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Numerical Simulation around NACAO0015 with Tonal Noise Generation
by
Takuji Kurotaki, Takahiro Sumi, Takashi Atobe (Aerospace Research and Development Directorate, JAXA) and
Jun Hiyama (Sanko Software Dept.Co.,Ltd.)

ABSTRACT

A new numerical simulation approach is applied to the flow around an NACAO0O015 aerofoil with tonal noise generation including the natural
transition on the suction side. The acoustic fields clearly show the radiation of sound waves from just after the trailing edge region.
Numerical simulations also capture a separated region at the trailing edge on the pressure side. The linear stability analysis on the pressure
side shows the possibility of the existence of T-S waves and the most unstable frequency up to the separation almost coincides with the peak
frequency. The power spectrum distribution of stream wise velocity fluctuation clearly indicates that the generation of T-S waves on the
pressure side is strongly relevant to the determination mechanism of the selection of peak frequency of the tonal edge noise and that the self-
excited feedback mechanism exists between just after the stagnation point at the leading edge and the trailing edge region.
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1. Schematic diagram of experimental setup.
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3 1. Summary of numerical conditions.

Case 2 Case3
Aerofoil NACA0015
Chord length: ¢ 0.4m
Angle of attack: o -5 degrees
Uniform flow velocity: U, 14.5m/s 20 m/s 30 m/s
Reynolds number: Re, [14x10° [ 6x10° 18x10°
Total grid points 3.6 million
(circumferential x radial x span wise) (1001 x 71 x51)
Spanwise length 0.125¢
Radial grid spacing on the wall surface 2x10™¢

@ Present CFD

@ Exp. : dominant frequency peaks
1000 | ™ Exp.: secondary peaks
A Exp. : tertiary peaks

Frequency [Hz]

35 40

Velocity [m/s]

[X] 2. Velocity/frequency dependency, dotted lines: us
dependency, solid line: U'* dependency.

This document is provided by JAXA.



540 [OIPRAK ST P HEE S MY 3 2V — 3 a VY VR U 4 2008 30 AE 69

eeeeeeeee

[Hz]
(a) Case 1 (U,=14.5 m/s) (a) Case 1 (U,=14.5 m/s)

———————————

1500
Frequency [Hz]

(b) Case 2 (U,=20 m/s)

1500
quency [Hz]

(¢) Case 3 (U,=30 m/s) (c) Case 3 (U»=30 m/s)
. Frequency spectrum at the location o
X4. Freq Y Sp he locati f
[X3. Instantaneous pressure fluctuation p—p around microphone.

the airfoil at mid-span.
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5. Change of instantaneous span wise vortex distribution at the trailing edge on the pressure side and
corresponding time history of acoustic wave at the microphone (U,.=14.5 m/s).
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[X| 7. Power spectrum distribution of stream wise velocity fluctuation inside boundary layer at 0.64mm

distant from wall surface (U=14.5 m/s).





