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Jet Noise Assessment of Full-Scale Supersonic Engines Using 1MHz Optical
Microphone and Low-Density-Gas Jets

Araki, Mikiya
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Supersonic jet engines operate at a high-velocity (order of 1000m/s) and
high-temperature (order of 2000K) condition, and their noise reduction devices should be evaluated
using a full-scale engine. It could bring a significant benefit if this could be done using
unheated” and ‘ 1% miniature-sized’ nozzles. The jet acoustics could be reproduced using a *
low-density gas’ instead of a ‘ high-temperature burnt gas’ . The jet noise frequency from the
miniature nozzle becomes 100 time as high as that for a full-scale engine. By using the newly
developed ultra-high frequency optical microphone, the acoustic measurement could be done that
covers the human audible range even at the corrected frequency.



,7.‘..‘_,,‘ _JA A

| nRT—L || #IRT—L || R4yOR7—)L |
*EI'FXFW—)[/F("jI%ﬁE) RERRETAMIL HEXRETAMIL
a7 - ABABEEAER ABRBEER ER JENEAEGLER
JR LR —)L JR LR —)L IR LR —)L
~2m (100 %) ~0.05m (3 %) ~0.02m (1 %)
HERA B (HAR) FHER A B (HAR) HERA B (HAR)
30~100AN 34 A) 5~20 A (158) 2~3 A\ (1i8R)
1
140kHz
1kHz
1MHz
3mm 140kHz 1%
1/100 1kHz
20Hz 20kHz 1
2 R
(Suwtech DPGL-2200)
532 nm 200 mwW
LBED-10 1 mm 10 mm
8 mm



(Kenko Digital Filter CIRCULAR PL )

L =200 mm
RPB3-30-550
TCA-15C05-2000 F = 1000 mm
mm
TELEDYNE LECROY HDO4034
20 MHz 1 10M 4
10 MHz
262144 144 FFT
AV
AV Al Vo
AVINg
9_’"’91 Laser
_x - —ﬁic_@_dfus =] o
e
Oy,
"'ag%
] P o~
K-Convex lens 4{ )
(focul length f)
Knife edge T .
i G -< (insert angle adjustable) .
folded by mirrors
Precision pinhole -
High-frequency
\‘pholo sensor
2
1 kHz
3 3 SPL
r T T T T T
20| -
% l
2
&
2
=
o2 i
201 _
o L Ll M I T Lt aarl
10° 10* 10° 10°

Frequency kHz

40M

FFT

Alllg

0.2



4 800 Hz
1015 mm 12 dB
2200 mm
Screw compressor
(D)
Helium Bombe
Atmospheric pressure,
temperature and relative Anechoic chamber
humidity are monitored
4
Tam Large
turbulence structure  Fine scale turbulence 2
Large turbulence structure
(F-spectrum) 90 Fine scale turbulence
(G-spectrum)
5 145 6 90
4, 8 mm
9
1
4 kHz 145
F-spectrum 4 mm 4dB 8 mm 3dB
90 G-spectrum

4 mm 5dB 8 mm 4 dB



0.4 dB

120

100

SPL + 20log(R/100D) dB
[o,8]
o
I

=)
=)
I

el
(]

Condenser microphone

D=4
D=%§

Optical microphone

D=4
-~ D=8

= = =F-spectrum

.., — —
Round nozzles

T/T,=32, M =10, 6, =145deg 1

mm
mm

mm
mm

L caal L
1072 107 10°
Strouhal number
5 F-spectrum
100 T A LR L I
Round nozzles
o T/T,=3.2. M=1.0. 8y, =90 deg
a 80
(=]
=
g
& 60 Condenser microphone
= D=4mm
"_: D=8 mm
A Optical microphone
& 401 D =4mm .
w ——D=8mm
= = = G-spectrum
L P B | L ' | N PRI
1072 107 10°
Strouhal number
6 G-spectrum
7
2000 K 1100 m/s
1 2
7 1kHz 1000 kHz 0.01kHz 10kHz
1kHz 140 kHz OASPL
140.8 dB 132.4 dB 8.4 dB
140 kHz 1 MHz SPL
0.5dB
OASPL
120 T IR T
100 =
% M G <1154
& 801 Céudnggsm' microf}iglonc
Optical microphone
L Ejector nozzle
M=13, 8, =110 deg
60 Condenser microphone 3
— Optical microphone
P L P | L M B

ol
10

10° 10°

Frequency kHz



1

70 1 pp.7-13 2021

2

1

2021
2
3
2019
4
2018
o
o
@
Seiichi Shiga

8 00154188

8 30720362

@

1IMHz

1%

Juan C. Gonzalez Palencia
59

2021

29



