝１０００[mLwhile401×201pointsare 

usedfOrq＝500[ｍ]and251×Z01pointsfOrα＝2000[ml 

Tbobtainafinerresolution,gridpointsarecloselyspaced 

nearthemountainandtheground・Theboundarycondi‐

tionsareasfOllows:unifOnnvelocityU＝１０[、/s]atthe

inletboundary,０/0x＝Oattheoutletboundary,ｓｙｍｍｅ‐ 

tryboundary(0/0ｙ＝0,ｕ＝O)attheupperboundary,and 

logarithmicvelocityprofileonthegroundAnimpulsive-

startisusedfOrtheinitialcondition，whichisasudden 

accelerationoftheHowfromrestovertheentirespace・A

timestepof△ノー１[s]isfixedfOrallthecomputations・

Weemploytwodifferentatmosphericmodels：oneis 

aone-layermodelinwhichthedensitygradientisconstant 

overtheentireheight；ｔｈｅｏｔｈｅｒｉｓａｔｗｏ－ｌａｙｅｒｍｏｄｅｌｉｎ 

ｗhichthedensitygradientchangesatａｎａｌｔｉｔｕｄｅｏｆｌｌｋｍ 

ＹｅｌｌｏｗＳａｎｄｉｓａｓsumedtobereleasedinlayersof 

widｔｈ２００ｍａｔｌＯｋｍｕｐｓｔｒｅａｍｆｒｏｍｔｈｅｍｏｕntainatal‐ 

titudesofland2kmThetransportofYellowSandis 

simulatedbyanadvection-diffUsionequationfOrapassive 

scalarconcentration(Eq.(1)).Gravitationalsettlingisnot 

considered(8)；ｔｈｉｓｉｓｄｕｅｔｏｔｈｅｆａｃｔｔｈａｔ，fromobserved 

dataofYellowSandoverJapaLtheparticlediametersalc 

lessthantheorderofseverallml(9),hencethegravitational 
settlingefTectisnegligiblysmallinthepresentproblem 

Forthesourceofscalarconcentration,theamountofemis-

ﾉSMEInZer几ajjo几ａｊＪＯｕｒ'zαノ SeriesB，ＶＯＬ４９９Ｎｏ３９２００６ 
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sionpersecondfOrunitvolumeissettoCo＝１[m-3s-l］ 
ｉｎａ２００ｍ×２００ｍarea・

Thecalculationsarecarriedoutbythefinitevolume 

methodusingtheSIMPLEalgorithmfbrpressure-velocity 

coupling・Thetimeintegrationisdonebyanimplicitsec-
ondorderaccuratemethodTheconvectiontennisdis-

c1ｃｔized[MIgtheQUICKscheme,andthediffUsiontem 

isdiscretizedbysecond-ordercentraldifferences 

Wevalidatedourcodebycompanngourcomputa-

tionalresultswithpreviouslyreportedones(8)． 

３．Results 

porteddownstreaminawave-likemanner､Theconcentra-

tiondiffUsesslightlyasitpassesoverthemountain,asis 

seenfromthediffUsedimageoftheconcentrationstreak 

Figure5ｓｈｏｗｓthegroundscalarconcentrationat 

ノー５０００[slThevalueisdividedbytheconcentrationCj，

nearthereleasepointatｘ＝-9900[ｍ]ａｎｄｙ＝１１００[ml 
Theconcentrationrisesbehindthemountain,ａｎｄｔｈｅｖａｌ－ 

ｕｅｓａｒｅｔｈｅｏｒｄｅｒｏｆｌＯ-8．Ｔｈｅgroundscalarconcentration 
fOrF>＝O75istypicallyoftheorderoflO-７． 
３．２ＴWo-layermodel 

AccordingtoScorer('0)，('')，intheregionwherethe 
Scorerparameter,ムdefinedby

３．１０ne-layermodel 

HeretheresultsfOrｏｎｌｙｎ＝LOareshownanddis-

cussed,althoughwehavefOundthatothercasesfOrdiffer-
entvaluesofnParenotsodifferentfromthosefOrD＝ＬＯ 

ＩｎＦｉｇｓ２ａｎｄ３ｗｅｓｈｏｗｔｈｅｓｔｒｅａｍｌｉnesandthecontour 
linesfOrthehorizontalvelocityatr＝５０００[s］Mountain 

wavesareanunsteadyphenomenonsothattheydevelop 

withtimeandpropagateintheobliquelyupwarddirec-
tionOvertheleesideofthemountainthehorizontalve-

locitybecomesgreater,whichisatypicaleffectofmoun-
tainwavesandisclearlyseenfromtheconvergingstream 
lines・

Figure4showsthedistributionofthescalarconcen-
trationatr＝５０００[s]releasedfiomthepointsourceIo-

catedaM＝－１０[kｍ］ａｎｄリー１０００～１２００[mlThe

streamofthescalarconcentrationispulledlowerbehind 

themountainduetothedownwardwind，butitascends 

againastheHowchangesitsdirectionupwardandistrans－ 

Ⅳ
ｌ
Ｕ
 

ｌｌ 
ｊ
 (8) 

decreaseswithheight,mountainwavescannotpropagate 

intheupwarddirectionAsaconsequenｃｅｔｈｅｙａｒｅ 

ｔｒａｐｐｅｄｉｎｔｈｅｌｏｗｅｒlayer,wheretheScorerparameterノ

isanon-decreasingnumber・Thetrappedmountainwaves

producelongandintensivewavetrains,thusitisconceiv‐ 

ablethattheymightdiffUsethescalarconcentrationmore 

eHicientlythannon-trappedmountainwaves・Fbrsimplifi‐

cation,weemployatwo-layermodelinwhichthedensity 

gradientchangesabrupｔｌｙａｔａｎａｌｔｉｔｕｄｅｏｆｌｌｋｍＦｉｇｕｒｅ６ 

ｓｈowstheprofilesofthebackgrounddensitypB・Ｉｎｔｈｅｕｐ‐

perlayer,dpB/dyissettoOwhichmakesノーO

Figure7(a)ａｎｄ(b)showsthehorizontalvelocityfOr 

丹＝O75atr＝Z500and5000[s],respectively､Mountain

wavespropagateobliquelｙｕｐｗａｒｄｗｉｔｈｔｉｍｅａｓｉｎｔｈｅｏｎｅ－ 

1００ 

０
 
５
 

百
］
シ

(a)ｔ＝１０００回

Fig4ScalarconcentrationfOrn＝1.Oatt＝５０００[s］ ､臣=－－
ＩⅡ 

Ｘ１０－Ｂ 
1０ 

Ⅱ 

８ 

⑪
 ○
一
Ｏ
Ｅ
Ｃ
一
］
⑪
』
］
こ
の
Ｃ
Ｅ
Ｃ
Ｃ

､－－ 

６ 

Fig2Streamlinesintheone-layermodelfOrルーＬ０．(a）
／＝１０００[sMb)/＝5000[s］ 

４ 

２ 1００００ 

Ｅ 

百5０００
0 

050001000015000200002500030000350004000045000 

Ｘ［m］ 

Fig.５GroundscalarconcentrationsfOrn－１．０atノー２５００[s］
（Ｇ＝13.2)and/＝5000[s](C,＝12.4） 

0 

Fig.３HorizontalvelOcityfOrD＝LOatr＝５０００[s］ 
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layermodeLbutwhenthewavesreachtheinterfaceofthe 

twolayers，ｔｈｅｙｒｅｆｌｅｃｔｂａｃｋｉｎｔｏｔｈｅｌｏｗｅｒａｔｍosphere， 

andatr＝5000[s]theHowhelddevelopsanet-likestmc-

tureltshouldbealsonotedthatthereareregionswhere 

thehorizontalvelocityhasnegativevaluesontheground 

ontheleewardsideofthemountainTheyarerecircula‐ 

tionregionsknownasrotors(7),('2） 
ＩｎＦｉｇｓ８ａｎｄ９ｗｅｓｈｏｗｔｈｅｉｌｏｗｆｉｅｌｄａndthescalar 

concentrationfOr丹＝０．７５ａｎｄＯ５ａｔｒ＝5000[s],respec-

tively 
。〃＝O75

Mountainwavesgrowstronglyandbreakingwaves， 

aswellasrotors,arevisiblebehindthemountainAstrong 

rotorisgeneratedataroundx＝６[kｍ]andrelativelyweak 

onesataroundx＝１６[kｍ]ａｎｄ２１[km]・Thescalarcon‐

centrationreleasedattheheighW＝１０００～１２００[ｍ］ 

reachesthegroundanddiffUsesrapidlybehindtherotors 

Ontheotherhand，thescalarconcentrationreleasedａｔ 

ｙ＝2000～２２００[ｍ]diffUsesdownstreamofthemountain 

ataroundx＝１０[kmLcorrespondingtotheregionwhere 

developingwavesstarttobreak． 
。丹＝０５

ＩｎＦｉｇ９(a),themountainwavesareevenstronger 

thanthosefOrD＝0.75,andwave-breakingregionsare 

observedaty＝４[kｍ]ａｎｄ７[kmlRotorsdevelopatx＝ 

８[kｍ],１３[kｍ]ａｎｄｌ８[kmlAsfOr丹＝0.75,thescalar

concentrationreleasedaty＝１０００～１２００[ｍ]reachesthe 

groundanddiffUsesstronglybehindtherotors,ａｎｄｔｈｅｏｎｅ 

ｆｉＤｍｙ＝2000～２２００[ｍ]istrappedintoawave-breaking 

regionintheairandaccumulatesthere・

FigurelOshowsthegroundscalarconcentration 

whenreleasedaty＝１０００～１２００[ｍ]colrespondingto 

Fig・Sobtainedfromtheone-layermodeLTheconcentra-

tionsonthegroundfOrD三１．０ａｒｅnegligiblecompared

withthosefOr丹＝０．７５ａｎｄ0.5．Theleadingedgeof
theconcentratiｏｎｒｉｓｅｆＯｒｎ＝Ｏ７５ｉｓｏｂｓｅｒｖｅｄａｔａｂｏｕｔ 

30000 

25000 

－－－Ｆｒ＝０．５ 

－－Ｆｒ＝０．７５ 20000 

戸

Ｅ15000 
￣ 

＞ 

10000 

5000 

０ 

0.005１．５ 

ｐＢ［kg/m110 

Fig6Densityprofilesinthetwo-layermodel 

1５００ r1 L｣ 

(a)ｔ＝２５００[s］ 
１０００ 
￣ 

Ｅ ̄
 

＞ 

５００ 

｢1 

L」

】Ｕ【Ｉ ］Ｏ【]［ ｌＵＩ】［

1５０ 

（b)ｔ＝５０００[s］ 、［Ｅ］ン印

】Ｏ【Ｉ 】Ｏ[】【 】［】ロ［

ｘ[m］ 

Fig7Reflectionofmountainwavesattheinterfaceofthetwo-

layers(、＝0.75).(a)ノー2500[s],(b)／＝5000[s］

1００ 1００ 

Ｅ 

百5０
Ｅ 

宮5０ ､[］ 

些這〕褒議憲区葱 －－＝宙＝－－－－造＝－

(a） (b） 
10000 1００００ 

Ｅ 

旨5000
Ｅ 

二5０００
Ｃｓ=1３．２ 

'１二罐鍵ii蕊蕊辮

０ ０ 

1００００ Ｘ[nUlOOOO 2００００ 

（c）（｡） 

Fig8FlowfieldandscalarconcentrationstreakfOrn＝０．７５ａｔｒ＝５０００[s],(a)Streamline， 

（b)Horizontalvelocity,(c)Scalarconcentrationreleasedfroｍｙ＝１０００～１２００[ｍ]， 

（｡)〃＝2000～２２００[ｍ］
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1００００ 1０００ ＝ﾌ/-回諄;○亡二三

にノド
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冒5000
Ｅ 

冒500
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(b） (a） 
1００００ 1００００ 

Ｅ ̄
 

＞5000 
Ｅ 

旨5000

０ ０ 

ＩＵｌｌｌ １m 

（c）（｡） 

Fig9FlowfieldandscalarconcentrationstreakfOr丹＝0.5atノー5000[s],(a)Streamline，
（b)Horizontalvelocity,(c)Scalarconcentrationreleasedfroｍｙ＝１０００～１２００[ｍ]， 
(｡)ｙ＝2000～2200[ｍ］ 

5０００ 
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Horizontalvelocitycontourlinesforα＝500[ｍ]ａｔ 

ノー5000[sLwithtwodiiferentFroudenumbers(a）
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FiglOGroundscalarconcentrationsfromthetwo-layer 
model,withtwodifferentFroudenumbers 

Fig.１１ 

5000 

（a)ａ＝２０００Ｆ｢＝０．７５ 

ｘ＝４[kｍ］andthelocationcolTespondstothefrontof 

therotorasseeninFig8(a).Theconcentrationdropsat 

about20[kmLcorrespondingtoaterminationofthe3rd 
weakrotoratx＝２１[kｍ]ｉｎＦｉｇ８(a)Theconcentration 
fOrルーＯ５ａｌｓｏｒｉｓｅｓａｔｔｈｅｆｆｏｎｔｏｆｔｈｅｆｉrstrotorand

decreasesattheendofthethirdrotor､Fromtheaboveob-

servation,itcanbesaidthatrotorsgeneratedbymountain 

waveshaveasignificantimpactonthefallinganddiffU-
sionofthescalarconcentrationathighaltitude、

３．３Ｅ仇ctofthemountainwidth

Figuresllandl2showthehorizontalvelocitywhen 
themountainwidthisshortenedｔｏα＝５００[ｍ］ｏｒｅｘ‐ 

tendedtoα＝２０００[ｍ]・Ｗｈｅｎα＝５００[ｍ]ａｎｄ、.＝0.75

(Fig.１１(a)),aseparationregionbehindthemountainis 
clearlyvisiblewithanegativevaluefOrthehorizontalve-
locity,whilefOr丹＝０．５theseparationissomewhatsup‐

pressedandaregionofstrongerwindcoversthedown 
slope・Thistrendhasbeenalsoreportedbypreviousnu-
mericalstudies(7),('3).Ｗｈｅｎα＝２０００[ｍ]ａｎｄ月＝0.75,

separationdoesnotoccurandtheHoｗｉｓｐａｒａｌｌｅｌｔｏｔｈｅ 

Ｅ
』
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Figl2HorizontalvelocitycontourlinesfOrα＝2000[ｍ]ａｔ 
ｒ＝5000[sLwithtwodifferentFroudenumbers(a） 

丹＝0.75,(b)月＝0.5

downslopebehindthemountain・Ｗｈｅｎ、＝0.5,theHow
structureisessentiallyunaltered，althoughtherotorsde-

velopmorestronglyJngeneral,itisknownthatmountain 
widthafTectstheleewardHowseparationstructureinthe 
stratifiedHuid('4).Porinstance,whenthemountainwidth， 

Ａｄ(whereAd＝2α),isshortand/VAd/Ｕ＝ZAd＜汀,sepa-
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Fig.１５Thegroundscalarconcentrationwithα＝500[mLfOr 
twodifferentFroudenumbers 
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Figl3Scalarconcentrationstreakwhenitisreleasedaty＝ 
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Figl6Thegroundscalarconcentrationwithα＝2000[mLfbr 
twodifferentFroudenumbers 

Figl4Scalarconcentrationstreakreleasedat〃＝１０００～

１２００[ｍ]withα＝２０００[ｍ],fbrtwodifferentFroude 

numbers,(a)丹＝0.75,(b)Ｆｒ＝0.5

rationoccursbehindthemountain､Ontheotherhand,fOr 

NAd/Ｕｚ７Ｔ,theseparationissuppressedandtherotorsare 

generatedontheleewardsideTbesecharacteristicsare 

reproducedinthepresentsimulation 

Figuresl3andl4showthedistributionofscalarcon-

centrationreleasedaW＝１０００～１２００[、lThescalar

concentrationfOrα＝５００[ｍ]ａｎｄ丹＝O75goesaround

theseparationregionbehindthemountain,ｂｕｔｗｈｅｎＤ＝ 

0.5itgoesalongthedownslopeandstartsdiffilsinginthe 

rotorregions、Ｗｈｅｎα＝２０００[ｍ]thescalarconcentra‐

tionisdrawnclosertothedownslopeanddifTUsesmore 

quicklyintherotorregionsThegroundscalarconcenｔｒａ－ 

ｔｉｏｎｉｓｓｈｏｗｎｉｎＦｉｇｓｌ５ａｎｄｌ６・Theconcentrationrises

inrotorregionsasmentionedinsection32,butitismuch 

higherfOrα＝2000[ｍ]thanfOrcJ＝500[ｍ]・Hence,it

isconcludedthatthemountainwidthhasasignificantefL 

fectontheoveralltransportofscalarconcentration，and 

thatthedevelopmentofrotorsisparticularlyimportantfOr 

definingamechanismfOrfallinghigh-altitudedust、

４．Conclusion 

wavesonthetransportofYellowSandbyemploying 

anunsteadytwo-dimensionalnumericalmodelfOrthe 

density-stratifiedflowoveramountain 

Intheone-layermodel,wheretheScorerparameter， 

ムisconstantovertheentiredomain,mountainwavesde-

velopbehindthetopographicalridgeanditisshownthat 

thehighaltitudescalarConcentrationispulledtowardsthe 

ground、Howeverうtheriseingroundscalarconcentration

isfOundtobenegligiblysmalLInthetwo-layermodel,on 

theotherhand,mountainwavesreHectattheinterfacebe‐ 

tweenthetwolayers,ａｎｄaretrappedandintensifiedinthe 

loweratmosphereUnderルー０．７５rotorsareproducedon

thegroundandhighgroundscalarconcentrationsareob-

servedintherotorregionsltisalsoshownthatthecon-

centrationsincreaseastheatmospherestabilizes・There-

fOre，thereisagoodpossibilitythatYeUowSandathigh 

altitudesispulledtowardsthegroundandsubsequently 

scatteredduetothepresenceoftherotors、Thetopog-

raphyhasalsoagreati､Huenceonrotorstrengthwhich 

intensifiesfOrlargermountainwidth 

WehavemainlyfOcusedinthiswolkontherelation-

shipbetweenmountainwavesandtheireffectonthetrans‐ InthispapeEweexaminedtheeffectofmountain 

SeriesB,ＶＯＬ４９９Ｎｏ３，２００６ ﾉS/MEbzter几qtjonaJﾉOur几αＩ
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tionsofParticlesintheFreeTroposphereinSpring 

overJapan：EstimationofParticleMassConcentra‐ 
tions,J・AridLandStud.,Ｖ01.11,No.４(2002),ｐｐ３２７－
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portofYellowSand,andhencetheeffectofturbulencehas 
notbeenourpnmaryconcernTurbulenceprobablyhas， 
however,asignificantinHuenceonthebehaviorofYellow 
Sandonceitispulleddownintotheatmosphericboundary 

layer,especiallyintherotors、Amoreelaboratestudyof
theturbulentdj肋sionintherotorsmaybeneededtopre-

dictmorepreciselytheamountofdustthatactuallyfalls 
ontheground・
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