
Contents

Preface v

Chapter1. SubsonicTurbulentJets 1
1.1. AerodynamicCharacteristicsof TurbulentJets.CoherentStructures 1
1.2. CoherentStructuresandHydrodynanñcInstability 10
1.3. AcousticCharacteristicsof SubsonicTurbulentJets 15
1.4. Initial Conditionsof TurbulentJetIssue 22

1.4.1. AerodynamicandAcousticalParametersCharacterizingtheIssue
Initial Conditionsfor SubsonicSubmergedandAccompanying
TurbulentJets 22

1.4.2. GeometricalParametersDeterminingtheIssueInitial Conditions 23
1.5. Approachesto TurbulentJetControl 27

References 29

Chapter2. Controlof AerodynamicCharacteristicsof SubsonicTurbulentJets 33
2.1. Susceptibilityof Turbulent Jetsto WeakHarmonicAcoustical

Disturbances.Effectof ExcitationFrequency 33
2.2. Effectsof AcousticExcitationLevel 42
2.3. Effecton theFlow Regimein the BoundaryLayer attheNozzleEdge 46
2.4. Influenceof Flow Initial Turbulenceon theEfficiency of JetAcoustical

Excitation 49
2.5. Deformationof JetCross-SectionsunderTransversalAcousticalExcitatioi 52
2.6. AcousticalExcitationof aJetIssuingfrom anOrificewith SharpEdges... 54
2.7. VibrationExcitationof aTurbulentJet 57
2.8. AcousticExcitationof High-SpeedJets 60
2.9. Changesin theModeCompositionon TurbulentPulsationsfor aJetunder

AcousticalExcitation.LocalizationofPairingandDecayof Coherent
Structuresfor a JetunderAcousticalExcitation.Mechanismsof the
JetAcousticalExcitation 63

2.10. Coflowing StreamEffect on Turbulent Mixing Intensification in Jets
underLow-FrequencyAcousticalExcitation 68

2.11. ToneAcousticalExcitationof AnisothermicGasJets 70
2.12. Effectof Two Oppositein DirectionSourcesof TransversalAcoustical

Excitationof IdenticalFrequencyin PhaseandAntiphase 72
2.13. Effectof AcousticDisturbancesof HigherAzimutalModes 78
2.14. Two-FrequencyAcousticalExcitationof Jets.SubharmonicResonance....76
2.15. Multi-FrequencyAcousticalExcitationof TurbulentJets 86
2.16. AcousticalExcitationof NoncircularJets 89
2.17. Effectof the NozzleEdgeSharpon Sensitivity of Jetsto Acoustical



xii Contents

Exitation 94
References 96

Chapter3. Controlof AcousticCharacteristicsof SubsonicTurbulentJets 101
3.1. AcousticCharacteristicsof NearandFarFieldsof TurbulentJetsunder

AcousticalExcitation 101
3.1.1. TheNearAcousticalField andPressurePulsationsin aJet 101
3.1.2. TheFarAcousticalFieldof aJet 104

3.2. AcousticalExcitationonAnisothermicJets 110
3.3. AcousticalExcitationofJetsin CoflowingStreamsandCoaxialJets 111
3.4. OnMechanismsof NoiseGenerationby SubsonicTurbulentJets 114

References 115

Chapter4. Effectof IntensiveAcousticDisturbanceson SubsonicJets 117
4.1. High-AmplitudeLow-FrequencyPeriodicalExcitationof aCircularJet

andPlaneMixing Layer 117
4.2. Flow Visualizationin aSubsonicCircularJetunderLongitudinaland

TransversalHigh-AmplitudeAcousticalExcitation 121
References 126

Chapter5. Self-Excitationof TurbulentJetFlows 127
5.1. Self-excitationSchemesof TurbulentJetFlows 127
5.2. NormalandObliqueImpingementof a TransonicJeton aBaffle 130

5.2.1. CoherentStructuresin ImpactJets 130
5.2.2. A Near-WallRadialJet 133
5.2.3. Suppressionof Self-ExcitedOscillations 134

5.3. Self-ExcitedOscillations in WindTunnelswith theOpenTestSections... 138
References 140

Chapter6. NumericalSimulationof PeriodicalExcitationof SubsonicTurbulentJets.. 143
6.1. Direct NumericalSimulationof TurbulentMotionin theInitial Region

of an AxisymmetricJetunderLow-FrequencyHarmonicExcitation.. 143
6.2. Simulationof PlaneandCircularTurbulentJetsunderLow- andHigh-

FrequencyHarmonicExcitationUsingtheMethodof DiscreteVortices.... 148
6.2.1. TheMethodof DiscreteVorticesSimulatesPlaneandCircular

TurbulentJetsfor the Caseof IdealIncompressibleFluid 148
6.2.2. Themetodof DiscreteVorticesSimulatesRoundTurbulentJets 151

6.3. NumericalSimulationof aTurbulentMixing Layeron the Basisof the
NonstationaryReynoldsEquationsClosedby theDifferential
Model of Turbulence 155

6.4. Numerical Simulation of a Turbulent Jet Rows on the Basis of the
GeneralizedReynoldsEquations(theTbree-TermExtension).The
Effectsof Low- andHigh- FrequencyHarmonicExcitation 157

6.5. An InterestingAnalogy 163
References 169

Chapter7. SupersonicNonriobaric TurbulentJets.Controlof Aerodynamic
andAcousticalCharacteristics 173



Contents xiii

7.1. AerodynamicCharacteristicsof SupersonicTurbulentJets 173
7.2. Mechanismof NoiseGeneration.BroadbandNoiseandDiscreteComponents 175
7.3. AcousticalExcitationof SupersonicJets.ActiveControl 176
7.4. Dontrolof JetParametersUsingJetNoiseScreening.PassiveControl 181

References 186

Chapter8. Reductionof TurbojetEngineNoise 189
8.1. TheAcousticalSilencerof TurbojetNoise 190

8.1.1. Model Testsof Cold Jets.FarField 191
8.1.2. Model Testsof Hot Jets.FarField 194
8.1.3. Full-ScaleTestsof TurbojetEngines.FarandNear Fields 195

8.2. TheJetSystemfor Reductionof SupersonicJetNoise. Suppressiono:
theDiscreteComponent 197

8.3. Reductionof TurbojetExcessNoiseCausedby AeroacousticInteraction.. 203
References 207

Chapter9. AcousticalApproachesto Controlof Self-SustainedOscillationsin Wind
Tunnelswith theOpenTestSection 209
9.1. TheProblemStatementandMeasuredParameters 209
9.2. Suppressionof Self-OscillationsunderHigh-FrequencyAcoustical

Excitationof theMixing Layer 210
9.2.1. ReturnChannelLoudspeacerLocation 210
9.2.2. Injection/SuctionThroughaNarrowSlotNeartheNozzleCut-off 214

9.3. Generationof Self-OscillationsandCreationof HomogeneousPulsing
Flow in theWind TunnelTest SectionunderLow- Frequency
Excitationof theMixing Layer 216

9.4. Suppressionof Self-SustainedOscillationsUsingAntinoise 217
References 218

Chapter10. Interactionof aMixing Layerwith aCavity 221
10.1. SeparatedFlow overaCavity 221
10.2. Near-WallPressurePulsationsin aCavity Flow andApproachesto Their

Reduction 223
10.3. PressurePulsationsin TransonicWindTunnelswith the ClosedTest

SectionsandApproachesto Their Reduction 228
10.4. Suppressionof Self-SustalnedOscillationsin DeadlockBranchesof Gas

Pipelines 230
10.5. AcousticalControlof Flows in Cavities 231

References 232



http://www.springer.com/978-3-540-20143-4


