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Background
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Prediction and Reduction of

f Aerodynamic Noise

B Aerodynamic Noise
» Generated from deformation of vortices
> Drastically increase with increasing flow speed

B Reduction of Aerodynamic Noise

» Crucial in development of various fans, airplane,
automobiles, etc.

B Expectations for Numerical Predictions
» Cost and/or time reduction for prototyping

» Reduction of noise by identifying essential mechanism for
noise generation

> Prediction of noise under installation conditions
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Numerical Prediction of
Aerodynamic Noise

| Direct .vs. Decoupled Methods 3

B Direct Computation of Aerodynamic Noise

> Provide information regarding detailed mechanism of noise
generation

» Applicable to feedback noise

> Limited to simple geometries, particularly for noise from low
speed flows

B Decoupled Methods
» Based on acoustic analogy
» No feedback assumed
» Applicable to relatively complex geometories
» Various methods have been proposed
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Noise Generated from
an Axial-flow Fan Subjected to Inflow
Turbulence

Collaborator: Siegen University in Germany
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| Computational Model

Ducted Fan Subjected to Computational Grids on
Turbulence Ingestion Blade Surface
ER2149A 38 9

' Fluctuations of Instantaneous
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Fluctuations of Instantaneous Static &
UPressure
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,Comparison of Turbulence Intensity &\

'behind Grid

B Incoming Turbulence Intensity
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, Comparison of Surface Pressure
| Fluctuations

Root-mean-square Value of C;

Clean Inflow Case Turbulent Inflow Case
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F Comparison of Radiated Sound
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Bypass Transition of Flat Boundary
Layer and Resulting Sound
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|Computational Model

I

Re, = 426000

# of nodes Grid size
X 1134 A*=14-38
y 70 A*=1-76
z 76 =15

Inflow Turbulence

FH2140538 Grid Resolution

|

Side-view

Transitioin end-point
(Re,=1.5X10%)

FRi21F9A38 18

This document is provided by JAXA.



84 FHMTZEVIIL IR ERL  TAXA-SP-09-003

|

0.008 26
0.007 .- --------------- T‘ui_b'dl'éh't """"""""""""""" 24 [-----eeeeee-- B % it =—EXP (ERCOFTAC, T3B! |--
0.006 22 e P - # LES
0.005 .
0.004 1,8 T o ooaeeaeeae
Cy H
0.003 16 [ P5 -------------------------------------
0,000 | | L " SR " U B
o001 b+ *YE& el *=laminar....| 1.2 b P6 P7 . oo
# EXP (ERCOFTAC, T3B)
0 1 .
1.0E404 1.0E405 1.0E406 1.0E+04 1.0E+05 1.0E+06
Re, Re,

Skin Friction Coefficient Shape faction

FHi21F9A3H

Prediction of Transitional Boundary &
\Layer and Resulting Sound S
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Effects of Reynolds Number on Transition
H Process (left: 2.0 x 105, right: 2.0 x 10°)
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Surface Pressure Distributions
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Comparison of Surface Pressure

" Fluctuations
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. Approaching TBL and Flow in
. _Actual Car Gar

[SO(LapP=10)
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otretching of Vortices and Acoustical
Source on Surface

Stretching of Vortices at the Edge Aeroacoutsical Sources at 4. 8 Hz
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Sound Radiated from a Small
Propeller Fan
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Computatlonal Model and
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Intel boundary

Entire Domain  Qutlet Boundary
(uniform flow) (convective B.C.)
Entire Domain Near Fan Blades
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| Instantaneous Flow Fields

Coarse Mesh Fine Mesh
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B J4—RN\YOBE O MAZEA

DIL = 0.5 (St = 0.8) DIL =1.7 (St=0.4)
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Perspectives and
Future Roles of
Measurements
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B Numerical Predictions of Aerodynamic Noise

» will partially replace protoryping and/or model
tests up to Reynolds number O(109)

B Future Role of Measurements

» Provide accurate and detailed data for validating
numerical methods

» Extract Essential Physical Phemomena
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