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ABSTRACT

Jetsissuing throughsmallholesin a wallinto a ffeestream have proven

efftctiveinthecontrolofboundarylayerseparation．Longitudinal（Streamwise）

VOrticesare producedby theinteractionbetween thejets and thefreestream．

Thistechniqueisknownasthevortexgeneratorjetmethodofseparationorstall

COntrOlbecauseitcontroIsseparationinthesamegeneralwayasthewel1－known

methoduslng SOlidvortexgenerators．Thevortexgeneratorjet methodisan

activecontroltechniquewhichprovidesatime－VarylngCOntrOlactiontooptimize

perfomanCeunderawiderangeofflowconditions．Thevortexgeneratorjetscan

aqustthestrengthoflongitudinalvorticesbyvaryingthejetspeedandthejet

Speedcontrolmaybereadilyaccomplishedbytheuseofvalvesintheairsupply

linesofthejets．Therefore，theycanachievetheadaptlVeCOntrOlbyproperly

aqustingthejetspeedcorrespondingtoflOwparameterssuchastheangleofattack

Ofanairfoil，thediffuser’sdivergenceangle，andthefreestreamvelocityl Fbrthe

VOrteXgeneratOrjetmethod，itisnotnecessarytoknowwhethertheboundary

layerislaminarortud）ulentinadvance．Longitudinalvorticesstronglydistutb

theflow andthe distufbance thusinducedis dominantincompariSonwiththe

tufbulenceoftheboundarylayerl

Themechanismforsuppresslngflowseparationwasstudiedexperimentallyby

makingacompariSonbetweentheefkctofsteadyjetsandthatofpulsedjetson

generatinglongitudinal vortices．　The suppression of　flow separationis

accomplishedbythesecondaryflowoflongitudinalvorticeswhichtransportsthe

highmomentumfluidofthefreestreamtothelowerwa11．Thebeneficialeffectof

Separationcontrolisobtainedonlyifthejetsarepitchedtothelowerwalland

Skewedwithrespecttothefreestreamdirection．Theeffectofthejetpitchangle

OnSuppreSSlngflowseparationwasstudiedinthreecaseswiththejetpitchangle

Setat30，45，and60degrees．Inthe60－degcase，thelongitudinalvorticesmoved

apartmorerapidlyfbmthelowerwallthanintheothercasesandthereforethe60－

deg caseisinferiOr to the othersin temS Ofthe controlofflow separation．

Accordingly；itisdesirableforajetpitchangletobeselectedlessthan60degrees．

Theimportantadvantagesofvortexgeneratorjetsarethatl）theycanbe

adaptedforvariousflowchangesandthat2）theycanavoidparasiticdragwiththe
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jetflowturnedoffforflOwsituationswhereseparationcontrolisnotneeded，e．g．，

Steadycmiseconditions．Therefore，thevortexgeneratorJetmethodisusefu1for

both design and o庄一design conditions．The active separation controlftedback

SyStem developedin this study has been based on the examinations of the

mechanismoftheboundarylayercontrolandthee鮎ctofthejetpitchangleon

SuPPreSSlngflowseparation．ThisactiveseparationcontroIsystemcansuppress

theflow separationby controlling thejet speedalone．The system has been

actually applied to theflow separation control of a two－dimensional diffuser：

Consequently；theactive separationcontroIsystemdevelopedinthisstudy can

adaptivelysuppressseparationforalltheflow丘eldsexaminedinthepresentstudy．
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1．INTRODUCTION

1．1Background

Separationis mostly an undesirable phenomenon becauseit entailslarge

energylosses．Inordertoreducedragandpressurelossesitwouldbenecessary

toinhibitflowseparationbysuppresslngboundarylayerdevelopment．Fbrthis

reason methods have been devised for the arti丘cialprevention of separation．

Boundarylayercontrolhasbeenusedwidelyinaerodynamicapplicationstoinhibit

flowseparation．The simplestmethod，forexample，fromthephysicalPointof

VieWistoadoptastreamlineshapedbodyinordertoreducethevelocitydi鮎rence

between the stream and theflow near the solid wall，thoughthis method

SOmetimes has design restrictionsin englneenng praCtice．Another e鮎ctive

methodforthepreventionofseparationisboundarylayermlXlng．Inthismethod，

thefluid particles which havelarge energy ofthefreestream are supplied to

deceleratedfluidparticlesintheboundarylayerbylongitudinalvortices．The

techniquesuslnglongitudinalvorticesareclassiBedaspassiveandactivemethods．

The passive controltechniquewith solidvortexgenerators（rectangula13ramp，

delta－Shapedwinglets，etC．）hasadvantagessuchassimplicity；ruggedness，andlow

COSt．Ithaspracticalapplicationsinstallcontrolonairfoilsandindi軌lSerS．Fbr

example，SOlidvortexgeneratorsplacedontheairfoilsareusefu1toimproveflight

PerformanCe duringaircraft take－0ffandlanding．FurthemOre，the generators

Placedindiffusersmakethediffuserlengthshorterthanthoseoftheusualtype．

However；SOlidvortexgeneratorshavefatalshortcomlngS．Theirdisadvantages

arethatl）theydonothavetheabilitytoprovideatime－Varyingcontrolactionand

thereforetheycannotbeadoptedforhighlymaneuverableaircraftand2）theyadd

parasiticdraginnowsituationswhere stallsuppressionisnotneeded（e．g．，an

airfoiloperatingnearitsdesigncondition）．Itisdesirableforthecontroldevices

to be operated only when now separation occurs．However；SOlid vortex

generatorsarealwaysexposedintheflowandtheyhaveincreaseddrag．
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Ontheotherhand，pitchedandskewedjetsissulngthroughsmallholesina

Wallintoafreestreamhaveprovenefftctiveregardingthecontrolofboundarylayer

Separation．Longitudinalvorticesareproducedbytheinteractionbetweenjets

andafteestream．Thistechmiqueisknownasthevortexgeneratorjetmethod．

ThevortexgeneratorJetmethodasanactivecontroltechniqueprovidesatime－

Varylng COntrOl action to optimize perfbrmanCe under awide range of now

COnditions．Fbrvortexgeneratorjets，thestrengthofthelongitudinalvorticesare

COntrOllablebyvarylngthejetspeed．FurthemOre，forflowsituationswherestall

COntrOlisnotneeded，paraSiticdragcanbeavoidedwiththejetflowturnedo且

Thevortexgeneratorjetmethodmayaccomplishseparationcontrolonlywhenitis

necessaryandthereforeitisavai1ableforbothdesignando庄一designconditions．

StallcontroIwithairplaneorfluidmachinerylSnOtneededinusualoperations

because they are designed to produce no separation．If the control device

OperateSOnlywhenitisnecessaryandcanadaptivelysuppressnowseparation，the

idealflowcorrespondingtotheflOwunderitsdesignconditionisalwaysattained

Withoutanychangesindesignofairfoilsordiffusers．

1．2LiteratureReview

Thevortexgeneratorjetmethodwas丘rstexaminedbyWallis［1］inthe1950’S．

HoweveちSOlidvortexgeneratorswhichweresuggestedbyTbylorl2】someyears

earlierthanthat，hadbeenenergetical1yinvestigatedatthattimeincomparison

WithvortexgeneratorJetS．Theyhavepracticalapplicationsinthestallcontrolof

airfoilsanddiffusers．ItisnotgolngtOOhrtosaythatthevortexgeneratorJet

methodhasbeenneglected・Therefore，aSPeCtSforstudyrelatedtothevortex

generatorjetmethodstillremain．

Alargebodyofliteraturedescribingstudiesofsolidvortexgeneratorsexists．

ThepnncipleofcontrollingaboundarylayeruslngSOlidvortexgeneratorssuchas

thoseshowninFig．1．1was丘rstsuggestedbyH．BruyneSandH．D．Thylorofthe

United Aircraft Corporationin1947．BruyneS（1951）obtained U．S．Patent

2，558，816forhisfluidmixingdevice．H．D．Thylorl2］reportedonthemannerin

Whichthese solidvortexgenerators mightbe usedindiffusers．Thisbegana

periodduringwhichwindtunneltestlngWaSPerfomedtodeterminetheeffectsof
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SOlidvortexgeneratorsonsuppresslngboundarylayerseparation．Schubauerand

Spange血berg［3］studiedforced mixingin boundarylayers．Theyinvestigated

Vari0ustypeSOfsolidvortexgeneratorstodeterminewhichweremoreeffectivein

SuPpreSSlng boundarylayer separation．　Mehta［4］studied the e鮎cts of

longitudinalvorticesonthetutbulentmlXlnglayerl HereportedthatthemlXlng

between the two streams was enhanced due tolongitudinalvortices without

Significantdecayinthevortexstrengthduetothemixinglayer：Healsostudied

theeffectsofvorticesonseparatedsubsonicl5】andsupersonicboundarylayers［6］．

Heconcludedthatthelongitudinalvortexdelayedseparationonthedownwashside

andencouragedseparationontheupwashsideofavortexforsubsonicflow Fbr

SuperSOnicflowthelongitudinalvortexreducedtheentirereglOnOfseparation，nOt

JuStinthedownwashreglOn．

The processes of Reynolds stress modification and streamwiSe vorticity

transport areimportantin understanding the development of the embedded

VOrtices．ThestructureOftud）ulentboundarylayerswithemibeddedlongitudinal

VOrticeshasbeenstudiedbyBradshawandhisco－WOtkersatImperialCollege［7】．

Ⅵ）rticesweregeneratedbyplacinghalLdelta－WlngVOrteXgeneratOrSinawind

tunnelsettlingchamber：Thesevorticespassthroughthecontractionandintothe

testsectionwithnoslgni丘cantwakeremalnlng，andareembeddedintheboundary

layerl Theirstudiesconcentratedonthetud）ulentstructuremodi丘Cationinthe

boundarylayerduetointeractionwiththeembeddedlongitudinalvortices．Mehta

et・al・［8］reportedtheearlyresultsofthesestudies．Adetaileddatapresentation

andananalysisoftheresultsweresummariZedinseveralparts．Fbraslngle

longitudinalvortexembeddedinaboundarylayeちtheresultsappearedinShabaka，

Mehta，andBradshawl9］orMehta［10］．Thevortexinteractionwithcommon

flOw between thevortices directedtoward the wallwas the most extensively

Studied，becauseitcausedastrongdistortionoftheboundarylayerl Resultsfor

thevortexpairwithcommonflow－upWererepOrtedbyMehtaandBradshawl11］．

PauleyandEatonl12］providedmoredetaileddataforavarietyofcon五gurations

Withrespecttorotationaldirectionandstrengthoflongitudinalvortices．They

reportedthathigherskinfrictionwasobservedinthereglOnWithsecondaryflow

toward thelower wallfor the common－flow－down vortex palr andlower skin

hictionwasobservedinthereglOnWiththesecondaryflowaway丘・omthelower

Wallforthecommon－flow－upVOrteXPairl ShizawaandEaton［13］indicatedthe

SuppreSSion e鮎ct and the downstream development oflongitudinalvortices．
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Matsumoto［14］measuredthemeanflOwandReynoldsstressinthevicinityofan

embeddedcommon－flow－upVOrteXPalrl Henoteddistortionoftheboundarylayer

Velocitypromes，particuladyadecreaseintheshapefactorduetothevortices．

Thestreamwisevorticitywasmos叫COnCentratedinthevortexcorereglOn，and

thiswasaccountedfbrasbeingproducedbytheanisotropyofthenormalReynolds

StreSSeSterminthestreamwisevorticitytransportequation．Heobservedthe

meanandfluctuatingvelocitiesinatud）ulentboundarylayerwith no pressure

gradient，butwithlongitudinalvorticesintroducedarti丘ciallybyaseriesofvane－

typevortexgenerators．

Ontheotherhand，theimageofgeneratinglongitudinalvorticesuslngVOrteX

generatorjetsisshowninFig．1．2．Jetsissuethroughsmallholesinalowerwall

intoafreestream．Longitudinalvorticesaregeneratedbytheinteractionbetween

thejetsandthefreestream．ThevortexgeneratorJetmethodwas丘rstexamined

almost40yearsagobyWhllis【1］andWallisandStuartl15］inAnstralia．Wallis’

WOfkindicatedthata slnglevortex，Whichissimilarto onefromasolidvortex

generatoちmight beformed by aJet Which was skewedwith respect to the

freestreamdirectionandwaspitchedtothelowerwall．Thevortexgeneratorjet

method was examined pnmarilyfor the purpose of delaying shock－induced

Separationoftufbulentboundarylayers．Fbrvortexgeneratorjets，thebene丘cial

e鮎ctofseparationcontrolisobtainedonlyifthe pitchedand skewedjetsare

issued．AmorerecentstudybyBalll16］onstallsuppressionforjet－engine－inlet

d把users employedvortex generatorJetSalone and togetherwith solidvortex

generators．

JohnstonandNishi［17］examined丘vecon五gurationsofjetdirections．They

provided engineering design data（e．g．，minimum jet speeds and angles）for

effectiveutilizationandshowedthatjetarmyswhichgivecounter十rOtatlngVOrteX

PalrS Can CauSe Slgni鮎ant spanwise variations．Compton andJohnstonl18］

investigatedthestrengthanddecayrateofalongitudinalvortexforsevencasesof

jetskewangle．Theyconcludedthatthemaximumvorticitylevelsarestrongly

dependentonjetvelocityandskewangle，andanoptimaljetskewanglemaybe

between45and90degrees to the downstream direction．Ftlrthermore，they

indicatedthatthepropertyoflongitudinalvorticesproducedbyvortexgenerator

JetSisdi鮎renthomthatbysolidvortexgenerators．Thesuppressione鮎ctof

flow separationuslngpulsedvortexgeneratorjetsina stalledtwo－dimensional

diffuserwasdemonstratedbyMcManusetall19］．Inordertorealizepulsed此間
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theyusedapulsedvalvewhichwasdrivenbyatimlngCOntrOllerl Acomparison

betweenpulsedandsteadynowJetSWaSperformedinordertoconfirmtherelative

efficiencies of the two techniques．It wasindicated that the mass　flOw

requlrementSforeffectiveseparationcontroluslngpulsedvortexgeneratorJetS

Weregreatlyreducedoverthoseforsteadyjets．

Nishietal．［20，21］examinedtheapplicability ofvortex generatorjets to

SuPpreSSlngSeparationinaconicaldiffuserwhichhadadifhser’sdivergenceangle

Of14degrees．Selbyetal．［22］perfomedaparametricstudyoncontrollingflow

Separation associated withlow－Speed tud）ulentflOw over a two－dimensional

rearward－hcingramp．In their study；theylnVeStigated the e鮎cts ofseveral

parameterssuchasthejetorificediameteちJetOrientation，JetSpeed，jetskewangle，

andjetpitchangleonseparationcontrol．FhrthemOre，theymadeacomparison

between slot blowlng and vortex generator jets．A computationalstudy was

perfomedforthelongitudinalvorticesproducedbyasinglejetandco－andcontra－

rotating jetsin a tufbulent crossflow by Zhang［23］．He selected control

parameterssuchasJetangle，jet－tO－CrOSSflowvelocityratio，andjetspaclng．The

longitudinalvorticeshavetheabilityofconvectlngkineticandthermalenergyln

thelateralplane．The ability could be utilized to enhance the丘lm cooling

e疏ciency oftufbine blades（Honamiet al．［24］）and heat transkr（Zhang and

Collins［25］）．LeylekandZefkle［26］madeacomparisonofcomputationalresults

Withexperimentsondiscretejet丘lmcoolingandobtainedreasonableagreement．

GoldsteinandEckert［27］indicatedthattheeffectofjetori鮎egeometryonthe

丘lmcoolingdownstreamofthesecondarygasinjection．JohnstonandKhan［28］

madeavisualstudyuslngfluorescentdyesinawaterflOwchannelinorderto

investigatetheonglnOfthedominaTrtVOrteXformedfromapitchedandskewedjet．

Ashasbeenseenabove，the e鮎ct ofboundarylayercontroluslngVOrteX

generatorJetShasbeguntobeunderstoodinrecentyears．HoweveちStudieswith

respecttothevortexgeneratorJetmethodhavenotbeensuffiCientlycarriedoutin

COmparisonwiththoseonsolidvortexgenerators．Inparticul叫themechanismof

theactive boundarylayercontrolby vortex generatorJetS and the generation

mechanism oflongitudinalVorticesby the pulsedjets are not yet understood．

Althoughtheoptimaljetskewanglewhichcanstrengthenthemaximumvorticity

levelatapitchangleof45degreeshasalreadybeenreported，thee鮎ctofthejet

pitch angle on separation controlis unknown．The advantage of the vortex

generatorJetmethodisthatithastheabilitytoadaptivelycontrolthevariousnow
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COnditions．Howeveちapplicationsofvortexgeneratorjetstotime－Varyingflow

丘eldshavenotbeenreported．

1．3017jectivesofThisStudy

The purpose of present study was toinvestigate the effects of active

SeParation controluslng VOrteX generatOrjets on suppresslngflow separation．

Themorespecifico句ectivesofthisstudywerethefo1lowlng：

1．Tb understandthe mechanismofboundarylayercontrolby uslngVOrteX

generatorjets［29，30］，

2．7bdeteminetheefftctsofthejetpitchangleonseparationcontrol［31，32］，

3．7b understand the difference between the steady and pulsedjetsin the

downstreamdevelopmentoflongitudinalvortices，and

4．1b develop anactive separation ftedback systemwhich canadapt time－

Varylngflow銭eldsandcon丘rmthee鮎ctivenessofthissystemforchanges

intheflow丘eldsofthisexperimentalfacility［33］．

Inthispaper；thedescnptionisarrangedinthefbllowlngWay：Webeglnin

Chapterlbyintroducingthebackgroundando句ectivesofthisstudylInChapter

2weglVeanOutlineofthefundamentalphysicalpnnciplesoftheboundarylayer

and diffuser：The experimentalapparatus are explainedin Chapter3with a

descriptionofthevelocltyandpressuremeasurementinstruments．InChapter4

WeeXaminewhetherflowseparationcontrolisinfluencedbytheboundarylayer

COndition．In Chapter5the mechanismforsuppresslng蝕）W SeParation uslng

VOrteXgeneratOrJetSisstudiedbymakingacompariSonbetweenthesteadyand

Pulsedjetsinordertoobtaindataontheoptlmalconditionsoflongitudinalvortices

forefftctiveseparationcontrol．Furthermore，Wemakeclearthatthedownstream

developmentoflongitudinalvorticesfbrpulsedjetsisdifftrentfromthatforsteady

JetS・FbrthesereasonswepreparedChapter6．InChapter7wedescribethe
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efftct ofthejet pitch angle on separation controlin order to obtain effective

englneenngdesigndata．InChapter8Wetakeuptheapplicationoftheactive

boundarylayercontroIsystemwhichutilizesthedataonthemechanismforthe

PreVention of separation of thelongitudinalvortices and theJet Pitch angle．

Finally；Chapter9containsasummaryofthepape工
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LongitudinalVortices

Figurel・1Longitudinalvorticesgeneratedbysolidvortexgenerators．
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Figure1．2　Longitudinalvorticesduetojetsissulngintofreestream．
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2．FUNDAMENTALTHEORY

2・10utlineofBoundaryLayerTheoryl34－38］

2・1．1TheBoundaryLayerConcept

TheinfluenceofviscosityathighReynoldsnumbersisconhedtoaverythin

layernearasolidwall．Iftheconditionofnoslipwerenottobesatis丘edforthe

CaSeOfarealfluid，therewouldbenoappreciabledi鮎rencebetweenthe丘eldof

flowoftherealfluidandthatofaperfectfluid．Howeveちthefactthatthefluid

adheres to the surface at the solid wall means thatfrictional forces retard the

motionofthefluidinathinlayernearthewall．Inthethinlayecthevelocityof

thefluidincreases n〇mZerO Onthe solidwall（no slip）toitsfullvalue which

COrreSpOndstoexternalfrictionlessflow（mainstream）．Thethinlayerwhichhas

alargevelocitygradientexistsnearthesolidwall．Thisthinlayeriscalledthe

boundarylayerl

Thethicknessofthisboundarylayerincreasesalongaplateinadownstream

direction．Figure2．1indicates diagrammatically the velocity distributionina

boundarylayeronaflatplate．Inhontoftheleadingedgeoftheplatethevelocity

distributionisuniform．Withincreaslngdistancefromtheleading edgeinthe

downstream direction，the thickness　6　0f the retardedlayerincreases

COntinuously Evidently；the thickness of the boundarylayerincreases with

increaslngViscosityl

WhenareglOnWithanadversepressuregradientexistsalOngthewall，the

retardednuidparticles nearthewallcannot，lngeneral，mOVe far downstream

agalnSttheincreased pressure owlngtO theirsmallkinetic energyl Thus the

deceleratedfluidparticlesintheboundarylayerdonotremaininthethinlayer

WhichadherestothebodylInsomecases，iftheboundarylayerincreasesits

thicknessconsiderablyinthedownstreamdirection，thedownstreammovementof
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thefluidnearthewallwhichhassmallmomentumispreventedandtheflOwinthe

boundarylayerbecomesreversed．Thiscausesthedeceleratedfluidparticlesto

befbrcedoutwards，Whichmeansthattheboundarylayerisseparatedfromthewall．

Thisphenomenonisca11edboundarylayerseparation．Boundarylayerseparation

isalwaysassociatedwiththefomationofvorticesandwithlargeenergylossesin

thewakeofthebodylItoccurspnmari1ynearthesharpcornerandbluntbodies，

SuChascircularcylindersandspheres．BehindsuchabodythereexistsareglOn

Of strongly decelerated　flowin which the pressure distribution deviates

COnSiderablyfromthatinafrictionlessnuid．Thelargedragofsuchbodiescanbe

explainedbytheexistenceofthislargedeviationinpressuredistributionwhichis

producedbyaconsequenceofboundarylayerseparation．

Boundarylayerseparationisanundesirablephenomenoninenglneenng．Fbr

example，ifflowseparationoccursonairfoils，liftmarkedlydecreasesandalarge

dragofthebodyisproduced．AdeteriorationintheperfomanCeOfthedi飢ISer

and theimpellerin the　fluid machineryis produced by　flow separation．

Ftlrthermore，themachinerylSVibratedviolentlyandbrokenbythe su喝efrom

flowseparation．

The Navier－Stokes equations are modi丘edforthe purpose ofderiving the

boundary－layer equation．In the case of steady　flow two－dimensional

incompressibleboundary－1ayerequationsarewrittenas

埜＋空＝0，
蝕　み

〟－…－＝」里＋甘蝕　身　　β血

（2．1）

Thehctthatseparationinsteadyflowoccursonlyindeceleratedflow（郎／dx＞0）

Canbeinferredftomaconsiderationoftherelationbetweenthepressuregradient

勒／dxandthevelocitydistributionu＆）withtheaidoftheboundary－1ayerequation．

FromEq．（2．1）withtheboundaryconditionsu＝V＝Owehaveaty＝0

〕ッ＝。＝豊・　　　　　（2・2）

Intheimmediateneighbo血00dofthewallthecurvatureOfthevelocitypro症le

dependsonlyonthepressuregradient，andthecurvatureOfthevelocitypro丘leat

thewallchangesitsslgnWiththepressuregradient．Fbrflowwithdecreaslng

pressure（acceleratedfl0叫郎／dx＜0））wehavefromEq．（2．2）that∂2u／＆2＜0
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OVer the whole width of the boundarylayer（see Fig．2．2）．Fbrflow with

increasingpressure（deceleratedflow畑／dx＞0）we血d∂2u／身2＞0（seeFig．2．3）．

HoweveHnanycasewhere∂2u／身2＜Oatalargedistancefromthewal1，there

mustexistapointforwhich∂2u／身2＝0．Thisisapointofinflexionofthe

VelocityproBleintheboundarylayerl

2．1．2BoundaryLayerThickness

Ingeneral，theboundarylayerthicknessisde丘nedasthatdistancefromthe

Wall where the velocity difftrs by one percentfrom the external velocityl

Howeveちitisimpossible to determine a boundarylayer thicknessin an

unambiguous way；because theinfluence ofviScosityln the boundarylayer

decreases asymptotically outwards．Instead of the boundarylayer thickness，

anotherquanti旬thedisplacementthickness　610rthemomentumthickness　∂2，

is sometimes usedina physically meaningfu1measureforthe boundarylayer

thickness・The displacement thicknessindicates the distance by which the

StreamlinesoftheexternalpotentialflOwaredisplacedasaconsequenceofthe

decreaseinvelocityintheboundarylayerowlngtOtheefftctoffrictionnearthe

Wall．Thedecreaseinvolumeflowduetotheinfluenceofhictionis

だ（仇－〟）射

SOthatthedisplacementthickness61isglVenby

瑚1＝『（仇一視砂，

Or

∂1源卜孟）か （2．3）

Thelossofmomentumintheboundarylayerduetotheviscoslty，aSCOmPared

WithpotentialflowISglVenby

だ伊（仇一項か

SOthatthemomentumthickness　62Canbede丘nedby

12



勅2∂2＝析勅一両砂，

∂2＝ど新一荒物・

Or

（2．4）

Thedisplacementthicknessandthemomentumthicknesshavearelationtothe

COnServationlawofmassandmomentum，reSpeCtivelyl Theratio旦2iscalledthe

Shapehctorandisde丘nedby

∂1

翫＝云 （2．5）

Theshapefactorindicates旦＿2≒2．6and旦2≒1．4forlaminarnowandtud）ulent

flow；reSpeCtively；lntheboundarylayeralongaflatplateatzeroincidence．Asthe

Valueof旦2becomessmalleりhecurvatureOfthevelocitypro丘Ieintheboundary

layerindicatesthetypeofflowwithdecreasingpressure（acceleratedflowiSeeFig．

2．2）．Asthevalueofq2becomeslargeちthecurvatureOfthevelocitypro丘Iein

the boundarylayerindicates the type of theflowwithincreaslng PreSSure

（deceleratedflow；SeeFig．2．3）．

2．2FlowinDi任llSerS［351

FbrthefluidtransfeI；PreSSurelossesusuallybecomesmallerwithdecreaslng

Velocity，becausethepressurelossesincreaseinproportiontothesquaredvelocityl

Therefore，itisimportant that the kinetic energylS COnVerted to pressure by

graduallydecreaslngthevelocityL TheflOwpathwhichcanconvertthekinetic

energytopressureenergylSCa11edadiffuserl Flowseparationoccurseasilyfor

flowsin the diffuser due to the adverse pressure gradient．Flow separation

PrOducesadecreaseintheefftctivecrosssectionoftheflowpathandthereforethe

PreSSurereCOVeryinthediffusermarkedlydecreases．

Figure2．4indicates the characteriStics of theflowin the diffuser with

rectangularcross－SeCtions．The area ratioAR（inlet to exit，AR＝耽／町）is

de丘nedastheratiobetweenthewidthoftheinlet町andthewidthoftheexit町Of

thediffuserl Whenthedivergenceangleofdiffuser（2α）issmal1，flowalongthe

Surhceisproduced（seeFig．2．4（a））．Howeveちifthedivergenceanglebecomesa

13



littlewider；nOWSeparationoccurslocallybecausetheflOwintheboundarylayer

CannOtOVerCOmethepressuregradient（seeFig．2．4（b））．Asthedivergenceangle

increases，theflOwisperfectlyseparatedfromeitherwallandproducesback－flow

（seeFig．2．4（C））．Howeveちtheflowadherestothewallattheotherside（seeFig．

2．4（C））．Inthiscase，thenowisveryunstableandthereforethelossesthenreach

a maximum．Ⅰf the divergence anglefurtherincreases，theflOwis perftctly

SeParatedfromthewallonbothsidesandchangesintoajetflow（seeFig．2．4（d））．

Thepressurerecoverycoe班cientq，isde丘nedas

q＝

在－♪∫

（1／2）／痢2
（2．6）

Herep denotesthe staticpressureand房■denotesthe meanvelocity overthe

CrOSSSeCtion，Whereass血scnptianderefertoconditionsattheinletandexitof

thedi凪lSe reSpeCtivelyl The performanCe Ofthediffuseris evaluatedbythe

difhserefftctiveness　77．Thisisde負nedas

q

′7＝扇，

where

q助＝1－・

1

（A尺）2’

（2．7）

istheidealpressurerecoverycoe疏cient．Howeveちfbrthedesignofdiffuserwe，

ingeneral，preftrashorterlengthdiffusertothemaximumdiffusereffectiveness．

Thepressurerecoverylnthediffuserbecomes

断か不幸廟古碗2）亮， （2．8）

Where

α＝去†〔餅・
In Eq．（2．8）αdenotes the modi丘ed coe疏Cient ofkinetic energy due to the

Velocltyfluctuationintheverticalplane，uLdenotesthelocalstreamwiSevelocity；A

denotesthesectionalareaofthediffuseちand首Idenotesthepressurelosses好

Chapter2inReftrence［35］）．Thevalueof Plisusuallylargeinthediffuserbut

theinnuenceofthepressurelossescanbeneglectednearthecenteraxisofthe

diffuserl Therefore，ifthestreamwisevelocitynearthecenteraxisisde丘nedasuc，

thepressurerecoverylSglVenaS

14



巧や2－α詔・ （2．9）

IfEq．（2．9）isintroducedintoEq．（2．6）and訂isreplacedbyu。，WeObtainthelocal

PreSSurereCOVeryCOe瓜cientq，LWrittenas

qェ＝吉城一勅書伊三・
（2．10）
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Figure2・11mageofboundarylayeralongaflatplateatzeroincidence．

Figure2・2　Vtlocitypromeinaboundarylayerwithpressuredecrease・

十

Figure2・3　VdocltyprOmeinaboundarylayerwithpressureincrease．
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（b）

Figure2．4　Flowinadiffuserwithrectangularcross－SeCtion．
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3．EXPERIMENTALAPPARATUS

3．lWindThnnel

The experiments were conducted uslng alow speed wind tunnel．The

SChematicdiagramandthewholeviewoftheexperimental由■Cilityareshownin

Figs．3．1and3．2，reSpeCtivelyl The windtunnelconsists ofa driving section，

recti丘cation section，and test section．Low tufbulenceflow entering the test

SeCtionwasinsuredbyconditionlngtheflowintherecti銭Cationsectionwhichwas

placedupstreamofthetestsection．Thewindtunnelwasdrivenbyanelectric

blower（modelS町－304－IV－Ⅰ）．TheflOwleavingtheblowerenteredachamberwith

SCreenSandahoneycomb．Fromthe diffuser；theflowenteredthe honeycomb，

passedthroughtwo丘ne－meShed screens，and entered the nozzle．The blower

insuredthatthenowratewassteadyandthatthefreestreamvelocityvariedfbmO

t0131扉S with a keestream tutbulenceintensity of±1．5percent．The test

SeCtioninletdimensionswere250×120mm（WXH）．Thetestsectionhadthe

functionofvariablediffuserwhichcouldadjustthedivergenceangle　αbetweenO

and45degrees．AdetaileddiagramofthetestsectionisshowninFig．3．2．The

jetnowwasdeliveredthroughaneedlevalveandanelectricvalve（mode12AF5－10）

afteraccumulatingtheairintoatankbyusingacompressorl Arotameter（model

J－2693）wasplacedatthedownstreamofthemeteringvalve．Themagnitudeof

thejetflOw rate was characterized by thejet－tO－freestream velocity ratiol償

（＝り／Uh）・Figure3・3Showstheconfigurationofjetsandthecoordinatesystem

usedtodescribetheflow丘eld．TheonglnSOfcoordinateX，YandZwerede丘ned

asthelocationofthejetoriGce，thelowerwall，andtheleftwallofthetestsection

（viewed from upstream），reSPeCtivelyl Three jet or抗ces were placed at the

upstreamofthedivergentlowerwallandwerecon丘guredontherighトhandsideof

thelowerwallinthetestsection（viewedfromupstream）．Thejetswereskewed

Withrespecttothefteestreamdirection（Odegreesbeingdownstream）andwere

Pitchedtothelowerwall．Thejetskewangleandthepitchangleweredenotedas

18



O and¢，reSpeCtivelylInthisstudy；thejetskewanglewassetat90degrees

（0＝90degrees）．The jet pitch angle and the jet ori丘ce diameter could be

ChangedbyreplacingthejetorificeunitshowninFig．3．4．

3．2LaboratoryComputer

Dataacquisitionand experiment controIwere accomplisheduslnga SORD

SRV4100－500computerwithani486DX4processorandhad20MB ofmemoryl

ThesystemincludedfburinterfaceboardsconnectedtotheISA－BusandVLBus

Whichwereusedto samplethe dataandcontroltheexperimentalinstrumentS．

Theinterhceboardswereadigital－tO－analogconverter（ⅣA），ananalog－tO－digital

COnVerter（〟D），and a stepping motor controlunit．Both the〟D andⅣA

COnVerterShad12－bitresolution．TheA／Dconverterwasutilizedinthehotwire

dataandthedi鮎rentialpressuredataacquisition．TheⅣAconverterwasutilized

inthecontrolofanelectricvalve．

3．3ⅥさlocityMeasurementInstrumentS

3．3．1Ⅹ－ArrayHotWire【39，401

The velocity field was measured uslng an X－array hot wire probe．A

SChematicoftheX－arrayprObeisshowninFig．3．5．Thisprobeconsistsoftwo

COnStanttemperatureanemOmeterSenSOrSpOSitionednominallyat45degreesto

thestreamwisedirectionand90degreestoeachotherl TheprobewasaModel

O252RT5withtwotungstenwires51Lmin diameterandfoursupport needles．

TheprobetlPWaS rOtatedintothe U－ViU－Wplanesin orderto obtain three－

dimensionalvelocityl Each ofthe two wires was connected to a ModellOlO

ConstantTbmperatureAnemometerbridgeoperatlngWithanovedleatratioof1．5．

Acalibrationtechniqueusedto丘ndthecalibrationcurveSOfoutputvoltage

VerSuSVelocitywasperformedbysettingtheprobeintoafreestream．Thevelocity
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responsewasdeterminedforninevelocitiesandamodi丘edKing’Slawwasusedto

expresstherelationshipbetweenthefluidvelocityandtheoutputvoltageofahot

Wireanemometer：Withaninclinedhotwirethemagnitudeoftheconvectionheat

transferkomthewireislessthanthatwithahotwiresetverticallyintheflow

becausethee鮎ctivevelocitycomponentwhichhasarelationtotheconvection

heattransftrdecreases．1bunderstandhowaheatedsensorcanbeusedtodetect

theanglebetweenthehotwiresensorandthevelocityvectoりhevelocityvector

is separatedinto two components，a COmpOnent nOrmal to the wire and a

COmpOnentparalleltothewire．Although，bothpassoverthewire，thenormal

COmPOnentismainlyresponsibleforsensorcooling．Inotherwords，forahotwire

inclinedat（冗／2＋0）degreesintheflow（seeFig．3．6）theflowcomponentalonga

hotwirecanbe assumedtobenegligibleandasa resulttheeffectivecooling

Velocity隼伊iswrittenas

侮＝〃COSβ， （3．1）

Wherevisthemagnitudeofthevelocityvectorand Oisdefinedastheangle

between the velocity vector and the component normal to thewire．This

relationship（3．1）iscalledthecosinelawofahotwire．Theradiationheattransftr

ratefromthesensortothesurroundingsisusuallyneglected，becausetheradiation

heatlossismuchlowerthanlossesbyconvectiontothefluidorconductiontothe

SuppOrtneedlesformostapplications．FbrahotwireanemometeちKing’slawis

usuallywrittenas

E2＝α＋∂喘，　　　　　　　　　　　　　　（3・2）

WhereEistheanemometeroutputvoltage，侮isthee鮎ctivecoolingvelocity；and
a，b，andnareKing’slawconstantsdeterminedthroughaleastsquaresGt．

Themeanvelocitycomponents，UandViweremeasuredbysettlngahotwire

intheUIVplane（seeFig．3．7（a））．MeasurementsintheUIWplanewereusedto

ObtainthemeanvelocitycomponentsWafterahotwireprobewasrotatedat90

degreesaroundthepmbeaxis（seeFig．3．7（b））．FbrthecaseshowninFig．3．7（a），

fromEq．（3．1）andFig．3．7（C）the effectivecoolingvelocityofeachhotwireis

writtenas

協1＝（〃COS鋸2＝〃22＋Ⅳ2，

協2＝（〃COS鋸2＝が21＋Ⅳ2，
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Where‰1and侮2indicatetheeffectivecoolingvelocityoftheNo・1hotwireand
theNo・2hotwire，reSpeCtivelyl FurthermOre，V。1andv。2indicate thevelocity

COmPOnentalongtheNo．1andNo．2hotwireofFig．3．7（a）or3．7（C），eSpeCtively二

Themeanvelocitycomponents，UandVibecome

打＝（侮1＋〝。2）cos450，

Ⅴ＝（〝。1－〝α2）cos450．

Therefore，V。1andv。2areWrittenas

打－Ⅴ
〃α1＝

〝α2＝

J豆’
打＋Ⅴ

（3．4）

（3．5）

Substituting Eq．（3．5）into Eq．Q．3）we obtain the relationship between the

e鮎ctivecoolingvelocityandthemeanvelocitycomponents，UiVandⅣ：

（3．6）

H的1＝

Thus

（3．7）

Hence，ifthemeanvelocitycomponents，Vand町areverysmallcomparedwith

thecomponentU，WemuSthave

〔許（折0・
ThkingEq．（3．8）intoaccount，WeCanObtaininthefo1lowingmodi丘edform：

U＝き 1＋2芸＝芸（1＋芸〕＝等，
andsimilarlyweobtain

侮2＝
打－Ⅴ

‾二百‾

（3．8）

（3．9）

（3．10）

Finally；for the configuration oftwo hot wiresin Fig．3．7（a），the relationship

between the mean velocity components and the e鮎ctive cooling velocitylS

describedasfollows：
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打＝去（物＋侮2），

Ⅴ＝去侮1一物2）・

（3．11）

Forthecon五gurationoftwohotwiresinFig．3．7（b），Eq．（3．3）ismodifiedinthe

fo11owlngform：

協1＝〃g2＋V2，

協2＝浸1＋V2・

打＝去（物＋物2），

Ⅳ＝主物1－侮2）・

Thus

3．3．2StreamwiseⅥ）rticity

（3．12）

（3．13）

ItisnecessarytoknowanaccuratevorticityBeldinordertounderstandthe

StruCtureOfthevorticesandtocomputetheirstrength．Inthisstudy；SeCOndary

velocitymeasurementswerecarriedouttodeterminethestreamwisevorticityat

eachdatapolnt．ThestreamwisevorticitylSglVenaS

瞑信一訝・　　　　　　　（3・14）
ThetwotemSOntheright－handsideinEq．（3．14）arediscretizedinspaceusing

SeCOnd－Ordercentral負nite－difEerenceapproximation．呪．10r吼＿11SWritten，by

usingtheThylorseriesaroundthepointan（seeFig・3・8），aS

勒＋1＝町＋dy）＝取＋』弼＋喜（dy柵＋…，

吼一1＝叩－dy）＝呪－』弼＋喜（dy耽－…，

henceeachtermofEq．（3．14）canbewrittenas

∂肝，，”l‰十1－I‰＿1
ここ町；ご

∂y　　　　　　2∠dy
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and

＝畷完
∂Ⅴ，〝　挽＋1一楊＿1

ぼ　り‘　　2AZ　’
（3．18）

Where AYand AZdenoteauniformmeshspaclnginthenormaldirectionandthe

SpanWisedirection，reSPeCtivelyl One－Sidedifftrenceisusedattheboundaryln

thecomputationaldomainand吼±20r吼±11SWritten，byuslngtheThylorseries

aroundthepointan（seeFig．3．9），aS

l佐±2＝取±2dm畷＋

I‰±1＝l穐±dn畷＋

（±2dy）2 （』dy）3
砺㌻十…，

昭＋…，

henceeachtermofEq．（3．14）attheboundaryregioncanbewrittenas

∂Ⅳ

∂y

∂Ⅳ

∂y

＝I畷彩

＝町；ミ・

竺＝Ⅵ；ミ．

竺＝巧；ミ
∂Z

and

ー31‰＋4職＋1－職＋2

2∠ly

十31佐一4取＿1＋l悔＿2

2dy

－3楊＋4祐＋1－鴨＋2

2AZ

＋3祐一4鴨＿1＋楊＿2

2dZ

3．3．3SingleJWireProbe

（forward－di鮎rence），

（backward－di鮎rence），

（forward－difftrence），

（backward－difference）．

（3．19）

（3．20）

（3．21）

（3．22）

（3．23）

（3．24）

Figure3．10indicatesaslngle－Wireprobewhichisusedinordertomeasurethe

Streamwise mean velocityln the boundarylayerl The single－Wire probe was

DANTECMode19055PO141，Whichhadaslngle－WiresensorattachedtothetlPSOf

twosupportneedles，andwascalibratedinthefreestreamnearaPitottubewhich

WaSuSedtomeasurethefreestreamvelocityofthewindtunnel．Therelationship

betweentheoutputvoltage ofthe single⊥Wireprobe andthefluidvelocitywas

deteminedbyuslngalinearizerModel1013．TheprobehadatlPOfatungsten

Wire5lLmindiamete工　Theslngle－wirewasfixedverticallytothe血・eeStream．
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3．3．4HotWireAnemometerl39，401

TheWheatstonebridgeisusedinmanyelectronicinstrumentStOglVe an

errorslgnalproportionaltothedifftrencebetweenavariableslgnalandareference

Slgnal．ItsuseinhotwireanemometrylSatyPicalapplication．Theconstant

temperatureanemometerusesaftedbackampl漬ertoautomaticallymaintainthe

SenSOrtemperatureCOnStant．Fbrconstanttemperatureoperationtheadjustable

resistoris set to a highervalue than thatforabalancedbridge based on the

resistanceoftheunheatedprobetopreventtheoscillationofthecircuit．The

bridge voltageisincreased to heat the sensor：Thisincreases the sensor

resistanceandbringsthebridgeintobalance．Anybridgeimbalancecausedby

Velocityvariationsisremovedbyreadjustingthebridgevoltage．Theresulting

bridgevoltageisrelatedtothefluidvelocitythroughKing’slaw

3．3．5恥mperatureMeasurementUnit

Hotwiremeasurementsrequiredcontinuoustemperaturemonitonngtomake

temperature corrections．　The h≡eStream temperature meaSurementS　for

COrreCting temperature drift were made uslng a ModellO20　temperature

measurementunitandprobe．Theprobesensorelementisglass－platedplatinum

protectedwithastainlesssteelpipe（seeFig．3．11）．

3．3．6Three－AxisAntomaticProbeTraverslngUnit
●

ProbeplacementwasachieveduslngatraVerSlngmeChanismthatprovidedfor

automaticstreamwise考spanwiseZ，andnormalYpositionlngandmanualprobe

rotation about an axis parallelto the streamwise direction．Stepplng mOtOrS

（modelKP6M2－005），StepPingmotordrivers（modelSMD－301），anda stepping

motorcontrolunit（modelSMC－3（PC））wereusedtocontroltheprobepositioning．

Byuslngthismethoditwaspossibletocontroltheprobeplacementatintervalsof
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0．1mmineachdirection．

3．4％rtexGeneratorJetDevice

The vortex generatorJet deviceis showninFig．3．12．It consists ofan

electricmotor（modelM6100－201K）andarotordisk．ThereisaholelOmmin

diameterdri11edintotherotordisk．Thevortexgeneratorcanselectsteadynow

Orthepulsedflowjets．PulsedflowwasproducedbypasslngOrShuttingoffthe

SeCOndaryairfromacompressoruslngtherotorwhichwasdrivenbytheelectric

moto工　Steadyjetflowwasmaintainediftherotorkeptupthepositionpasslngthe

SeCOndaryairfreelylInthisstudy；therotorallowedapulserateofupto23Hz．

The revolutions perminute were measuredwith a revolutionindicator（model

OO204）whichdidnotcontactwiththeroto工

3．5PressureMeasurementInstrumentS

Static pressure measurements were made uslng a di鮎rential pressure

transducerMode13051CDwhichwasverysensitivetopressuredifference（0．01

mmAq）．The pressure value was converted B：Om the’output voltage of the

di鮎rential pressure transducer by alinear calibration釦．Static pressure

measurementsinthetestsectionwerecarriedoutatwallmountedstaticpressure

tapsinthedownstream（seeFig．3．13）．
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Diffuser

一Q

Flow

（Dimensionsinmm）

Figure3．1Schematicdiagramofexperimentalhcilityl
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g＝0　g＝57．5

（Dimensionsinmm）

Figure3．3　Tbstsectiongeometryl

FIEO
（Dimensionsinmm）

Figure3．4Jetcon五gurationsintestsection．
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（a）Pi＝2mm，¢＝30deg

（C）Pi＝2mm，¢＝60deg

（b）巧＝2mm，¢＝45deg

（d）Pi＝3mm，¢＝45deg

Figure3．5Jetor追ceunits．
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≡‾l T

Figure3．6　Ⅹ－amyhotwireprobe．

Figure3．7Inclinedhotwire．
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〃

（a）U－Vplane （b）UIWplane

（C）No．lorNo．2hotwireandvelocityvectorv

Figure3．8　Hotwireconfiguration．
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Figure3．91nsideofcomputationaldomain．

Figure3．10　Boundaryofcomputationaldomain．
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Figure3．11Single－wireprobe．
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Figure3・12　TbmperaturemeaSurementprObe．
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Compressor

匡」■踊綿J
（Dimensionsinmm）

Figure3．13　Ⅵ）rteXgeneratOrjetdevice．
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Figure3・14　Locationofstaticpressureholesintestsection．
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4．EFFECTOFBOUNDARY

LAYERCONDITIONON

SEPARATIONCONTROL

Ingeneral，theboundarylayerconditionmustbeknownbeforeperformlng

Separationcontrol．Inthischaptecthee鮎ctoftheboundarylayerconditionon

Separation controlisinvestigatedfor the vortex generatorjet method．Itis

Clari丘edthatitisnotnecessarytoknowinadvancewhethertheboundarylayeris

laminarortutbulent．

4．1ExperimentalMethod

AdetaileddiagramofthetestsectionisshowninFig．3．2．Inthisexperiment，

twoB・eeStreamVelocitiesUo＝6．5and11．11TVswerechosenandthejetori鮎ewas

2mmin diameter：The jets were skewed at90degrees to thefreestream

directionandpitchedat45degreestothelowerwall．AtripplngWirewhichwas

l．6mmindiameterwassetatX＝－100mm（牙＝Oindicatesthelocationofissuing

jets）．The diameterofthetrippingwireDEWhichcancauseatransitionh）m

laminartotud）ulentflowwassodeterminedastosatisfyD，≧900V／Ub（¢Chapter

5inReftrencel351），Wheret左isthefreestreamvelocityand visthekinematic

Viscosltyl Thevelocitymeasurementsintheboundarylayerwerecarriedoutat

O．2mmintervalsinthenormaldirectionh）mthepositionwhichwasO．3mmfrom

thelowerwallofthetestsection（seeFig．3．2）．Theboundarylayerprobeshown

inFig．3．8wasused．Thesurfacetuftmethodwasadoptedasaflowvisualization

technique．In this study；tufts were made oflight and thin paperlIn this

experiment，thediffuse′sdivergenceanglewassetat20degrees（α＝20degrees）．
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4．2ResultsandDiscussion

4．2．1TransitionwithaTripplngWire
●

Figure4．1Shows the streamwise velocity pro銭les with a tripplngwirein

COmparisonwiththosewithoutatrippingwirefbrUh＝6．5m／S．InFig．4．1，the

Velocitypro丘leswithoutatripplngWirearecomparablewiththeBlasiussolution．

Theshapehctoriscalculated血）mEqs．（2．3），（2．4），and（2．5）．Equations（2．3）and

（2．4）areintegratedalongthedistanceYhomthelowerwallkomY＝0（lowerwall）

to Y＝6．7Yleupperlimit ofirrtegrationofEqs．（2．3）and（2．4）couldhere be

replacedbyY＝6，Whichisde銭nedasthedistanceoftqUb＝0．99．Thevelocity

proBleintheboundarylayerisassumedtobethefburth（forthecasewithouta

trippingwire）oreighth（fbrthecasewithatrippingwire）powerpolynomialofthe

distanceYfromthelowerwall．FbrthecasesofFigs．4．1（a）and4．1（b）theshape

factorindicates旦2＝2．27and旦2＝2．13，reSpeCtivelyl Ontheotherhand，forthe

CaSe With a tripping wirein Figs．4．1（a）and4．1（b）the shape hctorindicates

旦2＝1．49and旦＿2＝1．77，reSpeCtivelyl Henceitisconcludedthattheboundary

layerconditionhasbeenchangedfromlaminartotufbulentflowbyatnpplngwire．

Figure4．2showstheflOwvisualizationresultsinthedivergentportionofthe

testsectionforanunforced（non－issuingjets）case．Figure4．3showstheflOw

VisualizationresultswhenjetsareissulngtOSupPreSStheflowseparation．The

airflowsfromlefttorightinthese銭gures．FromFig．4．2，itisseenthatthe

SeparationpointmovesdownstreambyatnpplngWirebecausethetransitionfrom

laminartotufbulentboundarylayeroccurs．Ontheotherhand，forthecaseof

issulngjetsitisclearthatthecontroleffectisnotinfluencedbytheboundarylayer

COndition（seeFig．4．3）．Thisindicatesthatlongitudinalvorticesgeneratedbythe

interactionbetweenthejetsandtheheestreamisdominantincomparisonwiththe

distud）anCeduetoatnpplngWire．
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4．2．2TransitionwithoutaTripplngWire
●

Figure4．4Shows the streamwise velocity profiles for the casewithout a

tnpplngWire．Thispro丘leglVeS旦2＝1．89．Theboundarylayerthickness　6　fbr

aflatplateatzeroincidenceisexpressedas

∂＝5．0

5∬

肩’
（4．1）

Where

軋∵＝亡亘．

andxisthelengthfromtheleadingedgeoftheplate．AccordingtoEq．（4．1），the

boundarylayerthicknessonaflatplateincreasesinprt）pOrtiontoJ言．The

boundarylayeronaplateisalwayslaminarneartheleading edgeandbecomes

tufbulentfurther downstream．The smallest Reynolds number with which

transitionoccursonaflatplateisthecriticalReynoldsnu血ber；aSdeteminedby

旦町頭＝ 〔讐〕 Cわf

＝3．2×105．　　　　　　　　　　　　　　　（4．2）

Inthecaseofaplate，thevalueRex，Crit＝3．2×105Shouldberegardedasthelower

limittoproducethetransitionfromlaminartotutbulentflow」Fbrthecasewitha

trippingwire（see Fig．4．1（a）），1etting the approximation curve血thevelocity

pro丘Ies，Wehave6＝4．94．Theboundarylayerthicknessisdefinedasthelocation

basedontHUh＝0．99．FbrthecasesofUo＝6．5and11．1rrVs，itwillbeseenfrom

Eqs．（4．1）and（4．2）thattheReynoldsnumberisRex＝1．8×105andRex＝6．9×105，

respectivelyl Thisindicates that the boundarylayer becomes tud）ulent for

Uh＝11．1m／sinthe casewithout a trippingwire．Figure4．5shows theflow

VisualizationresultsfbrUb＝11．1rrVs．Adi鮎rencebetweenthetwocaseswith

andwithoutatripplngwiredoesnotappearl

4．3Conclusions

SummanzlngtheaboveresultsonseparationcontroluslngVOrteXgeneratOr
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JetS，thefollowlngCOnClusionsweredrawn：

1・Inthepresentwindtunnel，tranSitionfromlaminartotutbulentboundary

layertakesplacewhileincreaslngthefteestreamvelocityl

2・A tripplng Wire changes the boundarylayer condition fromlaminar to

tud）ulentflOw and the transition causes the separation polnt tO mOVe

downstream．

3・Inthevortexgeneratorjetmethod，Whethertheboundarylayerislaminar

Ortutbulenthasnoinfluenceonseparationcontrol．

4・Fbrthevortexgeneratorjetmethod，SeparationcontroIcanbeachieved

Withoutsurveylngtheboundarylayerconditionbefoecontrol・
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Figure4．1Streamwisevelocitypromeswithandwithouttrippingwire（TW）

（Uo＝6．5nVs，unforced）．

39



（a）Withouttrippingwire

（b）Withtrippingwire

Figure4．2　SurhceflOwindivergentportionofthetestsection（U。＝6・5ITVs，

unb托ed）．
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（a）Withouttrippingwire

（b）Withtrippingwire

Figure4．3　Surhceflowindivergentportionofthetestsection（th＝6．5ITVs，

Ⅷ＝6．5）．
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（a）Withouttrippingwire

（b）Withtrippingwire

Figure4・5　SurhceflOwindivergentportionofthetestsection（U。＝11．1血S，

unb托ed）．
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5．MECHANISMOFACTIVE

BOUNDARYLAYER

CONTROL

Itisimportanttounderstandthemechanismofactiveseparationcontrolinthe

actualuseofvortexgeneratorjets．Inthischapter；lnOrdertoinvestlgatethe

mechanismfbrsuppresslngflowseparation，eXperimentsaredescribedwhichmake

a compariSon between the two roles of steady and pulsedjetsin generating

longitudinalvortices．Meanvelocity promes，the downstream development of

longitudinalvortices，SeCOndaryflowvectors，andcontourSOfstreamwisevorticity

wi11bepresentedforthepurposeofunderstandingthemechanismforpreventing

flowseparation．

5．1ExperimentalMethod

AschematicdiagramofthewindtunnelusedisshowninFig．3．1．Inthis

experiment，tWOfreestreamvelocities Uh＝6．5and11．1m／swerechosen．The

testsectionwasconBguredwithalowerwallwhichhadadivergenceangleof200r

30degrees．Adetai1ed diagramofthetestsectionisshowninFig．3．2．The

magnitudeofthejetnowratewascharacterizedbythejet－tO－freestreamVelocity

ratiol償・ThevortexgeneratorJetdeviceisshowninFig．3・12．Thepulserate

WaSallowedupto23Hz．TheconAgurationofjetsandthecoordinatesystem

usedtodescribetheflow丘eldareshowninFig．3．3．Threejets2mmindiameter

Wereplacedattheupstreamofthedivergentlowerwallandtheirori丘ceswere

COnfiguredontheright－handsideofthelowerwallinthetestsection（viewedfrom

upstream）．Thejetsinthisstudywereskewedat90degreestothefteestream

directionandpitchedat45degreestothelowerwal1．

Vtlocitypr061esinthetestsectionwereobtaineduslnganX－arrayhotwire

probe・Thehotwireprobewas supportedbyathree－aXiscomputer－COntrOlled
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traverseunit．Streamwisevelocitypro丘lesweremeasuredatZ＝110mmtoavoid

theeffectofjetorifices．ThedownstreamlocationswerechosenatX＝40，70，110

mm・ThevelocitymeasurementsinarZplanewerecarriedoutatequalspaces

Of5mm，1ntheXandYdirections．

5．2ResultsandDiscussion

5．2．1ⅥhveformOfPulsedJets

Figure5．1showsthewaveformofthepulSedjetsinthisstudyl Thepulsed

jetgeneratorhasatendencytobroadenthepeakreglOnOfthewaveformforboth

CaSeS Ofincreasingthejetflow rate（orequallyincreasingjet speed）and the

lowenngofa丘equencyl ThefeatureOfthefrequency－lowenngcaseresultsfrom

theincreasedpassagetimeofthesecondaryairduetodecreasedrotorspeed・

5．2．2FlowⅥsualizationResults

Thesurhcetuftmethodwasusedasadiagnostictechmiquetoobservethe

efftctofvortexgeneratorJetSOnSeparatedflow　′nlftswereputonthelowerwall

OfthetestsectionatZ＝125and140mm．Figure5．2showsthesurfaceflOwin

the divergent portion ofthe test section and the airflowsfromleft toright．

Figures5．2（a），5．2（b），and5．2（C）indicateanunforced（non－issuingjets）case，the

pulsedjetcase，andthesteadyjetcase，reSpeCtivelylItisseent血tsteadyor

Pulsedvortex generatorJetSCan delay now separationincomparisonwiththe

unforcedcase．
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5．2．3StreamwiseⅥ！locityMeasurements

Figures5．3and5．4showthestreamwisevelocityprofi1esinthetestsection．

Thedataarepresentedfbralowerwal1divergenceof20degrees．Theprofilesfbr

the unforced casein these五guresindicate a boundarylayer separationin the

divergentportionofthetestsection．FbrUb＝6．5andll．1ITVs，Pulsedjetsleadto

agreatervelocitylnCreaSeinthenear－WallreglOnatthemeasurementstationsof

thedivergentportionincomparisonwiththeunforcedcase．Figure5．3showsthat

theeffectiveneariWallvelocityincreaseisachievedbyincreaslngthejetnowrate．

ThisresultcoincideswiththeconclusionfbrsteadyjetsbyComptonandJohnston

l181whichstatesthatastrongvortexcouldbeproducedbyincreasingthejetflow

rateinthesamefreestreamspeed．

Ontheotherhand，thevelocityprofi1esforthecaseofth＝11．1印／saresimilar

fbrthetwodifferent僅ofthepulsedjetcase（seeFig．5．4）．Ⅰnthisstudy；We

de丘nepositivevorticesinayZplaneforclockwiserotatingoneswhenweview

fromupstream．Figure5．5showsacompariSonbetweenthedownstreamdecays

Of the maximum positive vorticity and the minimum negative vorticity of

longitudinalvortices．Thepositivevorticityproducedbytheinteractionbetween

thejetsandthefreestreambecomesstrongwithincreaslngfreestreamvelocityata

丘Ⅹedl甥．Ⅰnotherwords，thecaseofUb＝11．1m／sgenerateslongitudinalvortices

thatarestrongenoughtoachievethenear－WallvelocitylnCreaSe．

‰ocasesofjetpulsefrequency諭＝10and20Hz，Wereinvestigated．The

ShapesofpeaksintheonglnalwavefbmOfpulsedjetsbroadenwithrespecttothe

timeaxisandalsothejetflOwrateperpulseisincreasedbylowenngthepulse

frequencyIncontrast，increaslngthepulsefrequencyleadstoanincreaseinthe

number of peaksin the originalwavefbrmin a timeinterval．However；the

pro丘lesfbrカ＝20Hz（seeFig．5．6）showthatthenear－Wallvelocityisincreasedin

COmParison with thoseforカ＝10Hz．In the present experiment，itis thus

COnCludedthatincreaslngthepulseftequencylSmOree鮎ctiveinthecontrolof

flowseparationincompariSonwithbroadeningtheshapesofpeaksbylowenngthe

pulseftequencyl

Thevelocitypromeforsteadyjets（SeeFig．5．4（a））showsavelocitydefect

neartheouteredgeoftheboundarylayeroftheunforcedcase，Whilethepulsed

jets have the ability to thin the boundarylayer thickness．Figure5．7shows
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StreamWiseflow vectors atX＝40，70，110mm．Fbr the case ofpulsed jets，

downwardflowvectorsexistinthemeasurementreg10n．Ontheotherhand，for

the case ofsteadyjets，uPWardnow vectors exist nearthe outer edge ofthe

boundarylayerlIn the steady jet case，thereis a velocity defect because

downwardflowdoesnotexistneartheouteredgeoftheboundarylayerincontrast

Withthepulsedjetcase（seeFig．5．7）．

ThecorrelationofUandVwithrespecttotheperiOdofpulsedjetsandthe

VelocitymeasurementsforthecaseofpulsedjetsareshowninFig・5・8・Fbr方＝20

Hzandthesamplingtimeof30msofstreamwisevelocity；1SSulngjetscoincides

Withthesamplingateverylntervalof150ms．Astreamwisevelocitydecreaseis

Observedatthattime．Inotherwords，ifthevelocityismeasuredattheinstant

thatthejetsareblown，aStreamWisevelocitydecreaseisobserved．Itishence

SuppOSedthatsteadyjetshaveatendencytoincreasethevelocityinYdirection

neartheouteredgeoftheboundarylayerandalsotodecreasethestreamwise

Velocitythere．

ForthevortexgeneratorJetmethod，anincreaseinthejetflowratecausesa

near－Wallvelocityincreaseandmakeseffectivethecontroloftheseparatedflowfor

thesamefreestreamspeed．TheincreaseinthejetflOwratecorrespondstothe

broadenlng Ofthe shape ofthe peaks ofthe pulsedjets．In orderto avoida

Velocitydefectneartheouteredgeoftheboundarylayer；thepulsedjetmethod

thereforeisimportant．

5．2．4Ⅵ！locityMeasurementsinarZPlane

Figures5．9and5．10Show the downstream development oflongitudinal

VOrticesR）rthecaseofpulsedjets．SecondaryflowvectorsatX＝70，110mmare

ShowninFig．5．11．Figures5．9and5．10indicatethatthelongitudinalvortices

persistnearthelowerwallinthedownstreamdirection．Nostrongvorticesexist

apart from thelowerwall．From Fig．5．11itis seen that the secondaryflow

towardthelowerwal1isinducedbythee鮎ctofthelongitudinalvorticesinthe

near－Wallreg10n．Thesecondaryflowoflongitudinalvorticesmaytransportthe

highmomentumfluidofthefreestreamtothe′lowerwall．Thesuppressionofnow

Separationin a separatedflow丘eldis accomplished by transportlng the high
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momentumfluidofthefreestreamtothelowerwall．

Figure5．12showsthedownstreamdevelopmentoflongitudinalvorticesfor

thecase ofsteadyjets．AcomparisonbetweenFig．5．90r5．10andFig．5．11

makesclearthatthedownstreamdevelopmentoflongitudinalvorticesforthecase

Ofpulsedjetsisqultedi鮎rentfromthatforthecaseofsteadyjets．Pulsedjets

keepthevorticesnearthelowerwall．BecausePulsedjetsenhancethemlXlng

processbetweenthejetsandthekeestreamfurtherthansteadyjets，theupward

movementoflongitudinalvorticesissuppressed．

FfomFig．5．12counter－rOtatingvortices（withanegativesign）ontheupwash

Side ofthelongitudinalvortices atX＝10mmare seentobeproduced．Itis

SuPpOSedthatthecounter－rOtatingvorticesareinducedbythelongitudinalvortices

movlngaWayhomthelowerwall．VbrtexpalrSarethenformed．ThreepalrSOf

POSitive and negative vortices align on the　right－hand side of Fig．5．12

COrreSpOndingtothethreejets．ThefomationofvortexpalrSisduetothesteady

JetSWhichmakeineffectivethemⅨlngPrOCeSSbetweenthejetsandthef陀eStream．

ThesuppressionofmlXlngbringsabouttheupwardmovementofvortices・The

palrSOfvorticescontinuetobeliftedawayfromthelowerwallinthedownstream

directionduetothevelocityinducedbyeachvortexpalritself・Thevortices，

exceptfor the edge vortices on both sides ofthis array；become weaker and

disappearinthedownstreamdirection．ThesecondaryflowvectorsatX＝70，

110mmareshowninFig．5．13．Anupwardsecondaryflowisproducednear

Z＝110mm．Itisplausiblethattheupwashisinducedbyavortexpairfbrmedasa

resultoftheproductionofacounter－rOtatingvortexofnearlyequalstrength（see

ng．5．12）．

Fbrthe case ofsteadyjets，the minimum negativevorticity hasa strength

nearlyequaltothemaximumpositivevorticityl Ontheotherhand，fbrthecaseof

Pulsedjets，themaximumstrengthofpositivevorticityincreaseswithincreasing

f把eStreamVelocity；WhilethatofnegativevorticitylSalmostunchangedfbrvarious

f陀eStream Velocities（See also Fig．5．5）．The suppression efftct against the

upwardnowisachievedbykeeplngthelongitudinalvorticesnearthelowerwall．

Thesevorticescane鮎ctivelytransportthehighmomentumfluidofthefreestream

tothelowerwall．

Figure5．14showsthecontoursofthestreamwisevelocityl Forthecaseof

Steadyjets，the contours exhibit strong distortion nearthe outeredge ofthe

boundarylayer near Z＝110mm and therefbre the boundarylayer thickness

48



increases．ThisisduetotheupwashinducedbyapalrOfvorticesofnearlyequal

Strengthatthespanwiselocation（seeFig．5．13）．Evenifthesuppressioneffect

against separationis achieved，With the steady jet case the upwash makes

ine鮎ctivethesecondaryflOwtowardthelowerwallinanarrowspanwisereglOn．

MoreoveI；thevelocitydeftctneartheouteredgeoftheboundarylayerisbrought

aboutbytheupwashandtherebytheboundarylayerthicknessvarieslargelyinthe

SPanWisedirection．Thischaracteristicis alsocon丘rmedinFig．5．3where the

meanvelocityforthesteadyjetcaseismuchlowerthanthatfortheunforcedcase．

Itshouldbenotedthatthestreamwisevelocitymeasurementsarecarriedoutjust

atZ＝110mmwheretheupwashoccurS（seeFig．5．14（b））．

5．2．5ApplicationforDivergenceAngleof30Degrees

Figure5．15showsthestreamwisevelocitypro丘lesatX＝110mminthecase

Ofadivergenceangleof30degreesforthepulsedjetcase．Thepromesindicate

thatthenear－Wallvelocityhardlyincreases．Figure5．16showsthedownstream

developmentofthelongitudinalvorticesproducedbytheinteractionbetweenthe

Pulsedjetsandthe血・eeStream．ThelongitudinalvorticesbeglntOliftawayfrom

thelowerwallatX＝70mm andexistfarfromthelowerwallatX＝110mm．A

COunter－rOtating vortex of nearly equalstrength exists below thelongitudinal

VOrteXbecauseitmovesawayfromthelowerwal1．Accordinglyithesecondary

flOwtowardthelowerwallcannotbeproduced，aSSeeninFig．5．17．Figure5．18

indicatestheflowsituationatX＝110mmforth＝11．1ITVs．Itisseenthatthe

behavioroflongitudinalvorticesfbrU。＝11．1rrVsissimilartothatforUb＝6．5rrVs．

Thehighmomentumfluidofthefreestreamisnotcarriedeffectivelytowardthe

lowerwal1andasaresultthenear－Wallvelocityinthedivergentportionofthetest

sectiondoesnotincrease．

5．3Conclusions

Fromthepresentexperimentalstudyonthemechanismofactiveboundary
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1ayercontroluslnglongitudinalvortices，thefollowlngCOnClusionsweredrawn：

1．The suppressionofflow separationisachievedbythe secondaryflowof

longitudinalvortices，prOducedbytheinteractionbetweenthejetsandthe

freestream，Whichtransportsthehighmomentumfluidofthefreestream

towardthelowerwall．

2・Ifacounter－rOtatingvortexisinducedbythevortexwhichmovesawayfrom

thelowerwal1，apalrOfvorticesisformed．Anupwashisinducedbythe

palrOfvorticesandasa resulttheboundarylayerthicknessis strongly

distorted．The thickness becomesinhomogeneousin the spanwise

directionbecausethestreamwisevelocitydecreasesintheupwashreglOn．

3．Theincreasein near－Wallvelocityin the divergent portion ofthe test

SeCtionisachievedbya句ustingthestrengthoflongitudinalvorticeswhich

depends on thejetflow rate．Pulsedjets ehhance the mlXlng prOCeSS

betweenthejets and the heestreamfurthercomparedwith steadyjets．

Thiskeepslongitudinalvorticesclosetothelowerwallandneverproduces

anyupwash．
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（a）方＝20Hz，q＝20〝min（Timeinterval＝10ms）

（b）方＝20Hz，q＝60〝min（Timeinterval＝10ms）

（C）方＝10Hz，q＝60〝min（Timeinterval＝20ms）

Figure5．10riginalwaveformofpulsedjets．
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（a）Unfbrced

（b）1償＝9・5，万＝20Hz

（C）Ⅷ＝13

Figure5・2　SurhceflOwindivergentportionofthetestsection（Uh＝6．5m／S）．
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6．GENERATINGMECHANISMOF

LONGITUDINALVORTICES

USINGPULSEDJETS

InChapter5，themechanismfbrsuppresslngflowseparationwasinvestigated

bymakingacomparisonbetweensteadyandpulsedjets．ItwasclariBedthatthe

shapeandthedownstreamdevelopmentofvorticesfbrthepulsedjetcasewere

di鮎rent from those fbr the steady jet case．Howeveちthe reasons why the

VOrticesforthesteadyjetcasebehaveinamannerdi鮎rentfromthoseforthe

pulsedjetcaseareunknown．InthischapteI；lnOrdertounderstandthesereasons

velocitymeasurementSinaYZplaneovervariousphasesofpulsedjetsarecarried

Out．

6．1ExperimentalMethod

Figure3．12indicatesthevortexgeneratorjetdevice．Thepulsedjetflow

WaSprOducedbypasslngOrShuttlngOffthesecondaryairfromacompressoruslng

arotordiskofthevortexgeneratorjetdevice．Therevolutionsperminuteofthe

rotorweremeasuredbyuslnganOn－COntaCttypereVOlutionindicato工　Areflector

wassetonacouplingwhichconnectstherotorwithadrivingmotorofthevortex

generatorJetdevice・Therevolutionsperminuteweredeteminedfromthetime

intervalforwhich the slgnalwas detected．The velocity measurements were

carriedoutinresponsetotheslgnaldetectionoftherevolutionindicatorinorderto

knowtheflowaeldina血edphaseofthepulsedjet．urylngthepositionofthe

reflectoronthecoupling，WeChangedthephase．
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6．2ResultsandDiscussion

6．2．1LongitudinalⅥ）rticesin％riousPhasesof

PulsedJets

Figure6．1Shows various rotor positions relative to theflOw pass ofthe

SeCOndaryairofthevortexgeneratorJetdevice．PhaseNTisjustoutofphaseto

thepass．Phase3correspondstothephasewherethe holeintherotordisk

COincideswith theflow pass．In this phase，the maximumissulngjet rateis

attained．Phaselcorrespondstothephasejustbefbrejetsareissulng．Phase5

COrreSPOndsto thatJuSt afterissulng．Phase2and phase4Correspondtothe

intermediatephasebetweenphaselandphase3，andthatbetweenphase3and

phase5，reSpeCtivelyl FtlrthermOre，Phase7indicates a phase delayed by a

quartercycletophase3andphase6isintheintermediatebetweenphase5and

phase7．

Figure6．2Shows the contours ofstreamwise vorticityfor the pulsed and

Steadyjetcases．Fbrthepulsedjetcasethestreamwisevorticityiscalculatedby

averaglngdataoverawholephase．ItisseenfromFig．6．2thatforthesteadyjet

CaSethevorticitycontoursarecircularinshapeandthenegativevorticesexiston

the upwash side ofthe positivevortices．Thecounter－rOtatingvortexpalrS Of

nearlyequalstrengthareformed．Ontheotherhand，forthepulsedjetcasethe

VOrticitycontoursarenotcircularbutappeartohaveverticalelongationandthe

longitudinalvorticesexistclosetothelowerwall．

Figure6．3showslongitudinalvorticesinvariousphasesofthepulsedjets．In

phaseNTlongitudinalvorticesarenotobservedintheflow丘eldbecausethejets

arenotissued．Thelongitudinalvorticesaregeneratednearthelowerwallin

phaselorlacorrespondingtotheinstantatwhichthejetsbegintobeissued．

Phaselaindicatestheintermediatephasebetweenphaselandphase2．Inphase

2，thelongitudinalvorticesgrowintheverticaldirection．Inphase3，thevorticity

COntOurS have themaximumverticalelongationata pitchangle of45degrees．

When the phase changesfrom phase4to6，thelongitudinalvortices have no

SPreadingbutthey move graduallytowardthelowerwall．Furthermore，after

phase6thelongitudinalvortices are not observedih the now銭eld．Fbr the
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reasonsmentionedabove，thedifferentfeatureoflongitudinalvorticesbetweenthe

Steadyandpulsedjetscanbeexplainedbyconsideringthevortexbehaviorineach

phaseofpulsedjets．

6．2．2DownstreamDevelopmentofLongitudinal

Ⅵ）rtices

Figures5．9and5．12Show the downstream development oflongitudinal

VOrticesforthe pulsedjetcase andthe steadyjetcase，reSpeCtivelyこ　Fbrthe

Steadyjet caselongitudinalvortices formcounter－rOtatingvortex palrS andare

liftedawayftomthelowerwallinthedownstreamdirectionduetothevelocity

induced by a palr Of vortices．On the other hand，for the pulsed jet case

longitudinalvorticesdeveloplnthedownstreamdirectionwithoutformlngaVOrteX

palrandexistclosetothelowerwal1．1nordertoinvestigatethisphenomenonthe

downstreamdevelopmentoflongitudinalvorticeswasexaminedin丘Ⅹedphasesof

issulngPulsedjets．

Figure6．4shows the downstream development oflongitudinalvorticesin

phase3whichcorrespondstothemaximumissulngjetrate．AtX＝5mm，the

VOrticity contourS are StrOngly elongatedin the vertical direction．　The

longitudinalvorticeshavethestronginfluenceofthejetpitchangleandtherefore

areelongatedintheverticaldirectionincomparisonwiththesteadyjetcase．At

X＝20mm，thepositivevorticitycontoursbegintosplitoutintheverticaldirection．

In otherwords，forthe pulsedjet case the positive vortexis afftctedby the

a哺acent negative vortexin contrast to the steadyjet case，and therefbre the

positivevortexdevelopsdownstreaminsuchawaythatthevorticitycontoursare

SPlitoutintheverticaldirection．AtX＝220r26mm，thesplitpositivevortices

existabovethenegativevorticesbecausethepositivevortlCltyCOntOurShavethe

Verticalelongation．AtX＝30mm，theverticalpositionsofthepositivevortices

aredi鮎rentfromthoseofthenegativeonesfbrthreevortexpalrS．AtX＝40and

44mm，thenegativevorticescollapseinshape，Sincethepositivevorticesexist

abovethenegativevortices．AtX＝49mm，thenegativevorticesdonot keep

theircircularshapeandbecomeweakerl FbrthereasonglVenabove，WeSeethat

thenegativevorticitydecaysmorerapidlythanthepositiveone．Forpulsedjets
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theinteractionbetweenaqacentpositiveandnegativevorticesispromotedbythe

Jetpitchangleandasaresultanystrongcounter－rOtatingvortexpalrSarenOt

produced・Therefore，theupwardmovementoflongitudinalvorticesissuppressed

inthedownstreamdirection．

Figure6・5showsthedownstreamdevelopmentoflongitudinalvorticesfbr

issulngaSinglejet・Thiscasecorrespondstophase3，i．e．，themaximumissulng

Jetrate・Itisseenthatthedownstreamdevelopmentoflongithdinalvorticesis

Similartothethree－jetcase．Itisclearthatfortheslngle－jetcasethepositive

VOrteXissplitoutverticallyintotwopleCeSbytheinteractionwiththeopposite

SlgnVOrteXatX＝20mm．AtX＝40mm，thesplitpositivevortexexistsabovethe

negativevortexandacounter－rOtatingvortexpalrisproduced．Thelongitudinal

VOrticesdisappearatX＝60mm・Thisphenomenoninwhichthepositivevortexis

Split out by theinteractionwith the negative vortexis not afftcted by the

interactionwiththeadjacentvortexpalrSbutbythejetpitchangle．

Thedownstreamdevelopmentoflongitudinalvorticesinthephasedelayedby

aquartercycletophase3（phase7）isshowninFig．6．6．Longitudinalvorticesare

notobservedatX＝5mm．Itisseenthatthelongitudinalvorticesareattachingto

thelowerwallatX＝20mm・However，theydonotattachtothelowerwal1atX＝

30mmandexistapartfromthelowerwallatX＝50mm・Thevorticitybecomes

StrOngerinthedownstreamdirectionandthetrailingedgeoflongitudinalvortex

existsnearX＝20mm．Longitudinalvorticesproducedbyissulngjetsdevelopln

thedownstreaminsuchawaythatthetrailingedgeofvorticesattachestothe

lowerwal1．

6・2・3UpwardDevelopmentofLongitudinalⅥ）rtices

InFig・6・4，atX＝30mmthreepalrSOfvorticesexistatneadyequalvertical

POSitions・However；atX＝49mmthevortexpalrOntheleftsideedgeofthe

figureisplacedatthehigherverticalpositionincomparisonwiththeothervertex

palrS・Thenegativevortexwhichexistsatthecenterorontherightsideedgeof

Fig・6・4existsbetweenthe positivevortices．ThevortlCltybecomesweaker

undertheinfluenceoftheinteractionbetweentheoppositeslgnVOrticesonboth

Sides・Ontheotherhand，nOnegativevortexontheleftsideedgeexistsbetween
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thepositivevortices．Thenegativevortexonleftsideedgeismaintainedfurther

downstreamcomparedwiththeothernegativevorticesbecauseapositivevortex

existsonlyoneitherside．Therefore，thevortexpairattheleftsideedgehasthe

StrOnginfluenceofthevelocityinducedbythevortexpalrandthusexistsatthe

higherverticalpositionthantheothervortexpalrS．Figure6．7showstheupward

developmentoflongitudinalvorticesforthecaseoflargeVRduetoasinglejetin

phase3．The vorticitylS StrOng and therebre persistsfurther downstream

becausethejetspeedis由．Sterl Thevorticitycontoursarestronglyelongatedin

theverticaldirectionatX＝5mmandare circularatX＝110mm．The palrOf

VOrtices have an upward movement at X＝130and160mm．The upward

movementisbroughtaboutbythevelocityinducedbythevortexpalrl

Suppression offlow separationis achieved by the secondary now of

longitudinalvorticeswhichcantransporthighmomentumfluidofthefreestreamto

theboundarylayerlInthesenseofperformlngefftctiveseparationcontrolitis

importantthatvorticesare strongandkeeptheirpositionsnearthelowerwall

Wherethesecondarynowtowardthelowerwalliseffective（¢Chapter5）．Fbr

thisreason，theupwardmovementoflongitudinalvorticesisnotdesirable．Fbr

thevortexgeneratorjetmethoditisimportanttochooseproperlythejetspaclng

andalso thejet pitch angle which can make theinteraction between adjacent

VOrtices．Inotherwords，thesuppressionoftheupwardmovementofvorticesis

achievedbytheinteractionbetweena句acentvorticesundertheinnuenceofthejet

Pitchangleandtheeffectivejetspaclng．

6．3Conclusions

Fromthestudyonthegeneratingmechanismoflongitudinalvorticesdueto

pulsedjets，thefollowlngCOnClusionsweredrawn：

1．Asthephaseofpulsedjets proceedsfromthephaseofnon－issuingJetS，

longitudinalvortices producedfrom thelowerwallgrowin the vertical

directionandthevorticitycontourshaveverticalelongation、inthephase

Withthemaximumissulngjetrateduetothejetpitchangle．Afterthat

time，thelongitudinalvorticesmovetowardthelowerwall，aSthe phase
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Changestothejet－Offsituation．

2・Fbrpulsedjetslongitudinalvorticeshavethestrongerinfluenceofthejet

pitchangleincomparisonwiththesteadyjetcase．

3・Fbrpulsedjetsapositivevortexissplitoutintheverticaldirectionbythe

influenceoftheneighboringnegativevortexandthesplitpositivevortex

COVerSthenegativevortex．Thismeansthattheattenuationofnegative

VOrticityis promoted and therefore the generation of a vortex palris

SuppreSSed．Thisleadstothe suppressionofthe upward movement of

vortices．

4・Fbrthevortexgeneratorjetswithmultijetori丘ces，itisdesirablethatthe

jetspaclngWhichcanmaketheinteractionbetweenadjacentvorticesis

Selected．
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Figure6．2　ContoursofstreamwisevortlCltyatX＝10mm．Decoratedlines

denotenegativevorticity（Uo＝6．5nVs）．
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7．EFFECTOFJETPITCH
ANGLEONSUPPRESSING

FLOWSEPARATION’

Compton andJohnstonl15］investigated the strength and decay rate ofa

longitudinalvortexforsevencases ofjet skewanglewithapitchangle of45

degrees．They concluded that an optimaljet skew angle to strengthen the

VOrticity might be between45and90degrees to the downstream direction．

Howeveちa丘Ⅹedpitchangleof45degreeswasexaminedintheirstudylTherefore

theeffectofjetpitchangleonseparationcontrolandthesubsequentdownstream

developmentoflongitudinalvorticesforvariouspitchangleswereunknown．Itis

necessarythatengineeringdesigndata（e．g．，jetskewandpitchangles）shouldbe

providedforefftctiveutilizationbecausethebene丘cialefftctofseparationcontrol

isobtainedonlyifthejetsarepitchedtoawallandskewedwithrespecttothe

keestreamdirection．InthischapteちWeinvestigatetheefftctofjetpitchangleon

SuppreSSlngflow separation and the downstream development oflongitudinal

VOrticesinthreecasesofjetpitchangles．

7．1ExperimentalMethod

恥o freestream velocities Uo＝6．5and11．1m／s wereinvestigated．The

diffuser’s divergence angle was set at20　degrees．Figure3．3　shows the

COn銭gurationofjets andthe coordinate system usedto describe theflow丘eld．

Threejets2mmindiameterwereplacedattheupstreamofthedivergentlower

Wallandtheiroridceswereconfiguredontherightsideofthelowerwallinthetest

SeCtion（viewed from upstream）．The jetsin this study were skewed at90

degrees（0＝90degrees）tothefreestreamdirection（Odegreebeingdownstream）．

The e鮎ct of jet pitch angle on suppresslngflow separation was studied

experimentallyinthreecaseswiththepitchanglesetat30，45，and60degrees．
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Thejetpitchanglecanbechangedbyreplacingthejetori丘ceunitshowninFig．3．4．

VtlocitymeasurementswerecamiedoutuslnganX－arrayhotwireprobe．Thehot

Wire probe was supported by a three－aXis computerLCOntrOlled traverse unit．

StreamwisevelocityprofilesweremeasuredatZ＝110mmtoavoidtheeffectofjet

Ori丘ces andthe downstreamlocationswere chosenatX＝40，70，andllO mm．

ThevelocitymeasurementsinayZplanewerecarriedoutatequalspacesof5

mm，1ntheXandYdirections．Pressurerecoverylnthedi軌ISerqWaSmadein

referencetothestaticpressureattWOmeaSurementpOints，intheupstreamofthe

divergentportion（unstalledregion）andinthedivergentportion．Staticpressure

measurementswerecarriedoutatseveralstationsinthedivergentportion（see

Fig．3．13）usingadifftrentialpressuretransducerwhichhadtheabilitytomeasure

VerySmalldifkrentialpressure（0．01mmAq）．

7．2ResultsandDiscussion

7．2．1FlowⅥsualizationResults

Thesurhcetuftmethodwasusedasthediagnostictechniquetoobservethe

e鮎ctofjetpitchangleofvortexgeneratorJetSOnSeParationcontrol．Thftswere

put on thelowerwallof the test section at everyintervalof15mmin the

downstreamdirectionatZ＝125and140mm．Figure7．1showsthesurhceflOw

inthedivergentportionofthetestsection．TheairflowsfromlefttorightofFig．

7．1・For an unforced caseflow separationis observed near theinlet ofthe

divergent portion．Itis seenfrom Fig．7．1that the separation polnt mOVeS

downstreambyissulngjets．Apitchangleof30degreesor45degreesmakes

Separationcontrolmoree鮎ctivethanthe60－degcaseinthedownstreamdirection．

7．2．2VblocityMeasurementsinaYZPlane

Streamwise vortlClty Oflongitudinalvortices produced by theinteraction
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betweenthejetsandthefreestreamisshowninFig．7．2．Inthisstudy；Wede丘ne

thepositivevorticesina Y7planeforvorticesofclockwise－rOtationwhenwe

Viewfromupstream．Forthe30－degcasenegativevorticityduetothecounter－

rotatingvortices produced onthe upwashside ofthelongitudinalVortices are

WeakerthanthepositivevorticityatX＝10mmandthereforeapalrOfvorticesof

nearlyequalstrengthdoesnotexistatthemeasurementplanes．InparticulaHhe

Strengthofnegativevorticityisveryweakcomparedwiththatofpositivevorticity

atX＝70andllOmm．Fbrthe45qdegcasethreepalrSOfvorticesofnearlyequal

StrengthexistatX＝10mm．HoweveちatX＝70andllOmmapairofvorticesof

nearlyequalstrengthexitsnearZ＝110mmalone．Issuingjetsatapitchangleof

60degrees have a tendency to produce strong counter－rOtating vortices and

COnSequent吋three palrS Ofvortices are maintained at thelonger downstream

locationincomparisonwiththeothercases．Theymoveapartmorerapidlyfrom

thelowerwal1thantheothercasesbecauseofthevelocityinducedbyapalrOf

VOrtices．Inthree cases ofthejet pitchangle，the30－deg casecan keep the

vortices at thelocation nearest to thelower wallin the downstream direction．

ThedownstreamdevelopmentoflongitudinalvorticesforUh＝6．5m／sisshownin

Fig．7．3．Companng Fig．7．2with Fig．7．3，We Can See that the downstream

developmentoflongitudinalvorticesinthreecasesofthejetpitchangleisqulte

SimilartotheUb＝11．1ITVscase．However；thevorticityforUh＝6．5nVsdecreases

morempidlyinthestreamwisedirectionthanthatfbrUh＝11．1rrVsbecausethe

longitudinalvorticesareweakerthantheUb＝11．1Ⅰ扉scase．

Fbrthe60－degcasethreepalrSOfvorticeshavesimilarlyupwardmovements

inthedownstreamdirection．Onthecontrary；brthe45－degand30－degcasesthe

longitudinalvortexofpositivevortlCltyOnthelefLSideedgeofFig．7．20r7．3at

X＝110mmisliftedawayfromthelowerwallincomparisonwiththeothervortices．

Fbrthe60－degcaselongitudinalvorticeskeeptheircircularshape．Howeveちfor

the45－degand30－degcasespositivevorticesdonotkeeptheircircularshapebut

ratherbecomewiderinthespanwiSedirectionastheygrow Therefore，forthe

45－deg and30－degcases the spanwise distance between two positive vortices

becomes narrow and the negative vortices which exist between two positive

VOrtices are split outin the verticaldirection due to theinteractionwith the

POSitive vortices on both sides．The negative vorticity decreasesin the

downstream direction and disappears at thelonger streamwise distance．The

upwardmovementofthepositivevortexissuppressedbecausethesplitnegative
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VOrteX eXists above the positive vortex and no vortex palris fbmed．The

relationshipbetweentheverticalpositionsofthepositiveandnegativevorticesis

alsoseenfromFig．7．4whichshowsthemeanvorticitylnthespanwisedirection．

Fbr the60－deg case the peak positive vorticity has the nearly equalvertical

positionofthepeaknegativevorticityl Onthecontrary，forthe45－degand30－deg

CaSeSthepositionofthepeaknegativevorticitylntheverticaldirectionishigher

thanthatofthepeakpositivevorticityl ThepositivevortlCltyOnthelefトSideedge

OfFig．7．20r7．3fomSaVOrteXpairbytheinfluenceofnegativevorticitywhichhas

notbeensplitout．ThepositivevortexonthelefLsideedgeofFig．7．20r7．3

existsatthehigherverticallocationincomparisonwiththeotherpositivevortices

duetothevortexpalrl ThemovementofavortexpalrCOincideswiththeresults

abouttheinteractionbetweenavortexpalrandatutbulentboundarylayershown

byPauleyandEatonl9］．

Figures7．5and7．6showsecondaryflowvelocitiesoflongitudinalvortices．

Thesecondaryvelocitiestowardthelowerwallfbrthe60－degcasebecomeweaker

thanthosefortheothercasesbecauselongitudinalvorticesareliftedawayftom

thelowerwall．Onthecontrar沸forthe30－degand45－degcasesthesecondary

flow toward thelower wal1is observed near Y＝－20mm，and as a result the

efftctivesuppressioncanbeachieved（seeFig．7．1）．Thesuppressionresultshom

keeplnglongitudinalvorticesnearthelowerwallandtherefbrethe60－degcaseis

inferiortotheothersregardingthecontrolofboundarylayerseparation．Inother

WOrds，itis desirable thatlongitudinalvortices are controlledin keeplng their

positionnearthelowerwall．Howevel；brthe45－degcaseanupwashreglOnis

producedinanarrowspanwiseregionbyavortexpairatZ＝110mm（seeFig．

7．5（b）or7．6（b））．Theupwashmakesinefkctivethesecondaryflowtowardthe

lowerwall．

7．2．3SeparationE鮎ctversusJetPitchAngle

ThepressurerecoveryftomanunforcedcaseCb材isdefinedas

q材＝q慄－q材， （7．1）

Where（茅isexpressedinEq．（2．6），Subscript材andl償indicatetheunforcedcase
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andissulngjetcase，reSpeCtivelyl Figure7．7showsthedistributionofpressure

recoveryalongthewallstaticpressureholes．ItisseenfromFig．7．7thatthe

e鮎ctivepressurerecoverylSObtainedinorderofapitchangleof30，45，and60

degreesforthesame摺．InparticulaちCOmPanngthe30－degcasewiththe45－

degcaseforⅧ＝5．6atX＝110mm，thehighpressurerecoverylSObtainedforthe

30－degcase・Figure7．8showsthedownstreamdecayofthemaximumpositive

VOrticityl ThevorticityisstronglnOrderofapitchangleof30，45，and60degrees

atX＝10mm・Howeveちthevorticityforthe60－degcaseisstrongerthanthatfor

the45－deg case at X＝110mm．This means that considerable thingsfor

Separation control are not the strength oflongitudinal vortices solely．As

mentioned above，for the e鮎ctive separation controlitis necessary that

longitudinalvorticesexistnearthelowerwallandthesecondaryflowwhichcan

transporthighmomentumfluidofthefteestreamtowardthelowerwallisproduced．

Fbrthe30－degcaselongitudinalvorticesarestrongandcankeeptheirpositions

near thelowerwal1・Therefore，for the30－deg case the e鮎ctive separation

COntrOIcanbeachievedinlowerl償incompariSonwiththe45－degand60－deg

Figure7・9ShowsthestreamwisevelocityprofilesatX＝110mm・Fbrthe30－

degand60－degcasesthenear－Wallvelocityincreaseinthedivergentportionis

Observed・Thenear－Wallvelocityincreasefbrthe30－degcaseislargerthanthat

forthe60－degcasebecausethestrongsecondaryflOwtowardthelowerwallis

producedbythelongitudinalvorticeswhichexistnearthelowerwallincompariSon

Withthe60－degcase（seeFig．7．20r7．3）．Ontheotherhand，forthe45－degcase

near－WallvelocltylnCreaSeis not observed．Thisis because the streamwise

Velocitymeasurementsarecarriedoutjustattheplanewheretheupwashoccurs

（seeFig．7．9）．

7．2．4SuppressionE鮎ctintheDownstreamDirection

Figure7．10showsflowvisualizationresultsatX＝200mmforthe30－degand

45－degcases．Thevisualizationimagesindicatethatthesuppressionefftctforthe

45－degcasepersistsfurtherdownstreamandwiderinthespanwisediI℃Ctionthan

thatforthe30－degcase．Figure7．11showsthedistributionofpressurerecovery
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inthedivergentportion・Thevalueofqufbrthe30－degcaseishigherthanthat

forthe45－degcaseatX＝110and160mm．Howeveちthevalueof（右耳fbrthe45－

degcaseishigherthanthatforthe30－degcaseatX＝200and250mm．This

meansthattheeffectivepressurerecoveryforthe45－degcaseisobtainedovera

longerdownstreamdistanceincomparisonwiththatforthe30－degcase．

Figures7．12and7．13Showvorticitycontoursandsecondaryflowvectors

measuredatX＝200mm，reSPeCtivelyl ComparingFig．7．12（a）withFig．7．12（b），

WeSeethatthedownstreamdevelopmentoflongitudinalvorticesbrapitchangle

Of45degreesisdifftrentfmmthatfbrapitchangleof30degrees．Fbrthe30－deg

CaSethreepalrSOfvorticesbecomeasinglevortex．Ontheotherhand，fbrthe

45－degcasethreepalrSOfvorticesaredegeneratedtoacounter－rOtatingvortex

palrin the downstream direction．Becausefor the45－deg case the negative

VOrteXOfneadyequalstrengthtothepositiveoneisproducedneartheirjection

polntOfthejetflow．OnthecoTrtrary，forthe30－degcasethenegativevortexis

Weakerthanthepositiveonenearthesamelocation．ComparingFig．7．13（a）with

Fig．7．13（b），WeCanSeethatthesecondaryvelocitiesforthe30－degcasebecome

StrOngerin the spanwise direction thanin the verticaldirection at the reglOn

betweenZ＝120mmandZ＝140mm．Ontheotherhand，forthe45－degcasethe

SeCOndaryvelocitiestowardthelowerwallarestrongatthesamespanwisereglOn

undertheinfluenceofapalrOfvortices．ThisisbecausethesecondaryflOwofthe

POSitivevortexinthespanwiSedirectionisinterruptedbythesecondarynowof

thenegativevortexattheupperandslantlocationofthepositivevortexandthe

flOwinthespanwisedirectionisdirectedtowardthelowerwal1．

Accordingly；1nthe30－degcaseseparationcontrolismadeeffectivelybecause

longitudinalvorticeskeeptheirlocationnearthelowerwallandbecomestronger

thanintheothercases．However；thesecondaryvelocitiestowardthelowerwall

becomeweakeroveralongerstreamwisedistanceduetotheexistenceofasingle

VOrteX，andasaresultthespanwisereglOninwhichthesuppressioneffectcanbe

Obtaineddecreases at thelongerstreamwise direction．Onthe contrary，fora

Pitch angle of45degreeslongitudinalvortices are degenerated to a counter－

rotatingvortexpalrandthesuppressione鮎ctpersistsfurtherdownstream．
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7．3Conclusions

Fromthepresentexperimentalstudyfbrdiscusslngthe effect ofjet pitch

angleofvortexgeneratorJetSOnSeparationcontrol，thefollowlngCOnClusionswere

drawn：

1．TheefEtctiveseparationcontroluslngVOrteXgeneratOrJetSisaccomplished

bykeeplngthelocationoflongitudinalvorticesnearthelowerwall．

2．Fbr a pitch angle of60degrees，longitudinalvortices move apart more

rapidlyfromthelowerwallthantheothercases，andhencethe60－degcase

isinftriOrtotheothersregardingthecontrolofboundarylayerseparation．

3．Fbrthe45－degcase，threepalrSOfvorticesaredegeneratedtoacounter－

rotating vortex palrin the downstream direction，and as a result the

SeCOndary velocities toward thelower wall become strong and the

SuPpreSSion effect persistsfurtherdownstream．However；ifan upwash

OCCurSatthespanwiSelocation，thesuppressioneffectofflowseparation

COuldnotbeachievedintheupwashreglOn．

4．In the　30－deg case，Separation controlis made efftctively because

longitudinalvorticesbecome strongerthaninthe othercasesandkeep

theirlocationnearthelowerwall．Inotherwords，thiscaseenablesusto

Perfbrmseparationcontrolatalowerjetflowrate．However；thereglOn

inthespanwisedirectionwhichgivessuppressioneffectdecreasesinthe

downstreamdirectionincomparisonwiththe45－degcasebecausethree

PalrS Oflongitudinal vortices become a slngle vortex over alonger

StreamWisedistanceandthedownwardsecondaryflOwbecomesweaker

nearthelowerwall．
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（b）¢＝30deg
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（C）¢＝45deg

（d）¢＝60deg

Figure7．1SurhceflOwindivergentportionofthetestsection（th＝11・1m／S，

Ⅷ＝9．5）．

90



50　　70　　90　110　130　150　170　190

Z（m）

50　　70　　90　110　130　150　170　190

Z（mm）

50　　70　　90　110　130　150　170　190

Z（mm）

50　　70　　90　110　130　150　170　190

Z（mm）

（a）¢＝30deg

91

ズ＝110mm

ズ＝70mm

ズ＝40mm

Contourinterval＝

500的（ざ＝10，40mm）

2501舟（牙＝70mm）

2001舟（ざ＝110mm）

ズ＝10mm



50　　70　　90　110　130　150　170　190

Z（m）

50　　70　　90　110　130　150　170　190

Z（mm）

50　　70　　90　110　130　150　170　190

Z（mm）

50　　70　　90　110　130　150　170　190

Z（mm）

（b）¢＝45deg

92

ズ＝110mm

ズ＝70mm

ズ＝40mm

Contourinterval＝

5001座（ざ＝10，40mm）

2501舟（才＝70mm）

2001舟（ガ＝110mm）

ズ＝10mm



50　　70　　90　110　130　150　170　190

Z（mm）

50　　70　　90　110　130　150　170　190

Z（mm）

50　　70　　90　110　130　150　170　190

Z（mm）

50　　70　　90　110　130

Z（mm）

g＝110mm

ズ＝70mm

ズ＝40mm

Contourinterval＝

5001座（ズ＝10，40mm）

2501座（方＝70mm）

2001座（ざ＝110mm）

150170190g＝10mm

（C）¢＝60deg

Figure7．2　Contoursofstreamwisevorticity（Uo＝11．1TrVs，Ⅷ＝9．5）．
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8．DEVELOPMENTOFACTIVE

SEPARATIONCONTROL

FEEDBACKSYSTEM

ThevortexgeneratorJetmethodhasbeenstudiedsincethe丘rstexamination

inthe1950’S．Inrecentyears，forthevortexgeneratorjetmethodthee鮎ctsof

Various parametersandlongitudinalvortices onseparationcontrolbeguntobe

understoodgradua11yl HoweveI；anyaPplicationsofvortexgeneratorJetS，Which

havetheabilitytocontroladaptivelyvariousflowconditions，tOtime－Varylngflow

丘eldshave neverbeenreported．Inthis chapteちanaCtive separationcontrol

ftedbacksystemis developedin utilizingtheresults ofeadierchapters andis

PraCticallyappliedtoflowseparationcontrolofad血lSerl

8．1ExperimentalMethod

Experiments were conductedin alow speed wind tunnel．A schematic

diagramofthewindtunnelisshowninFig．3．1．Thetestsectionhadthefunction

Ofavariablediffuserwhichcoulda可ustthedivergenceanglebetweenOand45

degrees・In the present experimentalsystem，flOw does not separate at the

divergence angle between O andlO degrees．A detailed diagram ofthe test

SeCtionisshowninFig．3．2．Jetflowwasdeliveredthroughameteringvalveafter

accumulatingtheairtoatankbyuslngaCOmpreSSOII Arotameterwasplaced

downstreamofthemetenngvalve．Threejetori鮎eswereplacedattheupstream

Ofthedivergentlowerwallandtheywereconfiguredontheright－handsideofthe

lowerwallinthetestsection（seeFig．3．3）．Thejetswereskewedat90degrees

（0＝90degrees）with respect to thefreestream direction（O degree being

downstream）．Ifwedonotmentionparticularly；WeSetthedivergenceangleof

thetestsection，thejetpitchangleandthejetorificediameteras　α＝20degrees，

¢＝45degreesandq＝3mm，reSpeCtivelyl
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Vtlocitymeasurementswerecarriedout uslnganX－array hotwireprobe．

Thehotwireprobewassupportedbyathree－aXiscomputer－COntrOlledtraverse

unit・Theactiveseparationcontrolftedbacksystemwaspracticallyappliedto

time－VarylngnOWBelds．Inthisstu如theflOwconditionscouldbechangedby

Varylng thefreestream velocity and the divergence angle ofthe test section．

Separation controI was madein reference to the static pressure at two

measurement points，in the upstream ofthe divergent portionば＝－150mm，

unstalledregion）andin the divergent portionば＝110mm）．Static pressure

measurements were carried out at severalStationsin the downstream direction

（seeFig．3．13）usingadi鮎rentialpressuretransducerwhichhadtheabilityto

measureVerySmalldifferentialpressure（0．01mmAq）．Thepressurevaluewas

COnVertedfromtheoutputvoltageofthedifEtrentialpressuretransducerl Fbrthe

VOrteXgeneratOrjetmethodthestrengthoflongitudinalvorticescouldbeadjusted

byvarylngthejet speedandtherefore separationcontroIcorrespondingtothe

degreeofseparationbecamepossiblebyadjustingthejetspeed．Figure8．1shows

theflowchart ofthis system（Active SeparationControISystem UsingVbrtex

GeneratorJets：ASCSVGJ）and Fig．8．2shows the schematic diagram．This

SyStemmainlyconsistsofadifferentialpressuretransducer；aValvewithcontroller；

andapersonalcomputerl Thevalvewasactuatedbyanelectricslgnalfromthe

PerSOnalcomputer：Inthissystem，adifftrentialpressurebetweentwopolntS，the

upstreamofdiveIgentpOrtionandthemeasurementstationinthediffuser；Which

judgetheinitialnowsituationweremeasuredinitiallylIfaflowseparationwas

detected，thevortexgeneratorJetdeviceoperatesandcontroIsthejetspeedto

SuppreSStheseparation．

8．2ResultsandDiscussion

8．2．1ControISystemofASCSVGJ

Thevariabledgdenotesthestatevalueofthissystemforjudgingthenow

Situation，de丘nedby
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（好＝
％〃一御伽

捌メガ一柳敬
（8．1）

where郎Visthe outputvoltageofthedifferentialpressuretransducerandthe

subscriptintindicatestheinitialVoltagewhennowindblowsandldindicatesthe

situationbeforeissulngJetS．AcontrolreferenceSVwhichwasusedasajudging

parameterofthesuppressionofnowseparation，WaSdeterminedbyuslngaState

valueofthissystemd餌　Concretelyspeaking，SVisthestatevalueofthesystem

whenthesuppressionofflowseparationisachieved・WhetherseparationoccurS

ornotisjudgedinreftrencetotheflowvisualizationresults．Therefore，ifthe

SyStemaChievesthepressurerecoverysu瓜cientlyabovethecontrolreftrence，the

SyStemjudges the attainment ofthe control．Figure8．3shows the pressure

recoveryofthediffuseralongtheflOwdirectionfbrtwocasesofcontrolreftrence・

FbrthecaseofSVICaselthevalueofSVwassettoO．7．SVICaselisprovidedfor

thepurposeofattainingthesuppressionatX＝110mm．ForSV－Case2thevalue

ofSVwas determinedto maintain the suppression e鮎ct evenin thefurther

downst托am．Fbrbothcasesthissystemmeasuresthestaticpressureatthesame

positioninadiffuserば＝110mm）．ItcanbeseenfromFig．8．3thatatX＝250mm

SV－CaSe2hasamoreeffectivepressurerecoverylnCOmParisonwithSVICasel・

Inotherwords，thissystemhastheabilitytoselectbasic（suppressionuptothe

measurementposition）andextended（suppressionpersistingfurtherdownstream）

controlby setting up the controlreference S仇In this papeちSV－Caselis

reported．

Figure8．4showsthedifEerentialpressurevariationafterthissystembeganto

suppressflowseparationinthree血・eeStreamVelocities・Figure8・4indicatesthat

efEective pressure recovery canbe achievedby operatlng the systemfor each

freestream velocityl This system continues to control after attaining the

SuppreSSionofflow separation．Ⅰnthe controlprocess，Varylngthe freestream

velocitycauseschangeinthedifferentialpressure・Howevecthissystemhasthe

abilitytocorrectthedi鮎rentialpressurechangebyincluding4Pvqfinthestate

valuedifInotherwords，thissystemenablesustojudgethesuppressioneffect

uslngthesameSVfordi鮎rentfreestreams．Inordertoapproachthestatevalue

（好tocontrolreferenceS坑thejetspeedisaqusted．ThecontroIvariableqis

de丘nedasthejetflowratepercontroIstepandissettobeconstant・HoweveI；

0nlyforthesituationinwhichdgapproachesSV，thevalueofqisdecreasedandthe

OVerShootlngOfthetargetvalueisprevented．
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8．2．2ControIE鮎ctofASCSVGJ

Figure8．5showstheflOwvisualizationinthe divergentportionofthetest

SeCtion for th＝6．5TrVs．The surhce tuft method was used as a diagnostic

technique to observe the e鮎ct of the active separation controI system on

Separatedflows．ThftswereputonthelowerwallofthetestsectionatZ＝140

mm．InFig．8．5，theairflowsfromlefttorightandthetuftofthedownstream

Side ofthis銭gureis atX＝110mm．Itis seen that this controIsystem can

SuppreSSflowseparation．

Iftherateofpressurerecoveryofthed血lSerisde丘nednearthecenteraxis

Ofthewindtunnel，preSSurelossesmaybeneglected．ThenfromEq．（2・10），the

localpressurerecoverycoe伍cientqLforqandthisglVenby

qェ＝郵吉昭；4先主弼一曲　　　　　（8・2）

wheresdbscriptiandeindicatetheinletandoutletofthediffuseちreSPeCtivelylIn

this stu（毎Uiwas measuredatX＝－10mmand UiatX＝250mm．Those two

measurementstationsarethemovablelimitsofthetraverseunit．Fbrthecaseof

Ub＝6．5，8．5and11．1nVs，diffusere鮎ctiveness（77＝qJq，h）wasO．6，0．5，andO・4，

respectivelyl Thediffusere鮎ctiveness女）rUb＝11．1m／swaslowerthanthatfor

the othercases，because the efftctive suppression offlow separationwas not

achievedoveralongerstreamwisedistance．Fbrthesamel償thevorticityofthe

longitudinalvortex became strongeras the freestreamvelocity became hster．

ThesuppressionofnowseparationwasachievedwithlowⅧatX＝110mmfor

Uh＝11．1rrVsin comparison with the other cases of Uh＝6．5and8．5m／S・

Therefore，fbrth＝11．1m／sthesuppressionisnotmaintainedinthedownstream

direction．FromFig．8．3，itisclearthatthee鮎ctivepressurerecoveryinthe

downstreamofX＝200mmisnotachievedfbrSV－Casel．

UsinganX－arrayhotwireprobe，Wetriedtomeasuretheback－flowbehavior

inordertoclarifythe effectiveness ofthis systeminseparation control．The

measurementswerecarriedoutbyapplyingthemannershownbyNishietal・［20］・

As showninFig．8．6，anX－array hot wire probewith anL－tyPe SuppOrt WaS

insertedinthedivergentportionofthetestsectionsoastobeperpendiculartothe

f陀eStreamdirection．Theincrementofoutputofchanne12isgreaterthanthatof

Channellduetotheblockede鮎ctofthelongerprong，ifthenowisintheforward
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Ordownstreamdirection．Ontheotherhand，undertheback－nOWCOnditionthe

incrementofoutputofchannellbecomesgreaterthanthatofchanne12because

thelongerprongdoesnotaffecttheoutput．MakinguseOfthischaracterofX－

arrayhotwireprobe，thecomparisonofback－nOWbehaviorbetweenthecasesin

COntrOlandwithoutcontrolofthissystemwasmade．TheoutputofX－arrayhot

Wire probeis shownin Fig．8．7．1tis seen that the output ofthe channell

decreasesconsiderablylnCOntrOlandthatofthechanne12increasesincontrol．

Therefore，ltCanbesaidthattheflOwinthedownstreamdirectionincreasesforthe

caseincontrol．

8．2．3ApplicationsofASCSVGJtotheSeparatedFlow

Inordertoadaptively suppressflowseparation，thissystemwasappliedto

time－Varylngflow丘eldscausedbychangeinthefreestreamvelocityorthatofthe

divergenceangleofthetestsection．Figures8．8and8．9showthetimevariation

Ofdifferentialpressureundercontrolfortheflow丘eldwhichcausesflowseparation．

In these figures，pOint“A”isjustwhen the separation controlis attained by

Operatingthesystem．Point“B”indicatesthepointatwhichtheflowconditionis

Changedandpoint“C”iswhenthesystemsenseschangeintheflOwconditionsand

restartstosuppresstheflowseparation．

Figure8．8（a）showsthedifEtrentialpressureplottedagainstthecontroltime

forthesituationinwhichnowseparationoccursduetochangeinthefreestream

Velocity after the suppression offlow separation has been attained．In this

example，theflOwis separatedinitiallyl The system tries to suppressflow

SeParationandattainssuppressionatpoint“A”．Beyondpoint“A”，thesystem

keepsthejetspeedconstant．Whenthe丘・eeStreamVelocltylSChangedatpoint

“B”，theflowseparationcannotbesuppressedbytheglVenjetspeedandtherefore

the di鮎rential pressure decreases．The system restarts to suppressflow

SeParationatpoint“C”andasaresultthesuppressionisattainedatpolnt“A”．

Afterthattime，thesystemkeepsthejetspeedconstant．

Figure8．8（b）shows the time variation ofthe difftrentialpressure forthe

Situationin which no now separation occurs，thoughthefreestream velocity

Changes．Thesysteminitiallytriestosuppressflowseparationfbrtheseparated
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flOwfieldandattainsthesuppressionatpoint“A”．Beyondpolnt“A”，thesystem

maintainsconstantJetSpeed．ThefreestreamvelocltyChangesatpolnt“B”，but

theflowdoesnotseparateandthedi鮎rentialpressureincreases．Thesystem

restartsatpoint“C”anddecreasesthejetspeed．Thedifferentialpressurebegins

todecrease，andbeyondpolnt“A”thesystemkeepsthejetspeedconstant．The

SyStemCandecreasethejetspeedinordertooptimizeperformanceortoavoid

SeCOndaryairlossforissulngJetS．

Figure8．9（a）showsthecaseinwhichflowseparationoccursduetochangein

thedivergenceangleofthetestsection．Inthiscase，theflowisnotseparated

initiallybecause the divergence angleis smal1（α＝10degrees）．The system

SenSeStObeunstalledandcutsoffthejetscompletelyatpoint“A”．Separationis

SuppreSSed without jetflowissuing Get－Off situation）at point“A”．Flow

SeParationiscausedbychangeinthedivergenceangleofthetestsectionatpoint

“B”．Thesystemrestartstosuppresstheseparationatpoint“C”andsuppresses

it．Thesystemkeepsthejetspeedconstantbeyondpolnt“A”．

Figure8．9（b）showsthecaseinwhichnoflowseparationoccursevenwith

Changein the divergence angle．The system maintains theJet Speed after

SuPPreSSion of the now separationis once attained at point“A”．When the

divergenceangleischangedatpolnt“B”，thenowconditionindicatestheunstalled

flowfield．Therefbre，thesystemrestartstooptimizetheperformanCeatpOint

“C”and丘nallyattainstheoptimalconditionatpoint“A”，Whichisinthejet－0ff

situation．

8．2．4ControlTimeofASCSVGJ

Thecontroltimewhichisnecessarytoattainseparationcontrolisrelatedto

theresponse speedagalnStthechangeofflowfield．Inotherwords，themore

quicklyflOwsituationsareresponsibletothesystem，thehsterseparationcontroI

Canbeperfbrmed．Fbrthecaseofthejetpitchangleof30degrees，timevariation

OfdifferentialpressureundercontrolisshowninFig．8．10．Companngthe30－deg

CaSeWiththe45－degcase（seeFig．8．4），the30－degcaseattainsthecontroltarget

morerapidlythanthatforthe45－degcaseamongthethreecasesoffreestream

Veloclty．Figure8．11indicatesthemeanvortlCltydistributionoverthespanwise
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directionatX＝110mm．Fbrthe30－degcase，thevorticityisstrongerandthe

VOrticesarelowerincompariSonwiththe45－degcase．Therebre，thecaseofa

Pitch angle of30degrees makes efftctive the pressure recovery andalso the

SuPpreSSionofflowseparationatX＝110mm，Wherethedi鮎rentialpressureis

measured（¢Chapter7）．Thisresult means thatthe systemcouldattainthe

COntrOlquickly；ifthedifferencebetweenthedi鮎rentialpressuresofstalledand

unstalledflow丘eldsislarge．Inotherwords，thesystemcanbeoperatedstably

andcontrolledmorequickly；ifpressurefluctuationscanbeneglectedincompariSon

Withalargepressurerecoveryl

Intheseexperiments，thejetflowratepercontroIstepiskeptconstantfbr

Variousflowsituations．However；ifthejetflOwrateisvariableinattalnlngthe

COntrOltarget，ahsterresponsesystemcanbedeveloped．Inthenextsection，We

Willexplaintheimprovedsystem（ImprovedASCSVGJ：IASCSVGJ）whichisthe

hsterresponsesystemcomparedwiththeoriginalsystem．

8．2．51mprovedASCSVGJbyConsideringControlTime

Inordertoattainahsterresponse，ASCSVGJisimproved．Thealteration

POintshomASCSVGJtoIACSCVGJarethatl）thejetpitchangleissetat30

degreesinordertomakeefftctivethepressurerecoveryandalsotheseparation

COntrOlatX＝110mm，WherethedifEtrentialpressurearemeasured（¢Chapter7），

2）thejetflowratepercontroIstepvariesadaptivelyfbrvariousflowsituations，and

3）thejetoriGceis2mmindiameterl Thealterationpointl）or2）isusefulto

decrease the nuniber of sampling data and the controIstep because pressure

fluctuationsin the system can be reduced by alarge pressure recovery and

thereforethesystemattainsahsterresponse．Thealterationpoint3）isusedfor

thepurposeofavoidingsecondaryairlossforissulngjets・FbrthePi＝3and2mm

CaSeSthecompariSonbetweenthestreamwisevorticitycontoursisshowninFig．

8・12・Companngthecaseofq＝3mmwiththatofq＝2mm，WeSeethatthe

q＝3mmcaseglVeSbroadlongitudinalvorticesinthespanwisedirectionbecause

JetOri鮎esbecomewiderinthespanwiSedirectionduetothejetpitchangle．This

meansthatthecontrolledreglOnisspreadinthespanwisedirectionandmakemore

e鮎ctiveseparationcontrolincomparisonwiththeq＝2mmcase・Therefore，the
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Pj＝3mmcaseglVeSSmallVRforthecontroltarget・Howeveちtheq＝3mmcase

glVeSlagerJetflowratethantheq＝2mmcase・Forexample，thejetflOwrate

andl償areq＝25〝minandⅧ＝7，reSPeCtivelyiforq＝2mmand¢＝30degrees

（Correspondingtotheimprovedsystem）．Inaddition，thejetflowrateandⅧare

q＝48〃min andljR＝6，reSpeCtively；for q＝3mm and¢＝45　degrees

（correspondingtotheoriginalsystem）．Thble8．1givesthevaluesofthejetflow

rateand柁fbrthreedi鮎rentfreestreamvelocitieswhenthesystemattainsthe

COntrOl・ThePi＝2mmcaseforapitchangleof30degreescanavoidthejetflow

lossbecausethejetflowrateistheonlycontroIvariableinthissystem．

Fbrtheimprovedsystemtimevariationofdifftrentialpressureundercontrol

isshowninFig．8．13．CompanngFig．8．13withFig．8．4，itisseenthatthecontrol

timeoftheimprovedsystemisshorterthanthatoftheoriginalsystemforeach

freestreamvelocityl

Figures8．14and8．15showthetimevariationofdifferentialpressureunder

COntrOlfortime－Varylngflow銭eldscausedbychangeinthefreestreamvelocityand

thediveIgenCeangleofthetestsection．Points“A”，“B”，and“C”inthese五gures

indicatethe samemeanlngaSthoseinFig．8．80r8．9．Figure8．14Showsthe

di鮎rentialpressureplottedagalnStthecontroltimefbrthesituationinwhich瓜ow

Separationoccursduetochangeinthedivergenceangleofthetestsectionforeach

freestreamvelocityl Figure8．15showsthecaseinwhichflowseparationoccurs

duetochangeinthedivergenceangleandthefreestreamvelocityl Wtcansee

from Fig．8．140r8．15that thisimproved system can adaptflOw situation

COntinuously andcan achieve hster separationcontrolin comparisonwith the

Originalsystem．

8．3Conclusions

AnactiveseparationcontroIsystemuslngVOrteXgeneratOrjetswhichcan

adapt to variousflow conditionswas developed・Wt conclude that ouractive

SeparationcontroIsystemcanadaptivelysuppressflowseparationforflow鮎Ids

CauSedbysomechangesinfreestreamvelocityandthedivergenceangleofthetest

SeCtion．FurthemOre，forthecontroltimewhichisimportantinthedesignof

actualsystem，datafordeveloplngthesystemwithaquickresponsewereobtained．
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VGJs

Figure8．1FlowchartofASCSVGJ．
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PersonalComputer

→：Signal（VelocityMeasuringSystem）

一→ト：Signal仏SCSVGJ）

一一一Ar　　　　（以mensionsinrrm）

Figure8．2　SchematicdiagramofASCSVGJ．
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（a）Withoutcontrol

（b）Withcontrol

Figure8．5　SurhceflOwindivergentportionofthetestsection（Uh＝6．5ITVs）．
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Forward Flow
二幸

Figure8．6　Channellor2positionofX－arrayhotwireprobe．
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9．SUMMARY．AND

RECOMMENDATIONS

9．lSummaryofResultsandConclusions

An experimentalStudy about an active separation control uslng VOrteX

generatorjetswasconducted．TheinteractionofwallJetflowswithaheestream

generateslongitudinalvortices that persistfurther downstream and enhance

mlXlngbetweenaboundarylayerandthefreestream．Fbrtheflow丘eldderived

longitudinalvortices，thestreamwiSevelocity；StreamWisevorticity；andpressure

recoveryweremeasured．Moreover；flOwvisualizationwasusedasadiagnostic

techniquetoobservetheflowcondition．Thesedatasetswereusedtoinvestigate

theeffectofboundarylayerconditionandajetpitchangleonseparationcontrol，

andthemechanismforsuppresslngflowseparation．FtlrthemOre，Wetriedto

develop an active separation control ftedback system utilizing these results．

SummanzlngOurreSultsontheactiveseparationcontroluslngVOrteXgeneratOr

jets，thefbllowlngCOnClusionscouldbedrawn：

1・Forthevortexgeneratorjet method，SeParationcontroIcanbe achieved

Withoutsurveylngboundarylayerconditionsbefbrejetsareissued．

2・The suppressionofflow separationisachievedbythe secondaryflow of

longitudinalvortices which transports high　momentum　fluid of the

freestream toward thelower wal1．The effective separation controlis

accomplishedbykeeplngthelocationoflongitudinalvorticesnearthelower

Wall．

3・Inordertosuppresstheupwardmovementoflongitudinalvortices，ltis

desirable to produce no counter－rOtating vortex palr Of neady equal

Strength．
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4．Fbrthesuppressionofgeneratingthecounter－rOtatlngVOrteXpalrOfnearly

equalstrength，itisavailablel）toderivethepulsedjetflowand2）toadjust

thejetpitchangle．

Thesepromotetheinteractionbetweenpositiveandnegativevortices，and

asaresultsthegenerationofavortexpalrispreventedtobeproducedin

thedownstreamdirection．

5・Both the strength and the verticalposition oflongitudinalvortices are

a鮎ctedbyajetpitchangleandanoptimaljetpitchanglemaybelessthan

60degrees．

6・Ifwecanissue］etSnearthelocationwheretheflowseparationoccurs，the

pulsedjetmethodisdesirable．Longitudinalvorticesgeneratedbypulsed

jetsmakee鮎ctiveseparationcontrolbecausetheboundarylayerthickness

isnotdistortedinthespanwisedirection．Howeveちitshouldbenotedthat

longitudinalvorticesdonotpersistfurtherdownstreamincomparisonwith

thesteadyjetcase．

7．1fwecannotissueJetSnearthelocationwheretheflowseparationoccurs，

the steadyjet methodis desirable．Longitudinalvortices generatedby

Steady jets persistfurther downstream because the vorticity becomes

StrOngerincomparisonwiththepulsedjetcase．Howeveちitshouldbe

noted that the boundarylayer thicknessis strongly distortedin the

SpanwiSedirectionatsomedownstreamlocations．

8・Anactiveseparationcontrolftedbacksystemwhichhastheabilitytocontrol

adaptivelytheflowfieldofadiffusercausedbythechangeofflowsituation

（e・g．，freestream velocity and di肋ser’s divergence angle）is developed．

Separation controlof this system was madein reftrence to the static

PreSSureOnlyattwomeasurementpolntS，intheupstreamofthedivergent

portionandinthedivergentportion．
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9．2RecommendationsforFutureⅥわrk

Severalobservationsmadeinthis study couldbe morefu11yjustifiedwith

measurements extendingthemtoa reg10nCloserto the wal1．1nparticularit

WOuldbehelpfu1thatthevorticesintheboundarylayerareinvestigated．These

measurementswould helpingalnlngabetterunderstandingofthe suppression

mechanismoflongitudinalvortices．

OuractiveseparationcontroIsystemisjusti丘edtobeusefulfbrsuppresslng

flow separationin ourwind tunneltests．Howeveちforthe actualuse ofthis

SyStemitisnecessarytoapplyoursystemtoadifferentfteestreamvelocityrange．

Lastly；itis greatlytobehopedthatcomputationalstudiesfor丘ndingthe

relationship between various parameters of vortex generator jets and the

CharacteriStics oflongitudinal　vortices（e．g．，Strength and downstream

development）willbepursued．
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APPENDIXA：LISTOFUSED

SYMBOLS

Itwasfoundnecessarytousethesamesymboltodenotedifferentquantities

inordernottodeparttoodrasticallyfromtheconventionsnorma11yemployedin

generalpapers・Fbrexample，αdenotesthemodifiedcoe疏Cientofkineticenergy

andthediffuser’sdivergenceangle．

ThefollowlnglSalistofsymboIsusedinthispaperl

A．lGeneralSymboIs

a，b，n＝King’slawconstants

A＝SeCtionalareaofdiffuser

AR＝I町町＝arearatio

E＝OutputVOltageofhotwireanemometer

q＝preSSurereCOVeryCOefGcient

Ch＝localpressurerecoverycoefficient

q肋＝idealpressupereCOVeryCOe伍cie正

札2＝61／62＝Shape由．ctor

P＝preSSure（fbrceperunitarea）

Pl＝preSSurelossofdifEuser

u，V＝Velocitycomponents

物＝e鮎ctivecoolingvelocityofhotwire

th＝StreamWisevelocitynearthecenteraxisofdiffuser

th＝localstreamwisevelocity

訂＝meanStreamWisevelocltyOVerthecrosssection

取，町＝Widthofinletorexitofdiffuser

X，y，Z＝CarteSiancoordinates

α＝mOdifiedcoe疏cientofkineticenergy

∂　＝boundarylayerthickness
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61＝displacementthickness

62＝mOmentumthickness

T）＝diffuserefftctiveness

P＝density（massperunitvolume）

FL＝Viscoslty

V　＝FL／p＝kinematicviscosity

Wx＝StreamWisecomponentofmeanvorticity

A．2SymboIsinThisExperiment

qW＝q用－q吋＝preSSurereCOVeryfromunforcedcase

Di＝jetholediameter

Dt＝tripplngwirediameter

dif＝StateValueofsystem

頑，＝di鮎rentialpressure

％V＝OutputVOltageofpressuretransducer

△P＝difftrentialpressurebetweeninletandoutletofdiffuser

q＝COntrOIvariable（jetflowratepercontroIstep）

h＝pulsefrequency

Qi＝jetflowrate

SV＝COntrOlreftrence

U＝meanVelocltyinXdirection

th＝freestreamvelocity

V＝meanVelocityinYdirection

竹＝jetmeanspeed

搾＝mtio，W坑

W＝meanVelocityinZdirection

X＝StreamWisecoordinate（measurekomjethole）

Y＝Verticalcoordinate（measurehomlowerwall）

Z＝SparrWisecoordinate（measuredfromleftwal1viewedhmupstream）

α　＝divergenceangleofdiffuser

¢　＝jetpitchangle

O　＝JetSkewangle
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Subscrlpt

e＝diffuseroutletX＝250mm

i＝diffuserinletX＝－10mm

int＝initialsituation

24＝nOn－jetsituation

l償＝issulngjetSituation
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APPENDIXB：LISTOF

EXPRIMENTAL

INSTRUMENTS

′hbleB．1ExperimentalinstrumentS

Instruments Model M短．Co．

Blower S円－304－ⅠⅤⅠ SWIDEN

ElectricVhlve 2AF5－10 CKD

Rotameter J－2693 RIKASEIKIKOGYO

PersonalComputer SRV4100－500 SORD

InterfaceBoard

（〟D，D／AConverted

X－ArrayHotWireProbe

AD12－16（PC）E

0252Rl’5

MODELlOlO

CONTEC

NIHON

ⅨAGAKUKOGYO

HotWireAnemometer NIHON

（CTASystemAnemometer） KAGAKUKOGYO

SingleJWireProbe 9055PO141 DANTEC
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APPENDIXC：JETSPEED
MEASUREMENTS

JetspeedmeasurementswerecarriedoutbyusinganX－arrayhotwireprobe．

Each channel of the X－array hot wire probe wasindividually usedfor the

measurementsbecausetheprobediameterwasnotsu疏cientlysmallincomparison

WiththejetoriBcedia：meteL　吊gure－C．1－Showsaschematicdiagramofthejet

Speedmeasurements．ThehotwirepmbewastraversedatequalintervalofO．3

mminthetransversedirectionofthejetoriBcebecausethejetori丘cebecame

Widerinthespanwisedirectionduetothejetpitchangle．FigureC．2showsthe

distributionofthejetspeedalongthecenteraxisofthejetori丘ce．ThbleC．1gives

thejetspeedforFig．C．2．Thejetmeanspeediscalculatedbyintegratingalong

thecenteraxisofthejetori丘cefromtraverslngdistanceequals－1mmtolmm

（correspondingtothePi＝2mmcase）．Fbrthesteadyjetcase（ち＝0Hz）this

result coincides　with the result calculated ftom the continulty equation

（conservationofmass）．FigureC．3showsthejetspeedversusthejetnowrate．

FromFig．C．3，forthepulsedjetcasetherelationshipbetweenthejetmeanspeed

andthejetflowrateisglVenby

り＝0・95×切，

り＝1・03×¢・

Or

（C．1）

（C．2）

Equations（C・1）and（C・2）correspondto方＝10Hzandh＝20Hz，reSPeCtivelyl Fbr

thesteadyjetcasethejetmeanspeedarecalculatedfromthecontinultyequation，

forPi＝2mmandq＝3mm，aS

¢＝0・565×竹，

and

q＝1・272×竹，

respectivelyl
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JetOrifhce

（a）Viewedfromupstream

JetOri丘ce

≒＞」
MeasurementDirection

（b）Viewedfromtop

FigureC．1Schematicdiagramofjetspeedmeasurements．
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－2　　－1．5　　－1　－0．5　　0　　0．5　　1　1．5　　2

Traversing Distance（mm）

（a）方＝OHz，q＝16〝min

－2　　－1．5　　－1　－0．5　　0　　0．5　　1　1．5　　2

Traversing Distance（mm）

（b）方＝10Hz，q＝16〝min

FigureC．2　Distributionofjetspeedalongthecenteraxisofjetori丘ce．
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Qj（t／min）

FigureC・3Jetspeedversusjetflowrate勘＝2mm）；COmparisonwiththevalues

Calculatedfromthecontinuityequation（CAL）．
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ThbleC．1Ⅵlluesofjetspeedalongthecenteraxisofjetor追ce（¢＝45deg）

PulseFrequencyカ　JetFlowRateQi　甘aversingDistance JetSpeed
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ThbleC．1　Continued

PulseFrequencyカ　JetFlowRateQf　TraverslngDistance JetSpeed

（Hz）　　　　　（〝mim）　　　　　（mm）　　　　　（ITVs）
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ThbleC．1　Continued

PulseFrequencyカ　JetFlowRateQi ThverslngDistance JetSpeed

（Hz）　　　　　　Wmim）　　　　　（mm）　　　　　（rrVs）
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ThbleC．1　Continued

PulseFrequencyβ　JetFlowRateQi　廿averslngDistance JetSpeed

（Hz）　　　　（〟mim）　　　　　（mm）　　　　（m／S）
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℃lbleC．1　Continued

PulseFfequencyカ　JetFlowRateQi ThverslngDistance JetSpeed

（Hz）　　　　　（〝mim）　　　　　（mm）　　　　　（TrVs）
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APPENDIXD：AUTOMATICPROBE
TRAVERSINGUNITCONTROL／
VELOCITYMEASUREMENT

PROGRAM

／★

★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★

★

★

★

★

★

★

★

★

★

★

★

★

★

★

くくAutomatic probe Traversing Unit Contr01Program／

Veiocity Measurement Program＞＞

INZTIALIZATZON／PULSE OUTPUT／DATA Acquisition

THIS PROGRAMis　－　mOVing probe traversing unit and

★

★

★

★

★

★

measuring output v01tage of hot wire probe．★

★

1996．9．18

By

H・Hasegawa

External Program：ad conv・C

＊　　　　set upinitiai parameter of SMC－3（PC）in program

＊　　　　　　　　　　　（Set：autO deceleration mode）

＊　　　　　　　　Motor Move　＆　Save Data：Auto Mode Select

＊　　　　　　　　　　（WTCl／2：Waiting Time Constant）

★

★

★

★

★

★

★

★

★

★

★

★

★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★

★／

＃include　＜stdi0．h＞

＃include　＜coni0．h＞

＃include　＜dos．h＞

＃define wTCl le3

＃define wTC21e6

unsigned BA　＝　Ox300；

int x

int y

●

′

　

　

●

′

6

　

1

こ

　

こ

Ⅴ01d cIs（Ⅴ01d）t

printf（一一￥033［2J一一）；

）

／＊　Base Address　＊／

／＊＊＊　clear screen　＊＊＊／
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ⅤOidlocate（int x，int y）（

Printf（”￥033［％d；％dH一一，y＋1，X＋1）；／＊＊set cursoriocation＊＊／

）

VOid cursor（int m）I

union REGS r；

SWitch（m）t

case O：

工．h．ah　＝1；

工．h．ch　＝　0Ⅹ20；

工．h．cl　＝　0Ⅹ20；

break；

CaSe l：

工．h．ah　＝1；

r．h．ch　＝　06；

工．h．cl　＝　07；

break；

）

土nt86（0Ⅹ10′　＆r，＆r）；

）

／＊　cursor off　＊／

／★　cursor on　★／

VO⊥d tltle（）t

locate（25，1）；

pr土ntf（■■★★★★★★★★★★★★★★★★★★★★★★★★★★★★’■）；

locate（25，2）；　Printf（一一★　　Pulse Motor　　　＊’’）；

locate（25，3）；　Printf（一一★　　　MOVE ON！！　　＊”）；

locate（25，4）；

pr土ntf（’’★★★★★★★★★★★★★★★★★★★★★★★★★★★★’’）；

）

VOid pis＿Out（int cr，int mn）

t

int st，START；

CIs（）；

tltle日；

OutP（BA，mn　＋　4）；

St　＝　土np（BA　＋1）；

START　＝　Cr　＋1；

OutP（BA，mn）；

OutP（BA　＋1，START）；

）

／＊read outputted pulse countl00P＊／

int pIs＿Cnt（int mn）

（

土nt es　＝　0；
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int co′term；

土nt st，S；

unsignedint cplo．cpmi，CPuP；

longint cp；

locate（0，X　＋　3）；

Printf（一一CURRENT OUTPUTTED PULSE COUNT　＝一T）；

for（；；）t

OutP（BA，mn）；

CO　＝inp（BA　＋1）；／★check termination＊／

if（（CO　＆1）＝＝　0）t

locate（y　＋　50，X　十　3）；

Printf（I，ouTPUTIS STOPPED’’）；

term　＝1；

）

OutP（BA，mn　十1）；　／＊read current pulse count★／

CPio　＝inp（BA　＋1）；

OutP（BA，mn　十　2）；

CPmi　＝inp（BA　＋1）；

OutP（BA，mn　十　3）；

Cpup　＝1np（BA　＋1）；

CP　＝　CPuP　＊　65536　＋　cpmi　＊　256　＋　cpio；

locate（y　＋　34，X　＋　3）；

Printf（rf％ld”，CP）；

if（term　＝＝1）break；

／＊check puise output status＊／

locate（y　＋　50，X　＋　3）；

OutP（BA，mn　＋　4）；

St　＝inp（BA　＋1）；

S　＝　St　＆　0Ⅹ6；

SW土tch（S）t

CaSe O：

Printf（一一AT MINIMUM SPEEDT一）；

break；

CaSe　2：

Printf（r■ACCELERATING TT）；

break；

CaSe　4：

Printf（”DECELERATING T，）；

break；

CaSe　6：

Printf（”AT MAXZMUM SPEEDTT）；

break；

I

if（kbh土t（日　t

es　＝1；

break；

）

）

return es；
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ⅤOidinsig＿Ck（int mn）

t

int stl′St2；

Char wait；

OutP（BA，mn　＋　4）；

Stl　＝inp（BA　＋1） ／★read statusl register＊／

locate（0．x　＋11）；

if（（Stl　＆　0Ⅹ20）！＝　Ox20）printf（”PULSES WERE CORRECTLY

OUTPUTTED．￥n■一）；

else（

OutP（BA，mn　＋　5）；

St2　＝inp（BA　＋1）；　　　　　　　／＊read status　2　register＊／

if（（St2　＆1）＝＝1）printf（一一POINT－OF一〇RZGIN StGNALIS ON・

￥n■－）；

if　くくSt2　＆　Ox80）＝＝　Ox80）printf（T．SLOW－DOWN　＆　STOP SIGNAL

IS ON．￥n■■）；

if（（St2＆4）＝＝4）printf（一TPOSITIVELtMIT SIGNALISON・￥n”）；

if（（St2＆8）＝＝8）printf（TTNEGATIVE LIMIT SIGNALISON・￥n’一）；

if（（St2＆2）＝＝2）printf（一一EMERGENCY STOP StGNALISON・￥n’’）；

‡

Printf（一一￥n”）；

）

externad＿COnV（int xdd，int yd，int cn）；

maln日

i

／★

10ngint tp，dp，CP；

float tpl′　tP2；

int cr，maXS，mins，ar，dr，r，START，term；

int st，S，CO′　Stl，St2，100P；

Char maxslo，minslo′　arlo，drlo；

unsignedint tplo′　tPmi，tPuP，tPtm；

unsignedint dplo′　dpmi，dpup，dptm；

unsignedint cpup，CPmi，CPlo；

unsignedint maxsup，minsup，aruP，drup；

Char adm，Wait，a，eVe，eVad；

int mn，mn0．Xd，Xdd，Xe，yd，ye．ydm，1，Cn；

int iset，COut，CSet；

int xis，XeS，yiS，yeS；

float px，Py；

Char autm；

int aut；

unsignediong tifc，ti；

CurSOr（0）；

CIs（）；

tltle（‖　★／

／＊cursor off★／

／＊clear screen★／

／★display titie＊／
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locate（25，6）；Printf（一一　　　　ARE YOU READY？　　　’’）；

locate（25，7）；Printf（一一PRESS，1－　TO SET UP PARAMETER：TT）；

a　＝　getChe（）；

While（a！＝　一1一）　a　＝　getChe（）；

locate（25，6）；Printf（”　　　　　　　　　　　　　　　　一’）；

locate（25，7）；Printf（lr r一）；

locate（25，5）；Printf（▼■ENTER X－INITIAL POS＝TION　＞　T一）；

SCanf（”％drf，＆xis）；

locate（25，6）；Printf（一一ENTER Y－INITIAL POSITION　＞　T’）；

SCanf（■一％dI，，＆yis）；

for（COut＝1；COut＜＝2；COut＋＋）t

if（COut　＝＝1）t

mn　＝　0；

Cr　＝　0Ⅹ12；

）

土f（COut　＝＝　2）t

mn　＝　0Ⅹ10；

Cr　＝　0Ⅹ10；

CIs（）；

）

／＊set of auto－deceleration mode★／

／＊initialize command register＊／

OutP（BA，mn）；

OutP（BA　＋1，Cr）；

／＊set totai puise register★／

10Cate（y．x　＋1）；

土f（COut　＝＝1日

Printf（TTENTER X－DISTANCE OFI MOVE（1～167772　mm）＞　T’）；

SCanf（’一％frr，＆tpl）；

）

if（COut　＝＝　2）（

Printf（一一ENTER Y－DISTANCE OFI MOVE（1～167772　mm）＞’l）；

SCanf（TT％fTT，＆tp2）；

I

locate（y，X　＋　2）；

if（COut　＝＝1）i

Printf（一▼ENTER TOTAL NUMBER OF X－DIRECTION　＞　TT）；

SCanf（M％d．T，＆xe）；

）

if（cout　＝＝　2日

Printf（”ENTER TOTAL NUMBER OF Y－DIRECTION　＞’’）；

SCanf（”％d’’，＆ye）；

）

土f（COut　＝＝

土f（cout　＝＝
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土f（tp　＝＝16777216）tp　＝　0；

tplo　＝　tp　篭　256；

tptm＝（unsignedint）（tp／256）；

tpmi　＝　tPtm　％　256；

tpup　＝　tPtm／256；

OutP（BA，mn　＋1）；

OutP（BA　＋1，tPlo）；

OutP（BA，mn　＋　2）；

OutP（BA　＋1，tPmi）；

OutP（BA，mn　＋　3）；

OutP（BA　＋1，tPuP）；

dp　＝　0；　　　　／★set deceleration point register＊／

dplo　＝　dp　篭　256；

dptm＝（unsignedint）（dp／256）；

dpmi　＝　dptm　％　256；

dpup　＝　dptm／256；

OutP（BA，mn　＋　4）；

OutP（BA　＋1，dplo）；

OutP（BA，mn　＋　5）；

OutP（BA　＋1，dpmi）；

OutP（BA，mn　＋　6）；

Outp（BA　＋1′　dpup）；

maxs　＝　3；　／＊set maximum speed register★／

maxslo　＝　maXS　％　256；

maxsup　＝（unsignedint）（maxs／256）；

Outp（BA′　mn　＋　7）；

OutP（BA　＋1′　maXSlo）；

OutP（BA，mn　＋　8）；

OutP（BA　＋1，maXSuP）；

mins　＝　2；　／＊set minimum speed register＊／

minslo　＝　mins　％　256；

minsup　＝（unsignedint）（mins／256）；

OutP（BA，mn　＋　9）；

OutP（BA　＋1，minslo）；

OutP（BA，mn　＋　Oxa）；

OutP（BA　＋1′　minsup）；

ar　＝1；　　　　／＊set acceieration rate register＊／

arlo　＝　ar　宅　256；

arup　＝（unsignedint）（ar／256）；

OutP（BA，mn　＋　Oxb）；

OutP（BA　＋1，arlo）；

OutP（BA，mn　＋　0XC）；

OutP（BA　＋1，aruP）；

dr　＝　ar；　　／＊set deceleration rate register＊／

drlo　＝　dr　宅　256；

drup　＝（unsignedint）（dr／256）；

OutP（BA，mn　＋　Oxd）；
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OutP（BA　＋1，drlo）

OutP（BA，mn　＋　Oxe）

OutP（BA　＋1，drup）

r　＝1；　　　　／＊set res01ution value register＊／

OutP（BA，mn　＋　Oxf）；

Outp（BA　十1′　r）；

I

locate（y，X　＋　3）；

Printf（一一ENTER NUMBER OF STORING SAMPLING DATA　＞　一一）；

SCanf（Tr％d”，＆cset）；

10Cate（y，Ⅹ　＋11）；Printf（一一PRESS　＜ESC＞　KEY TO QUIT：一一）；

locate（Y，X＋12）；　Printf（TTPRESSANYOTHERKEYTOSTART PULSE

OUTPUT：川）；

a　＝　getChe（）；

if（a　＝＝　Oxlb）goto end；

Pulseout：

CIs（）；

XeS　＝　Xe　＋　Ⅹ1S；

yeS　＝　ye　＋　yiS；

Xdd　＝

／＊start pulse output＊／

locate（30，6）；Printf（一一Save A／D Data？（y／n）＞”）；

evad　＝　getChe（）；

if（（evad＝＝　TY■）ll（evad＝＝　一y一日　t

for（Cn＝1；Cn＜＝CSet；Cn＋＋）I

ad＿COnV（Xdd，yd，Cn）；

CIs（）；

）

）

／＊　AUTO MODE SELECT　＊／

10Cate（20′　7）；

Printf（’’Motor Move　＆　Save A／D Data AUTO－MODE？（y／n）＞一一）；

autm　＝　getChe（）；

if（（autm＝＝．Y■）＝（autm＝＝．y一））aut　＝1；

else aut　＝　2；

for（yd＝yis；yd＜＝yeS；yd＋＋）（

ydm　＝　yd　％　2；

Py　＝　tP2　＊　yd；

if（yd！＝　yis）i

Cr＝OxlO；

mn　＝　0Ⅹ10；

土f（ydm！＝　0）

／★（Motor－2）★／

Xdd　＝　XeS；

if（ydm　＝＝　0）xdd　＝　0；
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CIs（）；

土f（aut　＝＝　2）（

locate（30′　6）；Printf（T－Motor Move？（y／n）＞”）；

eve　＝　getChe（）；

if（（eve　＝＝　TNT）日（eve　＝＝，n一））　goto stop；

†

elset

for（ti＝0；ti＜＝WTCl；ti＋＋）　tifc　＝　ti　＋　ti；

‡

PIs＿Out（Cr，mn）；

if（PIs＿Cnt（mn）＝＝1日

CIs（）；

locate（25，3）；Printf（”＊＊＊＊　EMERGANCYSTOP！！　＊＊★★T一）；

locate（25，4）；Printf（Tr＊＊　x＞＝％5．1f mm（％d）y＞＝　％5．1f

mm（％d）＊★T一．px，Xdd，Py，yd）；

breakJ

）

CIs（）；

insig＿Ck（mn）；

locate（25，3）；Printf（■■x－POS＝T＝ON＞％d Y－POS＝TZON＞％dTr，Xdd，

yd）；

locate（25，4）；Printf（Tr＊★X＞＝　％5．1f mm y＞＝！5．1f mm＊＊”

．px′py）；

／＊　Analoginput and storing degital data to files　　　　＊／

if（aut　＝＝　2）（

10Cate（30，6）；Printf（”save A／D Data？（y／n）＞”）；

evad　＝　getChe（）；

if（（evad　＝＝　TYT）lt（evad　＝＝．y一））（

for（cn＝1；Cn＜＝CSet；Cn＋＋）（

ad＿COnV（Xdd，yd，Cn）；

CIs（）；

）

〉

）

else（

for（ti＝0；ti＜＝WTC2；ti＋＋）　tifc　＝　ti　＋　ti；

for（cn＝1；Cn＜＝CSet；Cn＋＋H

ad＿COnV（Xdd，yd，Cn）；

CIs（）；

）

）

）

for（Xd＝Xis；Xd＜xes；Xd＋＋）（

if（ydm！＝　0）t

Cr　＝　Ox12；／＊　output pcwin sM－3（PC）＊／／★（cr　＝　OxlO）＊／

／★（Cr　＝　0：Cr　＝　0Ⅹ2）り

Xdd　＝　XeS　－　Xd　－1＋　xis；

px　＝　tpl　★　Xdd；
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）

else（

Cr　＝　0Ⅹ10；

Xdd　＝　Xd　＋1；

／＊　output DCCWin sM－3（PC）＊／

PX　＝　tPl　＊　xdd；

）

mn　＝　0；　／★（Motor－1）★／

CIs（）；

土f（aut　＝＝　2日

locate（30，6）；Printf（■■Motor Move？（y／n）＞T一）；

eve　＝　getChe（）；

if（（eve　＝＝　一N，＝I（eve　＝＝，n，））　goto stop；

）

else†

for（ti＝0；ti＜＝WTCl；ti＋＋）　tifc　＝　ti　＋　ti；

I

Pis＿Out（Cr，mn）；

if（Pis＿Cnt（mn）＝＝1日

CIs（）；

locate（25，3）；Printf（TT＊＊＊＊　EMERGANCY STOP！！★★★★一一）；

locate（25，4）；Printf（一一★★　x＞＝％5．1f mm（％d）y＞＝％5．1f

rnm（％d）＊＊Tr，PX，Xdd，Py，yd）；

break；

）

CIs（）；

insig＿Cl：（mn）；

locate（25，3）；Printf（T－X－POSIT＝ON　＞％d Y－POSITZON　＞％dT一

′Xdd′yd）；

iocate（25，4）；Printf（rT＊＊　x　＞＝　％5．1f mm y　＞＝　％5．1f mm

★★一㌧px′py）；

／＊　Analoginput and storing degital data to fiies　　　　＊／

土f（aut　＝＝　2）（

locate（30′　6）；Printf（”save A／D Data？（y／n）＞一一）；

evad　＝　getChe（）；

if（（evad　＝＝．YT）lI（evad　＝＝．yl））（

for（cn＝1；Cn＜＝CSet；Cn＋＋）f

ad＿COnV（Xdd，yd，Cn）；

CIs（）；

1

1

）

elset

for（ti＝0；ti＜＝WTC2；ti十十）　tifc　＝　ti　＋　ti；

for（cn＝1；Cn＜＝CSet；Cn＋十日

ad＿COnV（Xdd，yd，Cn）；

CIs（）；
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／★

）

）

）

）

／＊checkinput signal＊／

StOp：

insig＿Ck（mn）；★／

end：

OutP（BA，mn）；

Outp（BA　＋1′　0Ⅹ12）；

OutP（BA，mn＋4）；

Wait　＝inp（BA　＋1）；

CurSOr（1）； ／／cursor on／／

／★一一一一一一…－…一一…一一一一丁－……一一一一日…一一一一一一…一一……………一一一…一一一

＊　Program of analoginPut With DMA transfer（ad＿COnV）

＊THIS PROGRAMis－Periodic sampling withinternal sampling ciock
★

★

★

★

★

★

★

★

★

★

★

and storing converted data to main memory by DMA
transfer to measure output v01tage of probe・

＝／O addr？SS
lnput ga⊥n
input channel

SCan Clock

SamPling clock

number of samplings
DMA channel

700h
Xl

muiti channel（O t015）（use N0．O

Channel）
10usec

16000usec

20

5（WOrd transfer）

＊　　0，1－Ch：Ⅴ01tage of Velocity　2－Ch：Ⅴ01tage of Temperature
★＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿●＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿－＿＿＿＿

★／

＃include　＜stdi0．h＞

＃include　＜dos．h＞

＃include　＜math．h＞

＃include　－Th306．hH

＃define ADR

土nt

VOid

0Ⅹ0700

aidatal20日16］；

ad＿COnV（int xdd，int yd，int cn）

（

Ⅴ01d far

unsignedint

ptr）；

unsigned char

unsigned char

unsigned char

＊ptr　＝　aidata；

StatuS，dmaseg　＝　FP＿SEG（Ptr），dmaoff＝　FP＿OFF

errf1g　＝　0；

ga土nH　＝（0′0．0′0′0．0．0，0′0′0′0．0′0′0′0′0　日

Channel［］＝（0，1，2，3，4，5，6，7，8，9，10′11，12，13，
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14′15　日

unsigned char i，］；

float v01t；

int span　＝10；

int offset　＝　0；

int n　＝12；

FIIE　★fpl；

Char fnaml20］；

／＊－－－　display titie　一一－＊／

locate（1，6）；

Printf（一一くくInput analog data and storing converted digital data

＞＞￥n￥n－■）；

／★一一一　file name　－一一★／

Printf（■■ENTER F＝LE NAME　＝＞一一）；

SCanf（Tl％sTT，＆fnam）；

SPrintf（fnam，TIx％dy％dn％d．datTT，Xdd，yd，Cn）；

While（（fpl　＝　fopen（fnam′　T－r”））！＝　NULL）t

Printf（I，wARN＝NG　＞　％s Fiie Already Exists！￥nT一′fnam）；

fciose（fpl）；

Printf（，lENTER F＝LE NAME　＝＞一一）；

SCanf（T▼％S一一，＆fnam）；

）

if（（fpl　＝　fopen（fnam，TTwr一日　＝＝　NULL）（

Printf（一一％s not open！！￥nT，，fnam）；

ex土t（1）；

〉

／＊－－－initialize　－－－＊／

InitBoard（ADR）；

／＊－一一　Set AI condition　－－－＊／

SetAIFunction（ADR，0Ⅹ0880）；

for（1＝　0；1＜16；i十十）t

SetAIGain（ADR，i，gainli］）；

SetAIChannel（ADR，i，Channelli］）；

）

SetAIScanClk（ADR，10000UL）；

SetAISmpCik（ADR，160000e2）；

SetAISmpNum（ADR，OUL，20UL，OUL）；

★／

★／

／★　set function　＊／

／＊　setinput gain　＊／

／＊　setinput channel　＊／

／＊　set scan clock　★／

／＊set sampling clock＊／

／★set number ofsamplings

／＊一一一　Set DMA transfer condition　－－－★／

SetAIDmaFunc（ADR，5，0，0）； ／＊　set DMA condition＊／

SetPC8237（5，0，0，0′dmaoff，dmaseg，319）；／＊set8237condition

／＊－－－　Start analoginput　一一一★／
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StartAI（ADR，15）；

do t

GetStatus（ADR，＆status）；　　　　／★get sampling status　＊／

）while（StatuS　＆　3）；

if（status　＆0Ⅹ80）errflg＝1；　　／＊test sampling error＊／

／＊－－－　display data　－－－★／

土f（errflg）t

Printf（TTsampling error！！￥n一一）；

‡

else t

for（土　＝　0；i　＜　3；i＋＋）

Printf（一一％2dch AIdat：一一，
●
′

｛

・

⊥

for（〕＝　0；］＜　20；〕十＋）

Printf（TT　％04xh一■′　aidataljHi］）；

Printf（TT￥n一■）；

Printf（’’％2dch V01t：．．，i）；

Printf（一’　　　　　　　saving　％S　￥n一■′fnam）；

fprintf（fpl，一T％2dch V01t：一T，i）；

for（］＝　0；〕＜　20；］＋＋）（

Ⅴ01t　＝　aidataljHi］★　span／pow（2，n）－　Offset；

fprintf（fpl，”％6．3f　一一′Ⅴ01t）；

i

Printf（TT￥nIl）；

）

）

fclose（fpl）；
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APPENDIXE：IASCSVGJCONTROL

PROGRAM

／★

★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★

＊　　　　＜＜Program of Active Boundary Layer Contr01System＞＞　　　　★

★　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　★

＊　　THIS PROGRAMis　－　SarnPling differential pressure and judging　　＊

★

★

★

★

★

★

★

★

★

★

★

★

★

★

★

★

★

★

OPerationofcontr0lsystemt00Ptimizeperformance　★

under various flow situations．

1998．2．17

By

H・Hasegawa

External Program：SarnP」卸・C（Ver・5）
SarnpJdps・C（Ver・0）

Cal avg．C（Ver・4）

Sig＿Out・C（Ver・2）

int＿Sig・C（Ver・0）

tg v：Target Vaiue of Contr01System

SV：Set Value of Minimum　Error

CSet：Vaiue of Sampling set Nurnber

CSet：Vaiue of Sampling set Number

★

★

★

★

★

★

★

★

★

★

★

★

★

★

★

★

★

＊　　　　　Differential Pressure Transducer：HighqUpstream side　　　　　★

＊　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Low－　Downstream side　　　　　＊

★　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　★

★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★

★／

＃include　＜stdi0．h＞

＃include　＜stdlib．h＞

＃include　＜math．h＞

＃define TW＿S　4000

＃define TTW S　4000

VOid cIs（VOid）（

Printf（IT￥033［2J－T）

）

161



ⅤOidlocate（int x，int y）t

Printf（一一￥033［％d；％dH一一．y＋1′　X＋1）；

）

Ⅴ○土d t土tle（）

t

Char adml；

locate（20．1）

10Cate（20．2）

locate（20′　3）

10Cate（20′　4）

locate（20′　5）

locate（20，6）

locate（20，7）

locate（20′　8）

Printf（一一★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★”）；

pr土ntf（一一★　　　　　　　　　　　　　　　　　　　　　★一一）；

Printf（一T＊　　　　　　welcome to　　　　　　　　★一一）；

Printf（T一★　　　　［ASCSVGJ］　　　　　　＊H）；

Printf（一一★Active separation contr01System＊”）；

Printf（TT＊　　using vortex GeneratorJets　　＊一一）；

Printf（，T＊　　　　　　　　　　　　　　　　　　　　　＊”）；

Printf（T，＊★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★IT）；

locate（20，10）；Printf（■■★★★★★★★　sYSTEM START？＞（y／n）★★★★★★★I，）；

adml＝getChe（）；

if（（adml＝＝　一N一）Il（adml＝＝lnT））（

locate（25，15）；Printf（一I＊＊　sYSTEM SHUT DOWN！！★★”）；

ex土t（1）；

）

VOid judge（float＊avg，int★q，int＊upd，int mno，int★dr ck′float

iv01，int★cnrv，int＊upd jr，fioat★it avg，float＊avg bf，int

＊kep，int＊no＿SP，fioat＊jdg non，float＊qp）

（

float er＿］g；

float it avgmd，aVg md；

★kep　＝　0；

★dp＝－3．175　★（★avg　一　土Ⅴ01）；

if（mo＝＝1日

★cnrV　＝　0；

er」g＝0・0；

★dr ck　＝1；

★upd＝1；

＊q＝（int）（4／（★dp　＊　2　＋1）＋　0．5）；

Printf（”＊＊avgl％d］＝！6・3f erjgl％d］＝％6・3f＊＊￥n一一′mnO′★avg，mn0．er＿jg）；

I

elsef

er＿］g＝★avg－★avg bf；

if（（erjg＜0・002）＆＆（erJg＞＝一0．001））＊kep＝1；

else（

土f（erJg＜＝0・0日

★dr Ck　＝1；

★cnrv　＝　0；

）
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elset

★dr ck　＝　2；

＊cnrv　＝　★cnrv　＋1；

）

）

Printf（”＋一十一＋cnrv＝％d＋一十一＋－￥n■一，★cnrv）；

Printf（一一★★　AVG［％d］＝％6．3f avgl％d］＝％6・3f er＿jg［％d］＝％6・3f dr＿Ck＝％d

＊＊￥n”′mn0－1，＊avg｝f，rnnO′★avg，mnO，er＿jg，＊dr＿Ck）；

／＊upd＝1：flow－increment upd＝2：flow－decrement＊／

if（（＊dr＿Ck＝＝1）＆＆（★upd＝＝1））★upd j

if（（＊dr＿Ck＝＝2）＆＆（＊upd＝＝1））★upd j

if（（＊dr－Ck＝＝1）＆＆（★upd＝＝2））＊upd j

if（（＊dr ck＝＝2）＆＆（＊upd＝＝2））＊upd j

Printf（一一！！！upd jr＝％d！！！￥nTT，＊upd jr）；

土f（★up〔し〕r＝＝1）★upd

if（＊upd jr＝＝2）＊upd

if（＊upd jr＝＝3）＊upd

if（★upd jr＝＝4）＊upd

1

′
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′
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′

　

●

′

ュ
　
1
　
2
　
2

こ

　

こ
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こ

●

′

　

　

■

′
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′

　

　

●

′
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4

二

　

二

　

二

　

二

r

 

r

 

r

 

r

if（＊upd jr＞＝5）printf（”－－－uPd：ERROR　＝　－一一￥n’’）；

）

土t avgmd＝　★it avg一　土Ⅴ01；

avg md＝★avg一　土Ⅴ01；

★jdg non＝aVg md／it＿aVgmd；

if（（iLavgmd＜＝0・001）＆＆（itjVgmd＞＝－0・001））　★no＿SP＝3；

elset

if（（avgJd＜ニー0・01）＆＆（it avgmd＜－0・001））＊no＿SP＝★no＿SP＋1；

）

Printf（…￥n一■）；

Printf（■■＄＄＄＄jdg＿nOn＝％5・2f，it⊥aVgmd＝％6・3f，aVgJnd＝％6・3f＆＆＆＆￥nTT，

＊jdg＿nOn，itJaVgmd，aVgJnd）；

Printf（■■￥n一一）；

＊q＝（int）（4／（＊dp　＊　2　＋1）＋　0．5）；

if（mno　＞1）f

if（（＊upd jr＝＝2）＆＆（＊cnrv＝＝3日（

★upd＝　2；

＊q＝（int）（4／（＊dp　＊　2　＋1）＋　0．5）；

★cnrv＝　0；

）

if（（★upd jr＝＝4）＆＆（★cnrv＝＝3））（

★upd＝1；

＊q＝（int）（4／（★dp　＊　2　＋1）＋　0．5）；

★cnrv　＝　0；

）
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if（＊jdg＿nOn＜＝－0・7）＊q＝0；

extern samp＿dp（int xloc′int mn0．int cnt）；

extern sarnpJdps（int xloc′int mn0．int cnt）；

extern cal＿aVg（intmno，intxloc，float＊avg，int cset，int cnt，float

★iLavg）；

extern sig＿Out（int★q，int upd，int mno′int es，float＊voit）；

externint＿Sig（int mno）；

ⅤOid main（VOid）

t

Char ive′　adm′lucy；

Char outfnm［20］；

int qr updr mno′il Xloc′eSr］｝arr dr ck′　Sy Ck，fd ck′end c；

int cnt，CSet，CnrV′　uPd jr，kep，nO＿SP，adm j，kep＿Jar；

int ti，tti，tWf s；

int mod；

float　土Ⅴ01′it avg，jdg non；

float avg，aVg bf，Ⅴ01t，dp；

FIIE　★fp2；

CIs（）；

titie（）；

CIs（）；

10Cate（10，6）；Printf（T一★★★ENTER Streamwise Position X（rnm）＞　一’）；

SCanf（一一％d一㌧＆xloc）；

locate（10′7）；Printf（t▼★★★ENTERTotal SetNumber of Sampling＞’l）；

SCanf（T一％d’’，＆cset）；

locate（10，8）；Printf（一一★★★ENTER tnitial V01tage（No－Wind）＞　Tr）；

SCanf（一一％f■一′＆iv01）；

locate（10，9）；Printf（”＊★★ENTER D＿P（mmAq）Output Fiie Name＞’’）；

SCanf（▼一％srl，＆outfIm）；

mnO

r

　

ニ

a

nO＿Sp

adm〕

Sy Ck

end c
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While日fp2＝fopen（Outfnm，一TrTT））！＝NULL）t

Printf（一一♯♯♯♯WARNING＞％s File already exists！！！♯♯＃￥n’’′Outfnm）；

fclose任p2）；
Printf（一一ENTER Output File Name Again＞”）；
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SCanf（一r％sH，Outfnm）；

）

if（（fp2＝fopen（outfrm，▼一wT一））＝＝NULL）t

printf（”＃＃＃　％s not open　＝￥ntT，OutfIm）；

exlt（1）；

）

fprintf（fp2，■一★★★output D＿P（mmAq）＊＊＊￥n一■）；

／★－－”－　Separation contr01L00P　－－－－”＊／

mod l：mOd

mod　4：mOd

mod　5：；

●
′
　
　
■
′

0

　

0

二

　

二

es　＝　0；

for（；；）t

mno　＝mnO　＋1；

土f（mo　＝＝1日

土nt＿S土g（mo）；

for（ti＝l；ti＜＝T甲＿S；ti＋＋）t

for（tti＝1；tti＜＝TTVLS；tti＋＋）f

twf s　＝　t土　＋　ttl；

）

†

）

for（Cnt＝1；Cnt＜＝CSet；Cnt＋＋）（

SarnP＿βp（xloc，mnO，Cnt）；

CIs（）；

）

Cal avg（mn0．Xioc′　＆avg，CSet，Cnt，＆it＿aVg）；

judge（＆avg，＆q，＆upd，mnO′＆dr ck′iv0l，＆cnrv，＆upd jr，＆it＿aVg，

＆avg」）f，＆kep，＆no＿SP，＆jdg non，＆dp）；

1f（mod

upd

mod

）

二

　

二

5
　
1
　
0

if（kep　＝＝1）kep」）ar＝kep＿Jar十1；

else kep」）ar＝0；

fprintf（fp2，T，i6．3f￥n一一′dp）；

avg bf＝aVg；

if（q＝＝0）j」）ar＝〕par＋1；

if（（j par＝＝1）lt（kep」）ar＝＝3））t

break；

I

Printf（lT＊＊＊　q＝％d，uPd＝％d　＊＊＊￥nTT，q，uPd）；

if（kbhit（））t

es　＝1；
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10Cate（0，10）；

Sig＿Out（＆q，uPd，mnO′　eS，＆Ⅴ01t）；

locate（10，13）；Printf（yT＊＊＊＊＊　EMERGENCY STOP！！★★★★★￥n”）；

ex土t（1）；

）

1f（no＿Sp＝＝3日

es　＝　2；

locate（0′10）；

Sig＿Out（＆q，uPd，mnO，eS，＆Ⅴ01t）；

locate（10′13）；Printf（”＊＊＊＊Not Separation！！＊＊＊＊￥n’’）；

break；

）

if（（cnrv＝＝　0）＆＆（q！＝0）＆＆（kep＝＝0日（

locate（0，10）；

Sig＿Out（＆q，uPd，mnO′　eS，＆Ⅴ01t）；

）

）

iocate（10，15）；Printf（”－－一一一　System Standby？（y／n）＞　一一）；

ive　＝getChe（）；

if（（ive　＝＝．N■日日ive　＝＝　TnT））（

es　＝　2；

10Cate（0′10）；

Sig＿Out（＆q，uPd，mn0．eS，＆Ⅴ01t）；

locate（10′16）；Printf（Tr＊＊＊　system Shut Down！！★★★￥n’’）；

ex⊥t（1）；

i

CIs（）；

／★一一一一一一一t一一一一t一一　Monitorl00p　一一一一一一一一一…一一★／

］par　＝　0；

kep＿par

／★　　　mod　2：

mod　3：

adm〕

／★
■
′
．
　
　
●
′

0

　

0

こ

　

こ

d
 
d

0
　
0

m
 
m

fprintf（fp2，rr－－一一SysterrLKeep－＆一〇ptimizing日印－－￥n”）；

for（．　′　）t

mno　＝　mnO　＋1；

for（cnt＝1；Cnt＜＝CSet；Cnt＋＋）i

SamPJdps（Xloc，mnO′　Cnt）；

CIs（）；

）

Cal＿aVg（mno′　Xloc，＆avg，CSet，Cnt，＆it avg）；

judge（＆avg，＆q，＆upd，mnO，＆dr ck，iv0l，＆cnrv，＆updJr，＆it＿aVg，

＆avg＿♪f，＆kep，＆no＿SP，＆jdg＿nOn，＆dp）；

avg bf＝　aVg；

166



fprintf（fp2，TT％6．3f￥n”，dp）；

if（q＝＝0）end⊥C＝enq＿C十1；

if（endJ　＝＝3）（

locate（10，13）；Printf（TT”””　System G00d日　一一－一一￥nrr）；

fprintf（fp2，’’★★★standby（mod＿％d）mno＝！d★★★￥n一一．mod，mnO）；

locate（10′15）；Printf（一T－－－－－　System Continue？（y／n）＞一■）；

ive＝getChe（）；

if（（ive＝＝，N．日日ive＝＝　Tn．））i

break；

）

end c　＝　0；

90tO mOd　3；

）

土f（no＿Sp＞＝3日

土f（（avg－　土Ⅴ01）＞　0．0日

locate（10′13）；Printf（一一★★★★separation by DJlngle！・・・

！！．★★★★￥n一一）；

mod　＝　4；

）

）

elsei

if（q＞＝5）t

locate（10′13）；Printf（TT＊＊★★separation by F＿Stream！‥・

11　　　★★★★★￥n一一）；

mod　＝1；

I

if（（jdg＿nOn＞－0・65）＆＆（q＜5）H

locate（10，13）；Printf（一一★★★★★★　Jets veiocity up！‥．uP！！

…．★★★★★￥n一一）；

mod　＝　5；

）

）

／★

／★

Optimizing check　一一…一一一一

if（（av9　－iv01）＜＝　－0．08日

★／

fd ck　＝1；

Sy Ck＝　0；

）

locate（1，9）；Printf（TT＋＋＋＋＋　fd ck＝％d＋＋＋＋＋￥n”，fd－Ck）；

if（（（avg－iv01）＜＝－0．02）＆＆（no sp＞＝7日　mod＝3；＊／／＊

For P．阜（Not Separation）★／

if（（mod＝＝　0）ll（mod＝＝　2））t

if（fd＿Ck！＝1日

if（（（it avg－iv01）＜0．075）＆＆（（itjVg－iv01）＞0・0）＆＆

（（av9－1v01）＜＝－0・035日　sy＿Ck＝2；

）　／＊　　　uo：Low speed20deg－10deg　　＊／

2日（
if（（（no＿SP＜3）＆＆（（avg－iv01）＜＝－0・08））ll（Sy－Ck＝＝

if（adm〕＝＝0）（
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mod，mO）；

（y／n）＞”）；

mod，mO）；

mod　＝　2；

fprintf（fp2，1T＊＊＊standby（mod＿％d）mno＝％d＊＊＊￥nTT，

locate（10．13）；Printf（一し一一一－－　SystemOptimizing？

adm＝getChe（）；

）

if（（adm＝＝　一Yf）ll（adm＝＝　一y一））（

adm〕

end c

■

′

　

　

●

′

1
　
0

二

　

二

q＝　4；

upd＝　2；

10Cate（0′10）；

Sig＿Out（＆q，uPd，mn0．eS，＆Ⅴ01t）；

〉

if（Ⅴ01t＜1．99日

mod　＝　3；

Sy＿Ck＝0；

fprintf（fp2，一■★★★Standby（mod＿％d）mno＝％d＊＊★￥n一■′

System G00d！！一一一一一￥nH）；

（y／n）＞　川）；

／★

es　＝　2；

locate（0，13）；

Sig＿Out（＆q，uPd，mnO′　eS，＆Ⅴ01t）；

locate（10′16）；Printf（一㌧－－”　Jet Flow Cut：

locate（10，17）；Printf（一T－－”－　System Continue？

ive＝getChe（）；

if（（ive　＝＝．N■日日ive　＝＝，n■））t

break；

）

no＿Sp＝　3；

goto mod　3；

if（mod＝＝1日

fprintf（fp2，一一★★★standby（mod＿％d）mno＝％d＊＊＊￥n一一′mOd，mnO）；

mno　＝　0；

locate（10，17）；Printf（一㌧”－SystemContinue？（y／n）＞一一）；

ive＝getChe（）；

if（（ive＝＝，N一日日ive＝＝．n■））f

break；

）

goto modl；

）

土f（mod＝＝4日

fprintf（fp2，一一★★★standby（mod＿％d）rnno＝％d＊＊＊Yn一一．mod，mnO）；

mno　＝　0；

no＿Sp＝0；
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locate（10，17）；Printf（一．一一一一System Continue？（y／n）＞’’）；

ive＝getChe（）；

if（（ive　＝＝　TN一日日ive　＝＝　Tn，））t

break；

）

goto mod　4；

）

土f（mod＝＝　5）（

fprintf（fp2，一一★★★standby（modjd）mno＝％d＊＊＊￥nr’FmOd，mnO）；

10Cate（10，17）；Printf（TT－－…SystemContinue？（y／n）＞TT）；

ive＝getChe（）；

if（（土ve　＝＝　－N一日l（土ve　＝＝　－n一日　t

break；

）

goto mod　5；

）

Printf（T一★★★　q＝％d，uPd＝％d　＊＊＊￥nrT，q，uPd）；

if（kbhit（））‡

es　＝1；

iocate（0′10）；

Sig⊥Out（＆q，uPd，mn0．eS，＆Ⅴ01t）；

locate（10′15）；Printf（”★★★★system－ShutDown＝★★★★￥n一’）；

ex土t（1）；

）

）

fclose（fp2）；

locate（10，17）；Printf（▼T－－－－　Press．sI Key：SystemStop！！，－…＞TT）；

lucy＝getChe（）；

pr1ntf（H￥n■－）；

if（（lucy＝＝　一Sf）ll（iucy＝＝　Ts，））（

es　＝　2；

Sig＿Out（＆q，uPd，mnO′　eS，＆VOit）；

）

／★一一一一一一一一一一一一一一一一一一一…一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一

＊　Program of sampling pressure（Samp＿dp（Ver・5））

＊　THIS PROGRAMis　－Periodic sampling withinternal sampling clock and

★

★

★

★

★

★

★

★

StOring converted data to main memory by DMA transfer

to sample differential pressure・

＝／O address　　　　　　＝　700h

lnput gain　　　　　　＝Xl

input channel　　　　＝multi channel（O t015）（use N0．O channel）

SCan Clock　　　　　　　＝10usec

SamPling ciock　　　＝　30000usec
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★　　　　number of sarnPlings＝10

＊　　　　DMA channel　　　　　　＝　5（WOrd transfer）

＊　　3－Ch：Ⅴ01tage of Differential Pressure
★ 1998．2．17

★．＿＿＿＿＿＿●＿＿．＿●＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿．＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿●＿＿＿＿＿＿

★／

＃include

＃include

＃include

＃include

＃define

土nt

＜std土0．h＞

＜dos．h＞

＜math．h＞

llh306．hll

ADR OxO700

a土data［40日16］；

VOid samp＿dp（int xloc′int mno′int cnt）

（

VOid far

unsignedint

unsigned char

unsigned char

unsigned char

unsigned char

float v01t；

＊ptr＝aidata；

StatuS，dmaseg＝FP＿SEG（Ptr），dmaoff＝FP」〕FF（Ptr）；

errflg　＝　0；

gainH　＝（0．0′0′0′0′0′0′0′0．0′0′0′0．0′0，0）；

ChannelH　＝（0′1，2，3，4，5，6，7，8，9，10，11，12，13，14，151；

1′　］；

土nt span＝10；

int offset＝　0；

土nt n　＝12；

FIもE　★fpい

Char fnam［25］；

／＊－－－　file name　一一一★／

SPrintf（fnam，一一x％dn％dc％d．dat”，Xloc，mnO′Cnt）；

／＊　whiie（（fpl＝fopen（fnam，一■r一一））！＝NULL）f

Printf（”wARNTNG＞　％s File Already Exists！￥nrr，fnam）；

fclose（fpl）；

Printf（．一ENTER FILE NAME　＝＞一一）；

SCanf（lr％sH，＆fnam）；

）

★／

if（（fpl＝fopen（fnam，TW一））＝＝NUIL）t

Printf（’’％s not open！！in sAMP＿DP・C￥nT’′fnam）；

exit（1）；

）

／＊－－－initialize　一一－＊／

InitBoard（ADR）；

／＊－一一　Set AI condition　一一一★／
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SetAIFunction（ADR，OxO880）；

for（1＝0；i　＜16；i＋＋）t

SetAIGain（ADR，i，gain［i］）；

SetAtChannel（ADR，i，Channelli］）；

）

SetA工ScanClk（ADR，10000UL）；

SetAISmpCik（ADR，30000e3）；

SetA工SmpNum（ADR，OUL，10Uも′　OUL）；

／★一一一　Set DMA transfer condition　－”★／

SetAIDmaFunc（ADR，5，0．0）；

SetPC8237（5，0′　0′　0，dmaoff，dmaseg，

／＊一一一Start analoginput一一一★／

StartAZ（ADR，15）；

do（

GetStatus（ADR，＆status）；

）while（StatuS　＆　3）；

if（StatuS　＆　Ox80）errflg＝1；

／＊　set function　＊／

／＊　setinput gain　＊／

／＊　setinput channel　＊／

／＊　set scan clock　★／

／＊　set sarnpling clock＊／

／＊　set nunber of sarnplings　＊／

／＊　set DMA condition　＊／

159）；／＊　set8237condition＊／

／★　get sampiing status　＊／

／★　test sarnPling error　＊／

／＊－一一dispiay data　一一一★／

土f（errflg）t

Printf（T，sarnpling error！！￥n一一）；

）

else t

for（土　＝　3；i　＜　4；i＋＋）t

Printf（T一％2dch AIdat：T一，i）；

for（j　＝0；〕＜10；〕＋＋　〉

Printf（一一％04xhrr，aidata［jHi】）；

pr土ntf（■－￥n一一）；

Printf（T一％2dch V01t：一一′i）；

Printf（一T saving　％S　￥nT一′fnam）；

fprintf（fpl，一一％2dch V01t：”，i）；

for（〕＝0；〕く10；〕＋＋）t

VOlt＝aidata［jHi］＊　span／pow（2，n）－　Offset；

fprintf（fpl，一▼％6．3f　■一′Ⅴ01t）；

I

pr土ntf（－■￥n一一）；

ナ

ナ

fclose任pl）；

／★一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一…一一一一一一一一一一一一一一…一一一一一一

＊Program of sarqP1ing pressure（samp＿dps（Ver・0日

★THIS PROGRAMis　－Periodic sampling withinternal sampling clock and

＊　　　　　　　　　storing converted data to main memory by DMA transfer

＊　　　　　　　　　to samPle differential pressure．

＊　　　　I／O address　　　　　　＝　700h

＊　　　input gain　　　　　　＝Xl
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＊　　　input channel　　　　＝multi channel（O t015）（use No・O channel）

＊　　　　　scan clock　　　　　　　　＝10usec

＊　　　　sarnpling clock　　　＝30000usec

＊　　　　nlユmber of sarnplings＝　60

＊　　　　DMA channel　　　　　　＝5（WOrd transfer）

★

＊　　3－Ch：Ⅴ01tage of Differential Pressure
★ 1997．12．27

★＿＿＿＿．．＿＿＿＿＿＿＿＿＿＿．＿＿＿＿．．＿＿＿＿＿＿＿＿＿．＿．＿．＿＿＿＿＿＿＿．＿＿＿＿＿＿一一＿＿＿＿＿＿＿．．＿＿＿＿＿＿＿＿一一＿＿・一一・＿＿一一一一一

★／

＃include

＃include

＃include

＃include

‡define

土nt

＜std10．h＞

＜dos．h＞

＜math．h＞

llh306．hII

ADR OxO700

aidatal40］【16］；

ⅤOid sarp＿dps（int xloc，int mno，int cnt）

（

VOid far

unsignedint

unsigned char

unsigned char

unsigned char

unsigned char

float v01t；

★ptr＝aidata；

StatuS，dmaseg＝FP＿SEG（Ptr），dmaoff＝FP」〕FF（Ptr）；

errflg　＝　0；

qa⊥n［］＝（0′0′0′0′0′0′0，0．0′0′0′0′0′0′0．0）；

channel［］＝（0′1．2，3，4，5，6，7，8，9，10′11，12，13，14，151；

1′　］；

int span＝10；

土nt offset　＝　0；

int n　＝12；

FIIE　★fpl；

Char fnaml25］；

／★一一一　fiie name　一一－＊／

SPrintf（fnam，T，x％dn％dc％d．dat一一，Xloc，mnO，Cnt）；

／＊　while（（fpl＝fopen（fnam，一Tr－T））！＝NULL）（

Printf（一一WARNING＞　％s Fiie Already Exists！￥n’’，fnam）

fclose（fpl）；

Printf（TTENTER FILE NAME＝＞一，）；

SCanf（H％S一㌧＆fnam）；

）

★／

if（（fpl＝fopen（fnam，一TwT▼））＝＝NULL）t

Printf（”％s not open！！in sAMP＿DP・C Yn”，fnam）；

exlt（1）；

）

／＊－－－initialize　－－－＊／
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InitBoard（ADR）；

／＊－－－　Set AI condition　…－★／

SetAIFunction（ADR，OxO880）；

for（土＝　0；1＜16；1＋＋）t

SetAIGain（ADR，i，gain［i］）；

SetAIChannel（ADR，i，Channel［i］）；

）

SetAIScanClk（ADR，10000UL）；

SetAISmpClk（ADR，30000e3）；

SetA＝SmpNum（ADR，OUL，60UL，OUL）；

／＊－”　Set DMA transfer condition　一一一★／

SetAIDmaFunc（ADR，5，0′　0）；

／＊　set function　＊／

／＊　setinput gain＊／

／＊　setinput channel　★／

／★　set scan clock　＊／

／＊　set sampling clock　＊／

／＊　set number of samplings　＊／

／＊　set DMAL COndition　＊／

SetPC8237（5，0′　0，0，dmaoff，dmaseg，959）；／＊set8237condition★／

／＊M－　Start analoginput－－－＊／

StartAI（ADR，15）；

do t

GetStatus（ADR，＆status）；

）whiie（status　＆　3）；

if（StatuS　＆　Ox80）errfig＝1；

／＊－”　display data　”－＊／

if（errflg）t

Printf（TTsampling error！！￥n一一）；

）

else t

for（⊥＝3；i　＜　4；i十十）

Printf（一7％2dch AZdat：一一 ■
′

｛

・

⊥
′

for（〕＝0；〕＜　60；〕＋＋）

Printf（T’％04xh”，aidata［j］
■
′

ヽ

J

，

］・
⊥

■

．

L

／★　get sampling status　＊／

／＊　test sarrpiing error　＊／

Printf（■一￥nTT）；

Printf（T一％2dch V01t：TT，i）；

Printf（一一　　　　　　saving　％S￥nTT，fnam）；

fprintf（fpl，”％2dch V01t：‖′i）；

for（〕＝0；］＜　60；〕＋＋）（

Ⅴ01t＝aidataljHi］★　span／pow（2，n）－Offset；

fprintf（fpl，Y一％6．3f T一′Ⅴ01t）；

）

Printf（TT￥n－1）；

）

）

fclose（fpl）；

／★

★＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿

＊　program of calculating average pressure（Cal＿aVg（Ver・4））

＊　THIS PROGRAMis－Calculating average pressure from output v01tage of

＊　　　　　　　　　　differential pressure transducer・
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★　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　1997．11．20

★＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿－＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿

★／

＃include　＜stdi0．h＞

＃include　＜math．h＞

＃define spNtJM　40

VOid cal＿aVg（intmno′intxloc．fioat＊avg，intcset，intcnt，float＊it＿aVg）

（

int ll′］］；

Char infnam［25］；

Char darrmy；

floatindatrinvoitr avg＿P；

FILE　★fp2；

土nv01t　＝　0．0；

for（Cnt＝1；Cnt＜＝CSet；Cnt＋＋H

SPrintf（infnam，TTx％dn％dc％d．datr一′Xioc，mnO′Cnt）

if（（fp2＝fopen（infnam，一一rr一日　＝＝NULL）（

Printf（T，％s File not open！！

ex土t（1）；

in CAL AVG．C　￥nH′infnam）；

）

土ndat　＝　0．0；

for（ii＝1；11＜＝10；上土＋十日

fscanf（fp2，”％cT’，＆darrmy）；

）

for（う〕＝0；〕う＜SPNUM；〕］十十日

fscanf（fp2，一r％f”，＆indat）；

fscanf（fp2，一’％C’’．＆daIrmy）；

inv01t＝inv01t　＋indat；

）

fclose（fp2）；

）

＊avg＝inv01t／（SPNUM＊　cset）；

avgJ　＝（★av9－3・0）／0・315；

土f（mo＝＝1）★itjVg＝★avg；

Printf（rL一一一it avg＝％6・3f mno＝％d－－一一￥n一一，★it」aVg，mnO）；

printf（一一★★★in這It＝％6．3f avgl％d］＝％6．3f Mes二N0．＝％d￥n一■′inv。It，mn。′

★avg′mnO）；

Printf（”＋十十［Mes・No・］＝％d Dif・Press・＝％6・3f（ⅠⅧT且q）＋十十￥n”，mnO′aVgJ））；

＼

）
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／★一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一

＊　Program of signai output（Sig＿Out（Ver・2））

＊　THIS PROGRAMis　－PrOducing output signal（0－10V）to actuate electric

★　　　　　　　　　　　　　valve．

★

＊　　＝／O address　＝　700h

＊　　n＝12　0ffset＝O span＝10　q＝ratio二Vq＊Ⅴ

＊　　ZTV：Initial value of metering valve

★　　工TV＝　819　＝　2くⅤ）＝18（1／mln．）

★　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　1997．12．20

★＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿－＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿●＿＿＿＿＿－＿＿＿＿＿＿＿＿＿＿＿．＿＿●＿＿＿＿＿＿＿＿＿

★／

‡include　くmath．h＞

＃include　＜stdi0．h＞

＃include　＜coni0．h＞

＃include TTh306．h一一

＃define ADR OxO700

＃define TW　3000

＃define TTW　2000

＃define ITV　819

VOid sig＿Out（int＊q，int upd，int mno′int es，fioat★Ⅴ01t）

（

Static int

土nt

土nt

Static float

float

float

aodata；

Offset，SPan；

ti，tti，tWf；

aodat jr；

rat土○＿Vq；

n　＝12．0J

Offset　＝　0；

Span＝10；

rat土○＿Vq＝0・02；

土f（es　＝＝1日

aodata　＝ITV；

Printf（一一♯♯＃mno＝％d＃＃＃YnT一′mnO）；

）

if（es　＝2）aodata＝　0；

土f（（es！＝1）＆＆（es！＝2日（

if（mo＝＝1日

aodata　＝ITV；

aodat jr＝（float）aodata；

）

elsef
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／★”－－…－Set flow rate－uP Or down－一一一一一一★／

土f（upd＝＝1）

aodat jr＝aOdat jr＋（（ratio」′q＊pow（2・0′n））／span）＊（＊q）；

土f（upd＝＝　2）

aodat jr＝aOdat jr－（（ratio＿Jq＊pow（2・0，n日／span）★（★q）；

aodata＝（int）（aodat jr＋　0．5）；

）

／＊printf（TT★★★mno＝％daodat jr＝％7．3faodata＝％d＊＊★￥n，■．mno′aOdat jr，aOdata）

★／

‡

／★一一一一一一一一一一一in土tlal土ze一一…一叫一一一一一一★／

InitBoard（ADR）；

／＊－－－－－－一一…－Set AO data一一一一一一－q－－＊／

SetAOData（ADR，aOdata）；

／＊－－－－－－make time delay－一一一一一★／

for（t土＝1；ti＜＝TW；t土＋＋）t

for（tti＝1；tti＜＝TTW；tti＋＋）t

twf　＝　ti　＋　tti；

）

）

＊Ⅴ01t＝（float）（（aodata　＊span）／pow（2．0′n）－　Offset）；

／＊－－－－－－一一一一display data一一一一－”－－＊／

／＊printf（一一〇utput data：％04xh￥n－T，aOdata）；＊／

if（es！＝1日

Printf（T一〇utput data：％d￥n一㌧aodata）；

Printf（TToutput v01tage：％6．4fYn．T，＊Ⅴ01t）；

）

）

／★一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一

★　Program of signai output for non」et situation（int＿Sig）

★　This pROGRAMis－PrOducing output signal to cut off jet flow

★

★　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　1997．11．18

★／

＃include　＜stdi0．h＞

＃inciude　一一h306．h一一

＃define ADR OxO700

VOidint＿Sig（int mno）

（

176



／

　

｝

int aodata；

aodata　＝　0；

InltBoard（ADR）；

SetAOData（ADR，aOdata）；

＊　printf（一■Now′initial aodatais O！一一）；★／
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