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Aerodynamic Noise Generated by Jet-Wing/Flap Interactions
of the External USB Configuration of STOL Aircraft
[1] 8%-Scale Cold-Flow Model Analysis

Masataka MAITA* and Shigemi SHINDO**

ABSTRACT

The acoustic characteristics of the external upper surface blowing (USB)
concept of a powered high lift system (PHLS) were studied experimentally
using an 8%-scale static cold flow model. Observations of exhaust jet flow
attachment and spreading characteristics on wing/flap surface were also
carried out using several flow visualization techniques.

Noise reduction data were obtained by optimizing basic jet nozzle-
wing/flap structural geometries for the lowest noise. Among the associated
parameters which define USB-PHLS configurations, (I) the location relative
to wing/flap and the shape of the exhaust jet nozzle and (II) flow
attachment devices are important parameters. Flow characteristics depend-
ence on these parameters and PHLS noise were also obtained.

From far-field noise spectra, OASPL dependence on jet velocity and
coherence across near-field surface pressure, it was concluded that the flap
trailing edge noise was the most predominant noise source. Several
acoustically treated flaps and serrated trailing edge design techniques were
applied to attenuate edge noise.
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Nomenclature

AR Aspect ratio defined as the
square of Nozzle width L di-
vided by nozzle area, 1.2 /Area.

AR, Aspect ratio defined as nozzle
area divided by the square of

nozzle height h, Area/h?.

Ujet The mean jet velocity at USB
nozzle exit.

St Strouhal number based upon

the wall jet thickness at the
flap trailing edge, 6.
Osp. The Jet Flow Spreading Para-
meter defined in Figure 16 of
Chapter VI
PHLS-  Overall sound pressure level at
OASPL the direction below the wing,
radiated from a powered high

lift system.

Usp Mean velocity of secondary air
blowing from a flap trailing
edge slit.

Y The flap deflection angle,
{deg.]

fpeak The frequency corresponding

to the maximum SPL in acous-
tic spectrum.

INTRODUCTION

The external upper surface blowing
[USB] is one of the primary concepts in
achieving powered lift for short takeoff
and landing [STOL] aircraft applica-

tions. The powered lift augmentation
during low speed STOL operations is
derived by deflecting turbofan engine
exhaust jet downward adjacent to the
wing and flap upper surface by Coanda
effect.

From the acoustic view point, this
design concept produces additional noise
as jet exhaust flow interacts with the
wing/flap surfaces. From the morpholo-
gy of past studies, the resulting STOL
aircraft noise sources would be qualita-
tively categorized as the schematics of
Figure 1. In order to meet the stringent
noise level goals which are being put
forth and community acceptance, noise
reduction techniques must be developed.
Among the noise associated with USB-
STOL aircraft powered by turbofan en-
gines, noise from turbofan engine and
USB Powered high lift system are major
contributive factors. Engine noise prob-
lems are common to those of conven-
tional [CTOL] aircraft, and during the
past decade, researches on noise reduc-
tion technology were primarily directed
at engine noise sources. By the develop-
ment of acoustical treated engine
nacelle, engine noise dominated by fan-
generated noise was progressively re-
duced. Noise generated by powered high
lift system is peculiar to STOL aircraft.
While the stage of art of this subject is
advancing, the details of the actual noise-
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Figure 1 STOL Aircraft Noise

generation and radiation mechanisms are

not yet known.

For this purpose, a noise program was
carried out experimentally to obtain
extensive USB powered high lift system
[USB-PHLS] noise data, comparing with
the visualization of exhaust jet flow
characteristics over the wing and flap
surfaces by 8%-scale static model con-
figurations.

In the present paper, we attempt to
summarize the main results and conclu-
sions concerning the following pro-
perties.

[1] Noise characteristics of the external
upper surface blowing powered
high lift system.

[2] The identification of the most
predominant noise source.

[3] USB-PHLS noise dependence on
exhaust jet flow characteristics re-
lating to the noise generation
mechanisms.

[4] The optimization of USB-PHLS
configuration for the lowest noise.

[5] The attenuation of the predomi-
nant noise by applying several noise

reduction techniques.
When discussing the noise reduction and
optimization data, we restrict ourselves
mainly to the aeroacoustic character-
istics radiating to the direction below the
wing and flap because the noise radiated
above the wing is of little importance
from a community noise point of view.

APPARATUS AND PROCEDURE

The typical setup of the basic model
configuration for the noise experiments
in an anechoic room is shown in Photo-
graph 1. This 8%-scale upper surface
blowing cold flow model, as illustrated
in Figure 2, consists of a jet blowing over
the main wing and USB flaps assembly
surface, simulating the typical USB-
PHLS system configuration by choosing
any of the variable parameters as shown
in Figures 3 and 4. The USB flaps are of
fore/main double-flap type and the cross
sections of 87=0° (clean), 10°, 20°, 30°
and 60° flap configurations are pre-
sented in Figure 5. The engine exhaust
was simulated by an air jet and its mean
velocities at the nozzle exit were calcu-
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FLAP Trailing Edge Design
Solid, Serrated, Porous

Flap Configuration
0 Retracted
10

20

VANE )\
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Figure 3  Parameters defining USB-PHLD system configurations
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Figure 4 USB Nozzle exit geometries
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Flap Retracted

Figure 5 USB flap configurations
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lated from the plenum tempeature, pres-
sure and ambient conditions.

Far-field noise data were taken for all
parameter variations by one-half inch
condenser microphones placed on an
2.5-meter radius centered at the jet
nozzle exit. The locations of far-field
microphones for taking Flyover and
Sideline noise are presented in Figure 6.

Near-field fluctuating surface pressure
was measured by probe microphones
installed at the wing surface to deter-
mine noise coherence between the near-
field and the far-field. Photograph 2
shows the probe microphones which are
mounted flush on the main flap upper
surface, as these examples.

Noise data were FM recorded on a

o multi-channel Data Recorder at tape
Photograph 1 Typical setup of basic

speed of 30ips. A schematic diagram of
model in an anechoic room

data acquisition and reduction systems is
shown in Figure 7.

P //*\+90°/——\\ N

N

-

SURFAC

PRESS
URE \ SIDELINE

./ PLANE \o"\

Figure 6 Far-field microphone locations

This document is provided by JAXA.



TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY TR-685T

Ehlickcli(o]g)
wnijoedg ssoi)
UOT)B[DIIOY) SSOI))
pueq-morreN
pueqgsaeldoQ ¢/1

IozATeuy
Aousnbeiyg

VLIVA/ANILL

uononpar pue uonisboe  ejep jo weider( SIeWLYOS vV J, aandig

BulI09TUOTN 10]
adoosofyiosp

-
f
g;
£
"

sdiog

Je adef,
oneusden
your-T uo
pop1o29y WA
00¢ T-xodury
Iopioodey
elR(]

€61-38
Terydury
Sutnsespy
[puueRyd-§ I

(Iequnp-uny

Sunruewuro)))
9010/
0¥00-v1
ye1y-ARd I3 OTA @q01d
6192-31%9 auoydoiorpy

royyijdure-aig ” Isuspuo) . g/1

“ |

2INSSaIJ 908IING POl J-TeaN

EETV-URL

1

auoydoory
I9suepuo) g/ 1

6192-31%4
Jeryidure-eag

X ]

X , 1

~

(oue[q SUIPPIS ‘19AOKL) 3SION PlolI-Teq

033¥-31%d
uoneIqire)
auoyduossid '

This document is provided by JAXA.
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Jet flow behaviour over the wing/flap
surface was visualized by several flow
visualization techniques such as Oil flow,
the Liquid Crystals and Schlieren Photo-
graphs, to determine how USB-PHLS
system configurations affect exhaust jet
flow spreading and attachment char-
acteristics by changing design para-
meters.

USB FLAP NOISE SPL
Effect of Jet Velocity Variation

Photograph 2 Probe microphones installed at the main flap

RESULTS AND DISCUSSIONS

The effect of jet velocity variation on
USB-PHLS noise sound pressure level
for the typical system configuration, as
an example, is shown in Figure 8. (PHLS
system parameters chosen are com-
mented on each Figure.), while the jet
nozzle alone as a component case is

shown in Figure 9.

30%-Chord

10° -deflector
30°-Flap
6°-Jet Impinge

110dB+ : ' . O-Nozzle Height
D-shape AR=5.0
100 r + r * '
90 + v
80 . ,Jet  200m/s
180m/s
70 o+ T R + 160m/s
el —*—N?zzli Alone f-h[ 120m/s
60 + -t 4 VergOmis Lol 100m/s
50 + + + * "
40 + + + + +
L
30+ ‘ N + L
20 : : + ' -
100 1000 10000 Hz

Frequency (Hz)

1/3 OCTAVE-BAND gy v GVER PLANE -90°

Figure 8 The effect of jet velocing variation on USB-PHLS noise spectra a

at the direction below the wing (Flyover -909
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JET NOISE SPL
Jet Velocity Variation

110 B+, e
100« o« o+ s I S
90 + 4 + e ¢+ 9 + "%88%:—
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70
60
50
40
30
20 4 . + s ‘ —
10 100 1000 1000 Hz
1/3 Octave-band Frequency

Figure 9 The effect of jet velocity variation on jet noise (Jet nozzle alone

component case) at the direction below the wing (Flyover -90°)
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SIDE LINE PLANE Surface Side FLY OVER PLANE
Jet Veloaty 100m/s ____ 90 80
120m/s --------
160m/s ——
180m/s —-— I
40
\30
20

1 ' l
100 110 120
OASPL SdB)

90

30% Chord

No-deflector -80
O Nozzle Height -90
D-Shape AR=50 Lower

30%flap Surface Side

Jet Imping 6°

Figure 10 USR-PHLS noise directivity patterns and the effect of

exhaust jet velocity variations
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The directivity patterns of overall
sound pressure level (OASPL) and select-
ed 1/3 octave-band sound intensities
(1000Hz and 5000Hz) are shown in
Figure 10, indicating that the velocity
exponents of sound radiated from USB-
PHLS is a function of direction. OASPL
for the jet alone case varies with its
exhaust velocity according to Lighthill’s
8th-power law dependence as shown in
Figure 11. The overall sound intensity
from USB-PHLS configuration varies as
U;e'tl —U;ég; depending on the direction
(Figure 12 is an example at Flyover
Plane #60° directions), though the sound
intensity at 1/3 octave band center
frequency 5000Hz where jet mixing
noise is thought to be contributive,

OASPL (dB) U8 -Power Law
" Flyover Plane 60°
90t /
85 |
80|

varies as Uy; approximately at constant.

Acoustic spectra from USB-PHLS in
the high-frequency ranges (above
3000Hz) are very similar to jet-alone
noise spectra. Figure 13 shows the rela-
tive sound pressure level (SPL) being jet
nozzle alone noise as baseline, where its
peak relative noise level frequency cor-
responds to the peak level frequency of

USB-PHLS noise.
Of the noise field associated with

USB-PHLS system as categorized in the
previous section, the important problem
is which noise generating mechanism is
the most predominant. In Figure 14, the
comparison of noise spectra from USB-
PHLS (retracted flap) in the directions
perpendicular to the flap trailing edge

4000Hz
1/3 Octave Center Freq.
(dB) OASPL (dB) OASPL (dB)
90( | 105 [105 {
{
UB-Power | U*-*-Power US.Power
85 0t /[ 100}
Flyover Flyover Flyover
Plane -60° Plane -60° Plane +60°
80+ / 951 / 95+
T 901 901/ 30°Flap
30%-chord

o |

O;Nozzle Height
6 -det Imp(i)nge
D-shape A=5.0
70 ¢ 85¢ 851 10%deflector

100 150 200 300
Jet Velocity (m/s)

SN SN S— L..;J 5 A L 2
100 150 200 250 100 150
100 150 200 250 200250

VARIATION OF OASPL WITH JET VELOCITY

Figure 12 OASPL dependence of USB-PHLS
noise on jet velocity

Figure 11 Overall Sound Pressure Level of
jet alone case dependence on jet
velocity
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Figure 13 USB-PHLS relative noise SPL spectra as jet alone noise being baseline

USB Flap Noise SPL

Upper and Lower Surface Side Comparison
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Figure 14 Comparison of 1/3 Octave-band spectra of USB-PHLS noise
in the directions perpendicular to flap trailing edge
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below and above the wing/flap (lower
and upper parts of Fig. 14 respectively)
is shown. In the high-frequency ranges,
the sound levels below the wing are less
than the levels above the wing due to the
shielding /reflective effect by the wing/
flap. From these results, it can be con-
cluded that the high-frequency noise in
the spectra is primary contributed by the
jet mixing process (jet and wall jet
mixing).

In the spectra of Figure 14, both peak
level frequencies lie in the same fre-
quency ranges and its sound intensities
are of the same order of magnitude. It
can be postulated that the above results
are possible when the predominant noise
source contributing to the peak sound
intensity level frequency ranges is
located near the flap trailing edge where
the least noise shielding by the wing/flap
occurs.

Figure 15 shows the normalized SPL

Aerodynamic Noise Generated by Jet-Wing/Flap Interactions of the External USB Configuration of STOL Aircraft [1] 13

spectral density using Strouhal number
based upon the wall jet thickness 6 at
the flap trailing edge, where & was
estimated by conferring Reddy et.al.!
Brown?, and Tam’s® experimental data
and found to be approximately 30% of
the USB nozzle exit height and noise
intensity dependence on bth-power law
of the jet exhaust velocity.

Strouhal number corresponding to
spectral peak level frequency ranges is
approximately constant at 0.05 for all
cases, and normalized SPL spectral den-
sities have the similarity in form in the
peak level frequency ranges and scatter
outside these ranges.

A series of coherence data between
the near-field fluctuating surface pres-
sure and the far-field sound were taken.
For examples, Figures 16 and 17 show
coherence across the flap trailing edge
when the jet velocity is 200m/s and
120m/s respectively.

Relative (dB)
20 + + + —t —
10 + + + + + + +
Jet — 200m/s —
0 + + 180m/s ----
100m/s — -
—10 + +
30%-chord

I\Lo-deﬂector

6"-Jet Impingement angle
D-shape AR=5.0
.0-nozzle height

—40 + + ,, N + + Flyover Plane —90°
—50 + + + + + + +
—60 —+ + + t + +

0.005 0.05 0.5 Strouhal Number

Figure 15 The normalized SPL spectral density using Strouhal number based
upon the wall jet thickness at the flap trailing edge, 6
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COHERENCE (Main Flap Trailing Edge Surface Pressure — Far field)
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Figure 16 Coherence across flap trailing edge surface pressure at jet velocity 200m/s

Frequency ranges at peak coherence
are found to be the same ranges as in the
far-field noise spectra from USB-PHLS
when they were taken at the flap trailing
edge; also for these frequency ranges, the

flap trailing edge was the highest magni-
tude of coherence location.

From these results hitherto, it could
be concluded that the flap trailing edge
is the most predominant noise source
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COHERENCE (Main Flap Trailing Edge Surface Pressure — Far field)
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Figure 17 Coherence across flap trailing edge surface pressure at jet velocity 120m/s
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and is contributive to frequency ranges
of peak sound intensity level in the
far-field spectrum of USB-PHLS system
noise.

USB-PHLS system noise below the
wing/flap as the measure of a communi-
ty noise differs in its fundamental aero-
acoustic mechanisms which will depend
upon its system configuration geo-
metries. USB-PHLS configuration para-
meters affect jet flow spreading and
attachment characteristics on the wing/
flap surface. From the corresponding
data of flow visualizations to noise meas-
urements, we have attempted to quanti-
ty the jet flow spreading and attach-
mnent characteristics and to compare
them with noise data.

Some flow visualization photographs

fgaei vy
AR
WGy

R Ak Ty

No-deflector 101.5dB (OASPL)
90.6dB (1000Hz)

0°-deflector

Figure 18-1 Flow visualization photographs by Liquid Crystals (Effect of Deflector type)
Flap 60°, Jet impinge 6°, 30% chord, 0 nozzle height, jet speed 200m/s, D-shape nozzle AR=5.0

are shown in Figures 18. For example,
Figure 18-2 presents the effect of deflec-
tor on jet exhaust flow characteristics
over the wing and USB flap, visualized
by the Oil Flow method. Without any
deflectors (commented as No-deflector
in the Figure), the flow is separated near
USB main flap. The steeper deflector
angles result in better jet flow spreading
and thinner wall jet thickness. (cf.,
Schlieren photograph of 18-3) The exact
patterns corresponding to Figure 18-2
are visualized by using the Liquid Cry-
stals (cf., Figure 18-1) which is quick-
and-easy visualization method.

Figures 18-4, 18-5 and 18-6 present
the effects of the USB nozzle exit shape,
the nozzle location relative to the wing,
and the jet impingement angle and/or

10°-deflector 105.0dB (OASPL)
90.3dB (1000Hz)

20°;deﬁector
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10°-deflector

b

20°-deflector

0°-deflector

Figure 18-2 Flow visualization photographs by oil flows (Effect of Deflector type)
Design parameters were the same as commented in Figure 18-1

10° Deflector 20° Deflector

Figure 18-3 Flow visualization photographs by Schlieren (effect of deflector)
6° jet impingement angle, 30° flap setting, Jet velocity 60m/s
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3

D-shape AR=3.0, deﬂector D-shape AR=3.0, 10°-deflector
103.2dB (OASPL), 94.6dB (1000Hz) 106.3dB (OASPL), 98.1dB (1000Hz)

=% ¥

D-shape AR=7., No-deflector D-shape AR=75, Oideector
103.6dB (OASPL), 94.6dB (1000Hz) 103.1dB (OASPL), 92.3dB (1000Hz)

Figure 18-4 Flow visualization photographs by oil flow (Effect of Nozzle Shape)
11° jet impinge, 30% chord, 0 nozzle height, 30° flap setting, jet velocity 200m/s

30% chérd; no-deflector 50% chord, no-deflector
104.7dB (OASPL), 96.5dB (1000Hz) 103.0dB (OASPL), 96.2dB (1000Hz)

24% chord, 7 noleeiht 10°-deflector 50% chord, 10°-deflector
104.6dB (OASPL), 94.7dB (1000Hz) 107.3dB (OASPL), 99.4dB (1000Hz)

Figure 18-5 Flow Visualization photographs by oil flow (effect of nozzle location)
11° jet impinge, D-shape nozzle AR = 5.0, 30° flap setting, 0 nozzle height, Jet velocity 200m/s
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26° jet impingement ngle, no-deflector
106.9dB (OASPL), 100.9dB (1000Hz)

16° jet impigement angle, 10°-deflector
104.3dB (OASPL), 95.1dB (1000Hz)
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26° jet impingemntnle, 0°-deflector

6° jet impingemet ange, 20° deflector
103.1dB (OASPL), 92.5dB (1000Hz)

Figure 18-6 Flow visualization photographs by oil flow

(effect of jet impingement angle and deflector angle)
30° flap setting, 30% chord, 0 nozzle height, D-shape nozzle AR=5.0, jet velocity 200m/s

deflector angle respectively. These ex-
planations are given in later paragraphs.
Based on noise and flow visualization
data, we introduced the Jet Flow
Spreading Parameter o , which is de-
fined as the sum of the attached flow
length along the wing/flap surface Ly, jet
spreading width (spanwise) at vane Xy4ne
and at the main flap trailing edge X;, (if
totally separated here X;, =0) divided
by the thickness of jet flow at the nozzle
exit, h as illustrated in the Figure 19.
Overall sound pressure level from
USB-PHLS system measured at the
direction below the wing (PHLS-OASPL
in abbreviation) for dependence on Jet
Flow Spreading Parameter & , is shown
in Figure 17. (The Coanda attachment

principle implies that o« ,, be drastically
parallel to the Jet Turning Angle.)

The general conclusion obtained is
that the better jet flow spreading, the
lower PHLS-OASPL for sufficiently at-
tached cases, using such as flow deflec-
tors, (where a ,, greater than 20). The
qualitative explanation of Figure 20’s
result is that, when jet flow is extensive-
ly spreading and attached, the turbu-
lence level at the flap trailing edge is
eased (cf. Figure 24) due to the mixing
and decay process with thinned wall jet
thickness (cf. Schlieren photograph of
Figure 18-3), so that edge noise is
weakened and PHLS noise dominated by
edge noise is attenuated. The opposite
tendency occurs when jet flow is sepa-
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LOSS

GAIN

Coanda Effect-Radiating Sound Deflection
to the measuring point below Wing

Jet Impingement Noise, Jet Scrubbing Noise

Jet-Interacted Edge Noise amplifies
to a certain extent (Jet Flow Spreading
parameter o p, near 20)

Wing/Flap Noise Shielding Effect

Edge Noise attenuation by Jet Spreading,
mixing and decay at the Flap Trailing Edge
(over as p, 20)

USB-PHLS noise reduction trade-off

rated on the wing/flap. The jet flow/edge
interaction being very weak, USB-PHLS
noise is reduced because of reduced
edge-interacted noise; moreover, the
wing/flap surface acts as a shield from jet
noise and there is no radiating sound
deflection to the point below the wing
with the Coanda turning. This process is
shown in Figure 20 for the case with
no-deflector and the parameter a5 p less
than 20.

Next we consider how USB-PHLS

congiruation (parameters) affect
Xt.e.
main flap
T [foreflap
Xvane /

= 7
\ main wing
./
wJ

_ Lf + Xt.e. + Xvane

O p.= h
JET FLOW SPREADING PARAMETER

Figure 19 Adefinition of the jet flow
spreading parameter os.p.

PHLS-OASPL and the Jet Flow Spread-
ing Parameter o ; . The effect of varia-
tions of jet nozzle exit shape on
PHLS-OASPL and jet flow character-
istics dependence is shown in Figure 21.
The higher aspect ratio (AR in abbrevia-
tion) nozzle with deflector results in
better jet flow spreading and attachment
on the flaps and a lower PHLS-OASPL.
The peak PSL frequency-band ranges in
the noise spectra shift to higher fre-
quency ranges due to thinned wall jet

OASPL-relative
dB

5 L
¢ with deflector
o ho-deflector

_ _Lf+ Xte, * Xvane
aS.p. - h

10 20 30 40 50 60 P

JET FLOW SPREADING PARAMETER
DEFINED AS:

Figure 20 OASPL dependence on the
jet flow spreading parameter

%s.p.
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O p. 50f
10° - DEFLECTOR
40} (D-SHAPE NOZZLE)
10° - DEF
30

" (0-SHAPE)—

0. : .
5.0 D-7.5
0-3.0 0-5.0 NOZZLE SHAPE

PHLS- 0-Nozzle .Height
OASPL det Velocity 200m/s

\ 3OZo~chord
No DEF 30 -flap

1 OTZDEF -7 6°-Jet Impringe

o7 TR No DEFLECTOR
(flow separated) o

105

10°-DEFLECTOR
~

100 i |
D-3.0 D-5.0 D-7.5
0-5.0

NOZZLE SHAPE

Figure 21 The effect of nozzle exit shape
on PHLS-OASPL and the

parameter o p.

thickness. The effect of nozzle type on
the noise directivity was found to be
neglibible.

Exhaust jet flow spreading and attach-
ment characteristics and PHLS-OASPL
noise are very sensitive to variations of
the deflector angle of theta and the jet
impingement angle as shown in Figures
22 and 23. A deflector with no theta
angle does not play the role of flow
attachment device when the jet impinge-
ment angle is small. PHLS-OASPL noise
is reduced and the spectrum peak SPL
frequency-band is shifted to higher
ranges due to the extensive jet flow
spreading and mixing decay process
which reduces the turbulence level at the
flap trailing edge (cf. Figure 24)°, when

A . 50 {
40
30+
20
10 -
O l0 l (o] ~ o
0 10 20
No-DEF DEFLECTOR THETA
110 (DB) D-shape AR=5.0
PHLS- JetO Velocity 200m/s
OASPL 30 -flap
39%-chord
6 -Jet Impinge
105 & ~——__0-Nozzle Height
100 . L —
No-DEF O 10 20

DEFLECTOR THETA

Figure 22 The effect of deflector angle
variation on PHLS-OASPL

and the parameter % p.

the deflector theta angle is sufficiently
large.

The similar pattern was found for the
jet impingement angle variations.

Figure 25 shows the dependence on
the jet nozzle location chordwise. Mov-
ing the location from aft (50% chord in
Figure 25) to forward chordwise loca-
tion (24% chord), a tendency toward
better flow attachment is found which
again results in reduced PHLS-OASPL.

As for the parameter of jet nozzle
height location, the nozzle adjacent to
the main wing surface is better opti-
mized. And also noise shielding for lower
part of aft quadrant directions is more
effective for forward chordwise locations
and the low nozzle height locations.
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Figure 23 The effect of jet impinge-
ment angle variation on
PHILS-OASPL and o p.

It was concluded that the trailing edge
noise is the most predominant noise
source of USB-PHLS configuration from
a community noise view point. We next
refer to this edge noise attenuation
techniques. Based upon the preceding
data and the morphology of past studies,
it can be- suggested that the edge noise
attenuation is accomplished by the fol-
lowing mechanisms:

Modifying the turbulence flow field in

the vicinity of the flap trailing edge by

edge designs such as irregular or ser-
rated designs which weaken the shear-
layer velocity gradients and tur-
bulence amplification near the edge

(Serrated edge designs was suggested

by Allan and Hayden’);

50 - Upeak/Ujet
0 p 1.0
°.deflector
40 L 10" -detle Peak Velocity
at Trailing Edge
30 S
. ~ -
No-deflector 0
» 5
20 T (flow separated)
10 +
0 : ’ =
0 10 20 30 0 ‘ I
(dB) Jet Impingement Angle (degree) 0 .o -
110 D-shape AR=5.0 U/Ujet Jet impinging angle
PHILS- Jet Velocity 200m/s 0.2
OASP : '
ASPL 0-Nozzle Height Turbulence
Nowd SOZ’O'ChOTd Intersity
/(i"?fl,e,‘ct_oi 30 -flap Level
105 ol
/ 10°-deflector 0.1
ﬂﬂow separated)\
100 \ L y
0 10 20 30 0 J '
Jet Impingement Angle (degree) 0 10 20

(degrees)
Jet impinging angle
Figure 24 The effect of jet impinge-
ment angle variation on peak
velocity and turbulence
intensity level at flap trailing
edge

Controlling edge impedance and ab-
sorbing noise or turbulence energy by
acoustically treated flap edges.
Figure 26 shows the treated main flap
trailing edges, i.e., perforated metal flap
with metal wool fillings, porous flap and
serrated edge designs being compared
with the conventional solid flap.
Applying these attenuation tech-
niques, noise reduction data were ob-
tained. As an example, Figure 27 shows
noise reduction by perforated flaps. Fur-
ther attempt to optimize the metal
porousity or pitches would result in
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more efficient noise reductions. Acous-
tically treated flaps were thought to have
a potential to reduce more than 6dB at
the peak SPL frequency-bands.

Modifying the turbulence flow field in
the vicinity of the edge by slit secondary
blowing flap (cf., Figure 28-1), we have
obtained noise reduction data as shown
in Figure 28-2. The secondary blowing
flap concept is thought to be effective as
well for improving exhaust jet turning
characteristics as a jet flap. However
taking into account the structure penel-
ties such as ducting system for secondary
air bleeds from engine compressors, 5dB
reduction at peak frequency-bands might
not be effective.

By having a slot between the wing and
USB flap (cf., Figure 29-1), induced air
from a slot modifies the flow field over
flap trailing edge portions. Slot width
dependence on PHLS noise is presented
in Figure 29-2. This concept would
result in thrust augmentation by induced

D-shape Ar=5.0
Jet Velocity 200m/s

o5 p. B0T 0-Nozzle Height
6°-Jet Impinge
401 30°-flap
30 T~ R
10 -DEFLECTOR
20F"" " "No-DEFLECTOR------ |
10+
0 1 : -
24 30 40 50 (%)
(DB) Chord % Nozzle Location
110 T '
PHLS-0ASPL
o] /
10 -DEFLECTOR
105 | ool —eee
No-DEFLECTOR
(flow separated)
100 ; s )
24 30 40 50 (%)

Chord % Nozzle Location

Figure 25 The effect of chordwise loca-
tions of USB nozzle on PHLS-
OASPL and the parameter

s p.

Solid flap as baseline

Perforated flap

Porous flap

Serrated flap

Figure 26 Photographs of treated main flap
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Effect of Perforated Flap

dB relative | Solid Flap as baseline case
__—~(OASPL=105.0dB)

-+ Perforated Flap (OASPL=102.6dB)
e Noise Reduction 2.4dB (OASPL)
7.1dB (Peak SPL)

—50. : 5
0. Frequency 10000.
Photo No. 1 Narrow-band Resolution=20Hz g%t_ JZte ]I(::ltg‘ ZfoqutsAn .
Resolution-20.Hz Flyover Plane —90° direction 30% pingemen gle .
>110 4-5-1CH b-chord

No-deflector
D-shape nozzle ARe=4.11

Figure 27-1 PHLS-OASPL noise reduction by perforated flap
(Narrow-band SPL analysis up to 10000Hz)

Effect Perforated Flap

N Solid Flap

’ F
dB relative | . Perforated Flap

i o ‘. it i ”H ‘;!; ot il

A |
T i ;H:iE A
e

0. Frequency 2500.

Narrow-band Resolution=20Hz
Fly-over Plane —90°

Figure 27-2 PHLS-OASPL noise reduction by perforated flap
(Narrow-band SPL analysis up to 2500Hz)
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secondary
Secondary Air in blowing

SECONDARY BLOWING FLAP

Figure 28-1 A section of secondary blowing flap slit width
being variable by slit plate spanwise length of
slit blowing is 360mm

(dB)
90
h Slit=0.4mm
80 - ‘M No-blowing Jet=160m/s 95.1 (OASPL-dB)
/ —— Ugh=73m/s det=160m/s 93.3
1ry T Ush=73m/s Jet= Om/s 73.8

o

60 - \ ‘*"

\ .
50 - AN DG
! oo !
' otV i
i oo oy i,'|r 1 ! L 4 . .
Bt b e A Al AN ) LX'} h
[N SRt e .”:' LI '\\- TtV MY ad ) ':’.' "\“"b AAns m . ;;
3 ' 1 v af [ 5oV ' ) (&L e Y G
ph \ v DAY KPR R LI S R AR Pt B Y TRV T
h [ 14 NI [F VTN OV AT
'A_, v N -I'J [FREH v IR AR YRR E UV
H ] ) v ¥ ‘ .
)
40 T T T T T T T T
0 10000Hz

Sideline 30°
10°-deflector Flap=60°

Figure 28-2 PHLS noise reduction by slit secondary blowing flap

in narrow-band spectra
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Slot

20°-flap

Figure 29-1 Slotted flap configuration being compared with basic
double flap configurations (slot is 0.1% flap chord)

(dB)
0. 110
100 ==~ slot=6.8mm 105.3 (OASPL-dB)
i —— no-slot 105.1
slot=12.9mm 103.2
slot=17.4mm 102.3
90
80 +
70 -
—50. :{
5 60 T T T
0. Frequency 10000.
Real Flyover Plane —90° Jet=200m/s
Photo No. 1 No-deflector Flap=20°

Resolution=20.Hz

Figure 29-2 PHLS noise reduction by slotted flap
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Relative dB
10dB i Sideline Noise SPL
11+ 0 Side Fence 93.1dB (OASPL)
! —— No Attachment Devise 94.6dB (OASPL)
. 6.1dB
11Em
i
i Wi 2
TS
m V| “.,'{‘vl\‘ :"rh‘\
Na A
heS .
. WA A A
: 'I"{ ‘\ ¢ '_“‘"‘ on 4N
— i \‘A \‘Jq )
V4 M Ar
"Kr‘(' s
T 4 1 T
0 ‘ ' ' ' 10000Hz

Frequency

Narrow-band Analysis Flap=60° D-shape USB Nozzle AR=5.0
Jet Exhaust Velocity 160m/s
Mic Position-side Line

Figure 30 Side line noise reduction by Side Fence

flow from a slot and is effective for
takeoff flap configurations®. For landing
flap configuration §;=60° exhaust jet
tends to be separated by a slot and hence
deteriorating aerodynamic performances.

For a certain case that vortex motions
of exhaust jet flow near side edges of
flap generating noise which then in-
fluencing PHLS noise at a Sideline direc-
tion, installing Side fences® suppresses
these source of noise by changing side-
line mixing processes. In Figure 30, noise
reduction by Side Fence at the sideline
direction is presented.

CONCLUDING REMARKS

The acoustic characteristics of the
external upper surface blowing concept
of powered high lift systems are studied

experimentally using 8%-scale cold flow
model, together with the visualization of
corresponding exhaust jet flow char-
acteristics on wing/flap surface. The
main conclusions are summarized as fol-
lows:

[1] Exhaust jet velocity exponents of
radiating sound intensity level from
upper surface blowing PHLS con-
figuration varies as Ufe'; - Ujse'?
depending on the direction.

[2] Estimated Strouhal number, cor-
responding to the peak intensity
level frequency in the normalized
SPL spectral density, takes approxi-
mately thé same value of 0.05.

[3] The flap trailing edge noise is the
predominant noise source of USB-
PHLS configuration at the direction
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below the wing/flap.

[4] By introducing the jet flow spread-
ing parameter o , , exhaust jet
flow characteristics are related to
the acoustic characteristics—i.e., the
better jet flow spreading and at-
tachment, the lower the PHLS-
OASPL for practical attached flow
cases.

[5] Noise reduction data were obtained
by optimizing the basic USB-PHLS
structural geometries for the lowest
noise, among which, the jet nozzle
location relative to wing/flap and
nozzle exit shape, and the flow
attachment device are important
parameters.

[6] Several noise reduction techniques
using acoustically treated flaps, slot
secondary blowing flap and serrated
trailing edge design were applied to
attenuate the edge noise, and
throught to have the potential to
reduce more than 6dB at the peak
SPL frequency-bands.

[7] The installation of side fences sup-
presses flap side edge generated
noise.
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